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Abstract

This study was conducted to observe the physico-chemical exchange and effect of amino-car-
bonyl reaction between fructose and glycine. When various buffer solutions were added to equi-
molar mixture of fructose and glycine at pH 6.0 and 100 °C, the browning effect was markedly ob-
served by Mcllvaine buffer. Among the combinations of temperature and reaction time, the deep
browning effect was obtained above 100°C, 3hr. A marked browning effect obtained above pH
7.0 but little observed below pH 7.0. The browning effect was markedly increased at high fruc-
tose concentration. It required 4.0hrs and 32.9hrs to decrease 50% of initial concentration of fruc-
tose and glycine at 100 °C and pH 7 but 0.9hrs and 3.8hrs at 120°C, pH 7.0, respectively. The rate
constant of fructose and glycine at 100°C and 120°C were 1.78 x 107!, 2.11x 10 % and 7.74 x 107,
1.83x 107}, respectively. The formation of HMF was likely to follow the first order kinetics. The
addition of 0.1M sodium sulfite, 0.1M sodium bisulfite and .1M calcium chloride to equimolar

mixture (0.05M) surpressed the reaction up to 76.8%, 76.8% and 96.4%, respectively.
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Fig. 1. UV absorption spectra of authentic 5-hydroxy-
methyl-2-furfural (HMF) ot different concentration.
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Fig. 2. UV absorption spectra of various reaction pro-
ducts treated for 1hr. at pH 7.0 and 100°C. A; HMF, B;
Glycine+HMF, C; Fructose+HMF, D;
Glycine + HMF.
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Fig. 3. UV absorption spectra of fructose-glycine reac-
tion mixture at pH 7.0 and 100°C
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Table 1. Comparisions of color intensity of equimolar
fructose-glycine mixiture model system at various tem-
perature and reaction time.

Temperature & Hours Color intensity

{°C-hours) 282 nm 375 nm
Control 0.096 0.017
60-0.5 0.045 0.008
60-1.0 0.052 0.009
60-1.5 0.054 0.010
60-2.0 0.062 0.012
60-3.0 0.063 0.012
60-5.0 0.069 0.014
60-7.0 0.069 0.019
80-0.5 0.080 0.013
80-1.0 0.119 0.028
80-1.5 0.169 0.047
80-2.0 0.231 0.066
80-3.0 0.546 0.134
80-5.0 1.007 0.278
80-7.0 1.785 0.474

100-0.5 0.588 0.175
100-1.0 1.773 0.862

100-1.5 2.424 1.403

100-2.0 5.325 2.125

100-3.0 8.370 3.262

100-5.0 14.044 5.317

100-7.0 19.881 7.747

120-0.5 5.332 1.311

120-1.0 18.585 4.522

120-1.5 28.655 7.212

120-2.0 35.022 10.077

120-3.0 42.062 15.063
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Fig. 5. Effect of pH on the color development of me-
lanoidins.
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Fig. 6. Color intensity vs. concentration curve of reacted
fructose(0.5M) with various concentration of glycine
(0.02-0.2M); (©~0) and glycine (0.5M) with various
concentration of fructose (0.02-0.2M); (e@-e) at pH
7.0 and 100°C.
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Fig. 9. Standard curve of fructose by HPLC method.
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Table 2. Relative concentration changes of equimolar fructose~amino acid reaction mixture with time at pH 7.0, 120°C

using HPLC and amino acid analyzer.

120C, 4hrellA] 48.4%= Weistet, 223 Table 2
oA ¥ uie} o] fructosed w433 amino
Abe] mb3-Eo] FAA dEhshe fel4de] gl A
22 ¥o} amino-carbonyl 4+8& %3 amino 4kl
5 9 g2 ael g vebdehs A8 o4

4 sleh,

S Aol Wigto|
Table 32 amino-carbonyl Bhgoll4] &9} A|7¢
o w2} @3} amino Alo] ZtAdhe 7L Yol

Relative conc.

Relative conc.

Amino acids of fructose (%) of glycine (%)

0 hr 1 hr 2 hr 4 hr 0 hr 1 hr 2 hr 4 hr 6 hr
Aspartic acid 100 3t1.2 9.6 — 100 61.0 37.2 18.4 5.6
Threonine 100 35.4 12.5 1.6 100 77.0 63.1 36.4 21.2
Serine 100 38.8 15.0 23 100 69.1 46.9 22.5 10.5
Glutamic acid 100 34.9 12.3 1.5 100 84.2 71.0 50.1 35.5
Proline 100 51.4 26.0 6.8 100 95.8 Nn.7 84.0 77.5
Glycine 100 45.7 223 4.3 100 83.3 69.2 48.5 33.6
Alanine 100 31.8 10.5 1.2 100 90.5 82.0 67.2 54.8
Vdline 100 31.4 9.8 — 100 89.7 80.5 64.5 52.0
Methionine 100 39.5 15.8 2.5 100 94.0 88.5 78.1 67.0
Iso-Leucine 100 37.9 14.1 2.0 100 90.8 82.5 68.5 56.0
Leucine 100 41.2 16.6 2.8 100 82.0 67.3 44.8 30.5
Histidine 100 39.3 15.6 2.4 100 93.6 87.5 77.0 67.5
Lysine 100 37.6 13.9 1.9 100 70.4 49.5 24.5 12.0
Arginine 100 41.3 16.9 3.0 100 82.3 67.8 46.0 31.0

Table 3. Calculating procedure of the decreasing rate of fructose and glycine at pH 7.0, 100°C and 120°C.

Fructose Glycine
Temp. Time
(°C) (hr) Ao0-X %logAT?_X- K (hr} Ao-X ~}—Iog AoX K (he )
100 0 100.0 100.0
1 83.6 7.7x1072 1.78x10™" 97.9 9.30x1073 2.14x1072
2 70.5 7.6x107? 1.75x107! 95.8 9.12x1073 2.11x107?
4 48.7 7.8x1072 1.79%107! 91.9 9.18x 1073 2.11x1072
6 35.5 7.5%x1072 1.72x10°! 88.2 9.07x103 2.09x102
8 24.9 7.6x1072 1.74x107! 84.5 9.16x1073 2.11x10°2
12 12.6 7.5x1072 1.72x 107} 77.8 9.09x10-3 2.09x1072
120 0 100.0 100.0

1 45.7 3.4x107! 7.83x 107! 83.3 7.90x 1072 1.83x 107
2 2.3 3.3x10°} 7.51x10"! 69.2 8.00x 1072 1.84x 107!
4 4.3 3.4x107! 7.87x10°! 48.5 7.80x1072 1.81x1071
6 — — - 33.6 7.90x1072 1.82x10°!
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Fig. 12. Effect of inhibitors on amino-carbonyl reaction.

Table 4. Calculating procedure of the formation rate of 5-hydroxymethyl-2-furfural.

Time ) Color intensity Relative conc 1 1 "
(hr) 3750m 282nm of HMF (%) Ao-X T 108 %0 K (hr™)

0 — — 0.00 100.00 — -

5 0.06 0.36 7.77 95.23 4.20x1073 0.97x1072
10 0.17 0.83 10.99 89.01 5.10x10-3 1.17x 1072
20 0.68 2.80 37.48 62.52 1.02x 1072 2.35x10-2
30 1.08 3.98 52.72 47.28 1.08x 1072 2.49x 1072
40 1.31 5.25 69.53 30.47 1.29x10-2 2.97x 1072
50 1.84 6.05 80.13 19.87 1.46x 1072 3.23x10-2
60 2.10 7.55 0.00 - —

100.00
70 2.23 7.29 — — — —
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