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ABSTRACT: Objective To study the effects of germination on the physchemical properties and edible quality of
brown rice. Methods Brown rice was pretreated by soaking in different solutions or low temperature to make it
germinate. The y-aminobutyric acid (GABA) content was determined to select 8 varities of brown rice for further study. The
content of starch, amylose, total phenol, sensory quality, texture and gelatinization were further compared. Results The
GABA content was mostly improved by soaking with 5 mg/mL sodium glutamate solution, the GABA content of the
brown rice ‘Huainuo 20’ and ‘Nanjing 9108’ reached (261.6+4.3) and (263.1+6.8) mg/100 g, respectively. Meanwhile,
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the germination rates of these 2 varieties of brown rice both reached up to 96%. The color of all varieties of brown

rice was changed to reddish and yellowish by the germination processing, and the content of total phenolics increased

significantly (P<0.05), while the content of starch and amylose decreased significantly (P<0.05). After germination,

the gelatinization disintegration values and retrogradation value of the brown rice both decreased significantly (P<0.05).

The edible quality of different varieties of brown rice was improved after germination, which displayed by significantly

increasing of the volume expansion rate and the stickiness (P<0.05) and significantly decreasing of the hardness, chewiness

and adhesiveness. The sensory score was finally significantly improved (P<0.05). Conclusion Locality of grouth and

variety are important factors affecting GABA content of germinated brown rice, and germination can effectively

improve the nutrition and edible quality of brown rice.
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1.3.2 GABA 4&n%
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Fig.1 Effects of different regions and varieties on GABA
content and germination rate of brown rice
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o RFAGKMZI)G, B C6 & 5 mg/mL 4 KAGR T
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Ko G LT PR EST PR, I RE B4 I AT R A I A R
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Pl GABA & REARHR L5 A RNA, AR
B AR GKEE . (RIR 4 Bl ZEAC BT R A
PhEAT A ZE R h 26 1~2 AI A, 5 mg/mL 25 & RANAL T
41 GABA 7 T A FA, H& 2RI .
AR FE o GRS B K 1 e 2R A —, X5 R[]
w FIRE K T 5 B AR MR AT 06 . — ok, IRk
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#£1 %£FFAX GABA & EHIZNEN(mg/100 g)
Table 1 Effects of germination methods on GABA content (mg/100 g)

REHIT Cl1 C3 Cs C6 C7 cs Cl1 Ci12
K E 95.3+8.5°  96.8+1.2° 88.8+2.4° 162.8+5.5°  93.6+1.1° 87.5£3.1°  112.2+4.5°  90.5+6.0°
22 24N 2 mg/mL 112.1£2.8°  1353£9.6°  117.0£9.2° 174.4£6.8° 139.0£8.5"° 116.0+3.8°  147.5+5.6° 138.2+7.9
A% BR24M 5 mg/mL 234.0£7.7°  218.6+3.1°  207.949.6° 261.6+4.3" 238.4+£9.4° 213.7+53°  263.1%6.8" 219.4+7.3°
YK EERRE 500 £ 92.8+0.7°  86.4+3.3*Y  76.4+3.0° 100.9+5.5°  85.2+4.2°  81.3+£3.1%°  88.4+3.9% 96.5+4.8"
QK EERGFE 1000 £5 91.3+1.9°  84.0+4.5¢  79.6+22¢  97.9+2.6°  84.2+1.1%  79.4£1.5¢ 92.543.0°  88.9+3.0
KA 5 mg/L 104.0£2.6°  109.4+5.9*  103.1£1.5° 130.9£3.9° 116.0+4.0° 94.0£2.4%  108.9+4.6™ 110.9£2.6"
Y KA 10 mg/L 116.5£4.9°  102.8£2.2"  134.122.2%  152.4+5.2" 144.4£1.9™ 114.3+1.8°  139.2+4.9% 147.0+1.9"
—18°C, 24 h 100.4£1.5¢  94.5+3.5¢ 93.8+2.2¢  133.6£2.6° 102.8+4.4° 91.1£2.4%  108.7+1.8° 111.1+3.4°
4°C,24 h 99.4+1.9%  92.5+1.19  105.54£2.6° 147.3£5.5° 107.0+2.4° 97.4+4.8%  110.9+4.5° 135.6+2.8"

TE: AT PR ) B s A7 225 1 22 57 (P<0.05).
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KHH 5 mg/mL A2 FRENIA RIS 2 8 FivkioK . Bk
AR 3 FIFK 4 PR, SFEKEAEIT 1 mm DAL, Hep
C6 R IRK, HKIAF(3.27+0.70) mm, K ZFf AR, K
Ja, KiakEk LA FRHER AR, o A EFHH2E
FWARE, Cl. C6. C8, CI2 1 bl # o)y [k H 2%
SRE, HAMMITEEES . XERT, ME THRE
TN, S ZFRE K A J5ORE 5 S 3 R 7 A SR A S N, 24
WUREIELEE AR T 90°C LA I, R ZEREKF I & EARAR, LA

a5 b FE,

B AR PR A SRR R K BB A R, I
C11 /2, H 0.484 mg GAE/g /%) 0.653 mg GAE/g,
BINY 35%; C6 MM T 23%. KA, BEX N HEE
BEROE, BEA WU 22 (0 B 2K W) sl A5 B 00 45 G T B 2 )
JR BRI SR O, FE A &I, SR RS R, B
MERSHESTER S EHRE TR KR, Co T HAEE
W ER E A EUAT A 1.5%; 10 C11 HR AR o5 Sk & 4
FEAN 17%F5% 2 15%, {BK 216 L REZES .

*2 EAFHRMELFERNZI(%)
Table 2 Effects of germination methods on germination rate (%)
RH I Cl C3 Cs C6 C7 C8 Cl11 C12
ZRIBIKEI 83.3+3.1° 733+4.2"  92.743.1%  98.042.0°  65.3+1.2¢  88.7+1.2¢  96.7+1.2®  85.3+2.3%
A S REN 5 mg/mL 85.3+4.2° 69.343.1°  93.3+4.2° 96.0+2.0°  70.046.0°  80.7+4.2° 96.0+3.5 84.0+4.0°
YOKRERBE 1000 fF  88.743.1°  74.745.0°  82.042.0°Y  96.7+1.2°  64.7+5.0°  88.0£2.0™  94.0+2.0®  77.3%3.1*
KA 10mg/L 81.3+3.5 78.7+5.1°  92.143.0° 96.7+1.3"  73.74#4.1°  88.7+3.0° 95.3+3.5% 78.0+5.1°
4°C, 24 h 87.3+1.2° 68.0+2.0°  89.3+3.1° 98.0£2.0°  74.045.3°  87.3+5.0° 93.3x£1.2"  79.3+4.2°
e [Al—A7 R [F] - B R A 2 25 57 (P<0.05).
F3 ATFXREKRITFK. BB ERAMEETHSENEMN
Table 3 Effects of germination on bud length, total phenol, starch and amylose content of brown rice
o 5 ZFEK/mm LB /(mg GAE/g) TERY/(2/100 g) HHEEVEN/(2/100 g)
K &3 K KR & i) & 3 K & 3
Cl - 1.29+0.59  0.484+0.008  0.634+0.049*  67.461£1.051*  59.580+1.229  15.010+0.850* 11.588+0.895
C3 - 2.19+0.99  0.475+0.009  0.561+0.064*  70.589+1.165*  60.723+1.568  16.305+0.476* 12.104+0.197
Cs - 235+0.96  0.602+0.058  0.657+0.068*  69.927+1.260*  58.305+0.720  14.141+0.533* 10.787+0.303
C6 - 327+0.70  0.642+0.064  0.787+0.079*  67.665+1.885%  55.297+1.820  1.015+0.198* 0.849:0.062
C7 - 2.03:0.97  0.552+0.028  0.646+0.014*  70.915+£0.872*  64.304+1.437  13.38620.784* 11.056+0.406
C8 - 1.33+0.63  0.462+0.037  0.548+0.058*  66.955+1.512%  56.777+1.395  15.518+1.012*% 12.785+1.106
Cl11 - 1.47+0.60  0.484+0.072  0.653+0.069*  73.753£1.059*  67.268+1.536  12.522+0.586* 10.001+0.527
C12 - 1.98+0.90  0.640+0.040  0.732+0.050*  71.696+1.335%  62.059+1.006  0.896+0.097* 0.501+0.048
T RN T I *3R7 K ZF AR 19 2 2 M 25 53 (P<0.05), T,
T4 EFNRAKEEEHFI
Table 4 Effects of germination on chroma value of brown rice
i ‘ ’
&) RHFJE & ai) RHFJE &) RHFE
C1 61.73+1.79 60.310.62 3.84+0.63 4.88+0.45% 13.07+0.86 17.22+1.31%
C3 64.33+1.33 63.38+0.38 3.510.16 4.01+0.56 14.13£0.17 16.95+1.63
Cs 60.52+1.13 58.32+1.15 3.76+0.36 4.00+0.26 12.79+1.32 14.09+0.06
C6 70.920.96 68.76+1.17 4.000.27 4.84+0.22 15.84+0.85 17.96+0.55*
C7 61.56+0.36 63.18+0.97 3.92+0.27 4.31+0.05 13.49+0.68 16.73+0.70
C8 62.07+1.11 60.56:£0.92 4.12+0.88 4.87+0.91 14.13+0.99 18.15+3.28*
Cl11 65.03+1.06 63.54+0.90 3.770.10 4.39+0.32 14.87+1.74 17.66=1.46
C12 67.78+0.51* 63.20£1.52 4.08+0.31 5.19+0.60 15.610.39 18.42+1.63*
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8 FPREK 2 ZEAT R MBI IL RS IR 5. HiffER
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HEREE . RAFE . iR, 2MEF0E . mIAES B EHF
o BEKRLERZERI R D, WIRBEEROE, (8 ER R .
TE R 1 NIk 2548 B A - REARR R BRI R, 5 k2R e koK
PR EEER L. EORSEEFESEA X, g
5530k 4 i — 3P SRR ZERE KR BE S T
KAl g, AL AT A AN 2 B AE 5 . R, MR S5 ]
M, WRREK C6. C12 MY AR 5 I A (E (I TR,
Ji DR R it R R Y 2 Ry SRR TE A, MRRE R R T
SR O e W RIRE K, 5 A A (e A R
24 AT EMMAFRERORAMR

M 6 B, K2FIGMRORZEE R B 5 WoKIEIK, %
ZEREOR T I AR 25 4 v, LR R AR K R e 4
1) 2 JZ BRI T RS K 8 B R WO RE T . IR BRI AR AR B K
BE YT & 28 A0 SRS K 3R DR 2 A2 O T REIE B

Tl/NRAE, DRI A 25 I RS R AE 2 A T R R K o S 5 ok
AKRENES o KL T 1 R S A (K I3 B By E AR
RN, SECR ZFREA AR I KRN EY . Rk A 2
Ja, ORUR Y € ER ARG, C3.C8 5L Bk A 7k, oT
BEJE TR T SRR R T80, GRS R 205, KR
P REEERTE =27 8

Nz 7 B KR, T RZEMIR, KRR E
SR TER GIAL, WA Al R A ZERE R A B R 4
T ARKZRER, X WAIR 5 PR AR, R4
BEFEARME AN — 2 RPRER IR BTSSR
BEAR . JECEYE TR, bt dhfh it B 2250 . X GRE
PR AR O MRS R, F BN A SR REOR R AS Y AR B . SR
] NOEIEEA R Sy, VAR TFI BEA 2 BRI R 1E

AOTERY], EABCE R B S RE
KAREREEIFCS S FEARBIIE PRI, K25 R K R
PPIT R TR, R A AT A dh b 2 G
BEMEZR S XATRERE, REKR SRR, Hbh 2l
BREEART. MR, HEEER S AN, BSRN E
B RS, H i B RE R AL A 5 R 2 1]
KA IR

S5 RIFIRERMUEFERRE

Table 5 Effects of germination on pasting properties of brown rice

mo WEHE/p {43 3 1 cp i 1 fep AR fcp I i /cp W17} 1] /min
BOOREE RHE O OREW RHE O OREW ORFE OREW REE OREW REE OREW KHR
Cl  1982+12*% 18245 1274£82%* 170+£9 708+70*  12+4 2253+65*  385+20 979+17*  215+11  6.0+0.1 5.540.1
C3  2390+48* 443+17 1410+68* 35627 980+20*  87+10 2241+57* 698+42 831+11* 342415 5.840.1 5.8+0.2
C5  1842+52*% 260+7 1137£78* 232417 705426%  28+£10 2095+£54* 497+32 958+24* 26515 5.9+0.2 5.940.1
C6 666+13* 90+6 624+18* 86+7 42+£5% 4+1 824429* 14345 200+11%* 5742 6.4£0.1  7.0£0.1
C7  1456+8* 373+23  1004+35%* 304+32 452+£27*%  69+9 1730+49*  607+26 726+14*%  303+6 5.9£0.1 5.7+0.1
C8  2012+30*% 340+7 1152+£62%* 221+12 860+32* 119+£5 2209+48* 482+10 1057+14* 261+2 5.7£0.2  5.2+0.1
Cl1  2044+30* 253+9 1215+£75* 194+12 829+45%  59+3 2175+87*  427+15 960+12% 23343 5.9+0.2 5.4+0.2
Cl2  536*14* 94+8 510+17* 8949 26+3* 5+1 735425%  150+8 225+8* 61+1 6.9+0.1 7.0+0.2
R 6 RIFIHERRATGAKEMEEZNZ I
Table 6 Effects of germination on volume expansion and chromatic aberration of brown rice
A T AR TR /% L a b
K ZFHI RIFJE R KR R KR R KR
Cl 384.21+0.03 405.83+0.06* 60.52+1.0 56.09+1.35 0.53+0.22 1.11£0.23* 7.21+0.96 6.87+1.13
C3 371.93+£0.04 393.98+0.14* 59.14+0.9%* 54.51+0.15 0.59+0.13 0.87+0.16* 7.28+0.64 6.0+1.01
Cs 382.86+0.03 402.44+0.12* 59.13£0.23 57.79£1.09 1.59+0.31 1.59+0.46 9.52+0.77 10.46+1.45
C6 324.07+0.08 329.37+0.07* 53.07+1.61 53.69+0.78 2.3340.25* 1.4240.10 8.74+1.36 7.16+0.45
C7 378.70+0.42 402.44+0.12* 57.55+1.5 56.86+1.26 1.31£0.56 0.68+0.38 7.29+1.25 6.83%1.6
C8 367.57+0.03 390.34+0.07* 61.18+£1.71* 51.65+1.28 1.06+0.16 1.32+0.11 9.02+0.75* 6.3£0.9
Cl1 387.96+0.04 412.50+0.13* 57.43+1.70 54.39+1.28 1.58+0.31 1.71£0.15 8.52+1.52 8.36+0.77
Cl12 328.70+0.80 341.46+0.12% 56.54+0.66 56.49+0.97 1.740.51 1.5+0.32 9.28+1.59 9.0+0.33
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