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Abstract

Lysine is known as a limiting amino acid in rice. In addition, it is considered to be important
in that it is easily non-activated by the browning reaction during processing or storage. The
present study was designed to utilize a kinetic approach to analyze the effect of temperature and
water activity on available lysine loss in rice. Simplified kinetic models were used to obtain the
various kinetic parameters for available lysine loss in rice subjected to accelerated shelf-life tests
(ASLT). These kinetic parameters were then used to predict protein quality loss under the non-
steady state storage. The predicted losses were compared to the actual losses.

As expected, available lysine loss was increased with increased temperature and water activity.
The activation energies and Qy values for available lysine loss ranged from 4.03 to 5.10 Kcal/
mole and 1.22 to 1.27, respectively. The shelf-lives at 25°C, the time to reach 25% loss of the
available lysine, which was derived from the accelerated shelf-life tests showed 67 to 107 days
according to ay’s.

The amount of loss for the fluctuating condition was greater than that occurring at the mean
temperature of 45°C. Actually, the differences in effective temperature for the fluctuating storage
were between about 4 and 6°C. In predicting the extent of loss using constant state data, the
predicted shelf-lives were 2 to 7 days shorter than the actual storage values.
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Fig.1. Adsorption isotherm of rice at 25°C,
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Table 1. Linear regression analyses for avail-
able lysine loss

arch 7}*" whey powder, Labuza $1%)¢] egg noodle aw Temp. °C) K(day)x10° L
ol st AEa w9} 0.44 35 3.3550 0.9611
—kMe 2 F3 lysine 8] 4hEr —RRHEES w 45 3.5919 0. 8661
EF 81222820 o] A% 55 5.0273 0.9419
dA fluc. temp. * 4,4872 0. 9507
g =—EL(A) e ¢h) 0.52 35 3. 6246 0. 9460
In =R €] 45 4.7965 0.9393
A : concentration of lysine % 60228 0. 9629
A, : original concentration of lysine fluc.  temp.* 5. 8283 0.9418
Kj : rate constant in(time)~1 0.65 35 3.9152 0. 8696
0 time 45 51.948 0.9435
2 Frdoh 55 6.1227 0. 9663
A9 X2 4 Rrggd F%) lysineo] W fluc. temp. * 5. 6517 0. 9649
2 OKGIENES Wk oA e A w98 0.75 35 4.0839 0. 8622
«f FDNB #:o = s #5835 Fig. 2~5¢] 11 45 5.8917 0. 9849
Wsleh =, 2 KGEE 9 BEd 92 A3 lys- 55 6.6914 0. 9561
ine o] Wt WEEHE Table o] Fimstd = fluc. temp. * 6.0488 0.9519
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Fig. 5. Retention of available lysine in rice
at ay 0.75.
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Table 2. Activation energies for available ly-
sine loss in rice

ay Ea(Kcal/mole) Q* 72

0.44 4.03 1.22 0. 8600
0.52 5.10 1.28 0.9983
0.65 4.50 1.24 0.9823
0.75 4.98 1.27 0. 9366

Bin ARl W2 Ekel MESM(b M KERERMN R 185

Table 4. The shelf-lives at 25°C predicted
from accelerated shelf-life tests(days)

Ay es

0.44 107
0.52 99
0.65 80
0.75 67
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Table 3. Shelf-lives for available lysine at
various conditions of temperature

Ay Temp. (°C) 0s*(days)
0.44 35 80
45 69
55 48
fluc. temp. 61
0.52 35 74
45 58
55 42
fluc. temp. 49
0.65 35 64
45 52
55 41
fluc. temp. 46
0.75 35 56
45 46
55 39
fluc. temp. 42

0s : Time to reach 75% retention of available
lysine in days.
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Fig. 7. Shelf-life vs. temperature for avail-
able lysine loss.
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Table 5. Comparison of effective temperature

for available lysine loss in rice sub-
jected to square wave temperature
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Predicted Actual Predicted Actual
ATeffec~ ATeffec- Teffec- Teffec-
0.44 7.32 6.55 52.32 51.57
0.52 5.67 4.69 50. 67 49,69
0.65 6.22 5.41 51.22 50.41
0.75 5.05 4,12 50.C5 49.12

Table 6. Comparison of rate constants for
available lysine loss in rice subjected
to square wave temperature fluctua-

tions
a, Kpregicted Kactual Predicted Actual
8, A
0.44  0.0045526 0.004487 54 61
0.52  0.0054584 0.005328 47 49
0.65  0.0057514 0.005617 45 47
0.75  (.0061858 0.006049 42 42
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