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Effect of Reducing Sugar on the Maillard Reaction Rate
of Freeze-dried Food in the Glassy State

Kiyoshi KAWAI, Tomoaki HAGIWARA, Rikuo TAKAI, and Toru SUZUKIT

Department of Food Science and Technology, Tokyo University of Marine Science and Technology,
4-5-7 Konan, Minato-ku, Tokyo, 108-8477, Japan

Maillard reaction rates of model freeze-dried foods which consist of lysine and various reducing
sugars (i.e. ribose, arabinose, xylose, galactose, glucose, and maltose) embedded in glassy trehalose
matrix were examined at various temperatures below the glass transition temperature (Tg), and the
effect of reducing sugar on the Maillard reaction rate was studied. The extent of Maillard reaction was
examined spectrophotometrically from the absorbance at 280 nm (ABSas0), and the reaction rate (%2s0)
was evaluated as a pseudo zero order reaction rate from the time course of ABSsg. The Ty of each
sample was almost same value, however, the k2 showed a considerable different value depending on
the kind of reducing sugar. From the comparison of the ksso, it was found that the k230 became lower as
T, of the reducing sugar itself which was contained in the sample became high. From this result and our
previous result, it was suggested that the reducing sugar and lysine embedded in glassy matrix can
react partially independently of the molecular mobility of the matrix, and the contribution of the
molecular mobility of Maillard reaction reactants itself to the reaction rate in the glassy matrix should
be considered.
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Fig. 1 DSC heating curves of glassy reducing sugars.
ribose
1ang1
arabinose
2 | xylose \\
=
8 | galactose \
<
S | glucose \________
@)
maltose
Endo. | 4‘——5\\\-—————
20 60 80 100 120

Temperature ['C]

Fig.2 DSC heating curves of glassy freeze-dried samples
containing each reducing sugar.

Table 1 Ty of reducing sugar and freeze-dried sample.

This work Reference{21} Freeze-dried sample

Reducing sugar [°C] [°C] [°C]

Ribose -12.5 -11.0 90.9
Arabinose 14 4.0 91.2
Xylose 10.2 13.0 92.7
Galactose 30.2 32.0 88.8
Glucose 37.6 38.0 90.3
Maltose 93.7 95.0 96.4
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Fig.3 Time course of AABSag for glassy freeze-dried sample
containing arabinose at various storage temperatures: circle,
at 70°C; triangle, at 60°C; square, at 50°C; diamond, at 40°C.
Dash line area was enlarged in the insert figure.
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Fig.4 Arrhenius plot of kzg for glassy freeze-dried sample
containing each reducing sugar: open circle, ribose; close
circle, arabinose; open triangle, xylose; close triangle,
galactose; open square, glucose; close square, maltose.

Table 2 Activation energy and frequency factor of kag.

AE A
[kJ mol '] [sample-g_1 s
Ribose 154.8 2.0 x 10°
Arabinose 148.3 1.4x10%
Xylose 146.4 5.6x 10%
Galactose 143.2 5.0 x 107
Glucose 146.0 9.6 x 107
Maltose 152.0 14x10%
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Fig.5 Relationship between ks for glassy freeze-dried sample
containing each reducing sugar and Ty of the reducing sugar
itself at various storage temperatures: circle, at 70°C; triangle,
at 60°C; square, at 50°C; diamond, at 40°C.
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