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Major Components and Health Functionalities of Brown Rice,
Germinated Brown Rice, Barley, and Buckwheat

Smee Kang and Sang Hoon Song*

Division of Applied Food System, Major of Food Science and Technology, Seoul Women's University

Abstract

Brown rice, barley, and buckwheat contain a variety of functional ingredients, such as vitamins, minerals, and
dietary fibers. Germination is an effective technique for improving the digestion and absorption of the constituents
in grains. In addition, germination could modify the chemical properties of grains and increase the content of bio-
logically active substances. Many studies have reported that the intake of grains or germinated grains could ame-
liorate blood glucose level, stimulate the immune system, lower blood pressure, and result in anti-obesity effect.
Therefore, grains and germinated grains are being utilized in a variety of functional products. The present study
reviews the primary components and bio-functionalities of grains (brown rice, barley, and buckwheat) and germi-
nated grains (germinated brown rice). The development of grain products for promoting health functional properties

is also discussed.
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AoZ B E]OiE]-(Kim et al., 2001; Sung et al., 2011).
2003 o] ZFE 2015371A] FF£3] AH|Fo| Frlsla
wale] A9 TR Aoldf9t B-glucan 52 7%
Hrshlom, xket |Fol] Wol o] 85
phytochemical® €# % rutin, quercetin %
1 Aelgd a3E vehdtes d 230t
v} Q1TH(Choi et al., 1996; Oh et al., 1996; Lee,
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o7 FAT F QoA et A A FHE 7HA
3 JTH(Cho et al, 2011). o} FH= vt FFA e
e oha 755 A9 AR 2473-S AT AL, B e
= AH 2 7SR s 593 A HEe a3t FE
§o]3HAl Frh(Lee, 2013). ©] ¥RF ofUg} Wo} o] 9]o] 3}
4% 7] (superheated steam, SHS)E ©]&3 4374 %
thermo-mechanical processE 583 713 3482 37/ 7t
TEY AT 754 S FIATIE 7 HHOEH o]
H 3 Q) olelgh A AT AlElE RS Hol FR
o] dY¥F 71N FFS vH Zow Holn, vt
o]-§ B X E 7= 7H AEY LAEA AN 2 T
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U:], o] Table loﬂ ‘/]’E}LH

Kl HH% TS @Ul EF73t} Kim & Jeon (1996))
oshH W)= Hle] JFaie] %S f‘ﬂ%ﬂﬂﬂ 64131; 95%

Hijole] & 3
2ol fr 4 —8— IEE} 2ul} o] =31, HIEH] B, B,
2 9l A UEE, ZF, ofd, rlavlg 22 vE £
s E% “-‘01 Shi-3te A2 2 UERGTHLee et al., 1988;

Choe et al., 2002). 2 Th F202 o] =AW HEl=
ol &5l FRE gEA Atk Bl 2 o AR
S vl SRS W Aol o] dEFol 10w EaL, ThA,
Hglwl B, ® ol g/-3F2L JTtHChoe &

23l =]
Youn, 2005). Rk 51'— B84 2olG R} =8 2

1__
e Mol Sk SHE Mo, Helt 584 Ao)
o

I TH(Wijngaard & Arendt, 2006). °]1& IF+= F
$5IE Aol PET Aol 4R S DRICEA FYo

O 958 AP0 AR vholth,

740]]/\1 z;ﬂo] ul—
Al fr}. ojuf Wolo
dojupm, Y& A

W37t UrE‘r‘JrE}(Seog, 2004). AH|= o} A] wjf-o] HE
AL oFA] thAtel /‘}%OV] 13 a-amylase®] o] &
7hE AL, AR dEe AN FEoE TasA €
(Ohtsubo et al., 2005). ©]¢} 72 amylase®] &4 F7h=
ol 1 g]e} wgo A= HEE|ATHLee et al, 1995). 53]
dho} 1 goA] AJAito] Z7HEE a-, B-amylase, glucoamylase
+ Helo] T o] ARAaE FeleEA Hele] &
ST &S Fola YU 288 =Y Zolgkal BAg bt
ATHChun, 1981). ¥¥+ /el BIER C7F A9 gl=
ZAoR Gux glon, wol el e FHd = 55
HEFT C7} 2vf o] A °iE]-(Lee & Kim, 2008) L
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o} e H] ol il His) YA FEEAHS e
e 715748 8ie el wstdte ol o 54

Zlolt}, ol Hul= ¥ AAAGELARE Izl GABA
(gamma-aminobutyric acid) 2 B-sitosterol, y-oryzanol &
o] §FS F7HAI7IH, 53] GABA® 7 Wsh= He
o = #Z % JATHON, 2002; Lee et al., 2007; Cha et
al,, 2012). 'Fo} Av|= Fikst L4 B vk Aol 4
W a2 yele 2o 2 &4e A phenolic acid A E<!
chlorogenic acid, caffeic acid 59 o] & L= v
of AWttt Frtete AEFS B 53] Loldn| ¢
ferulic acid®] &2 100g T 20.04 mgl 2 &3} Hujy
o oF 280, 26% S7teh= A#E UER ATH(Tian et al,
2004). B-Glucane HZ] Hj-F2] Mxd o] HHFZA H
g9 715y BEo LA Yok ol Wol A gt
t A%e Jeo du Relshs E gE 754
245 vepd Zlo® Heltk(Lee, 2008). Mo 9 7]

Table 1. Nutritional compositions of white, brown rice, barley and buckwheat (contents/100 g)

Carbohydrate  Dietary Protein Lipid

Vitamin B, Vitamin B, Vitamin B; Vitamin E

References
(€3] fiber (g) (2 (€] (mg) (mg) (mg) (mg)
White rice 49.6 0.74 4.1 0.205 0.176 0.021 2.05 0.462 Babu et al., 2009
Brown rice 497 3.32 488 1.17 0.223 0.039 2.73 1.4 Babu et al., 2009
Jung et al., 1987,
Barley 79.0 12 9 1 0.3 0.1 12 0.6 Choe & Youn, 2005
Buckwheat 70.1 333 12 2.9 0.23 0.07 1.08 029  Leeetal,1991;

Cho et al., 2016
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53 AES A EA flavonoid?] rutin (2-phenyl-3,5,7,3°,4°-
pentahydroxybenzophyrone) 2. & rolol 23] o]Eo] =7}
st A4S e ATH(Choi et al,, 1996). o} FFE=
H] ol 27 Bl S o & dF S e
W ERE T FEeE O 7HAE Eol B 5 3l
o, ol50) o3 1WA 71548 237t 7€

O
& Thompson (2006)°ll ¢]&tH A njeo] A7 o] EA 3=
phytic acid7} A-2] 48lE = w
d3hs gtk Bt o5 dAvE A3 e

A%

o1& WAlo] = AtkHsu et al., 2008). &

gk olye} thefet H3hol Wol dnjzt a3t US A
B HAer, o]E Table 201 YJER|AT) B9
Aro g 47 BglucanS ExFS T3]
2R g9 A dad B A 5
2 e tH(Ranhotra et al., 1991). &
S AH3 db/db P FH o AS dgdo
A7 Ao EN P B

gk v} glthJoo, 2013). Al 28 B3l A Av], He,
D AAE A g A

o] Wu]7} 163.4+32.4 mg/dLE H T AS Yepd wh
, 1Y 100.7+27.8 mg/dL, HE] 123.1+30.2 mg/dL, & W]
13574242 mg/dL 22 ddo] BA e B3 o]
o] Q&Y FH7L wim| o} Blw S uf FejHoR 7ha

& 7 2.2 UrERRTH(Seo, 2006).
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o} Hlws] HtS v B} ¥ =2 &3E YERSHTHCho
et al, 2012). v hemicellulose?] FAAESZ izl
arabinoxylan WA 21 NK (natural killer)d| 32} t 2]
Azl glo] Hefo] &3t HUS W FH|Sk= cytokine
¢l IL (interleukin}-2 % IFN (interferon)-y, TNF (tumor
necrosis factor)-a®] S F7MAA HY 4L XA
20 B3 S THChoi et al., 2005). 'Wold dmjo]
o] A £ &84S F7H17]H, mitogenic B4
Hgkol w| e} vlwal] HokS wf {212l xfo]E yrER
A Yoty B3 THKim et al, 2011). X2 B-
glucang 583k mouse= IL-1a, IL-6 2 TNF-02] A5
ST EA MY S 335 YElle ZleE By
g vl U th(Park, 1998). W5t ofuje} ole Hej= A
FoA mgEA EA<l NO (nitric oxide)9} IL-6, TNF-a
e AT EN AYSH a9E el 2o = 49
ZHTHYu et al., 2015). Kang (2014)9] &3t w2 F&&
£ LPS (lipopolysaccharide)oll 2]3f] M z-g-o] =&

2 M2 2] NO$t o] & H st @&l iNOS (inducible
nitric oxide synthase) 2 COX (cyclooxygenase)-22] &g
AAGe=A AFHS 2FE YEAT

(0]
-
lu]

sfmeiel 9 XIRhAL KN =3
A YABARB] YEA APARE T g
o] Z7tom Tk APLGL FEAR ol A4} 2

(angiotensin-converting enzyme) A8 &4 =43 A3}
Avl= AFEHS FAA sodium®] Bl

ACE E2& 8735 79.4% Asfsiion, ol &3 x5F
329l enalapril maleate 2.t} 37.1, 224% =A A
o=zx g dFed a3 s Ao B Stk
(Seo, 2006). Hr] o E= | AE2HE0] i
2ol & A 28 4F <0 SHR (spontaneously hypertensive
rats)dl] 377 AFH S A 7571 A 1 23 F F A
A, FRAY, ZEZEEY ol fiske d3E UE
WAz, o8 s a3t= AA EAste AEHZHE
sitosterol, campesterol 5] @FOZ ALEETHHa et al.,
2006; Hong et al., 2012). §W]¢] GABAE sEAHH <l
AA Pl A g7dst a37F vdepdthe Ba7F 1A,
ferulic acide 2E]A 2P 4F O A SHANA IS
A3 7= A3E YEM I th(Billingsley & Suria 1982;
Suzuki et al., 2002). o} WS HHg Zejd 24
o] det7tet a¥= wiv], dv| Hoh & Z0 2 YERE
o], o]Z2 ol o3 AJikEFo] F7FeH GABA H
ferulic acid®] & W3/l T8 JFS YRS sl =
HITHChoi et al., 2001; Choi et al., 2006). 222 F9
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Table 2. Biological effects of brown rice (BR) and germinated brown rice (GBR)

Biological effects Subjects

Dietary source

Main changes in metabolic indices References

Streptosotocin-induced diabetic

| Blood glucose levels, lipid Hagiwara et al.,

Anti-diabetic male rats WR, GBR peroxide 2004
Sjcreptgsotocm—lnduced WR, BR, GBR | Blood glpcose levels, serum Usuki et al., 2007
diabetic rats homocysteine levels

1 NCV, Na*/K*-ATPase activity
Healthy subject WR, BR, GBR | GI, IAUC-Glc Ito et al., 2005
. . High fat diet + WR, .
Hypocholesterolemic Hypercholesterolemic rats BR, GBR | Weight Imam et al., 2014
1 ox-LDL, F2-isoprostane
| Liver, kidney, lung weights,
Hypercholesterolemic male BR, GBR TBARS levels in plasma, liver, heart, . o al., 2007

Hypercholesterolemia-Induced
rabbits

Hyperlipidaemia rabbits

Hypercholesterolemia-induced

Anti-obesity male rats

Hypotensive Spontaneously hypertensive rats BR, GBR

Maternal mental WR, GBR

health and immunity Healthy mother

Azoxymethane-induced colon

Anti-cancer
cancer male rats

High cholesterol diet +
WR, BR, GBR

High cholesterol diet +
WR, BR, GBR

High fat and cholesterol
diet + WR, BR, GBR

Commercial diet + GBR | B-catenin and COX-2 expression

kidney lung, plasma GOT and GPT

levels

| TC, LDL/HDL, AI, MDA Esaetal., 2011
1 HDL

| ALT, AST Esaetal., 2013

| Weight, epididymal and kidney
fat, cholesterol

1 Fecal excretion of Ch, lipid, TG
| FER, blood pressure and TG

Choi et al., 2006

Choi et al., 2006

Sakamoto et al.,
| TMD 2007

T Ig-A
Latifahetal.,2010

WR, white rice; BR, brown rice; GBR, germinated brown rice; NCV, Motor-nerve conductuin velocity; GI, glycemic index; IAUC-Glc, incremental areas
under the glucose; ox-LDL, plasma oxidized low-density lipoprotein; TBARS, thiobarbituric acid-reactive substances; GOT, glutamic oxaloacetic
transaminase; GPT, glutamic pyruvic transaminase; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein, MDA,
malondialdehyde; ALT, lipid peroxidation levels, alanine transferase; AST, aspartate transaminase; Ch, cholesterol; TG, triglyceride; FER, food efficiency
ratio; TMD, total mood disturbance; Ig-A, Immunoglobulin A; COX-2, cyclooxygenase 2

A % v‘i—O B-glucans HF 3 SF= 749 S8
E FAE Aaste A4S Uepilen, A sHE
FARpE A AA 1@ A Ao E 5 EdzHE A

7} Askd vk AtHKim et al., 2002; Smith et al., 2008).
W] rutine P 73l %ﬂa& TEAE T AAEA
25 vy dEA UL, ntine] FHE SEE FoF
ol 735 ?a‘:«ﬂ o] Pasta B T AL, F

A 2E g0 vt aske A4S UER A TH(Na, 2004;
Lee, 2005). Bt ofuz} who}l WUS HAH3 Bejyd vd
G lA ol FAEE G g 7S JERNATHLee et
al., 2000).

T (o

O om K
off N o | ol

A
O+
1>
-
N
N
N
o
=)
i
QL
rsﬂ
>
ki
i po ot XN
W b

i
4
o
o,
o
1o k
2=
1>
o,
fo

=
=)

1>
o,
M4
T g
_E
w
X
o
oX
2

o] fradte AHE UrE]r‘ﬂ?iE}(Chm et al.,, 2006). 2} o}
Hn] FEE AGAIEQ] 3T3-L1¢] A S35
e ol& AT ¥k F¢ Zﬂ'er*} 7k, F-a18hol| A
20| adhe AHE YeiEt), o)A AAIE A
A}olz}el  C/EBP (CCAAT enhancer binding protein)-o,
SREBP (sterol regulatory element-binding protein)-1c$} PPAR
(peroxisome proliferator activated receptors)-y2] &S A
stoex yepd gtz Wi E vb tK(Choi et al., 2006;
Ho et al, 2012). ZA4 2)o]= wluba] 28 wxr} fut
E C57BL/6J micedl] HE|E $hi-3k 2]o]E 3 FEAF
Me dx2trt Als 243 37 YERSETHChoi et al,
2011). Yoon et al. (2012)°]] ¢JaH wWd FZ=©] 3T3-L19
A1 PPAR+y®} aP2 (adipocyte P2)o] 2 & W o=
Ao 2N AA| 2] A AN Al HAZ Zlew
Elﬁ}ﬁiﬂ' HIR 32 55 ZEE six]of|A o

S 27 0%, 5%, 30% T AFRE B e
5 AW FAZF 5%04 1.6 cm, 30%14] 7.8 cm
RaL, tjxtol] vlE) slElEd 9 Alsol Haske AHE

A

=i

- rc*
r-\"l >,\1

1
04
2 74

_OLrlrm



A, dolddv], B, WLhe]

hul

YER A THKim et al,, 2006). L3t
AFAANA AEA AT ADZFAFBM7E 748t
= &35 YepidTh

Yol v Holg @

I-”“* 7H|:|I— HFSE

= OO

2744 ol 9

L
ﬂ
ﬂ
?
o,
on
e
=
LK
o
%
2
_>.:
j}i
FUIO rl

EH ]-L— ‘RlE}. ‘E‘rv’?ﬂ%
A3

%*Hhr"ﬂ 1 271744 71

A5 oz anAgo] % om A A 1EH BRE
A1 SIc, elo) steel G, AT, Al 52
& FrgEAEO R Ago] Suin gk

e A Fev FEASS AARGHoE T F
4& o] wEo] B o)A fehE 4 Fo v

SR E B H s thokd HEo
92 ENEE g Y =2 {Pﬁ*ﬁgi 019&1
T 9tk =) 204970 AbollA] 2 AbT -9 éq

z}l 7%1]%

™

?'SEE.T’_ )\E}(Klm et al 2004' Hwang, 2015). &,
|82 M2]e] &3t AEEZAN Wo| ARSE AL glom, A2
o dule] Hrleko] Z71E 2ol G deko] =738}

o ¥E AT WS DRSS AR felelale B
ok 2 ALgletA Ao skalEl ¥l olugl 43 whyt g

date] ZrlEttE A B 7} Atk(Lee et al., 2010). ol
8 gokst 7 A4S gt o) A=How &
T A S JEet] 91g =go] = vk AT
AFe] oA 7E FAe] AEAR FEjo| MER UYL &
Feje] Eoll B H& AEFQ A-57F Bobd 280
Agto] Atk & o) B2 A7|E EUG A2 A Fo] H=x
stHA AW 71315 7HAI7IE sE oy ofHds] Aol A

BN H

e

£
> jﬁﬁ
o
T

o
iCh
T
©
>
jusl
ol
2
2
Lo
ol
(g
o,
w

=y ]
o It oo
o
o

-
Jo 4
-z oy

ol

o
0
rr‘
_>;
b
3
_>‘i
o
a
N
g
o
>,
o rr
do 8% Jm I

B g
GO

ol

£

>,

i

A

of
oy dlo e @ {1 = of

N
)
of
o
1>
iy
o
=)
rot

2

3 54
aﬂ-o],.‘:_ ?_4 HFAl O
(MFDS, 2016). 214
gl Al Al E = AFLS
wE g - fol, i,

=4
Aol gl AgdFon B

1o

o
1o
o
B
e
kv)
g
lu
o
ek
F
< ¥

> oo = 4

¢

o |l

‘O,

>

i

N

s

re
ol 4

>
o
0,
o
1z
N
I
k]
=
a
9

O

A
b4
Oz

o

L 2~ o) o= o=
NN & dE AFAS L 5 Aok ole 55

op

A
o
ol
e
+
%0
e
ko)
u
R

o Ho

EN

i)

oo

EN

N

o I

=]

oft

kr

:%‘
of of oo T
ox o2 Jo

o o
Iv}
R
i
>
O
Ko,
> 9
iz
k)
re

Y0, 2 >

i

ool % 454 & 97
A AFE] 78 o] F
= JejE AF R
Mg g e AAe, 984

of AnE £ J gt A RE
= T

© o
X
o

H 11t

X
N
to
t
e
iy
Mg W
LN
1kt lo [0 ol o P off @

%
o2t
<
[Rb
)
o 2
1A
o3

oo |

of

o

rir

»
Loz oon

TE
=2
(¢}
I g
g
=
= th
_4 om _,
" op
e
mzi N
1R
du 1%
= o°
o
o 2
Jk juit)
5
n}
i
O
pild e
= ¥ o o
ot it e =
[}
B
o

N
ofl
QL
z
o ¢
- Lo
g
=
X
I
op N il -

ato A& 63

NE AE FeE 2w d*%wa%l 24 B

Table 3. Commercial processed food products prepared with
brown rice, barley, and buckwheat

Food category Company Product name
Mother love Good balance muesli
Breakfast Mo?her;(f)ve Big g;am cereal
cereal Living life Muesli
L Peacock mother standard
Living life .
muesli book
Mother love Cereal bar
Mother love Barun cereal bar
Woore Organica honest bar
Woore 19 grain bar
Woore Soonsoo injeolmi bar
Bar

Samahinternational Peacock cereal bar

Taekwang well
food

Hyunmee green

Milk powder grain bar

Apple brown rice bar

Crown Kiker bar brown rice
Mother love Rice chip
Mother love Brown rice snack
Snack Barungil Organic well-being five
grain snack
Barungil Well-being buckwheat snack
Mother love gGrc;?rii&eil)zznce fermented
) Taekwang food Brown rice sunsik
(roass;lendsé(rain Taekwang food Germinated 3 grain meal
powder) BLFC Black food grain meal
Welltural One 'day 30 g blackbean
sunsik
Welltural Cereal powder mix
Hyojawon food Brown rice noodle
Noodle Grainmyeonga Barley noodle

Songhak food Buckwheat noodle
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