AlZAAF AOF 9(2), 19~25, 2004 Food Industry and Nutrition

Bioactive Properties in Whole Grains

Mee Sook Lee
Department of Food and Nutrition, Hannam University, Daejeon 306-791, Korea

M E T ¢ de ARAFOEA FE 4T E€F FFIF
T ¢4 BEd 71348E w017 A8 =A4AE S oY
B Ul M 2hstel s A4 5o FaHn W AAEN A% =& FE AUTAHEREY B
Aol TR A3 AR Ho] FIHHAA FEA FES AR gEolth A2 o g HfzAlNA ALY
AL ZojE Wil & uwh JEHAE g, 1Y Bol meh tddge B fdEc] exten, 348
% T AR FHELS F43] Fhsta Aot ol AR S L7 Ak, FR/, AEFGAAeZ 74
utet A= e e AN E AR AT § o AojAM Hfrdgt 0-3 ALY ol ¥ TgAY
S A79 =YL 7Eo oy, AT o F HAEEWE Ah EdA AR Y L8 E ol ¥t e E
< AR5 EGE o] B FR3 T Abdo] A4 EHHA o] RIHEA ©YAFY ot FF/, 53] AFF
AZFY, I FAME H4E Ao g2 dde 2AH g Fadol MEA F4H et
A G FA A T7EtE ANgY §FL SF7F, 719AFEH dFIA 8T HFolYD FFE &
AF, FAT, FF, BLFLF, EEA S8 59 2vle Fol &ae &, R F(HF), FHo 2 EFAH A5
F7rsta AR, S5 T AR FAF AL o) 7F o 80% 5 A8 3L, T Yo A= uops} A
B H Ao 2HlE FAT Aot o]HF HA P e L2 o]FojHn}. YNHOE ZFHe JIYELRE AR

% o2
_'o?f,r

sl A SAF 8% 24 259 FAY S F o] ¢F 60~70%, T Zo] 10~15%, Ao
Agga e wstyl g d e o dJeE JAA HIERI R o} B AF7E giFHo) gleng, gagE
iAok A 27 M FEse 4 AR AT 2 FHoUA EaEHE Q2 Ay
3 Yo HE 30%, AL E 20% A=) 4 W o] dfas Bt BEE FR3)

(&S]
{
S
&
N

A 3k Se,
AtQRle] ofa AT 3, B AT A ES T Cu, Zn, Mg 59 "ZF7 714 =3 42 F g7t e
3 2w AA AF3 AXE F dE FAL B &Y A7 Eoth B3 Ao doldf2, AP AR
4, ANre} FHE 2H I HAE = A, A F A2GH 5 HEA B Eo] 27) £ 23174 53
A &5 53 AR A /A, 22 LHH AR NAAES gPgchs R & 43 ARl w3
Feh() Ho B2 qotzAlAA AF 7 FRAFE] &, 4
2 Fe B gkt A9 A M40 o A8 R P2E 2=l 5 A8 939 gAY Ay
A% 3 WA E tis) A doja st Aok A Fo o3 EF = FFo FHE FEAE o1 wjo}
1(Q2), FF 9A &, AEHAE 5 AR S o3 & AZ thF FHE AHE AU A P13 o
I HAHE Quk3). B3 ZRE AEFAH ) HE %24, phenolic compounds$} phytoestrogens 5 ¢ phyto-
dave o] AAAHM ARS st A sfots} chemicals& F53H $fata 7] W Zojgtn

H
7P 71259 4EFoR 9L ot FFA F L UABGT). BeA HUT AL FY AFEH W
840 g Aol BAL Assh HAo] Wal AH WP AR 1 FAHDE ATEL B AF
o2 vh9 we Wolth o]& TR T FA ZAL AA oW H ABABAS 0| Yov, o5o] B, B3

E-mail: meesook@hannam.ac.kr
Phone: 042-629-7494, Fax: 042-629-7490




ro
S
o
a
Hr

o ARERAST F o) o) oH YL 5} =A tochemicals(Table 1)& bran® germdl F=5 o] glon
g Yol 1zt gt ANaoh #Yholl F-FE phytochemicals® Bl 53t} o} 7
o AEHNELES 2 TF g7zt v § oggst
MR g7E Mgy 82 7] o) 2 Y ooz LRI F AEH 4G
HZ B2 GstxAtol A A B AFY A7 B A2 2.2 phenolic compounds, phytoestrogen, resvera-
FAEH ¢ F HEEEE st Aol JdukE Aol trol, lycopene, organosulfur compounds, plant sterols,
W HA AFo) A% FRHE Qe YR o9y dietary fiber{B-glucan, psyllium, pectin), isothiocyanates,
AR S AUEAHEZY AR5 A gAT] o & monoterpenes 522 FEHH(53), °1F AFFol i+
o o3t AF7F %3] AP Qo AIF Y phy- H F8 AYHEP L Table 29 2t}

Table 1. Bioactive compounds in some cereal crops
Cereals Examples of bioactive compounds

Orizanol, isovitexin, pinoresinol, antocyanins (cyanidine, peonidine), luteolin, p-hydoxy acetophenone,

R . - 1,2)
Rice, wild rice 3,4, 5-trimethoxycinnamin acid, pytic acid, tocotrienol, ferulic acid

Barley” Frulic acid, coumaric acid, catechin, procyanidins, pytic acid, 2'-O-Glucosylisovitexin
Oat” Esters of caffeic and ferulic acids, pytic acid
Buck-wheat” Rutin, quercetin, catechin, epicatechin, hyperoside, pytic acid

Tannins (flavanols, flavan—diols, procyanidins, prodelphinidins, proluteclinidin), phenolic acids (frulic acid,
Sorghum‘“ coumaric acid, caffeic acid, sinapic acid etc.), antocyanins(apigeninidin, luteolinidin, fisetinidin, cyanidin,
pelargonidin), phytosterols (sitoserol, campesterol, stigmasterol), policosanols (octacontanol, triacontanol)

Job’s tear” Coixenolide, coixol (6-methoxybenzoxazolone), B-sitosterol, tocopherol

YAdapted from Kris-Etherton PM et al., 2002(8).

? Adapted from Hu C et al., 2003(27).

Y Adapted from Yokozawa T et al, 2001(28).
“Adapted from Awika JM and Rooney LW, 2004(29).
Adapted from Park Y] et al, 1988(30).

Table 2. Benificial bological effects of bioactive compounds of some cereals
Bioactive compound Examples Putative benificial biological effects Sources'

)

Qats, barley, psyllium seed,

Soluble dietary fiber B-Glucan, pectin, psyllium | TC, TG, LDL-C sorghum, rye, wheat

J TC, LDL-C
i i 1 Antioxi . .
Plant sterols Sitosterol, stigmasterol, { Antioxidants . Rice bran ol
campesterol | Cholesterol absorption
} Carotenoid absorption: adverse effect
Isoprenoids
Tocotrienol Tocotrienol
Terpenoids Limonene, geraniol, menthol, lHMG_C,OA reductase Wild rice, barley, sorghum,
; . 1 Glutathione-S-transferase buck-wh
carvone, B-ionone, perillyl L . o uck-wheat, oat,
Anticarcinogenic activity
alcohol L.
Binding estrogen recepter
Lignans Lignans
Antioxidants
Quercetin, kaempferol, rutin, T Antioxidant enzyme activity Rice, wild rice, buck-wheat,
Phenols catechin, antocyanin, luteolin, | Anti-implammatory properties wheat, barley, oat, sorghum,
cyanidin Anticarcinogenic activity millet, corn

TC=Total cholesterol, TG=Triglycerides, LDL-C=LDL cholesterol.
Y Adapted from Kris-Etherton PM et al,, 2002(8); Craig WJ, 1997(5); Fabjan N et al,, 2003(31); Awika JM and Rooney LW, 2004(29);
Watanabe M, 1999(32); Suk HM et al., 2002(33), Kim JK and Lee HS, 2000(34); Chon HS et al., 1999(35); Suh HJ et al., 1997(36).



su 24

E_E

Foll 3H+¥ primary phenols2 flavonoids, phe-
nolic acids, tannins®]c}. ©] 3 % phenol EZE-& o} 73
22 ZAL-S o AP H o2 gudg LA
chain-breaking antioxidants® Z-&3ITIERA, o -to-
copherol 22 th& 413tAl & FAANF 2N A AR
32 AATIGE R, pro-oxidantE F&-3HE Ho|u g
€ ERSEN AREUE S A
ste T AEs e s i HgFA LS JolE
o}, g ﬂavono1ds~ it akg o] Qo 4tslE &40
Z5E DNAE B33tter] 2¢Ed S E8XA3A]7]
A, EQ¥e] AR HHE AAER “‘“3}%5
e ;5:5:-} oA 8} =], xenobiotics®] 3=
< 53 288 ZolFtH5,8).

PR Zﬂl 9l phytoestrogen-< isoflavones, cou-

2 %5‘“’1

e

R
R

oln

iﬁ mlo

S
1m mm

=1 E} °ﬂ
mestans, lignans®] 372 2 Ut 23 0 2 estrogen
¥} H]£=3} diphenolic compounds?! phytoestrogen& es-
trogen receptors} 23, o]
£ antagonist® #3024 estrogen¥ H] <
UeERl AW gidle} a3E Jepdoh &
gens< e S 7HA L
o 93l # =% = hydrogen peroxideW superoxide ani-
on9 BAE JASIAY catalase, glutathione peroxi-
dase, glutathione reductase, superoxide dismutase 52
Fgoistaso 848 F7HIA & S JANE &
O B AA g 2 dtde) e s HuH D g R
o= lignanse] o] 3fHo] 3o, lignansS 5
isoflavonesoll 13} =§-¢- <kt estogenic 47 antie-
strogenic 48 2ty o). =& lignanse d4HeE S
74X 3 e W pro-oxidant 84S YE 7 E g
HAA 7 A A2 F ol 853 phytoestrogend] F-gol o] 3t
AT7F 7] Wi HFAE e AT diF isofla-
vones?] A75& 44838 A phytoestrogensS #
AARASS] o) e, FEAY, WA 59 o 7B
Wz &4, 29 A AEAIE 3E Aol

A EA 7]E9 $i59] 9 primary phytosterole
sitosterol, stigmasterol, campesterol®]t}. o] &2 H Ul
A ZE2HEY 48 AN SH2HE ALY
iAo Fodts EAE AN LEZN FZH2HER
¢} LDL S 2HEXE A2 ZES ste Ny,
carotenoid & Wl A 7 carotenoid $&2< E
e A4 3da o FH /2 phytosterol
AFE HH, BA7| B FHF oryzanols(triterpene al-
cohols3 phytosterols® ferulate esters)e] 8% Z# 28
EXE #AAaAZHI, b8 159 phytosterol§l tocotri~
enols& 73§ 3“}5}3}% Uethy @Al 93

< estrogen agonist &
238 gn1=
L3} phytoestro-
27} W&ol tumor-promoter

')

al
o]v_]

F 5 d

S %2E T U AHolg AR o] & FI3Y) A=
H B2 A7t Basi.
Afa7t BAAZEE P ERS) e AL
dFEo] AAst 3ok B-glucand #Ag, B
T F3 B, psylliume AR, AFFo 2 AF
of gf=of ok 84 Aol dfr4<l B-glucan, psyl-
lium, pectin®] ZZI2HEX 9 LDL 4 2HERE 7
2AAFIL, DA FLAAE LEFSFEAAL A 2134
]mg__ AA AL AMANAFLEZN BFHAZEE
S ous) Fo. gk AFd et FaEel e F
2 Aol ol 47 t2nE HHF Holdva
9] ofol uie} ¥ FYLHE ASfE ) EATAE
Astas 2 FAAY AAARE B20H5El).

9

Agofgto] UM MIFO HE

7898 A4 58 SAZ How 1O & i
NE 9 %A E T phytochemicalE©] A3 2835t A
| =%& 02 H3X AT, AN dFiau
phytochemicaldl W3t AF7E o}7 RZE3 AFo|}(9).
& W 55~694 ARG AFNM AFAEFS 5
2o Hojx 13221 serving) ©14 A3 3 ol 2E XA
¥ 7RG EE A g AR E ""%l"’ ol &
ol 4F % AFAF N2 LU IAJFHE PE
J2l FolReh10ehe A7y A R4 AAls} Jr}‘"%'i?l Pl
4ol 0]5& MR 1 AHA| Y] G o] oj g} AL
g2 HEES] A5AET X3 E Bi(1])

=
al
=

&

o]

L

z39
Folth & AFE Aeldiis, A4 22 220
5 UEY REREY FE B0, ol Qs

F“ﬂ o3 o] acetate,
butyrate, proplonate 5 «] SCFA(short-chain fatty acids)
E A3 Hol 8% FH2HEXE YFEL PARE
S ¥EY X3 AFHF AF & phytoestrogens, an-
tioxidants$} phenols 5 49} 7}#] 2] phytochemicals®] £
o] A1 o] HIEH]l EY dE§ 2 02 JEEX

A AES At & AN ASERE e A

2 e
daAE AYE i %}5’&174]7} = ‘é}ﬁi
H(Table 3). Morris 5(12)°] AA18 10~20d 7] &+
AL A cereal fiberg Bol AHT AlgolA A ZJB*
¥ A Eo] #Ada 31, Brown 5(13)2 43 F

ZRY 2 F£84 4547 FEHAHERE ‘7’}%\3}
ek, Rimm $(14)9] cereal fiber 437} myocardial



22 0l

al

A
=

Table 3. Association between cereal foods and cardiovascular disease and coronary heart disease: selected epidemiologic

studies®
Reference Study Population Food assessed Association Outcome
Fraser et al., ~ . N=31,208 Whole wheat -* Nonfatal MI
1992(37) Seventh-day Adventist Study (MW) bread 0 Fatal CHD
Pietinen et al., Alpha-Tocopherol, Beta-Carotene N=21,930 Rye bread/ -*/0 CHD mortality
1996(17) Prevention Study (M,W) Cereal products 0/0 CHD events
Liu et al, , N=75521 . - CHD risk
1999(15), 2000(3g) urses Health Study (W) Whole grains ' Ischemic stroke
McKeown et al, . . N=2,941 . ot .
2002(39) Framingham Offspring Study (M=1338, W=1,603) Whole grains _ CVD risk factors
Jacobs et al, : N=38.740 . - CHD motality
1999(10) lowa Women's Health Study (1 onopausal W) ¥ Pole grains 2t All CVD motality
Jacobs et al., , N=34,492 . t .
1998(16) lowa Women's Health Study (postmenopausal W) Whole grains IHD mortality
_ - CHD mortality
Jacobs et al, Iowa Women’s Health Study N=11,040 Whole grains - Other CVD mortality
2000(40) (postmenopausal W) .
- All-cause mortality
Morris et al., Prospective stud N=337 Cereal fibers - Heart disease
1977(12) P v (M,W) Soluble fibers CHD risk
Rimm et al., . N=43757 . "
1996(14) Health professionals (MW) Cereal fibers MI

§: Adapted from Kris-Etherton PM et al,, 2002(8); Slavin JL et al., 2001(9).

M=Men; W=Women; -*=Inverse association, p<0.01;

-~Inverse association, p<0.05; 0=No association; CHD=Cronary heart

disease; MI=Myocardial infarction, CVD=Cariovascular disease; IHD=Ischemic heart disease.
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