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Abstract

To improve the levels of y-aminobutyric acid (GABA) in germinated brown rice, chitosan and glutamic acid were treated
during the brown rice germination. The GABA contents in germinated brown rices were 425.7 nmole/g and 637.0 nmole/g at
germination temperature of 25°C and germination time of 72 hrs. Response surface methodology(RSM) was used to monitor
characteristics of germination from brown rices. As glutamic acid and chitosan concentration were increased, the GABA
content was also increased. The ranges of optimum conditions were 105~160 ppm in chitosan concentration and 200~290
ppm in glutamic acid concentration. Predicted values at the optimized conditions were acceptable in comparison with

experimental values.
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g A7 "ad dvje AEATAAM HisEe dEFy
2 EATA 2570 #nlg ARSIt Chitosand & o}
AEste 98% ol dq LEAF3TH R 2 (F)5EA
(Korea)oll ] 38t X}g-89) o m, chitosan®} glutamic acid
€ (F®UHFKorea)oll M At} A-E31H.om, o] o chitosan
L 1% acetic acid £ gafsle] A3t
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dolgn|e] eg FEHo] UMW FFE LowryH(18)
o 98 Ut CuSO, - SHO AleFE ¥HSA|A 750 nm
ol A B4 Aot

GABA % w2/ ofo|icdt EA

Woldn] Fo GABA ¥ f{eloh|=i} &&g A5
A3l 40 meshz vl E AJF BZ 2 g& 75% ethanol(v/v)
200 mLE 7} o}3- 80C=E #-A|E water bathol] 1A]F &
F BAAA Felotredhs FE8HT FE9E ¥4, o
F g FENA SHFE 100 mL7t HA FE 3 F
50 mLE Zslo E3o) 25% trichloroacetic acid (TCA)-&<}
2 M F IS WA Rases g 82

2 AAEF(3,000 pm, 20 min)dlgch o] 4L 100 mL
diethyl ether2 33] ¥hi &3l A4, A4 9 84 &
d& AASE #8995 Y FF WITAIA loading
buffer solution (0.2N lithium citrate, pH 2.2) 5 mLZ £33l
% 022 ym membrane filter2 3} §-M-8 ninhydrint] &
amino acid autoanalyzer(Biochem 20, Pharmacia Biotech. Ltd,
England)$ ol &34 H-413HTH19).
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Table 1. Experimental design for crude proteins and GABA
by immersion solution kinds and concentration of
germination brown rices based on central composite design
for response surface analysis

Germination condition”
ey Clutamic Crude protein ~ GABA” con.
Exp. No (opm) acid (mg?%) (umol/g)
(ppm)
1 150(1) 300(1) 42833 131391
2 150(1) 100(-1) 45907 874.40
3 S0(-1) 300(1) 499.03 844.95
4 50¢-1) 100(-1) 495.70 82695
5 1000) 200(0) 502.40 1339.52
6 100) 200(0) 501.03 1339.52
1 200(2) 200(0) 450.10 124457
8 0-2) 200(0) 488.63 809.52
9 100(0) 4002) 574.07 106375
10 10000) o2 641.53 4502

“The number of experimental conditions by central composite design,

?y-aminobutyric acid.
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Fig.l. Changes of crude protein and GABA contents in
brown rice depending on germination temperature.
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Fig. 2. Changes of crude protein and GABA contents in
brown rice depending on germination time.
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Fig. 3. Changes of crude protein and GABA depending on
the kinds of immersion solutions and concentration during
the germination of brown rice.

Chitosan: germinated brown rice in chitosan,
Glutamic acid: germinated brown rice in glutamic acid,
C+G: germinated brown rice in chitosan/glutamic acid.
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Fig. 4. Contour map(top) and response surface(bottom) for
the effect of chitosan and glutamic acid on crude protein of
germination brown rice.
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0088924 H24% 10% ool 1A= Ack(Table 2). 2
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1,447.45 nmole/g & & ¢ =5 tHTable 3).

Table 2. Polynomial equation calculated by RSM program
for germinating brown rices

Dependent

variable The second order polynomiall) B PoF
(Yy)

Crude _ | 2

proiin Y1—599.2(IX)(X)+0.396719X1-1.1268274Xz 0.001817X, 05081 0.1314
) 0001703 X +0.003009X;

- 2

GABA Y; 599.84(I)+3.2734X1*2.62204X2—0.0259X1 08453 0.0889

) HQ11X X 00095K;

Y X, : Chitosan content (ppm). X; : Glutamic acid content (ppm).
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Fig. 5. Contour map(top) and response surface(bottom) for
the effect of chitosan and glutamic acid on GABA contents
of germination brown rice.
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Table 3. Predicted levels of germination conditions for the
maximum responses of crude protein and GABA by the
ridge analysis

Responses X, X Max”  Morphology
Crude protein (Y) 100 200 41335 Saddle
GABA (Y)) 21648 3651 1M745  Max.

"Chitosan content in the maximum response.
IGlutamic acid content in the maximum res c.
ponSt

HMaximum response.
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Fig. 6. Superimposed contour map for maximized response
variables of crude proteins and GABA contents in
germinated brown rice.

Table 4. The predicted ranges of germination conditions
for the maximum response variables by superimposing of
contour maps

Reaction condition Range of optimum condition

Chitosan (ppm) 105~ 160

Glutamic acid (ppm) 200~290

2|5 golslo] Mazz 4

<

aei A A7) wolan) Az WA Uehd
9lo] Z7-& chitosan 8 132 ppm, glutamic acid FaF 245
ppmos A% T oiSE A2 27w WA 5A=
o NHE A An zuw 2 dFA] ¥n 25 ¥
& YL T GABA BFE ol2x) noh Yol
57 ek} o33 0 o 28 232 UeriltkTable 5)

Table 5. Predicted and experimental values of response
variables at a given condition” within the range of optimum
conditions

Response variables Predicted value  Experimental value
Crude protein (mg%) 45922 44836
GABA (nmole/g) 1,34.73 1,958.64

"Samples were germinated in chitosan 132 ppm and glutamic acid 245
ppm.
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