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Abstract
Color changes of a mixture of 0.8 M glucose, fructose or sucrose and 0.8 M glycine were evaluated by
Hunter ‘L’, ‘a’, ‘b’ values during Maillard reaction at the temperature range of 70°-100°C. The results sug-
gested the reaction to be devided into three stages. In initial reaction the ‘L’ and ‘a’ values decreased slowely,

and ‘b’ rapidly increased to maximum, which were followed by a rapid decrease in ‘L’ and ‘b’ and rapid in-

crease in ‘a

" values at intermediate stage. At final reaction period the both ‘L’ and ‘b’ were slowed down in

their reduction rate while ‘a’ decreased rapidly from its maximum point. All of the Hunter values were reached
to near zero. Linear equations, which can be used for prediction of color change in Maillared reaction, of 1L

L)y + (a -

a)? + (b,—b.)* = a(l/t) + b for Hunter values and 1/VX+Y+Z = a(1/t) + b for CIE tristimulus

values were found to have a very high correlation coefficient. Relationships between ‘L’ and ‘a’, ‘L’ and ‘b’

and ‘a’ and ‘b’ were also graphcally compared.
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Table 1. Changes in Hunter color measurements of sugar-glycine solution during Maillard reaction at various

temperatures
Reaction Hunter Reaction time (hours)
temp. (°C) value 0 1 2 3 4 5 6 7 8 10
glucose-glycine
L 892 888 885 85 885 882 879 876 874 871
70 a -19 -19 -19 -21 -22 -27 -28 -32 -36 -37
b 1.5 1.6 1.7 2.0 2.3 2.6 4.2 4.8 6.3 7.9
L 89.2 888 884 884 8.3 829 799 748 713  60.7
80 a -19 -21 -28 -41 -54 -60 -55 .-20 0.4 10.5
b 1.5 2.2 45 9.4 16.7 234 299 355 377 378
L 89.2 887 8.1 648 522 478 345 285 219 11.9
90 a -19 -24 -58 6.3 194 226 28.7 305 291 20.7
b 15 2.1 149 393 350 326 238 19.8 14.6 8.2
L 89.2 79.0 543 301 204 13.4 6.6 4.9 2.7 1.9
100 a -19 -48 165 30.1 284 234 13.1 10.2 5.8 4.0
b 1.5 297 359 209 14.2 9.3 4.6 34 1.9 1.3
fructose-glycine
L 89.2 885 378 873 8.9 8.5 843 834 822 798
70 a -19 -23 -31 -38 48 -56 -63 -67 -68 -69
b 15 3.1 5.8 84 11.3 15.3 19.7 232 270 315
L 892 885 875 837 805 765 728 683 639 55.0
80 a -19 -35 -58 -76 -74 -51 -27 14 7.1 16.2
b 1.5 75 140 238 321 36.7 398 405 400 36.6
L 89.2 8.0 787 69.1 60.3 51.0 46,0 405 385 285
90 a -19 -6.7 -74 0.3 9.7 18.3 27.0 26.3 25.8 25.3
b 1.5 17.0 31.0 408 392 344 316 278 264 19.4
L 89.2 79.5 57.4 28.5 215 13.3 94 7.8 6.3 3.3
100 a -19 -73 130 305 293 243 17.5 15.1 9.8 6.5
b 1.5 318 368 218 14.8 9.0 6.4 5.3 2.7 2.2
sucrose-glycine
L 892 889 888 836 886 88.4 884 882 862 863
70 a -9 -19 -19 -20 -19 -20 -20 -20 -20 -26
b 1.5 1.6 1.7 1.8 1.9 1.6 2.2 24 2.6 2.7
L 89.2 889 888 887 885 88.5 885 884 833 880
80 a -19 -19 -16 -21 -20 -22 -24 -27 -29 -29
b 1.5 1.8 2.0 2.3 2.7 2.8 3.3 4.0 4.5 5.8
L 89.2 889 885 882 879 874 854 842 829 795
90 a -19 -23 -26 -28 -38 -43 -51 -58 -62 -5.0
b 1.5 1.8 2.8 38 6.4 8.9 13.0: 191 227 284
L 89.2 877 873 853 831 82.2 80.2 731 64.0 554
100 a -19 -27 -33 -44 -53 -63 -58 -25 32 13.9
b 1.5 3.2 7.3 13.1 17.9 23.3 30.6 36.6 386 361
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Fig. 1. Relationship between the changes in Hunter
L.and a values of various sugar-glycine mixture
during Maillard reaction
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Fig. 3. Relationship between the changes in Hunter
a and b values of various sugar-glycine mixture
during Maillard reaction

F Fol THY U2 F2doR ol agtd bR
ZAH7) de B ofd o] ANEHIT USE A4
gobam sk

ghS A2t Afsto| mA|

slojef2 ub-g-& 90C s} 100C oA} wh-3AIH-& o W
S A 7tell @& Hunter L, a, bgteg *e AERH
AT ANA X, Y, Zg& A4g A 3e Table2e}

1=

L

bt

4o QAR
E;L -]

y
@& otolol

#eg #A%E 0E@RIH} X+Y+2Z
A Zte] AYHFE Friste AYE
Bolx ook, FF 39 THr g wlmdld 90C ¢
100Col A X+Y+ZY AEge] 2% 27Wgde
glucose 7} fructose Bt} A Jelwro} Fukulg %
de BFIZLA ¥ @S HelZ . wAREE
FRou zegsgc dhggo] WAl velyr] df Ee
by ez @ gd vehiigden oy dde ¥
22 24% Fige HgE2 Ao e Ay
ol dct. .

o]9}7o] Huntergt 52 el A 4R AEFH X+ Y +
23, 2eln wrgA|zhof A5 § A she] A% A A(Fig.
1 AABAZL gl He At ezt e HRE
FH5HLR 8l A RE SYHESE stged BA

S 53 o] ZTAstgrh Hunter§3A 9 s

!

ELd



310 A44 - AAN - 4 E LEREE DER

Table 2. Changes in CIE tristimulus values obtained from Hunter values of L, a, b during Maillard reaction
of sugar-glycine at 90°C and 100°C

Reaction Reaction time (hours)
temp. (°C) 0 1 2 4 6 10
glucose-glycine
X 0.0011 0.0015 0.0054 0.1116 0.2310 0.5354
Y 0.0009 0.0012 0.0038 0.1602 0.3333 0.6453
90 Z 0.0013 0.0021 0.0187 0.4194 0.6147 0.8583
X+Y+2Z2° 0.0033 0.0048 0.2784 0.6912 0.1790 2.0390
J AE? 3.2157 3.9637 15.8754 56.2468 68.7328 83.4856
X 0.0011 0.0201 0.1040 0.3880 0.6515 0.7744
Y 0.0009 0.0175 0.1438 0.5161 0.7329 0.8152
100 Z 0.0013 0.0843 0.3926 0.7680 0.8156 0.9652
X+Y+2Z 0.0033 0.1219 0.6404 1.6721 2.2000 2.5548
JAE 3.2157 31.7522 54.3368 78.6743 86.8375 90.4630
fructose-glycine
X 0.0011 0.0003 0.0228 0.0809 0.1372 0.3046
Y 0.0009 0.0050 0.0183 0.1019 0.2137 0.4062
90 Z 0.0013 0.0253 0.0898 0.3255 0.4902 0.6764
X+Y+2Z 0.0033 0.0200 0.1309 0.5083 0.8411 1.3872
~ AE 3.2157 18.4044 33.4563 50.8281 62.0151 71.2941
X 0.0011 0.0204 0.0918 0.3707 0.5871 0.7384
Y 0.0009 0.0162 0.1213 0.5002 0.6860 0.7908
100 Z 0.0013 0.0850 0.3530 0.7542 0.8842 0.9504
X+Y+Z 0.0033 0.1216 0.5661 1.6251 2.1573 2.4796
J AE 3.2157 33.8453 51.7767 78.1183 85.0145 89.2441
sucrose-glycine
X 0.0011 0.0013 0.0017 0.0025 0.0062 0.0188
Y 0.0009 0.0011 0.0014 0.0019 0.0047 0.0162
90 VA 0.0013 0.0017 0.0027 0.0061 0.0192 0.0778
X+Y+2 0.0033 0.0042 0.0058 0.0105 0.0301 0.1128
< AE 3.2157 3.6792 4.4385 7.4330 14.3492 30.3999
X 0.0011 0.0025 0.0030 0.0104 0.0175 0.1024
Y 0.0009 0.0021 0.0024 0.0083 0.0145 0.1356
100 Z 0.0013 0.0040 0.0080 0.0357 0.0770 0.3776
X+Y+Z 0.0033 0.0085 0.0135 0.0545 0.1089 0.6156
v AE 3.2157 5.3076 8.2768 19.6203 32.2332 52.9196

*Values of X, Yand Z are tristimulus values in CIE Color System.
*AE= (L-L.J? + (a-a,)* + (b-b,)* where L, a, and b, represent the color of the samples and L., a, and b, represent
the color of the standard plates.
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and reaction time during Maillard reaction of glucose-
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Table 3. Linear regression parameters of Maillard reaction at 90°C and 100°C between reaction time and
color changes expressed by Hunter values and CIE tristimulus values

1 N 1 °
JX+Y+Z ~ AE
Reaction . :
o correlation correlation
temp. (°C) slope intercept coefficient slope intercept coefficient
a b r a b r
Glucose 16.6332 —-3.1403 0.9532 0.2662 -0.0529 0.9377
90 Fructose 5.3424 0.0267 0.9779 0.0459 0.0078 0.9986
Sucrose 6.8889 9.0165 0.9473 0:1169 0.1632 0.9465
Glucose 2.5774 0.1088 0.9842 0.0240 0.0068 0.9960
100 Fructose 2.8399 0.0913 0.9818 0.0226 0.0074 0.9937
Sucrose 8.5898 3.1088 0.9336 0.1860 0.0146 0.9733

*Values of X, Y and Z are tristimulus values in CIE Color System.

*AE =

(L-L) + (a-a,

) + (be-bo).



312

9.

10.

. Stamp, J.A. and Labuza, T.P.: J. Food Sci., 48, 543

(1983)
2%E, £HE, $RK: MEXIFSRE, 18(),
55(1986)

. Wrolstad, R.E., Lee, D.D. and Poei, M.S.: J. Food

Sci., 45, 1573 (1980).

. Reyes, F.G.R., Poocharoen, B. and Wrolstad, R.E.:

J. Food Sci., 47, 1376 (1982)
Blouin, F.A. and Cherry, J.P.: J. Food Sci., 45, 953
(1980)

Plahar, W.A. and Leung, H.K.: J. Food Sci., 50, 182

A4A - A9 - AT

11.
12.

13.

14.

15.

LEREERTE

(1985)

Skrede, G.: J. Food Sci., 50, 514 (1985)

Anthoney, K., Ennis, D. and Cook, P.: J. Food Sci.,
49, 1435 (1984).

Song, 1.S. and Cunningham, F.E.: J. Food Sci., 50,
841 (1985)

Francis, F.J.: J. Food Sci., 50, 754 (1985)

U, Ed, FRE, FEH: RKRIEREY
i, WHRILH, gﬁi(lQSZ)

(1986 79 74 AF)



