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Abstract

A preparation method of a novel functional rice containing some functional nutrients such as G elata
extract, fagopyritol, and phaseolamin was investigated for the development of rice as a functional food
and/or a new use. The dip and spray coating methods were examined to decrease the loss of functional
nutrients during manufacturing of enriched rice. Dip coating method was inadequate by a very low
absorption rate of functional nutrient, while spray coating method using protective coating materials was
relatively adequate though some crack formation and a yellowish color were observed. The enriched
rices through spray coating method exhibited the external appearance, hydration pattern and rate similar
to that of raw rice, and the greater than 90% of nutrients were retained. A methyl cellulose solution(1%,
w/v) containing 5%(w/v) the functional nutrients was selected as a protective coating material system.
In conclusion, a process of obtaining enriched coating rice, in which rice grains were sprayed with the

solution system, then dried by air was established.
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2 FEEY 2 54 o3 S,
F7Hs Ay, 2 94 A5, 71540 A=
g ZF e *J%H *3*&*%]7} L;ilﬂ SEHAH
(Cheong, 2006).

¢, B vt Agdke Arle st A3
A ?ﬂﬂliﬁ} YA Auj gL Hu|RRE
FEaY] FE AN 53, wifE vbge] 9
Ag @2 e, opuiegl, Holdf & wjolrt
34 F e EA AARER O Fet A Fs)
© AlE4Q Ile B}

wEbA o] A4 FFsbio] AuE e, A
BHA & 7}sle) WO 2= parboiled rice, converted
rice, acid-parboiled rice, coating rice, artificial rice
2oz FdLe T3 Fol & ¢#HA U
(Misaki & Yasumatsu. 1985)
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@e] oA e o)E HYER H9Ys] &

Eale T (coatingye Al1H 2 xa F %
FFae E4E WRAsked frREE &
Al v FULE Zhe A3 A H oe JY F
F& A% AAH 7IeEAY 7hsdel 2 He
2 & 2424 Uch(oseph et al, 1990; Flores et
al, 1994; Murphey et al, 1992; Peil et al.,, 1981).
A, dry coating@= ZH), F5 coating (fluidized
bed, air suspension), dip coating, spray coating &
o] 9o, IYZANEE pan coating(BEIZH) 3
A7k de] o] §HAL Ut

3, HvWGastrodia elata Blumeys U A
E(drmillarillay A 3 Age dxae
thadl ZAd R AEld, o] ek Ax HAHA
Gastrodiae rhizomeS WEH02 373 g 4 &
AEAZ AFEFATHSoka, 1985). &S e}
Y R F2 ZgidsAEol, gastrodin[4-(B-
D-glucopyranosyloxy) benzyl alcohol], vanillyl
alcohol, p-hydroxy benzyl alcohol, vanillin 2 p-
hydroxybenzyl aldehyde= #wle] F8 &4 E0]
th(Wang et al., 2002). 2L E<t Hrupe] dA7=2e
GABAeric A7dge] nX= FFMHa e dl,
2001), FEA 2 FEAH I Paik et of., 1995),
Wa el A F#7IF PRl 9¥Kim ef al,
1994), aatst 2 f ZoZd AAE4(Liv and
Mori, 1992), succinic semialdehyde dehydrogenase
o] As&A(Back et al, 1999) 5 L& B BA
AT77E Aok HFA S o] & HuHrgg Hrhe
o] ZAEAAL(Kim et al., 2001), 71352 3
b AR 3t AP (Lee & Kim, 1997)7F Uth.

E, M UER Fo dF grsEL A gy
A5 slo] F2 93 77t e Zles Hd
Red, o E22 oo vEE e
fagopyritol2 24 FudAlA AHE e
fA1ehe, Aolggdll 93] A% UdE¥ mediators]
FE fFEstd g9 33 I T= S0
7]t © th(Steadman et al., 2000). ©] fagopyritol>
Hhe] Ex}el| A E e d-chiro-inositol?] mono, di-
4 trigalactosyl FFEAE W UEA}L A L 2o|F
FY22 Fa3% 9&E grhDorta & Oleszek.
1999). 6Z(A1,A2, A3, Bl, B2, B3)o] &A)sl=0,
fagopyritol Bl insulin mediator} FHHEHE
galactosamine d-chiro-inositol?} T2H O E -FA}E}
k. HlEd &4 FaB(Type I B=H)e d-
chiro-inositol AEAC] AROZ d-chiro-inositol®] ©]

o

P

lo,

A JAE o719, insulin mediator®] &L 7+
2AZ1t)(Steadman et al., 2000). wekA]  d-chiro-
inositol 2]0]X|E= HIAEQ &4 Fud S
o] GFF e, JHE Ee Ao RAe 4
HE Fadrldr] A48y 338 zts A0 R
A Ah(Wang et al.,, 1992). Wb =w2an)e] 7
A8, 53] fagopyritol®] &M= HIRIEH &4 T
FAE A7) g S8 FAAEe] Fhe)

#, &< phytohaemagglutin(PHA: 2] &)
&S| 334, arceling B o-amylase A3 A (Al
£ ¥k AEWe] dds $H3-3HK(Chrispeels
& Raikhel, 1991). ©] ¥ aAlE 2% % ZR/5E
a-amylaseS A& s A E 4= AR gon,
A Tk FFURNAZE F oAl AFeHE A
AL 19453 ol B2 A7t ATk BERY 4%
A2 EAsks vwd FbEAd whFoln, HiX
A% g-amylase®] F 22k} wf9- Pt E3AE
Pz BEEA AL pH «&dola A At
A pH(S.0014 FHulolt}, 53], A A= 7
Aelo| #HEE a-amylase inhibitorS: $H5hH, &
T2 4¢84 E ZE A HChrispeels et al.,
1998). ©|A& x13Hd A=vtETY et 11 A o
WA A7 &2 A FEEL FE, AR £
2l9n, 7t7] 16 2 14kDad] F 71X Helel=2
s = 30kDa®] F 78 glycosylated protomer=
TE L5FE ] c-amylaseol] 7etA ZAE
s, 22 5] A 2 wge A= AA
o]th(Lajolo and Filho. 1985). ©] a-amylase #1343~
A7} phacolamin®ld], B3lE2 v A= A
23S B35 amylaseE AAAIA AW EF5
A71A Zeth 1g2] phaseolamin 22508 500g9]
GrstEe] XEFOR He AL st 22502
2 E AAAIE AR dHA Urh webA
starch stopper, carbo block 52 o] 2w B¢
=dl, A dAg vvA 2 s &%
& 78 202 U4#A Urhwwwistarchstopper.com).

asER vgiloly vulde Zssle AEA
J ZHI|eg S&ste Arieh e AgAE
zZt= vl F#2E, fagopyritol, phaseolamin 52 2
o ¢ ZRFoEN Zzte] AE)riwe] Zstd
A2 G 7 & Jot oo s B
€ vk= A9 {doh

ughi B Apors el 7T s 2 A
2 £= ME Ay 4o r, A9 JFA A



3t AR &AZA Het3EE, fagophyritol 2
phaseolamin®] 3%& XA R oM, o|ES B F
g ZRsks WP os) At 7158 &S sHES]

IR} AT
Nz R ey

=S

£ Ao AR &L 200295 Abe] A9 o)
A2 AFoM Fste] ARSI E 715 A
3} A 52 AME3 &A= phaseolamin, fagopyritol
2 HAvNGastrodia elata B) FE2E2 247t 7133,
WY 57 L e e FEa, e
= AAElY ALE-3F9{tH(Marshall & Lauda, 1975;
Horbowicz et al., 1998; Kang et al., 2002).

3, IY AREe BUAE B9 4EEL
2> {%A2! methylcellulose(MC: methyl DS=1.6~
1.9, Mw=15000, ICN Biochemicals, INc. USA) %
hydroxypropyl methyl cellulose(HPMC: methyl DS
=1.8~2.0, hydroxypropyl MS=0.2~0.31, Mw=23000,
Sigma Co, USAYE AMHE-3tth(Peil et al, 1981).
82| 7l Anjel 25t 3 B B
A IR e AYNSA el Brise
o HAdl F 210§ 2] A3 &Y F
7154 AR B (1, 3, 5, 10%, wi) 2 B34
7H0.5, 1, 2, 3, 5, 10 hrs)2 223t Kim et al
(1980)2] el whet &m oF 5 g& 30~70°CS ¥
A2EolA LA AZH~4AITH Bt FFAIR v
AAAE RETE AASL FA FrHEe S48
Ak FAY FUHECRSE AE 1 giF 71F)
T FEHES ARtEte FIEEE el o
o, & FEFF A2 Becker®l WH(1960)0
w2} Ao, 7Isd 4R §F Axe §
F AE 78 Fo IYR FES

Aol gro=HE 3Tt

fu

FHETE Becker(1959)2] 4t w48 o] &3}

of vy Ao wet ALtstath
m-m= k, («t) 0]
714 me AR 27 FESH(g water /g

dry matter), m DHAIZF JAAAZ] Tof R
(g water /g dry matter)°|C}.
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4 9Ixje| g

B2 5A Al mHe 2y Fenazg
(methylcellulose % hydroxypropyl methylcellulose, 1
wiv%yS AARE, W st 98 2S 18RI
A ARG wiv) S40 7 IRk HAlsgth &
30 g8 6 mLe| &4 W3] FUMATIEA Hrtel
Heom, o] o Y He {FEEoE Ao {9
s FuiEER 33, WolglE FHFUG.
olF AL Ex EIAM 55°CZ 10~1587 A=

ste] 5 2= s

A Xtel HEfEM

Aol Fel= image capturing boardS AR5}
PColl AZ3 image analysis system(Optimas Co.,
UsAoz EAEATE. AX= CCD  camera
(Panasonic, wv-CP410), PCI video frame grabber
(Flashpoint Ver. 3.11, Integral Tech, Inc) ¥ PC=Z
T=2, image software(Optimas 6.1, Optimas
Co)E AHEstd W3, Zo], AH F 7% Fe
FE 739, fractal Y De W3E W o] &
Ao 2RE v 2E o]&3le] ALFSIATH Aratani
et al., 1988). &, log S3 log X & Z=AI8le Ao
e HA9 7]L€712D)EREH DFE FITh

Sn]/Z oc an/D (2)

oq71A S & HAmm?), X, Ed(mm), DE
fractal X (-)olc}.

44 CCD camera®] 3}AH2 640x640 pixels
2 256 grey leveld] =R FFsHon, 4
£ JAL 400x400 pixelsE 33T}

Ao U Ry & dAE HAA=Z
7Pslal o} Aol gldle] AlLlslEth(Beyer, 1978).

S=2nb* + 2n(able) sin" e 3)
V= (4/3) nab® C))

2P ls2Me &5 2
e o 25 AR Y 7%l ZldsHEe
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Flow sheet of coating rice with functional

phaseolamin, fagopyritol % HvH(Gastrodia elata
B) F&E4 FF4HEL AN F5 ZH-(dip
coating)®] 7FsA& RARIM SR, 7 A= Fig
29} i}

Fagopyritol % #vlF&E9 7§, A¥A
hyperbolic¥t F3¥dg B, FIHEFT
By 1~5% sl Fd7te Hlalste
2ol & Ho|X] ¢tth, WHH, phaseolamin®] 7%=
&3} 4080 Hdl F5E B F OA 57 A
gehe ol e HAoy FE7METE Ha
A g2 &7 FHaAE Jepiih

3, Fig. 225EH F5EEE F3 2, Table
194 He vk} o], FF S5 eske &

oAl Phaseolamin > Fagopyritodl > G

(A les

elata

extract®] €07 Htoyt A|F7ke] & Aol R
o|x] ATl G elata extractd] RFE FFEEE o}

=

e g3i 59 AR 7% 2w8AA H4E 4
FHE9} #AIEH, Fagopyritold] A4 = 83
ol #ASE Ao HIA

o] W], Ca By ¥ ¥ &k 39 E¥o=
247} Ca-lactate 2 acetic acid®] SF% F71 AE

A

A NHA 3Z (2007 8¥)

Table 1. Absorption rates of rices under the solutions
containing the various functional nutrients.

Concentration Hydration rate
Samples

(%, wiv)  constant(min™)
Ca-lactate 0 0.0964
1 0.0825
3 0.0747
5 0.0717
10 0.0590
Phaseolamin 0 0.0921
1 0.1688
3 0.1578
5 0.1570
Fagopyritol 0 0.0909
1 0.0898
3 0.0925
5 0.0922
G.elata extract 0 0.0942
1 0.0921
3 0.0944
5 0.0877
10 0.0901
Acetic acid solution 0 0.0950
0.25 0.0925
05 0.1188
1 0.1320
Acetic acid(1%)+Gelata 0 0.0849
1 0.0942
3 0.0944

sdded, FrEEy T &40l =AU Ca-
lactate®] A-$= F= F7Hl w2t FFANE YEL
W ulA | acetic acid®] A%E E4EX &9 R

T s,

Ak A acetic acid(1%) &0} Hn} F2ES

1.2 1.2 1.2
—O—No G. elata extract

T 40 10 —A—G. elata extract(1%) 10
g —B-G. elata extract(3%)
E 0.8 0.8 —@—G. elata extract(5%) 0.8
2
% 0.6 0.6 0.6
2
£ 04 ~O~No fagopyritol 0.4 0.4 ~O~No Phaseolamin
o —&— Fagopyritol (1%) —&— Phaseolamin(1%)
3 0.2 —m- Fagopyritol (3% 0.2 0.2 —8- Phaseolamin(3%)
g“ —@— Fagopyritol (5%) —8— Phaseolamin{5%)

0.0 0.0 0.0

0 25 50 75 100 125 0 25 50 75 100 125 25 50 75 100 125
Time{min) Time(min) Time(min)

Fig. 2. Hydration patterns of rices under the solutions containing different concentrations of 3 functional nutrients

(Fagopyritol, G. elata extract and phaseolamin).
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Fig. 3. Grain morphologies of raw and coated rices.
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opgo Aot o], Al Als 89 BF FFEE
BT F AT £8 F9
IFEE FEE EAst O Ao] PeERE 7E
7164 Bwel &L vl FEEY AT 22.63%,
phaseolamin®] 73$- 9.22%, Z12]3 fagopyritol®] 73
$ 5.54%° EH3IHTh ole ZF AR FFEE
7t wig @& Felmng F IAYRORE JlE
3 AR Fat olda wEbx &% 3 A0l
RE Aoz FAsAct ol MHot 28 F
o] #Ax dEFHEE oM e EeH EFEH
(spray coatingye ZE3FITH

22| 27 I8 Mol M= 3 B4 AHE
T Szt 2 AlFoly z3
=

S =

o <

S Re 2 2 &4 WAE d8) Fgn ¥
E)
[¢}

: 95 4 2 39 & R
He) & AW E AFE Fig 33 Z2th 98 Ao 1)
& 38 A2 AukEel ede] zjole Holx] &
kot tha crack®] Aol #AEHSCE & Ao,
Z 5 Y3 54L& 3PJEMT A= Table 29
2. 95 2] Zojgt E& 7Zhz}b 5324045 2
3.1240.24 mmo|PY o}t T8 BS 469+0.88~4.92+

Rice/Fagopyritol

Table 2. Geometric characteristics of raw and coating rices.
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Rice/G. elata extract Rice/Phaseolamin

093 mm % 2.94+031~3.04+047 mm M E ¥
ARt) tha 22 3t Weldrt. ol Zou &
o] AL ARG ol FRE oldER
229] helical Fef2 2] W3l 7Iske Ao
o1t}. Gough®} Pybus(1971)e A%E-S 50°Ce]
F2 ZAZ AHsH AAR TR #srt 4A
o] /AEE AR HysY E AXE
2% amyloseE helical FE|Z HFA|7| =0,
helical Fel= FAFET 71840 HARXERE HE
o] 312 ] helical o] AA ] gt F4o=2
ZgsA =L Y] BHE Wlzle AeE o
HAZ ot oy FEAE AEY W 24
wjg o] wWslel A ExpIFoe] Al =7 diE
o Add TR He A2 ¥EA ded, =
g A Aoy BF JA ¢ AxAHE AXHA
AGe +25 vehlo] o] 2 Zo] ZHAHE Zo
2 Azdd

A5 &9 Zolgt A HlE 1.71£0402 ¥rd]
s BHuE 33 ¥ =sSFATHKim er al, 1985).
Kim 5-(1985)2 d¥tH o=z dukAl wnje] Zoje}
FA vE 1.62-191(F & 1.73), trAl wiv e
1.97-2.61(3< 2.25) W=t sioich. Zy&e 7
2= 16040.55~1.6740.600.2 98 AHTH= tha
oo} Alg7Zke] & Ao|E HolX| gUth ol
2, 98 &9 RIE 27.1240.19 mm’E YuHA 9
o) 17.4-22.1 mm’ 2 oA o) 159-25.7 mm’S)

L2 1 e o

Raw Rice Rice/Water Rice/Fagopyritol ~Rice/Gelata extract Rice/Phaseolamin
Major axis length(mm), 2a 5324045 4.80+£0.91 4.6910.88 4.75£1.15 4.92+0.93
Minor axis length(mm), 2b 3.124£0.24 2.8610.45 2.94+031 3.04+0.47 2.941+0.44
ab 1.71£0.40 1.68+0.61 1.60£0.55 1.56+0.64 1.67+0.60
Surface area(mm?), S 45.68+0.75 37.87+0.89 38.45+0.81 40.4610.87 39.98+0.88
Volume(mm?),V 27.1240.19 20.55+0.34 21.26+0.27 23.0510.30 22.311+0.31
S/vV 1.6910.018 1.84+0.03 1.8110.02 1.7610.03 1.79+0.03
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Fig. 4. Fractal dimensions of raw and coated rices.
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Fig. 5. Hydration patterns of rices under the solution containing 5% functional nutrients in different polymer systems.
MF:Methylcellulose-Fagopyritol, HF:Hydroxypropyl methylcellulose-Fagopyritol

MG:Methylcellulose-Gelata extract, HG:Hydroxypropyl methylcellulose-Gelata extract

MP:Methylcellulose-Phaseolamin, HP:Hydroxypropyl methylcellulose-Phaseolamin

Bad gHEoge o Sl B g HAe
H(S/V)E 98 & 9 38 oA 7}7h 1.69+0.02
2 1,76+0.03~1.81+0.02 cm'E U8 #Hrh= FE
oA thh ERoY A & zole glit

3, Fig. 40X}k o], dntdoz RAY e
o] A3l X F AFUoE AMEEE fractal dimension
S At A, A5 & 9 e 4R 28 2
AlE9] Ze 1.12-1.17 919 A2 H|s=3Th

718t AFQl fractale AAAS] F-EAT
QNS AAME7] el AR (Viesek, 1989),
Aldg@ ol o] BFAEE skt AEH
AsH, FFHo] A AR 12 A=) 22 fractal
29 AN FE7E desta TR U e
A%35 Feo] FAE YugtHRyoo, 1994). ot
Az AREY Y2 fractal dimension2 1 FE7}
9ed BREAS UEY, 58] AEEY] &
o7} glol =™l o3l Fe] WstE FWskA] o
S5 AFHoR T F U

31 P R 3 &% A 2= 30°CoAM o
3229 6% 7Y A FIPFE AR A3

Fig. 59} 2t} Algo gaglel 25 A A7k
St we}t 38le] F71Eo] A= hyperbolicdt
F3l S HAD, T d7AEY Bueh o
3R E A 2 98 gt gd e
TETE BAARE -l o3 3t Fde] Hst
= #REA 29tk okgel TRA MCmethyl-
cellulose)9} HPMC(hydroxypropyl methylcellulose)
Atololl= & zlelE fISdTh AT MCel 797t
HPMCET tht 3 =7 22 202 Yege
o, AREA YepiAE FRou 71548 AEY
BEE8T A9 90%o]elHeEE MCE coating
material2 A7 315 -

o, Bg Bo AR AL
© 2 pelAek ol HA AR ik
Al drt. ol dotry] 3 A A7k W
2ol thek 24+ A 5e] R F7EE AR H,
7 BIE Fig 691 UERIITE 2Fo)d B 4 9
= upeh o], A AZke] &S WA FF
Fa AAAZEY] HEE ANAAE B |
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Fig. 6. Relationship between water absorption and square root of absorption time of raw and coating rices.
MF:Methylcellulose-Fagopyritol, HF:Hydroxypropyl methylcellulose-Fagopyritol

MG:Methylcellulose-G.elata extract, HG:Hydroxypropy!l methylcellulose-G.elata extract
MP:Methylcellulose-Phaseolamin, HP:Hydroxypropyl methylcellulose-Phaseolamin

— 1.2 1.2 1.2
T
2 1 30T ,|80% 1| sox
g
o 08 0.8 08
]
:‘t‘ 0.6 0.6 0.6
=
‘E 0.4 —O—Control 0.4 —O— Contraol 0.4 ~O~ Control
s - MG(5%) —A—MG(5%) —A—MG(5%)
2 o2 —W-MP(5%) | g B-MP(5% | g2 —W-MP(5%
o —o—MF(5%) —&-MF(5%) —&—MF(5%)
2 0 0 0

0 20 40 60 80 0 40 60 B0 20 0 60 80

Time(min) Time(min) Time{min}

Fig. 7. Effect of temperature on hydration patterns of coating rices with 5% functional nutrients in methylcellulose

system.

MG : Methylcellulose-Gelata extract, MP : Methylcellulose-Phaseolamin, MF : Methylcellulose-Fagopyritol

TAE JeERTh oA Zb Ao 72 R
¥ 27 §4 AN FeEEdS kB T3
Adow, 1 A3h= Table 33 ). Z¥ 4L 98
Az B53 FIEES BHYon, wEby FE
o3 oieEe) MRS YL & 4 AN of
27 Fig. 6914 98 2o A A7 0d wo] %
7] 48 Z717) o2 7k 03 IXFR L 0.0571
Hele)l AW 78 BT Song S(1988)= o3t
e wyd b g, o9 o] B Z7}9)

Table 3. Absorption rates of various coating rices

CRIREEIE
°hd 238 ek

=, = 348 g FRIME ¢
HA k. oA g Fo] thEy AL o|FY
Aol =719 D*ﬂ‘ﬂf FrE g4A ZaksEe R 7]
o3 (Hsu et al., 1983). Wl A AJ7E 0ol

o BW gte HuE TN BRE R
Bl AE2A 27] 52 F7H 8 Qohte A
48 oulgr). AT =Y Ae AR A 0014
o) AW e ol£%t 0l AN =) Saled

Samples Coating materials Hydration rate constant(min™)
Control 0.1085
Fagopyritol Methylcellulose 0.1032
Hydroxypropyl Methylcellulose 0.0980
Gelata extract Methylcellulose 0.1007
Hydroxypropyl Methylcellulose 0.1061
. Methylcellulose 0.1080

Phaseolamin

Hydroxypropyl Methylcellulose 0.1016
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Fig. 8. Prototypes of coated rices with different functional
nutrients.

2 RZo] tFidel A g &+ AU

I, M2 g8 25(30~60°C) HHA 5% 71
T4 AR IR 28 B FliE 2ARE F5
£ Fig. 73} 2t} 3exe] F7te wet 73819
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