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The Kinetics of Non-Enzymatic Browning Reaction in Green Tea During
Storage at Different Water Activities and Temperatures

Young-Suk Kim, Yeon-Hwa Jung, Soon-Sil Chun and Mu-Nam Kim
Dept. of Food and Nutrition, Pusan Women’s University, Pusan, 607—080, Korea

Abstract

Non-enzymatic browning is a carbohydrate dehydration reaction, accelerated through
the interaction of amino compounds. Reaction depends on several factors including tem-
perature, reactant concentration, pH, water activity and specific ion concentrations, and
results in progressive development of brown pigments in the affected food systems.

The present study was designed to utilize a kinetic apporach to analyze the effect of
temperature and water activity on the browning development in green tea. The green
tea was controlled at ay of 0.33, 0.44, 0.52 and 0.65 using saturated salt solutions and
then stored at 35, 45 and 55°C. Anthor portion of the sample of which the water activities
were controlled in the same manner was stored at 35 and 55 alternately with 7 days
interval. Simplified kinetic models were used to obtain the various kinetic parameters
for browning development in green tea subjected to accelerated shelf-life tests(ASLT).

The reaction of browning development was zero order. The activation energies calculated
from Arrhenius plot ranged 1.5~2.4Kcal/mole and Q, values were between 1.07 and 1.
12. These kinetic parameters were then used to predict browning development under
the nonsteady. storage. Assessed from the parameters the shelf-lives at 25C, the time
to reach 1.02 O.D./ 8 solid at which severe brown color change could be detectable, ranged
57 to 113 days and showed decrease with increase in ay. The predicted shelf-lives at
different water activities were a little higher than actual values.
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Table 1. Linear regression analysis for browning

development.
K(O.D./ & solid,

aw Temp.(¢) days) X 10° r?

0.33 35 0.5927 0.7622
45 0.6496 0.8126
55 0.6872 0.8833
fluc. temp* 0.6574 0.8255

0.44 35 0.6088 0.7920
45 0.6565 0.8554
55 0.7509 0.9156
fluc. temp* 0.7126 0.8622

0.52 35 0.7200 0.8597
45 0.7639 0.8889
55 0.9000 0.9270
fluc, temp* 0.8372 0.9259

0.65 35 0.7508 0.8320
45 0.8630 0.8754
55 0.9524 0.9323
fluc. temp* 0.9066 0.9179

*35—55C, 7days alternating periods,
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Fig. 1. Non—enzymatic browning development in
green tea stored at ay 0.33.
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Fig. 2. Non—enzymatic browning development in
green tea stored at ay 0.44.
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Fig. 3. Non—enzymatic browning d
green tea stored at ay 0.52.
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Fig. 4. Non—enzymatic browning development in
green tea sotred at ay 0.65.
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Fig. 5. Arrhenius plot of rate constants for non
—enzymatic browning development in green tea.

Table 2. Activation energies and Q,, values for brow-
ning development in green tea.

aw Ea(Kcal / mole) Qo r?
0.33 1.49 1.07 0.9859
0.44 2.10 111 0.9683
0.52 223 111 0.9221
0.65 2.39 112 0.9936
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Table 3. Shelf—lives for browning development in
green tea at various conditions of temperature and

g-Ad

ay’s.

aw Temp.(C) 6 *(days)

0.33 35 99
45 91
55 78
fluc. temp. 86

0.44 35 88
45 81
5 61
fluc. temp. 71

0.52 35 50
45 38
55 33
fluc. temp. 36

065 35 48
45 36
55 32
fluc. temp. 33

* @, time to reach 1.02 O.D./ & solid in days.
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Fig. 6. Shelf—life vs. temperature for browning
development.
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Table 4. The shelf—lives at 25 predicted from
accelerated shelf—life tests(days).

aw 8
0.33 113
0.44 109
0.52 60
0.65 57
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Table 5. Comparison of effective temperature for
browning development in green tea sudjected to
square wave fluctuations.

Predicted Actual Predicted Actual
dw ATeffec, ATeffec Tettec. Tetfec.
0.33 0.36 3.02 45.36 48.02
0.44 0.23 5.87 45.23 50.87
0.52 0.23 498 45.23 49.98
0.65 0.28 5.16 45.28 50.16
E 62 weAgel qdoldel dy weszas

Table 6. Comparison of rate constants for browning
development in green tea subjected to square wave
tempeérature fluctuations.

Predicted Actual
a K_ . K
ad predicted actual o, 8,
033  0.006498 0.006574 87 86
044 0006581 0.008372 78 74
052  0.007657 0.007327 42 36
0.65  0.008657 0.009066 37 33
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