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Abstract

Reaction conditions in the amino-carbonyl reaction, and the effect of amino acids on the reac-

tivity of amino-carbonyl reaction were investigated. Results obtained are as follows :

1. When the pH of the reaction mixture was increased above the isoelectric point of an amino

acid, a significant increase in the color intensity was observed.

2. The color intensity increased gradually up to 1:1 of the molar ratio of reactants. This result

was interpreted to show that sugar and free amino group combined in 1:1 ratio.

3. Amino-carbonyl reaction showed a significant time and temperature-dependences. The activation

energy at 0.2 M glucose and 0.2 M glycine system was 37.5 Kcal/mole.

4. Among amino acids tested, glycine, lysine and g-alanine caused a significant increase in the

color intensity, but acidic amino acids showed the least color intensity. The latter was interpreted

to show that one of carboxyl groups of acidic amino acid has an inhibiting effect on the reactivity

of the amino group.

5. The color intensity of sugars tested was in the order of xylose>arabinose >fructose > glucose>

maltose >lactose.
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Fig. 1. Effect of buffer systems on the color de-

velopment of melanoidins

Melanoidins were prepared by autoclaving a
mixture of 0.1 M glucose and 0.1 M amino
acid in 0.06 M various buffer systems, pH 6.0,
at 1.5 kg/cm? for 20 min

A : Glucose and glycine system

B : Glucose and lysine system
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Fig. 2. Effect of pH on the color development of
melanoidin
Melanoidins were prepared by autoclaving
a mixture of 0. 05 M glucose and 0. 05 M amino

acid in 0.06 M phosphate buffer at 1.5 kg/cm?
for 20 min
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J—{ : Glucose and glutamic acid system
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Fig. 3. Effect of mole fraction of glucose on the
color development of melanoidins
Melanoidins were prepared by autoclaving a

mixture of glucose and amino acid in 0.06 M
phosphate buffer (pH 6.9) at 1.5 kg/em?® for
20 min.
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Fig. 4. Effcct of reaction time on the color de-
velopment of melanoidins
Melanoidins were prepared by heating a
mixture of 0.1 M glucose and 0.1 M amino
acid in 50 ml agueous solution at pH 7.0
©®—@® : Glucose and lysine system
O—0O : Glucose and glycine system
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Fig. 5. Effect of reaction time on the color de-
velopment of melanoidins
Assay conditions: same as in Fig. 4
@—@ : Glucose and lysine system
O—0O : Glucose and glycine system
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Fig. 6. Effect of temperature on the color de-
velopment of melanoidins.

Melanoidins were prepared by heating a

mixture of 0.2 M glucose and 0. 2 M glycine in

0.06 M phosphate buffer (pH 7.5) at various

temperature
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Fig. 7. Arrhenius plot of reaction rate constant
vs temperature
Rate constant was evaluated for the reaction
mixture consisting of 0.2 M glucose and 0.2 M
glycine in 0.06 M phosphate buffer (pH 7.5).
Ea=37.5 Kcal/mole
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Table 1. Effect of individual amino acids and pH
on the color developed in 0. 05 M glucose
and fructose solutions heated for 20
min at 1.5 kg/cm? in an autoclave

Amount of browning

Component (Pho?ﬁ:ate (Abs. at 490 nm)
buffer)) Glucose | Fructose
Glycine 5.7 0.015 0.050
6.3 0. 057 0.155
7.0 0.210 0.310
7.5 0.320 0.570
L-Glutamic 5.7 0.001 0.015
acid 6.3 0. 001 0.010
7.0 0.001 0.013
7.5 t 0.015 0.015
L-Lysine 5.7 0.040 0. 060
6.3 0.130 0. 100
7.0 0. 350 0. 260
7.5 0. 410 0. 310

Table 2. Effect of amino acids and amides on the
color developed in 0.05 M glucose solu-
tion heated for 20 min at 1.5 kg/cm?
in an autolave

| Amount of browning

Component (Phols)glate (Abs. at 490 nm)
buffer)| Amino acid | Amide
Aspartic acid 5.7 0.015 0.010
& asparagine 6.3 0.018 0. 030
7.0 0.019 0. 062
7.5 0.020 0. 065
Glutamic acid 5.7 0. 005 0.020
& glutamine 6.3 0.010 0.021
7.0 0.012 0. 082
7.5 0.012 0. 090
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Table 3. Effect of amino acids and amines on the
color developed in 0.1 M glucose solution
heated for 20 min at 1.5 kg/cm? in an

chul—7tind Sl b 47

autocla.ve
T Ty " Amount of
pH i browning
Component Formula |{(Phosphate !
'(Abs. at 490
buffer)‘ nm)
57 | 0.040
cpoH 6.3 1 0. 144
a-Alanine NHrClI—H 6.9 ! 0. 450
CH, 7.5 1 0.680
80 | 0.850
5.7 ) 0.18
o NH2-CH,- 6.3 i 0.43
p-Alanine CH,-COOH 6.9 ‘ 0.99
7.5 1.70
8.0 i 2.10
Ethy{a‘rfix}eﬁ gg:_??iz_ ! " ‘ very high*
Ethanolamine gg::ggz‘ ‘ ” ' very high*

* Melanoidins formed were so dark that thelr Abs
values were not detectable

Table 4, Effect of individual amino acids on the
color developed in 0.1 M glucose solution
heated for 20 min at 1.5 kg/cm? in auto-

clave
Component MOIe.C‘Llar of I%T;;gitng
weight — |(Abs. at 490 nm)

Gly 75.1 0.180
L-Ala 89.1 0.154
L-Val 117.1 0.110
L-Leu 131.2 0. 040
L-Ile 131.2 0. 035
L-Phe 165. 2 0. 046
L-Trp 204. 2 0.074
L-Ser 105. 1 0. 035
L-Thr 119.1 0.025
L-Asp 133.1 0.018
L-Asn 132.1 0. 034
L-Glu 147.1 0.011
L-Gln 146. 1 0.040
L-Lys 146.2 0.210
L-Arg-HCl 174. 2 0. 050
L-His-HCI-H,0 155.2 0. 025
L-Met 149.2 0. 055
L-Pro 115.1 0. 030
g-Ala 89. 1 0.245

The pH of this solution was 6.6 with 0.06 M
phosphate buffer
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Fig. 8. Effect of sugars on the color development
of melanoidins
Melanoidins were prepared by autoclaving
(1.5 kg/cm®) the mixture of 0.1 M sugar and
amino acid in 0.06 M phosphate buffer (pH
6.6) for 20 min
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1L oelrli—slzngd wde <aedde Z¥FE
melanocidin Y4 F& A Fo = o, otuliily
FAA oA g EEE HUS FrHE Aoz v
B} ket

2. Bzt obel S £ ZH7F1:19 = 714 melanoi-
din 34 F& JAdAH oz Frisden, 3 otvlx
e 1:12 2¢8¢ 4 F A+

3. otrlx—7tE2 R %EL ubg AFH g 2=
o £& 24 g nged, R 29 glucose-glycine
Fell 9] B3 A& 37.5 Keal/moleo] 9 v}

4. AL oo xf rho A glycine, lysine 2 -
alanineo] Zae] ubgAo] @WATA wow, EHE
obel ;o] wbgH & obF Wkeh. wetd M ofe)
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5. Argd g UL o5 £A4 2 e

Xylose>>arabinose >fructose>glucose >maltose >

lactose.

Acknowledgement

¥ AT LB B OHE BIRHEA
A Aoz ABIR ER A=

S 3ote o] ¥

References

1. Ferretti, A., Flanagan, V. P., and Ruth, J. M. :
J. Agr. Food Chem., 18, 13 (1970)

2. Ferretti, A. and Flanagan, V. P.: J. Agr. Food
Chem., 19, 245 (1971)

3. Kato, S., Yano, N., Suzuki, I., Ishii, T., Kubata,
T. and Fugimaki, M. : Agr. Biol. Chem., 38,
2425 (1974)

4. Dixon, H. B. F. : Biochem. J., 129, 203 (1972)

5. Clark, A. V., and Tannenbaum, S. R.: J. Agr.
Food Chem., 18, 891 (1970)

6. Adhikari, H. R. and Tappel, A. L. : J. Food Sci.,
38, 486 (1973)

7. Ellis, G. P. : Adv. Carbohydrate Chem., 14, 63
(1059)

8. Coulter, S. T., Jennes, R. and Geddes, W. F. :
Adv. Food Research, 3, 45 (1951)

9. Stadtman, E. R. : Adv. Food Research,
(1948)

10. Danehy, J. P. and Pigman, W. W. : Adv. Food
Research, 8, 45 (1951)

11. Hodge, J. E. : Agr. Food Chem., 1, 928 (1953)

1, 325

otelr—7t2 B K] #Y AT

(95)

12. Cole, S. J. : J. Food Sci., 32,- 246 (1967)

13. Rice, R. G., Kertesz, Z. 1. and Stotz, E. H.: J.
Am. Chem. Soc., 69, 1798 (1947)

14. Tan, T. L., Wolfrom, M. L. and Langer, A. W. :
J. Am. Chem. Soc., 72, 5090 (1950)

15. Singh, B., Dean, G. R. and Cantor, S. M. : J.
Am. Chem. Soc., 70, 517 (1948)

16. Wolfrom, M. L., Schuetz, R. D. and Cavalieri,
L. F. : J Am. Chem. Soc., 71, 3518 (1949)

17. Haubaard, G., Tumerman, L. and Silverstri,
H. : J. Am. Chem. Soc., 73, 4594 (1951)

18. Song, P. S., Chichester, C. O. and Stadman, F.
H. : J. Food Sci., 31, 906 (1966)

19. Song, P. S. and Chichester, C. O.: J. Food Sci.,
31, 914 (1966)

20. Song, P. S. and Chichester, C. O. : J. Food Sci.,
32, 98 (1967)

21. Song, P. S. and Chichester, C. O. : J. Food Sci.,

32, 107 (1967)

Schroeder, L. J., Iacobellis, M. and Smith, A. H. :

J. Biol. Chem., 212, 973 (1955)

23. Pomerranz, Y., Jonson, J. A. and Shellenberger,
J. A.:J. Food Sci., 27, 350 (1962)

24. Joslyn, M. A. : Food Research, 22, 1 (1957)

25. Willits, C. O., Underwood, J. C. and Lento,
H. G. : Food Research, 23, 61 (1958)

26. Lento, H. G., Underwood, J. C. and Willits,
C. O. : Food Rescarch, 23, 68 (1958)

27. Underwood, J. C., Lento, H. G. and Willits,
C. O.: Food Research, 24, 181 (1959)

28. Schwimmer, S. and Olcott, H. S. : J. Am. Chem.
Soc., 75, 4835 (1953)

29. Wolfrom, M. L. and Cavalieri, L. F. : J. Am.
Chem. Soc., 69, 2411 (1947)

30. Wolfrom, M. L., Kolb, D. K., and Langer, A.
W.: J. Am. Chem. Soc., 75, 3471 (1953)

31. Cladinin, D. R., Sstevens, J. M., Morrison, A. B.
and Robblee, A. R. : J. Biol. Chem. 190, 219
(1951)

32. Chichester, C. O., Stadtmab, F. H. and Mackinny,
G.: J. Am, Chem. Soc., 74, 3418 (1952)

33. Stadman, F. H., Chichester, C. O. and Mackinny,
G. : J. Am. Chem. Soc., 74, 3194 (1952)

34. Kubota, T. : Chem. Abst., 45, 1177 (1951)

35. Motai, H.: Agr. Biol. Chem., 37, 1979 (1973)

&)
N



(96) 7 -8 K & 54 F et s A
36. Wolfrom, M. L., Schuetz, R. D. and Cavalieri, 39. Reynolds, T. M. : in Symposium on Food Carbo-

L. F. : J. Am. Chem. Soc., 70, 514 (1948) hydrate and their Roles (Schultz, H. W. Ed),
37. Anet, E. F. L. : J. Adv. Carbohydrate Chem., 19 Avi Publ., Westport, Conn., 1969, Chapter 12.

181 (1964) 40. Sherman, W. R. and Goodwin, S. L. : J. Chroma-
38. Speck, Jr., J. C. : Adv. Carbohydrate Chem., 13, tog. Sci., 7, 167 (1969)

63 (1958)



