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A study on the reaction rate and the antioxidant effects
of caramelization reaction mixtures
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Abstract

The antioxidant effects in soybean oil was investigated by browning reaction mixtures formed by sugar and
reaction temperatures above 110°C. 0.1 M solution of xylose, glucose and sucrose were heated at 110, 120,
130, 140 and 150°C for 24 hrs respectively. A reaction rate constant (k), activation energy (Ea) and Q,, value
were determined by color intensity that was measured absorbance at 490 nm in each temperature. Soybean oil
containing the ethanol extracts taken from the browning reaction mixtures that were heated at 110, 130 and
150°C was stored in an incubator kept at 45.0+1.0°C for 24 days. The results are as follows:

1. When 0.1 M solution of xylose, glucose and sucrose were heated at 110°C and 120°C, the intensity of
glucose browning mixtures was the highest, but heated at 150°C, the color intensity increased in order of xy-
lose > glucose > sucrose after 24 hrs.

2. The reaction rate constant (k) was increased rapidly above 140°C and appeared maximum at 150°C, esp.
xylose was the highest. The activation energy (Ea) of xylose was the highest as 93.28 Joule/mole and the Q,,
value of xylose was appeared 1.28. Q,, value was also the highest in xylose.

3. The browning reaction mixtures that were heated at 110°C appeared little antioxidant effects. But, in
heated at 130°C and 150°C, the antioxidant effects appeared in sucrose browning reaction mixtures. Therefore,
in browning reaction mixtures that heated above 110°C, only sucrose browning reaction mixtures appeared an-
tioxidant effects and xylose, glucose appeared little antioxidant effects. On the contrary xylose and glucose in-
creased peroxide values of soybean oil.
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D-glucose & sucrose+= Junsei chemical Co.(Japan)¢] 7
£ AMgstel o, A 8HAkslA @l BHT(butylated hy-
droxytoluene), TBHQ(tertiabutyl hycroquinone):= Sigma
chemical Co.(US.A.)¢] 7-& F4)8}e] AH&-slsdct.
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Fig. 1. Changes of the color intensity of the various
sugar browning reaction mixtures after 24 hrs.
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Table 1. Color intensity of caramel type browning reaction of 0.1 M xylose, glucose, sucrose solution upon various

reaction temperature and time

(absorbance at 490 nm)

xylose glucose SUCrose

8 16 24 8 16 24 8 16 25 hrs
110°C 0.12 0.17 0.25 0.05 0.13 0.30 0.02 0.05 0.12
120°C 0.20 0.44 0.58 0.18 0.40 0.60 0.04 0.14 0.17
130°C 0.35 0.77 1.30 0.49 0.88 1.40 0.05 0.14 0.18
140°C 0.75 1.80 2.70 0.76 1.80 2.60 0.07 0.40 0.43
150°C 1.10 2.40 3.65 1.20 2.20 3.45 0.10 0.40 0.50
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Table 2. Effects of temperature on the browing reaction rate constant(k), activation energy (Ea) and Q,, value of the

caramel type browning reaction

rate constant (K) activation Qo value
energy (140-150)
110 120 130 140 150°C (¥/mole) °C
xylose 104 24.2 542 112.5 152.1 93.28 1.28
glucose 12.5 250 583 108.3 143.8 85.86 1.26
sucrose 5.0 7.1 75 179 20.8 50.79 115

Table 3. Peroxide value of the soybean oil containing ethanol extracts formed caramel type browning reaction mix-
tures of xylose, glucose, sucrose for 12 and 24hrs, respectively

xylose glucose sucrose
20 24 20 24 20 24 days
control 38.05 45.39 38.05 45.39 38.05 45.39
110°C A* 42.46 49.24 45.46 51.84 39.33 48.09
B** 40.61 45.49 43.97 53.05 38.32 42.50
130°C A* 43.25 50.52 46.16 54.08 36.42 43.52
B** 4438 54.93 44,26 52.68 35.45 42.89
150°C A* 46.60 53.51 47.95 56.96 32.75 38.54
B** 48.87 56.07 45.76 55.00 31.54 36.66
BHT 21.84 25.82 21.84 25.82 21.84 25.82
TBHQ 8.33 8.69 8.33 8.69 8.33 8.69
A*: heated for 12 hrs.
B**: heated for 24 hrs.
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