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Differences in Physicochemical and Textural Properties of Germinated Brown Rice in
Various Rice Varieties

Dong-Hwa Cho', Hye-Young Park', Seuk-Ki Lee', Jiyoung Park', Hye=Sun Choi', Koan-Sik Woo', Hyun-Joo Kim',
Eun-Yeong Sim', Yong-Jae Won', Dong-Hyun Lee', and Sea—Kwan Oh"'

ABSTRACT Germinated brown rice (GBR) has received considerable attention over the last decade as a means of enhancing the
nutritional value and health-promoting functions of rice. The effect of germination on the physicochemical and textural properties
of brown rice (BR) was investigated in different rice varieties (Samkwang, Misomi, Chindeul, and Hyeonpum). Cooking
properties, such as water absorption, expanded volume, and soluble solids were significantly increased by germination in all rice
varieties. Textural properties (hardness, toughness, adhesiveness, and stickiness) of cooked samples were determined using a
texture analyzer. Hardness and toughness were decreased by germination, whereas stickiness and adhesiveness increased
significantly. These results revealed that germination leads to improvements in the cooking and eating properties of BR. In Rapid
Visco Analyzer (RVA), significant reductions were observed for peak viscosity, break down, set back, and final viscosity after
germination. Although the amylose content of Misomi was slightly decreased by germination, that of other varieties increased
significantly. Germination induced no noticeable change in the average chain length of amylopectin in Misomi, Chindeul and
Hyeonpum, but led to a significant increase in Samkwang.

Keywords : cooking properties, germinated brown rice, physicochemical properties, starch characterization
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0] 7—]754_*7 E;Pf_ﬁ,‘r%} | fjFo ]E}(Ohtsubo et al., 2005). wz}
ol-g3t7] A= AT FESTTE
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7FA] 71t Ohtsubo et al., 2005; Wakabayashi et al., 2012).
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[‘l[‘ l‘lO

(‘_Yl 2N oZ:

H rulO rue

wotoll ojs) @no] 2% WA BA ol F7t
oyt ofue} wWoprl Aulg, Th4, 284 Aol 9l
7] wholck. shA|uk ob4] wolu] e} Huk ul A7 54
of gk AAHS AT AAEA Lok s Aotk

whebd B AT AR ] EEoR So] nE
A pEgoR ST ABHMA, BE, AF) Gold
uo) $EE4E, FUEA, AN T A, 8k AE 9 A
£ B4 Ao 2 Woldu] o) $44S SHsa
) & an] EAo] 7)ojstad gt

NS
2 A A ARARE RS AEANY, @

ojptern £4 3 et £ 173

EX0F 20154 HEAZT
A% Sehold A o
12 Alzste] Ago] AHg5t

: 1= Wobdn] ZhgAE R Fv] et
dE FPW FHOOC, 124120 3 o] Yoka0TC, 24

Medcalf & Gilles (1965) S
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25 mm)E 0] 83}o] 25 kgw sFE O R WA F79] 25%=
RFSEAL, ThE 90% = QFAFSHA Alm o] AlZH(A =, F2&F
4, &84, Z7D)e SAskh

S3EEEY

Alg2E B4 3 100 mesh sieve (pore size 150 pum)of =}
ANAX dA 271 olste] 7HRE Atk A& 7HF9] 23k
T EAL AL EA (Model RVA-3D, Newport Scientific,
Warriewood, Australia)2 ZA31%th A& 71 4.5 g (dry
basis)& 554 25.5 mL7} @71 &7]of #i & BAAIA
Ttk 33 = S0l AHE-E RVA profile> th3-3t 2
o} (1) 50C, 960 rpm XA 10252t FA], o] %=
160 rpm Z7A] (2) 0.835-50F 50°C 94, (3) 12.2°C/min
2 95C 747 74, (4) 2,555k 95°C 94, (5) 12.2°C/min
2 50C7HA] Y7, (6) 252t S0CHABHHA Al5e] &
AEE 24519 tE 24 E $3H == Thermocline (Ver.
1.2, Newport Scientific Pty Ltd., Warriewood, NSW, Australia)
softwareo] 2|3} peak viscosity (L% x), final viscosity
(FFAx), trough (7318 5E), breakdown (Z A L), setback
(XWHEE), pasting temperature (EJA|X )2 4|3}
sheict.

Mg =4

Az 9] opdE A ke Juliano (1985)9] S0 & H]ANH
& Abgste] ZASHGATE AR ZHE 100 mgS ofeh(1 mL)
3 IN NaOH (9 mL)o| £ARAI 7Tk o] gHedz0]4 10
2 AT FH4E o) gstel 100 mLE 34519
. 3lAE g 5 mLE acetic acid (1 mL), 2% I,-KI (2
L) ¥ 75492 mL)o} EFekar oFaxof %H2](20 min)gt
%, 620 nmoll A FF= & A8

A7 9] op 2 B2} A& H3EZ = high performance
anion exchange chromatography-pulsed amperometric detection
(HPAEC-PAD, Dionex ICS-5000, Dionex Co., Sunnyvale,
CA, USA)2 A3} A& 7= 100% HEH-, 90% o
B2, SRR 2394 AofFal Aol Axsele: dxE
Al&2E 50 mM sodium acetate buffer (pH 3.5)of EAFA]7] 12
isoamylase (EN102, 68,000 U/mg of protein, Hayashibara
Biochemical Laboratories, Okayama, Japan) 10 uL-& Yl
37CollA 24X 7HERF WhEA1A opd2H Y B2} 7FA& &
3] Fojiet o]F a4 EEASE fls 100T oA 10
10 gAekloh aa B2 ¢RE AlE= 0.2 um
membrane filter= ]¥}5}37 HPLCZ 24 35}%th HPLC &
A9 A S 2= Dionex Carbopac PA100 column, oA

L Ao

8

© 2= 500 mM sodium acetate?} 150 mM NaOHE A&
a3t

SHEAN

e Adads 33 vhesiglon, dojul S47 SPSS
=74 package program (Statical Package Social Science,
Version 12.0)& o] €-8}0] HAHAANOVA test)& 14|
3, TSR AIE ¥ (Duncan’s multiple range test)=
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Table 1. Water absorption ratio (%) of brown rice and germinated brown rice for different rice varieties.
. Soaking Water absorption ratio (%)
Variety  Sample - - - - - -
Temp. 10 min 20 min 30 min 60 min 90 min 120 min 15 hr
Samkwang ~ BR 10C 3.7+0.6° 5.0£1.48"  53+12" 6.140.5' 7.5+0.9" 9.0+2.1'  20.6+0.6"
GBR 11.6£0.9°  13.6+0.8°  16.6£2.0°  22.11.0° 2524134 27.5£1.2F  43.6x1.2¢
Misomi BR 3.7+0.9¢ 4.5+0.9" 594038 6.2+0.3 8.4+0.9" 8.8£1.4°  23.5+0.58
GBR 1224129 14.9+1.0°  17.3£2.9°  22.1+0.8°  28.0+£3.19  31.0+1.6°  48.4+1.1"
Chindeul BR 4.0£0.5%  4.7+0.6" 5.8+0.58"  7.5+2.1M 9.3+1.02"  10.2+0.7°  23.8+0.7¢
GBR 16.0£1.1°  21.9+1.3°  23.7+2.1°  31.142.9™  34.8+1.3"  38.6+2.0™  51.6£1.6"
Hyeonpum  BR 3.7+0.88 4.3+0.9" 5.3+0.7" 6.4+1.7' 8.7+0.7%"  9.1£1.0'  23.0+0.28
GBR 157413 204+12° 213+1.0%  253+0.8°  293+12°  33.1+1.2¢ 47117
Samkwang ~ BR 25C 4.4%0.7"% 53+0.5%"  55+2.8" 9.2+0.48"  11.5£0.8%  13.3+1.0"  27.8+1.4
GBR 12.520.9¢  17.5£1.4%  203x1.5° 2714229 30.7£2.2°  32.9+1.0°  44.7£0.7¢
Misomi BR 5.1+£1.0° 6.6+0.6" 744142 10.1£1.8%  13.020.9  14.9£1.2%"  30.5+1.1°
GBR 153£1.2° 19.6£1.6°  23.2+0.8  30.041.6°  34.7+£1.7°  37.6x12°  49.1£1.0°
Chindeul BR 5.540.7° 6.5£0.2" 7.9+0.88  11.6+1.3"  14.8+04°  16.1+0.58  28.1£0.6
GBR 19.8+£1.7*  263+1.2°  31.7+1.6°  36.3+1.3" 41.8+1.1°  44.0+1.1°  51.8£1.9°
Hyeonpum  BR 4.9+0.6%  62+04%  6.9+0.62" 10.2+1.4% 127408  14.5+0.6% 28.8+1.1°
GBR 17.940.6°  22.1+£1.5°  27.1£3.0°  33.043.4°  37.5£2.4° 399434  47.6+0.9*
“Different letters in the same row indicate significant difference (by ANOVA and Duncan’s test, p<0.05).
BR; brown rice, GBR; germinated brown rice.
710 FAsHA S7FEAINE 3AI7E o] $ofl= & WL gle shoith 7SS 7M1 dul= Wu|et vlaste] i g
Ao R WE 3 Qtk(Shin ef al., 2014; Kim et al., 2009). o] 7] R 337} AFoZ ofFHI AZLEA 0]
diu] gl A7LR7E =2 3AIE o] Fof F ¥} glrkes B UE Zog QyztErn. E3 dutdor 7oA duE
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Table 2. Cooking characteristics of brown rice and germinatied brown rice in different rice varieties.

Variety Sample Water absorption ratio (%) Expensibility (%) Soluble solid (%)
Samkwang BR 151.121.5¢ 128.9+0.7¢ 6.1£0.3°
GBR 176.6+3.7" 133.7+£0.2° 8.2+0.4°
Misomi BR 151.042.4¢ 129.3+0.2° 6.2+0.2°
GBR 178.246.3° 134.7+1.0° 8.5+0.5°
Chindeul BR 148.243.7° 129.0+0.6° 7.5+0.2¢
GBR 181.7+6.6° 134.9+1.3° 10.8+0.2°
Hyeonpum BR 142.8+6.4° 128.3+1.3° 5.1+0.1F
GBR 168.245.3" 131.9+0.6° 9.1+0.4°

**Different letters in the same row indicate significant difference (by ANOVA and Duncan’s test, p<0.05).

BR; brown rice, GBR; germinated brown rice.
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b Frasklvhal Baskgict whe] AE e, Ao
AR, FESFES HIES oyt 8dof JIFe woy

(Kim et al., 2012; Bhattachaya & Sowbhagya, 1971; Park
et al., 2016), drolof] W2 A9 FZ43t A= droldn]

o] &0 BT 05 HlolEol BAslE A EY Hajas
o oJgt Aoz Azhent. wotol os) %71 45—%4%
(Table 1) F¥F Al AL golstA sto] M T35

FUAPORN HES
5

=] A2y B § 4 (Xylanase, arabinase, 3-glucanase)+=

=

%1—/\/\]71 740]13:] HI—o].EO]—Q]— g]_
o]

e R wEol W AxE fgand Aot
o] 9 drotdd | o] eSS Hrel FARE HdE K
Atk Aol AMEH 455 Hv|e} Holdu| o] ghel A w9
L 7V7} 27.64~34.36%, 25.11~28.13%2 A2 A 9|3}t
= B34 FYFoR fgastAh VAR SAEH=

Table 3. Textural properties of cooked brown rice and germinated brown rice in different rice varieties.

Variety Sample Hardness Toughness Adhesiveness Stickiness
Samkwang BR 67.42+4.18° 27.64+0.72° 17.20+5.05¢ 12.83+1.17¢
GBR 61.46+6.58" 28.13+0.85° 34.96+4.18" 19.86+2.72°
Misomi BR 96.55+5.87° 30.65+0.94° 14.79+3.99¢ 10.2440.72°
GBR 46.52+5.97° 25.38+1.17¢ 39.53+3.75% 20.26+2.01°
Chindeul BR 58.83+8.89¢ 29.91+2.32° 23.08+5.88° 17.27+1.65°
GBR 45.17+2.89° 25.11+0.61¢ 44.22+5.18" 22.64+1.31°
Hyeonpum BR 88.88+6.65° 34.36+1.56° 14.94+2.29¢ 13.63+2.47¢
GBR 54.61+3.47¢ 27.25+0.64° 35.45+2.55" 19.68+2.99"

**Different letters in the same row indicate significant difference (by ANOVA and Duncan’s test, p<0.05).

BR; brown rice, GBR; germinated brown rice.
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Table 4. Pasting properties of brown rice and germinated brown rice in different rice varieties.

. Peak . . . Pasting Temp.
Variety Sample viscosity Trough Breakdown  Final viscosity Setback (C)
Samkwang BR 2,734.0+£13.2° 1,776.3+51.3° 957.7+48.2% 3,197.3+27.0° 1,421.0+31.2¢ 66.5+0.0°
GBR 2233+ 7.5¢ 13.5+ 5.0 209.8+ 6.3¢ 63.5+10.4¢ 50.0+12.2¢ 66.6+0.1°
Misomi BR 2,687.0£17.3° 11,8383+ 5.8°  848.7+11.5°  3,481.0+48.5"  1,642.7+49.7° 67.6+0.0°
GBR 162.7+ 5.5 14.3+ 2.9 148.3+ 8.1° 63.7+ 2.9¢ 493+ 2.9° 66.5+0.1°
Chindeul BR 2,678.7£10.4°  1,707.3£35.5¢ 971.3+42.5°  3,200.7+31.0°  1,493.3+15.2¢ 66.5+0.1°
GBR 203.3+ 6.4° 16.7+ 2.9° 186.7+ 5.5% 50.0+ 8.7¢ 33.3+ 5.8° 66.4+0.1°
Hyeonpum BR 2,653.0+ 0.0 2,080.7+ 2.9° 5723+ 2.9° 3,632.7+ 5.8% 1,552.0+ 8.7° 65.7£0.7¢
GBR 196.0 +8.7° 16.7+ 7.6° 179.3£10.4% 63.3+ 2.9¢ 46.7+10.4° 65.3+0.1°
“EDifferent letters in the same row indicate significant difference (by ANOVA and Duncan’s test, p<0.05).
BR; brown rice, GBR; germinated brown rice.
4000 4000
——— Brown rice ——— Brownrice
—— Germinated brown rice —— Germinated brown rice
3000 e o 3000 + o
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Fig. 1. Pasting viscosity of brown rice and germinated brown rice by different rice varieties
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E 3l & A (a-amylase,
(3-amylase, a—glucosidase)L Zi 7} Hafid Ao]m(Palmiano
& Juliano, 1972; Moongngarm & Saetung, 2010), ¢]= &
3} Ax=9 Ao & 98 Fth(Fincher, 1989).

SEEEEESSAEREE ERE LR LR
iz o] AEAtel W o3l Agi(disulfate linkage)e] I}

2 gEa gue AREsold AR ) YT
(netwok) & B 3te] 2% UA7E B3 F 513 breakdown)
e A AN ST AR e g
2 @40l 957 ulgo] Adw(swelling)l o] 7
7 9 ofdE A f-Z(amylose leaching)S 47| O]'_L_ RVA
Ao Hil A=E A Stth(Xie ef al., 2008). Xu ef al.
(2012)5 Hrolaet Adote il 2l HE Faflaae] 9
Sto] AEEH O] Tl A|(protein body)7} oA Yrfal &
E(CaVlty)J% Ad(channel)o] FJ%= AS AAF=ARAT]
Aom AT

woban] 7het wolo] o

i
)
ofi
=
X

trolzl Az o

Woll 1914 W BAAIT e ARAEY FURE ol
w7]0] Hga Aolth. E3t Wopdn] 7p dojrls

HiLste] GABA 9] 71%4 AH-S the 3Hsha glo]
AeeAel FoluAu, Wole] 2 FAM HE ik
wholUp Wap 7o ol L B3

7hs AEell o857
ot webA ot 7HRE Heret
7] HsiAe FAEE 28 A o5 ek A+ &
gt A= olof & Aot
20| A Hotole] ME £4
FHu| 9 dolgn] o] opd g A FHekS Table 50f LFebuiTh.
Aol AR 455, vian), AE, FH)Q dvjeh
ofgdu| o] op @A FHape 717k 18.6~20.4%, 18.4~21.7%%
on, A, AE, BF2 Hotol| weh ofd RS ol 19
HoR F7Felelt. Kim ef al. (2012)= obgrel| weh &

uje] opul 22 ggol FrkaTkT Bustgct Aol &
e Y G, AR G obUEs P, opREAY A

Sk
I 540 FFS Wort o] F o)
24 Y Bolt 309 048 deix glon, B

Table 5. Amylose content (%) of brown rice and germinated
brown rice in different rice varieties.

Samkwang Misomi Chindeul  Hyeonpum
BR 18.6+0.1° 19.2+0.1¢ 18.8+0.1° 20.4+0.1°
GBR 19.9+0.4° 18.4+0.0° 19.7+0.4° 21.7+0.1*

““Different letters in the same row indicate significant difference
(by ANOVA and Duncan’s test, p<0.05).
BR; brown rice, GBR; germinated brown rice.

w5 A7]EoA obtm A FFEE: 17~20%7F 4]

Aokl QhPark er al., 2016). AHg, u]in],
Au] B dolduls BE Y 2AS BESH
dlol&n| o] o}l 2 HE] BEXAE Ex X HPAEC-
PADR 27 glon], BAA&0] olo] me} AARE(DP
6-12), BIAFE(DP 13-24), B2AFE(DP 25-36), B3AME(DP
= 37)2 BER35}o] Table 60 YEWTE 4&2 dn] 9 9
ofddn] 9] of ZH Y EAARES BIARS(DP 13-24)> AA}
Z(DP 6-12) > B2A&E(DP 25-36) = B3AFE(DP = 37) <&
A& ol 23Tt You ef al. (2014)= AF2Y7E dH
25 et obzeEl Rapaks Bael fajAl A5t
on), 9ejoh SARE ATHE Btk WS R thake 4
PO M E ol zulElo] ThAARE(A, BI ARZ) H]&o|
ZHARE(B2, B3ARS)HLE 2 A 02 def A ¢ chEliasson,
2004; Kowittaya & Lumdubwon, 2014).

4%% oA ohUREE BAAE HFLolk oo
oa) F7eks AT woirh woldvle] ofuzEE T
Zo| izt A= G5 AFAEol ol M EUcHLee e
al., 2016; Pinkaew et al., 2016; Xu et al., 2012; Oh et al.,
2012). Lee et al. (2016)> wolo]| o]3f thaAHE(DP 6-24)
o] Bl&o] F7keh Wb Sk 25 o]4to] AHAE ] Hl&
L A4Skt 2 a1slgich o|9F )2 A 0 2 Pinkaew ef
al. (2016)3} Xu et al. (2012)= dbo}sto) wlal Taf A&

i

> ol R
lo L omX
xErﬂLHﬂJ?:

b i ok

o]

(DP 6:24)0] 1] 0] Zhadhan AH4IAR&e] v]go] Z7hehel
o2 wsisich olE Yol ol wmm i
R4 opUEEE x| RS o, 53] AR

Aol =2 v &E EX5t= LJH*]'QO] T2 7}‘T'\£‘°HE]
7] ool EHAES] HlEo] FolEthal Kalstal qlok
(Tester et al., 2004). S}A|qF o} A8 dolo] W& HE Lx
o] wHzlo] thgh AAAQ A7t F53 Aot M
Anlo) B4 Gl & FEFS HA7] wizel ol
uhg A3 W) up Sl g AE 28 A7) wokd
u] ol obA AWEolof 2 Zolc,
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Table 6. Amylopectin branched chain length distribution of brown rice and germinated brown rice in different rice varieties.

Distribution (%)

Average chain

Variety Sample length A chain B1 chain B2 chain B3 chain
(DP 6-12) (DP 13-24) (DP 25-36) (DP > 37)

Samkwang BR 20.3+0.1% 27.740.1° 47.9+0.4° 12.8+0.2° 11.5+0.3¢
GBR 21.840.4% 27.0+0.6° 44.3+1.0° 13.440.6" 15.3+0.9°

Misomi BR 19.840.9¢ 30.3+3.6° 45.6+1.1% 12.441.1% 11.7+1.3¢
GBR 20.3+0.0% 27.4+0.0° 47 .4+0.0 12.8+0.1%° 12.3+0.1%

Hyeonpum BR 20.4+0.0"4 27.8+0.0° 46.7£0.2% 12.74£0.5%® 12.8+0.3%
GBR 20.2+0.1% 28.240.1% 46.9£0.5® 12.9+0.2% 12.0+0.3%¢

Chindeul BR 20.8+0.1% 29.0+0.4% 45.3+0.3% 12.2+0.1° 13.4+0.0"
GBR 21.3+0.1% 28.3+0.9% 44.6+0.7° 12.7+0.2% 14.5+0.0™

*IDifferent letters in the same row indicate significant difference (by ANOVA and Duncan’s test, p<0.05).
BR; brown rice, GBR; germinated brown rice.
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A B =B %2083 AGENDA ATALY(THAH 5
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