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Water Activities and Temperatures
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Abstract

Lysine is known as a limiting amino acid in barley and easily inactivated by the browning
reaction during processing or storage.

The barley powders ground to 120 mesh in particle size were controlled at water activity
of 0.44, 0.52, 0.65 and 0.75 by using saturated salt soultions and then stored at 35, 45
55C. Another portion of the sample of which the water activities were controlled as same
above was stored at 35C and 55T alternately with 7days interval.

The reaction of available lysine loss in barley powders was found to be first order.
The activation energies calculated from Arrhenius plot ranged 6.02~10.32Kcal/mole, and
Q, values were between 1.34 and 1.65.

These kinetic parameters were used to predict the available lysine loss of barley powders
under the fluctuatingtemperature storage.

The predicted shelf—life at various water activities tested was a little higher than the
actual values.
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Stage 1. 18 of powdered sample
Add 10m! of 8% NaHCO,
Sheike for 30min at 37C (120rpm)
Adld FDNB soln. (0.4m! FDNB/15ml E—OH)
Shake for 3hrs, at 37°C (120rpm)
Rex%nove E—OH by boiling in the water bath
Adti 30ml of 81N—HCI
Hydrolysis for 16hrs. on the hot plate
Filtier through Whatman #541

Make up to 250ml

Stage 2. Take 2ml of DNP—sample soln, in stage 1. into
cap test tube A
}

Ex‘iract with 5ml of ethylether (3 times)
Disi:ard the ether layer

Make up to 10ml with IN—HC]

Stage 3. Take 2ml of DNP—sample soln. into cap test
tube B

Extract with 5ml of ethylether

Disi:ard the ether layer

Adti 2drops of phenolphthalein

Adfi 3N—NaOH till red color appeared
Adti 2ml of carbonate buffer soln, (pH 8.5)

Add Q.O75nﬂ of methoxy—carbonyl chloride and
wait 8min,
Add 0.75ml of conc, HCI
Exiract with 5ml ethylether (4 times)
Malke up to 10ml with distilled water
Stage 4. Measure optical density of test A and B at
435nm

Fig. 1. Determination procedure of available lysine.
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Fig. 2. Retention of available lysine in barley powder

at ay 0.44.
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Fig. 3. Retention of available lysine in barley powder

at ay 0.52.
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Fig. 4. Retention of available lysine in barley powder
at ay 0.65.
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Fig. 5. Retention of available lysine in barley powder
at ay 0.75.
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Table 1. Linear regression analyses for available
lysine loss

aw Temp.(TC) K(day™) x10? i
0.44 3B 0.2196 0.8251
45 0.3505 0.8934
55 0.6153 0.8660
fluc. temp*, 0.4533 0.7671
0.52 3B 0.3070 09132
45 04913 0.9080
55 0.8037 0.9062
fluc. temp*. 0.6535 0.9223
0.65 35 0.5294 0.9021
45 06338 09117
55 0.9677 0.8603
fluc. temp*, 0.8547 0.9658
0.75 35 0.5522 0.7713
45 0.8135 0.8182
55 14655 0.8826
fluc, temp*, 1.1067 0.9177

*35—55¢, 7 days alternating periods.
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Table 2. Activation energies of available lysine loss
in barley powder
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Fig. 6. Arrhenius plot of rate constant for available
lysine loss in barley powder.

Table 3. Shelf—lives of barley powders at various
conditions of storage

aw Ea(Kcal / mole) Qu* r?
0.44 10.32 1.65 0.9949
0.52 9.65 1.59 0.9990
0.65 6.02 134 0.9403
0.75 977 1.60 09815

aw Temp.(C) gs(days)
0.44 3b 135
’ 45 82
55 52
fluc, temp. 68
0.52 35 82
45 47
55 38
fluc, temp, 41
0.65 b 44
45 42
55 26
fluc. temp. 30
0.75 3B 40
45 25
55 17
fluc. temp, 19

Qy : Calculated for T,=45C, T,=55¢C.

gs - Time to reach 75% retention of available lysine
in days.
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Table 4. The shelf—lives at 25C assessed from
accelerated shelf—life tests (days)
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Fig. 7. Shelf—life plot vs. temperature for available
lysien loss in barley powder.
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Table 5. Comparison of the predicted and actual
effective temperature for available lysine loss in barley

_powder subjected to square wave temperature fluc-

tuation
Predicted Actual Predicted Actual
aw ATettee,  ATeftec, Teffec, - Teftec,
0.44 2.23 4.23 47.29 49.23
0.52 2.06 5.68 47.15 50.68
0.65 121 7.22 46.25 52.22

0.75 2.09 481 4718 49.81
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Table 6. Comparison of the predicted and actual
rate constants for available lysine loss and shelf—lives
in barley powder subjected to square wave tempe-
rature fluctuations

ay K e K, Predicted Actual
8s Os
044 0003920  0.004533 78 68
052 0005405  0.006535 50 41
0.65 0.006567 0.008547 38 30
0.75 0.008974 0.011067 25 19
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