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Abstract

This study was conducted to investigate the effects of Ge(germanium) treatment on rice quality. Rice samples were divided
into the following treatment groups: control(CON: cultivated without Ge), Ge-I(cultivated with 200 kg of rough stone
powder containing 1.6 mg/kg germanium per 10 ha), and Ge-2(cultivated with 500 kg of rough stone powder containing
1.6 mg/kg germanium per 10 ha). The mean total Ge level in the Ge-2 sample was 20.47 ppb. The levels of Ca and Na
in the Ge-2 rice increased by 65.12 and 110.28%, respectively, when compared to the control, whereas the Zn, Mn, Fe,
Mg and K content decreased by 11.44~30.50%. No significant difference in the percentage weight of C and O was observed
among samples. The order of the percentage weight of P, S, and Cl was Ge-2>Ge-1>CON. The free amino acids were
higher in samples from the Ge-1 and Ge-2 groups than in samples from the control. The GABA( 7 -aminobutyric acid)
amount in the Ge-2 products was significantly high compared to other groups. The micro structure of Ge-2 showed a firmer
network than the control and had a macroporous structure. Conversely, the Ge-2 products had higher scores for stickiness,
hardness and overall taste when compared to the other groups. These results suggest that rice treated with rough stone
powder containing germanium can be used in the production of commercially-desired functional rice.
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Table 1. Mineralization program used for the microwave

digestion
Step Time(min) Power(Watt)
1 3 Up to 1,000
2 9 Up to 1,000
3 4 Up to 1,000
4 15 Up to 1,000

Table 2. Conditions of ICP parameters
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Table 3. Instrumental parameters employed in the atomic absorption spectrophotometer and ICPV emission spectro-
meter for determination of Na, K, Zn, Mn, Fe, Mg, and Ca in rice cultivated by Ge(Germanium) treatment

Element
Na K Zn Mn Fe Mg Ca

Item

Wave length(nm) 589.1 766.4 206.1 257.6 178.2 279.5 4227
Lamp current(mA) 12.0 20.0 12.0 20.0 30.0 12.0 20.0
Slit width(nm) 0.7 0.7 0.7 0.2 0.2 0.7 0.7
Air flow rate( { /min) 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Acetylene flow rate( £ /min) 34 34 34 34 34 34 34

b Inductively coupled plasma emission spectrophotometer.
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Table 4. Mineral content of rice cultivated by Ge

(germanium) treatment (ppm of dry weight)

Treatment"

Element

Control Ge-1 Ge-2
Zn 1.90+0.152* 1.51+0.128 1.44+0.04®
Mn 1.41+0.12% 1.20+0.07° 0.98+0.08°
Fe 0.83+0.06" 0.810.09* 0.710.02"
Mg 31.30+2.23% 26.81+1.61%  27.72+1.78""
Ca 5.28+1.31° 6.61+0.18" 8.7240.09*
Na 1.0740.045C 1.87+0.87*° 2.25+0.92%°
K 82.10£2.31* 70.17£1.87°¢  66.00£2.12°
Ge nd” nd 20.47+2.32(ppb)

D Ge-1, rice was cultivated by treating with 200 kg of rough stone
containing of 1.6 mg’kg Ge(germanium); Ge-2, rice was cultivated
by treating with 500 kg of rough stone containing of 1.6 mg/kg

2 mean+SD, 9 nd: not detected,

A7C Means with different superscripts within a row indicate signi-

ficant differences(p<0.05).
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Table 5. Weight percentage of element content of rice

cultivated by Ge(germanium) treatment (%)
Element Treatment”
Control Ge-1 Ge-2

C 50.99+0.23”™  50.98+0.17 51.63+0.87

0 47.19+0.06* 45.5140.32" 45.64+0.85"
P 0.86+0.11° 0.92+0.11° 1.29+0.23*
S 0.48+0.03¢ 0.50+0.02° 0.71+0.12*
cl 0.24+0.01° 0.35+0.03" 0.40+0.13*
K 0.25+0.02"° 0.29+0.12 0.3240.13

" Refer to Table 4, 2 mean+SD, 9 NS: not significant,
A€ Means with different superscripts within a row indicate signi-
ficant differences(p<0.05).
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Table 6. Free amino acid content of rice cultivated by Ge(germanium) treatment (mg/kg on a dry basis)
) ) Cultivation method"
Amino acid
Control Ge-1 Ge-2
Phosphoserine 0.00-£0.00° 0.25+0.027" 1.25+0.04*
Urea 0.00::0.00° 3.01+0.03" 4.04+0.05"
Serine 1.16+0.02° 1.00£0.03¢ 1.68+0.04*
Glutamic acid 0.00::0.00° 6.51+0.13" 11.14+1.21*
Sarcosine 0.00::0.00° 0.10+0.02° 0.20+0.08"
Proline 4.60+0.04° 7.24+1.23° 14.2442.01*
Glycine 0.00-£0.00° 1.92+0.04° 2.95+0.21*
Alanine 4.74+1.11° 10.11+1.23" 22.8143.12%
Valine 0.00:0.00° 1.41+0.12° 3.46+0.03"
Cystine 1.60+0.02° 0.12+0.02° 0.30+0.12%
Methionine 0.22+0.04° 1.02+0.12° 2.50+0.04"
Cystathionine 0.22+0.03¢ 0.87+0.02° 1.95+0.04*
Isoleucine 0.75+0.02° 0.99:0.12° 1.48+0.02*
Leucine 0.00::0.00° 0.23+0.12° 1.67+0.13*
Tyrosine 0.00::0.00° 1.31+0.13% 2.81+0.12%
Phenylalanine 0.29+0.05" 0.99+0.01* 1.16+0.22*
B -Aminoisobutyric acid 1.55+0.02~ 1.50+0.03 1.42+0.12
GABA” 0.00::0.00° 1.23+0.23% 6.29+1.96"
Ethanolamine 4.63+0.21* 5.12+0.13° 6.26+0.23¢
5-Hydroxylysine 1.1840.02* 0.00::0.00° 0.00:£0.00"
Orinitine 0.010.02° 0.22+0.03" 0.33+0.02*
Lysine 0.66+0.02° 1.02+0.04" 2.27+0.32%
1-Methylhistidine 1.52+0.03* 0.00::0.00° 0.00+0.00°
Histidine 0.66+0.03" 0.96+0.05" 1.16+0.07°
Anserine 0.00-£0.00° 0.91+0.12° 1.68+0.07*
Arginine 1.310.29¢ 3.13+0.91° 8.36+1.32%

" Refer to Table 4, 2 mean+SD, 9 NS: not significant, Y GABA is 7 -amimno butyric acid,
A7C Means with different superscripts within a row indicate significant differences(p<0.05).

Table 7. Sensory characteristics of rice cultivated by
Ge(germanium) treatment

Cultivation method”

Characteristic
Control Ge-1 Ge-2
Appearance 4.3+02" 42402 4.3+0.1
Flavor 4.1+0.1™ 42+0.1 42+0.1
Stickness 3.5+0.1* 3.8+0.1° 4.0+0.1
Fig. 1. Scanning election micrographs of Ge-2(B) and Hardness 3.40.1% 3.9+0.1° 4.0+0.1
without Ge(A). Rice taste 3.940.1* 42+0.1° 43£0.1°
Overall taste 4.0£0.0* 42+0.1° 4.6+0.1°

T A 2] F(Ge-1, Ge-2) BTl 27 o] 7b Y] &gk
( )= B ] W b mean+SD, points score(very poor, 1: poor, 2: fair, 3: good, 4:

sl 11 icki A= wlyl 1T ¥ 1o 73
o {H, 17 |(stickiness) ok 4= BERk 719k 2AF 22 A very good, 5), ? Refer to Table 4, ¥ ™ not significant,
Z(hardness)E B3] EWH CON<Ge-1<Ge-22] A2 FE9% A7C Means with different superscripts within a row indicate signi-
om £9A zpo]E KT} I An|gE] 293 @A ficant differences(p<0.05).
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