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Development on the simplified cooking method
of the brown rice and its quality validation
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SUMMARY

I. Title of Research

Development on the simplified cooking method of the brown rice

and its quality validation
II. Objective and Importance of Research

The purpose of this study was to evaluate that various brown
rice varieties differ in nutritional properties and to investigate that rice
influence the glucose and lipid metabolism of rats.

In the overseas, brown rice is regarded as health food to prevent
degenerative diseases, and rice research has actively been conducted
on the aspect of nutrition. Although rice has been the staple food of
our country, the nutritional research on rice has been neglected.

Therefore, nutritional study on rice is needed.
1. Scope and Contents of Research

(1st. year)

1. Physicochemical and nutritional properties of brown rice

2. Effect of brown rice and brown rice-based diet on the growth
and metabolism of experimental rats

3. Cooking characteristics of brown rice

4. Development on the simplified cooking method for the brown rice
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5. Measurement of processed brown rice quality

(2nd vear)
1. Manufacture of processed brown rice using the microwave
cooker
2. Cooking characteristics and properties of the processed brown
rice
3. Effects of brown rice on the lipid metabolism of experimental
rats

4. Determiantion of shelf life of the processed brown rice
IV. Conclusion and Recommendation

To evaluate the effect of various brown rice varieties on the
nutritional properties, four varieties were examined in the rat feeding
experiment. In rder to investigate the nutritional significance of brown
rice, the effect of brown rice on the lipid metabolism was studied in
diabetic, cholesterol-fed rats.

There was no significant differences among the chemical
composition of Japonica rice varieties. The chemical composition of
Taebaek(Indica) was significantly different from the Japonica varieties.
In thé brown rice feeding experiment Taebaek showed more body
weight increase than the Japonica varieties. In the brown rice-based
diet experiment, there was significant difference between control and
rice groups but no significant difference among rice varieties. The rice
group showed more fecal excretion and lower plasma and Lver

cholesterol level of rats.



When several starch sources were fed to the
streptozotocin—induced diabetic rats for seven weeks, there was
significant differences in the lipid metabolism.

In the cholesterol-fed rats, rice (brown and milled) lowered plasma
and liver lipids, and increased fecal lipids and bile acids excretion. The
hypolipidemic effect was more obvious in the brown rice than in the

milled rice.
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1L U9 adrlse a8 FA4

1969 AL wgFxAte] ofstd AA dHFe 87%E TFEHE
Z2FE AFsE e dude] HHUF v 253 AERz
TEE S AAM W 2 Ao FHIGFN F EAHIUTHE
ZAAE] R, 1969). FA] Ao o] #E dAFE FHFAAGY dwz
FERA #HF ATV RH Q& Wolddtk (¢F ¥¥W,1967; o o
34,1968, ¥F &5,1969). 1972l = Wnld] mEgts Do) ZIu|g
2 HolZ Agste] AN G nAE 9FE 2AE 2 A9

HAGH H FAF AN FRY EHo] ¢t RudAT (A

EHo] Egtow ol tE FFY EFEH w tEGEE 2idn
M3ty ke 2oz BAL AANATG (3 £, 1976). £F o]
o 7TEENE viwdPS F} wrjEn 7EEE HFse 39Ut o
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oA A7t o]FolA gtew FE Y R @AY o|gAE BT
AT7F HFEEoI AT
T M= Ao Fgel #Itd  AHF R dedY ¥

{(postpropandial blood glucose and insulin response) @ oWz A3}
£33 o] &A & TS AT FE ol Fo &3 FHZE nFe] A
v X fois e #ate] dFHI ok

Crapo% ° 93l A&z d+HAY. Crapo 5(1977)2 ZA7}3 A<l

A g, AR, S5, W, LEFE 244 4AAD F 4% 2% 2 Q)

e A FRA et Aot gt Aoz nuHe] gon o=
Age Fu BANAN WA o FAA dehgrh wed o=y
Iuy BN 4F FAS FAG F A5 99 2 149 95

: Gurge

22 Aiolst= P wgt IH e veo] FAGA
Hitety Ba Ho] o #v] dn), Wujrtg dujrtRE 4FHA 7
% postprandial glucose®} insulin ¥+%& ZFAetdA Fuje ¥l (whole
type)E AFASFEES We AYZEF 2 v 7R (ground type)ol ¥]Ehe

24 92 9&E EAh
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AAANA 9% 2 ded 1&E& A 27 ofd2 o s o] &

TE 89H ¥ 0¥ s=UF vdtty Bty o), 22 amylose &
o] A% dg " A& wgd nAE 9L dFF S HusEs
FTH EWH, I Ad3gE AdE3 tGoddard,1984;  Juliano,1986;

Rao,1971; Jiaratsatit,1987). amylose@#e] 2 & FF L amylosed HF
o] ¥ FF Hlgd ARZALFEES Y B ded wgo] wAY
(Goddard,1984; Juliano,1986),% 7 Y (Rao,1971), A} 3t} (Jiaratsatit,1987) 3L
At

oj¢h Zo] E3 % J&d Wdo] thE U EAM= amylose B
o] o], MEQ A3FEF £ Ao], AR EAF AV, sy
4ol Aol Fo] EiEo] glot ofF I A A EHIAE
& Th
g, amylose ¥ Fol wAMSIE gt & FFo ot Ao Ak
=9 ¥xg ¥go] tEdE EuXE ¢tk Panlasigui $(1991)L
amylose o] 22 (267 - 27.0%) Al FF< o U 7 & A=
d gES d7std A FE0A 8% R ded vk Aolr) UM
= H, o Hole F3E 2 2 %7 Az, amylogram&A4, gel
consistency, ¥3 2% &
& &9 amylose &Fo] 9 ¥ Sed v&& BAAE FLET AT}
olUatz 3t} amylose drsFo] ZudEm
Aol gtA 7 2 d=d g0

ARNZole 246N 2855HA] Fe A & (a-amylase resistant
starch)o] Qlof, o] AEL dFlA @rFo= TR HO short-chain
fatty acidsE A3 M Cummings,1987). T3k o] &d HMAES
o] AAdAL, FdAL dZYE T uXE e i Jd+E JPgHm
A H(Bingham, 1990). #H Muir®} O'Dea(1993)= %ollE resisitant
starch7} Aohsl H3stal 1oy} opA AR ofrh
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Aol o] gF & £38L AN MacLean 5(1978)¢] ¢l
oatd duwde siAdugE Yo duldus 4 UEHNTH
a#y gy dgeAe] A38L FAM Hopkins(1981)9] A7olAE
wu)e] gulde EdrTE $F3igoy WFETGE dEshiva
¥t ol Aol "WaWAY Hee AY diFEo] matrix
protein®. 2 EAs) AEWAL protein body2 EA SRR &9 A4
= AglEAsY &L @) o7y wEelga AHEa glivh olek 2ol
A derdiAde] AR Holoe Autd A#/E vehda U 4,
HstA olFoloA nedART dNF e FAT & FFE L EF F
g o}n] =4ke] postprandial change® ZFANE A7 nodd o] vk
Ho &5 dZ Folu| Aty Afotulite] A yERG g
Ago] dutduc guAe dFe oy AL T3t HuEUT
(Clark,1971; Kahlon,1989).

HZ FR9 ZEo U dF= ®ol F;AR e AFAM=
oat bran® wheat branS AFTH o2 AF3q 3 v Ao G A7+
oy, QR w7 gt A7 vlwd @ddte] w3 R a7

=

HAR A% FE& AV WA

o
%4,

-~

r

= Badta Qo 948 9, 31F

ol
-

Y28 238%Z @ 2E (hypercholesterolemic hamster)ol Al 77 H
F d3 ZH2HE sk dASA Wtk Xil(Kahlon, 1989)2 v
AL nuetral detergent fiber(Ayano,1980), 2o Rl pARS
hemicellulose(Ace,1988), 7] 7% #(Shama,1986), vl7+/-9 unsaponifiable
matter(Shama,1987) 5% B F A F ZH2HE F=9 At &4
¥EohE Bart vk ol#d n 7o ZE2HE A EFdE UAIA
T 993 gt & oY &g wAE 148 eA 65 T AANAE
 dF FZH2HE FE9 LDL-ZHzHE TEE #FAIHOH,
HDL-Zd 28 &9 FZg2HEe tig HDL-Zd2HEY He2 5
7bat vkl 34 tHGerhard,1989).  Abgel A wd 100ge ¥]7& 105
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offt

G AANZE W T FFH 2" E, LDL-ZH2HE = 243
AL S tH(Hegsted, 1990). 71 ol w7 2 Akl o]l Rl
Y dUdss qAste a9 ndes g F29 vyuad
I g dqbdstad §E 2asFol o
UA AFIHA Kol B2 postprandial blood glucose and insulin
Foll wlste] vlwA dris daEe) ok Zeyg =
o9 d¥e F=2 uE FHe 9 wa d7olen, postprandial
response?] ZolE T2 amylose Q] zpoloal FoFH I FPch I
ol amylose ¥#F& v EF 3518 A Eo] FAIE TamyloseFE 3%
o] M#¢ 4327 postprandial response’} A E thEhE W 3ir}b Qo
(Plansaigui,1991). B8 wWn]Fe] Gduld e gulf2 o)A protein body <l
FEi= EAsk=r, ] protein bodyel PB I+ PB I1¢] 2714 e}
JTh PB I2 7ol w9 dAd HHozA HuFdr Ao WA
A @3 23R Fou PB IOE HlFges 423tH7] 4} a8jnz
o] GHde] dygwow JIrts dad £ oy AFAA 4
ToME e d e FFeut XA Uk Aol JANE FAubake =

ZEFO] ohet Aok glovt WA 24e] oA EFT AuA
=

response’} oH& 3F

4 g Aol2 21t

ool AME wiel o] we ETaEwW AXE JISAo] HolE
Y% gle ol Y3t d7E Fusgozs Ao ATa
GgH B4 BAAE T2 oold AT ¥ 2L As

THOE d7Ho gton IiEY BHAE A7 A9 wES

o
fijo

- 24 -



Ao,

2olu U A= AlRE 2olAY FAHTIEER AYH Y AT
a8y vAels A7EA A FES dEEsC] OF FhHEH do
H oHEE HRE AR gFdaE ol ugE AFLAR o] &35
= @477t A2 2dE Az ey nde geA s g 9T
g3t 20-25%0°]H A]Ho

Table 1. Principal physiological regulating subatance in rice bran

Vitamins (ppm)

Minerals (ppm)

Vitamin A 4 Aluminum  53- 369
Thiamin 10-28 Calcium 140-1310
Riboflavin 2-3 Iron 190-530
Niacin 236-580 Magnesium  8650-12300
Pyridoxine 10-32 Manganese  110-877
Pantothenic acid 28-71 Phosphorus  14800-28700
Choline 1300-1700 Potassium  13650-23900
Vitamin E 150 Zinc 80




Kahlons 2 AZHXHE dF F2EHNA S Fof 3570 A5
Ea

23 g% 3 A ZA2HEY A 2t AT Bast
gk =3 NS TEHAHE Aol Hrlste HE ST 2
g5 EALHES A Fasey 17 ZHd2HE FHAE IF

ol giithte X% v} Raghuram$S IZH2HE, 31
< Ustdle AMEAA miAdRE 1AL AAANRSE 9 2
R FAANFEI AAT] Fasra @ ole} Zo] wAe EH 2
HE Aataded dsire 87, d28HE W= & &
& HALE ¥ dHEEeE ggsA drH dov difFe] 7%
I AAE FAAY B MAFE FAF A7EA ol ojHE wF
o] ZEdH£HE AsEHE dYEdle AELEAE tocotrienols,
oryzanols, B-sitosterol, hemicellulose, B-glucan o] F&FFHo] A1 Yo
W FAHA A9 HEe I AR 71H-d A s HEskA &

g v B sH8A euidy JhEEE(peptide)> S
% #H F A9 angiotensine converting enzyme? 4L At 3
S JAsts AcE ¢HA JdoH F52 uAdA £ oY

=

AAA DEAHANA FoiE A Aol FANA A3

2
W T dEAA n oA FEaHAI JE AEE BEsd =
g I guude xe Ay AFAFgFS FaAF By o}
DMBAZ §@A17l furete] B g JAA7E &3/ drka B
AT
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2. 8o A 4 FEEH

g Sy IRy FHo2A 1997d% F AR WH 11784 hadl
A AaEe oF 610TECIH, 10a B AdHe 96d = 50%kgl = A
Aol P Aeo| 97W¢)] 518kg o Z thA| AAsgTh #o] FrtAFAA
A3 v]FL 199%, THL5A AA e HFL 39.2%° Eitn
Rov, AA Frte 82%7F BEAE AL AA FAAY 52% HE
At dE 5 2ol W Y w4 AdEEE A¢ = A2
2 Fe Fed JITFYeR 19 YA FFH 39.8%, v
THEY 2B7%F ARG & Buelld =AUl ESREN T, ¥

=1

FE2E7)T, FAG WAHISE st T TERBIEEVTO] Vg

o4

1818 & FoAdE EFda A9 ARz L 924 1167 AR
A 97dEd = 1059 AEEZ o 97% #HAIHow, BAAHFS 884
To] 605TUES FHFoz BUERdE 4BUENA FEJLY 96974
of gFo2 of H4IVESE I EH AAolry o AwgEE 199099
1083%E APoz vid &7t 95l 91.4%, 96 d ol & 895%= ol
Hoy thags] 963 o) ¥ diFoz 9799 AFEL 105.6%° o211
Atk olgt Ze AFES oz Ao ALANRE A&LdEE 91d
o] 24T ENA 96dolE o 40UEA stEEtd Fd AFEdrT
AAHSHA OTES A IR oy VA FFUAERT AnFS
MMAEZHE Xdste] ¥FFE oz F3sts 18T Eo] H ZALR 4
A oy Fule AAFH AHAEE Ax, AAAD AFAE
e A 75, 58 TAAHQ AFEE 58 1H¥ o de A
2§ FFolv], WEYET IMFA U A ITH golzke Adod F
AQl &) AFe& FX ook Fr},

Aol A AL T 3037 FEFEUI WEE 2o i &, 604

O
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H E°1A 10a? F3FL 300kge] do] ‘659 24309HA& A}
AL 70dielE FEH Y FHOE HEAY JFojgn By =4
S ol FIWA T74d 30879, 77dol = 4,1719A S AJAE)
88l = 4,204wt4 9 HIAAA7IE S HPo Au|wke] ZAETHA A
Ako] 92l 37394 o2 7o ‘93ddl e WHE Yo HQ
Ho ga A2 370294 o] AH Ak 28 el FAQ e
AFgAFoTge & AL FRAL FEY FHNY F=2 o
T3 v e oheEd FEQ Fdue dAolgn B 4 gk & 219
F9e Edd SdEE 749 A B 194% 02 RE 7834
= 781%7HA F7heA Tyt T9ldelE 45% FaEolR I ‘92|l = =3
AFRAATE Ao AFAZ 2 7198 3 AL 9

gt 2] AulE AMS Y o o9 wi we WIE JFx QA
HAT 60dEe] Azt Il 1909 Aug & ke 1227kgolA 704
el 136.4kgg B2 Ao 2My} Folyton £84 Ao AMEon
76\ 120.1kg7t A AT IE 799 1356kg LB Au|7F Hojyd o] 3R
B oad 1-3kg FAadte] ‘92dell= 1129kg, ‘9394 = 110.2kg7HA]) ZH4
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SoxletF#=71& Ar&3te] diethyl etherZ FF3 AFd A3, =3
FFEES 600C Aoz FAHAT

o obgEo s G B4

Amiylose &% Juliano® el w2} A4 Y. %, 100 mesh ©]3}2
dAvl JHFE 100mg AE A%E] FFsk 95% ethanol Iml¥h 1IN
NaOH 9milell EAMAZ & = F&F4A 1083 7188t oA S
A3 A&8] 100mlZ 3E s ©] &9 Smlel 1IN acetic acid 1ml¥}
0.2% iodine solution 2mlg Y3l 100ml= %3] 2087 WA & 620nm

AN FHE=E FATFAU

FHolAd = ACACH Az FAZsded, = AAL 181+
2o & ZF A& 1gell phosphate buffer(pH 6.0) 50ml¥} heat stable a
—amylase 0.1ml& ¥3il 95TColA 1587 71d3ta A2o=w A3 7 &
Aol pHE 752 %Fo] proteaseE 7}ste] 60CoA 3087 7148 o)
A Aoz A3 o9 pHE 4022 3 F amyloglucosidaseE 7}
gt 60TColA 3083 7FE e gA d2o=2 A3 £ 5% oees
7tate] sEER Fob WAE the vlE celliteE Zot S FIE
crucibled] 33t AL &g 43t 247 FEZFI dWiA e

& Tt FAHNAHFE obd Aol &ste] Tt

Average Average Blank Average Blank
Blank = Blank Residue - Protein Weight - Ash Weight
Weight(mg) (mg) (mg)
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Average Average Average
Sample Residue - Sample Protein - Sample Ash - Blank
Weight(mg) Weight(mg) Weight(mg)

Average Sample Weight(mg)

o, e B 4

zZ+ N ge] wER E9 e Ueda 5(1990)9) Hyol wet 4315
ok & AlF 1go] 1% NaCl 49 1mlg 7tete] £ F 6% pyrogallol

£ 5miot 60% KOHE < 2mlg 713 & 60Tl A 30%7 7143std 3
FA I YWzEAZl & 1% NaCle& 9 10mix 10% ethyl acetate 5Smle
Jbate] £¢F AAFE- ] 3to] hexaneE: S Ro} EAVtAZE £dE AAS
the 1ml9 hexaned]l %o HPLCE E438¢lth HPLCY AL g3
Z}

HPLC condition

Instrument: Waters 510

Detector: UV 280 nm

Column: ODS A(YMC Pack)
Eluent: 99% Methanol: 1% water
AUFS: 0.05

Flow rate: 1.2ml/min
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Heat-Satble ¢ -Amylase incubation
at pH 6.0,16minutes, 95T
!
Protease incubation at pH 7.5, 30minutes,60C
I
Amyloglucosidase incubation at pH4.5, 30minutes,60C
!
Ethanol Precipitation
(Filtration)
i
Ethanol and Aceton Washes
\
Drying
' N
Kjeldahl Protein Ash determination
Determination 5 hour, 525
N Ve

Calculation of Total Dietary Fiber

Fig.l. Procedure of total dietary fiber analysis
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US.A) AFIA™. mineral mixture®t vitamin mixture AIN-76 ZX]
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2% Arsidon 2zl @Al 24 Table 33 2ok Ag Ao
9 Be AHAAA AT Aol4ART AFS HAYZ SYshe] 45
7 ST

Table 2. Composition of the rice-based diet (g/kg)

Control Milyang Dangjin Ohdae Taebaek

Casein 200.0 143.0 1537 1486 1356
DL-Methionine 3.0 3.0 3.0 3.0 3.0
Cornstarch 650.0 - - - -
Brown rice - 723.0 715.0 717.0 732.0
Cellulose 50.0 50.0 50.0 50.0 50.0
Corn oil 50.0 34.1 32.1 35.0 32.9
Mineral mixture’ 35.0 35.0 35.0 35.0 35.0
Vitamin mixture” 10.0 10.0 10.0 100 10.0
Choline bitartrate 2.0 2.0 2.0 2.0 2.0

1Composed by calcium phosphate dibasic 500.00, sodium chloride 74.00,
potassium citrate monohydrate 220.00, potassium sulfate 52.00, magnesium
oxide 24.00, manganous carbonate 3.50, ferric citrate 6.00, zinc carbonate 1.60,
cupric carbonate 0.30, potassium iodate 0.01, sodium selenite 0.01, chromiun
potassium sulfate 0.55, sucrose 118.03 g/kg.

2Cornp'osed by thiamin HCl 0.60, ribofalvin 0.60, pyridoxine HCI 0.70, niacin
3.00, calcium pantothenate 1.60, folic acid 0.20, biotin 0.02, vitamin Biz 1.00,
dry vitamin A palmitate 0.80, dry vitamin E acetate 10.00, vitamin Ds

trituration 0.25, menadione sodium bisulfite complex 0.15, sucrose 981.08 g/kg.
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Bd 4YE5EL W $¢ BN pentobarbital2 P
3te] ERGIENeE FH heparin A€ Fr Adsa 1, AF,
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Fe AUT A4xAL AHAESF Y&Aez PPA AL A trimming
dte] FAZE A FH EHAZA -0TAA EaASAT 29 ASH9E
UFAARE AE 22Ad7A AH st 0CTAA A8 & Eosisid

45 FAAE, $Zd2HE, HDLEZIA2HE, AR 7L 474
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AL FolchB o2 F&3lgth & 03 1go] E22%F @ Wga( 21
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Table 3.

Composition of the experimental diets(g/kg)

Sucrose Corn Brown Milled Wheat
starch rice rice
Casein 200.0 200.0 150.8 155.7 141.0
DL~Methionine 3.0 3.0 3.0 3.0 3.0
Carbohydrate 650.0 650.0 710.0 700.0 715.0
Cellulose 50.0 50.0 50.0 50.0 50.0
Corn oil 50.0 50.0 344 445 43.0
Mineral Mix 350 35.0 35.0 35.0 35.0
Vitamin Mix 10.0 10.0 10.0 100 10.0
Choline chioride 2.0 2.0 20 2.0 20
Cholesterol 30 3.0 3.0 30 3.0
vk, A A 2
AgHoje] 3 Ade H:r FFoxE YeUYgerd EAXI=
SASE ol 83U AT GE FoUA AAEL TAENE F F a<005

T A Duncan®] HFH PO g 3T
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A 27 ANFHRED, s Szhn EAE E2AER0H 34 A
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=
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24, plunger (diameter 125 mm)E ©|&3}4 crosshead speed 1.7
rnsec.® ABEE 28 60 % compressiondt A T}

v}, A7HAcid value)

AGZF 7tEdd e ate A3 st SAAxIE &olstAl ol
FolAEE HUAE ZA 4% £ &7 A HA FEAE o
o] o A}£3 7]7]+= CHRIST freeze dryer(Beta 1-16, Germany)& A&
of 48N 7t AxT F AR AMESIET AVEE A6 AT AWEF
& Soxhlet WHEE o|&ste] Adg F&53 F AME FAHSAUGY. Al
A7Hacid value)= AFTA AT 4yt
3)8std Agel wet AN E
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< AAgo = 39 D9 N/10 KOH&Ho 2 F3 3t}

® 1% phenolphthaleing% : 4 3tphenolphthalein 1g& 95% ©]
’F9] alcohol 100méel] &3 gt
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Goolmzes ¥, F404, vHY EET

flo

Amylose %S oo o] AFA FAI FHA FHe] H]E
EUTHTable 5). 2 Alg8%F9 FHo|HF9 32 Figdd
o} Zro] ot > FA > Y > €] o2 U7t B =k H

wo] 747 Yoty Wk E $%E U > o > A > gue] o

o
(.
=,

2 Ago]l M Estm Mol JPF wken F3] H¥dM= AT

A2E HJAH(Figh).

Table 4. Proximate composition of the brown rice varieties

Composition Moisture  Protein Fat Ash Starch
Varieties
Dongjin(M) 1354 7.88 2.20 1.17 65.91
Dongjin(D) 13.73 717 2.50 1.20 68.20
Ohdae 14.82 6.47 2.09 1.21 68.29
Taebaek 14.23 8.80 2.34 1.38 67.55

Table 5. Amylose content of the brown rice varieties (Mean + S.D.)

Amylose (% Dry basis)

Dongjin{M) 1995 + 0.69°
Dongjin(D) 1997 + 0.11°
Ohdae 21.30 + 0.58°
Taeback 2065 + 0.64%

®Means with the same letter are not significantly differnet by Duncan’s

multiple range test (a=0.05).
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Fig.4 The total dietary fiber contents of the brown rice varieties

me/100g
4

Milvang Cangjin

Fig. 5 The vitamin E contents of the brown rice varieties
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Table 6. Fatty acid composition of the brown rice varieties(%)

Palmitic =~ Stearic ~ Oleic Linoleic  Linolenic
acid acid acid acid acid
Dongjin(M) 2151 1.44 36.77 37.69 1.52
Dongjin(D) 2161 1.63 36.01 37.38 1.76
Ohdae 22.56 1.30 36.23 37.14 1.44
Taebaek 23.76 141 42.77 29.14 1.28
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Fig. 6 Body weight change of the brown rice-fed rats
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Table 7. Food efficiency ratio(FER) and protein efficiency ratio(PER) of the

brown rice-fed rats (Mean + SEM)

Dongijin(M) Dongjin(D) Ohdae Taebaek

Initial body weight(g) 5.1 55.2 52.7 55.8
Final body weight(g) 70.2 72.0 67.4 72.7
Weight gain(g) 15.1 16.8 14.7 169
FER 0.089+0.04 0.089+0.03 0.083+0.02 0.067+0.03
PER 1.14 045 1.49 £0.38 1.29 +0.39 0.91 £0.33
. T8 Fr)e A

dujgto 2 AbS3S FHe Fo AV FAE AHEW 7 A% A

% 100g" FAZF dF 3ol thE ol wlste] E Skt (Table 8).

7% @v7t 4% @R FE vA= FES Table 99 e
. F Huol 7bd w3, WHAL FAHS FAN FAHE A wid
e JHUNE ezt JPE R g ueth SelH AFE A=Y
@A FFo] GoAE Hulo] 4 ¥x e WY, Felgen,
o7l BASA R 5 2 Al A dAST 3o} 4 wuAT A
o guly FUoEH E APAE Avuhe] vz Ay vy o

o wrdso] FAFANA AolB Uehi: Ao A==

};01)1

it
it
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Table 8. Tissue weight of the brown rice-fed rats

Dongjin(M) Dongjin{D) Ohdae  Taebaek

Liver (g) 2.087 2.041 1.951 2.029
(g/100g BW) 3.054 2.841 2.901 2.802
Kidney(g) 0.739 0.688 0.665 0.700
(g/100g BW) 1.053 0.958 0.990 0.970
Spleen(g) 0.177 0.182 0.141 0.686
(g/100g BW) 0.247 0.255 0.214 0.233

Table 8. Plasma albumin contents of the brown rice-fed rats

(Mean + SEM)

Abumin(g/100ml)
Millyang 3.028 + 0.066
Dangjin 3.167 + 0.238
Ohdae 2.902 + 0.055
Taebaek 3.356 + 0.077
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Table 10. Plasma glucose and insulin content of the brown rice-fed

rats(Mean + SEM)

glucose insulin
(mg/100ml) (uU/mb
Dongjin(M) 65.29 40.95
Dongjin(D) 51.93 36.78
Ohdae 64.44 41.13
Taebaek 63.12 40.10
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Table 11. Plasma cholesterol and triglyceride contents of the brown rice-fed
rats (Mean + SEM)

Cholesterol Triglyceride

(mg/100ml) (mg/100ml)
Dongjin{M) 4562 119.7
Dongjin(D} 35.77 1187
Ohdae 42.66 1256
Taebaek 36.48 121.3

=
Fig.7el 4Yehqidch. AF S71Fe edod gyze] o4& «
o E¢ton], ol &y dHo|L8FT LS Tl FHU Aot A
2 tHTablel2). Roxas 5(1979)-2 high-protein rice(11.0%)%} low-protein
rice(7.1%)E caseing WEXT o2 o] 88 FIH of™old A AHFA
Zich 8Fd 250mgel N3 100kcal’kg body weight® FH3IATH
Apparent digestibility® high-protein rices 60%°] 2™, low-protein
ricex= 66.2%°]9 3  Casein WFETS 80.8%°]%th.  Apparent nitrogen
retention<  high—protein rice® 23.4%, low-protein ricexs 26.9%°|0 2

o, casein HEZTL 386%°]tt. 283l Roxas 5 0o wA

F#e A7 E G o] Asenim FFsAY o FFL 2
AFANE o= A% BT BB @ud FFo| e FF o
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sto] ®om, AFIEL & FT Hlste AW dwFdz LS A
o]7} f13lt}t. Santiago F(1984)2 Aw|9} winjo] ©hulz ol &S 73}
7] flgte oHolo A N FFF9 2/35 BoM FFdE 1/3L casein
oA FFstAet. 2 23 &Hvwlel Wwl= N absorption® retentionol A]
zol7h ek zEY @vrl= Hu|e] v|ste] energy®t A Wel o]4&
& Ittt Casein diet & dvje} wWiv] 2]t} apparent N absorption
o] ©f Egtouh N retentione casein, @7, Wu] Alo|zke] xbo]7b AN
o B A Aol &3t AR H caseinT e Hola gy @A n
&0] Aol7l glen, FFEHAE F9FH ol Y. RS
Santiago®] 2} AA3= Aol

T8 A7l FA= Table 13°] Yedideh. 24 T3] the
ol wlste b4, A%, vy @9 ASE FA AAh

S

* Body welght {g)
300

256 | ‘ . /i
7

200

" /4/

100 |2

60 _'

Weeks on the experimental diet
—— Control —+ Milyang —% Dangjin —8- Ohdae — Taebaik

Fig.7 Body weight change of the rats fed with the brown rice-based diets
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Table 12. Food efficiency ratio(FER) and protein efficiency ratio(PER) by the
brown rice-based diet (Mean + SEM)

Control Dongjin(M) Dongjin(D) Ohdae Taebaek

Initial body weight(g) 90.8 90.3 86.8 92.4 87.3
Final body weight(g) 233.1 235.7 2324 2649 254.4
Weight increment(g) 142.3 1454 1456 1725 167.1
FER 0.30+0.02 0.25+0.05 0.30£0.01 0324002  0.3120.05
PER 141+013 1644020  1.42+0.08 1.62+0.09 1.85+£0.56

Table 13. Tissue weight by the brown rice-based diet

Control  Dongjin(M) Dongjin(D) Ohdae  Taebaek

Liver (g) 6.167 5.960 5.828 6.297 6.275
(g/100g BW)  2.740 2.587 2.203 2.485 2723
Kidney(g) 1.794 1.698 1.623 1.872 1795
(g/100g BW) 0.757 0.740 0.612 0.745 0.791
Spleen(g) 0.515 0.541 0.548 0.523 0.569

(g/100g BW) 0.217 0.233 0.206 0.203 0.274
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Tableld. Digestibility of protein and starch of the brown rice-based diet for
three days (Mean + SEM)

Control Dongiin(V) Dongjin{D)  Ohdae Taebaek
Diet
intake(g) 97.0£14.6 62.0+21.8 66.4+20.9 75.7+20.4 75.1+11.2
Protein
intake(g) 194+ 29 124+ 44 133+ 42 152+ 4.1 150+ 2.3
Starch
intake(g) 56.5+0.46 324+114 34.3+10.8 39.1+105 38.8+ 5.8
Wet fecal
weight(g) 6.3+ 1.8 7.0+ 25 74+ 1.7 94+ 2.9 83+ 27
Fecal weight after
drying(g) 34+ 1.8 41+ 25 48+ 34 6.9+ 1.9 6.0+ 1.2
Fecal
protein(g) 0.56+£0.19 0.73+0.44 0.89+0.37 1.04+0.31 0.80£0.19
Fecal
starch(g) 0.043+£0.019 0.073+0.040 0.09620.039 0.089+£0.030 0.068x0.022
Protein digestibility (%)

96.9+0.55° 94.0¢1.61° 93.2+2.82° 93.1:1.11°  94.8:0.66®
Starch digestibility(%6)

99.9:0.0° 99.8: 0.0  99.8:0.058°  99.8:0.05™  99.9:0.058"

abc

- 63 -

Means with the same letter within a row not significantly different.



Table 15. Plasma albumin contents by the brown rice-based diet
(Mean + SEM)

Albumin(g/100ml)
Control 3.198 = 0.063
Dongjin(M) 3.121 + 0.084
Dongjin(D) 3.353 + 0.061
Ohdae 2.960 £ 0.088
Taebaek 2910 + 0.190
2 85 ¥x=9, ded 9 =¥xyd uAdw

dujz3raold] o) B X EFT nsulin® FE+ TEA Zol7t
o=

tH(Table 16). ¥¥kz o

A 4L 2d, e Biste 9H. F =¥EY
z
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Table 16. Plasma glucose and insulin content by the rice-based diet

(Mean+SEM)
glucose insulin
{mg/100ml) (uU/mb)

Control 38.83+ 4.82 4043 + 3.99
Dongjin(M) 4953+ 551 4189 + 445
Dongjin(D) 41.72+10.78 3481 + 325
Ohdae 39.74+13.72 4066 + 2.50
Taebaek 32.13+ 3.63 4347 + 3.83

Table 17. Urinary glucose excretion for three days by the brown rice-based
diet (Mean + SEM)

Control Dongjin(M) Dongjin(D) Ohdae Taebaek

Urine
volume(ml) 17.3¢ 55 231+ 24 279+ 15 255+ 36 26.3+ 1.7

Urinary
glucose(ug/ml) 9.8+ 6.8 45+ 2.8 55+ 1.8 9.2+ 32 7.8+ 3.7

Total urinary
glucose(mg)0.11£0.022°°  0.093:0.063° 0.16:0.082% 0.21:0.043* 0.19:0.066®

abc

Means with the same letter within a row are not significantly different.
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Table 18. Plasma triglyceride, cholesterol and phospholipid by the brown
rice-based diet (Mean + SEM)

Triglyceride Cholesterol Phosphlipid
(mg/100ml) (mg/100ml) {mg/100ml)
Control 81.47 + 15477 72.02 £ 2.152 79.03 £ 0577

Dongjin(M) 56.32 + 5.262 46.65 + 2.554 67.51 + 4.390
Dongjin(D) 64.85 + 3.253 57.18 + 5211 80.51 + 8.69%
Ohdae 42.10 + 7.891 62.72 + 1.763 65.66 + 7.422
Taebaek 42.20 + 1180 53.34 + 3.982 5847 + 1.947

+
+
+

+
+
H-
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Table 19. Liver cholesterol, phospholipid and fecal cholesterol by the brown
rice-based diet (Mean + SEM)

Liver liver Fecal
cholesterol phospholipid cholesterol
(mg/g)
Control 493 + 0513 20.9 + 1.335 3.19 + 0.171

Dongjin(M) 3.48 + 0.050 23.8 + 0.991 3.23 + 0.209
Dongjin(D) 3.19 = 0.393 230 + 1.977 3.49 + 0.209
Ohdae 3.39 £ 0.161 224 + 1455 3.17 + 0.160
Taebaek 409 + 0.272 231 + 1.375 3.15 £ 0122

H+

+
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Table 20. Body weight gain, food intake, food efficiency ratio and protein

efficiency ratio(Mean + SEM)

Sucrose Corn Brown Milled Wheat
starch rice rice
Initial BW 112.0™ 1156 113.9 1125 1135
(g) + 410 + 582 t 3.76 + 525 + 5.08
Final BW = 3080®  3195% 319.3% 334.6° 306.3°
(g) + 9.03 + 1159 + 7.34 + 9.86 + 10.84

Weight gain 196.1° 203.9% 205.4%  2215° 192.8°

(g) + 574 + 7.61 + 7.02 + 5.89 + 6.14
Food intake 481.6° 503.2% 517.3®  553.3% 493.9°

(g) + 40.17 + 38.86 + 3572 + 38.32 + 4503
Food efficiency  0.41™ 0.41 0.40 0.41 0.39
ratio + 0.007 + 0.006 + (0.003 + 0.008 + 0.013
Protein efficiency 2.04ns 2.03 1.98 2.00 1.96
ratio + 0.038 + 0.032 + 0.016 + 0.021 + 0.069

®)\eans with the same letter within a column are not significantly different.
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Table 21. Weight of liver, kidney, heart and spleen in the experimental rats
(Mean + SEM)

Sucrose Corn Brown Milled Wheat
starch rice rice
Liver 10.73° 9,56 9.36% 1017  922°

+0.521 +0.462 +0.314 +0.389  0.486

Kidney 2.34™ 2.21 2.28 2.39 2.25
+0.081 +0.071 0061 0122  +0.09
Heart 0.95% 0.92% 0.94% 0.98* 0.88°

+0.022 +0.028 +0.027 $0.041 +0.022

Spleen 0.69° 0.58 0.62% 061® 058
+0.043 +0.042 +0.023 #0031  +0.013

®Nfeans with the same letter within a column are not significantly different.
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A AL, W ow ARS ZH4 FAFYCR Fol A% NS FAE
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Table 22. Plasma glucose and insulin in the experimental rats(Mean + SEM)

Glucose Insulin

(mg/100ml) (uU/ml)
Sucrose 5537 + 5.175™ 5201 + 2.064°
Corn starch 71.63 + 6.103 5031 + 1.704®
Brown rice 65.39 + 6.929 40.89 + 3.803°
Milled rice 72.87 + 5.909 42.23 1 1.344%
Wheat flour 60.14 + 4139 60.14 + 2.236°

heans with the same letter within a column are not significantly different.
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e, B aFeiMs 4% WA ARe 41 D AL o Fe

j],o] 3R 9\)\ [e] 1,].
92
=

3t A% (Sharma and Rumiki 1986)l M= FR1=e] Jom uxdEF 4
B0 4 2 2347 ° FEA dEddz A

pEH2HE 85 F2HAA MZH WAFE FAL W FH2EHE
Asta#drt A THE Kahlon(1989)59 2, HFHAA wZAGE 4
ol¢] 10%% H73t9E o 8% FE¥2HE, LDLEH2HE, VLDLE
HAHES F98A #4s8Ra HDLEH 2HEL Y2 Frtstdos
Sharma®t Rumiki(1986)¢] ®.11, mA8Z Ao A 657 v & FAT
U 8% 89 2HE, LDLEZd 2 E, VLDLEZ# 28 F9 T4 HDL
Zy 2829 F77F IAthE 23, 9@ fe 29 Fo] gt

Fe) olgd ZE2HE A Ade HAFTY Hol4H, sitosterol,
vitamin E¢} "2 HFe EX3t A % adgn €A Ut
gals B A% Hvule xart wudce g 3Ened
FAAFEdE Burt o RS #E B dnF wAF-Ee] A 9

g WAGT wolE oFYT. o7 AFH wieh o] WP Eho

- 75 -



Table 23. Concentration of plasma triglyceride, total cholesterol,
HDL-cholesterol and phospholipid in the experimental
rats{Mean + SEM)

Sucrose Corn Brown Milled Wheat

starch rice rice
(mg/100ml)
Triglyceride 83.44° 49,58° 42.15° 32.90° 57.60%
+ 9.86 + 7.74 + 661 + 891 911

Total cholesterol 105.2% 97.43® 7820 69.03° 7757
+ 571  + 353 + 422 + 758  +553

HDL cholesterol 46.77"° 39.70 43.82 42.65 46.18
*+ 453 + 1.36 + 1.73 + 460 t 247

Phospholipid 130.8* 1136®  100.1® 97.68% 91.97°
+ 1389 £ 455 + 2.30 + 836 + 252

®Neans with the same letter within a column are not significantly different.
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Table 24. Contents of liver total lipid, triglyceride, total cholesterol, and

phospholipid in the experimental rats(Mean + SEM)

Sucrose Corn Brown Milled Wheat

starch rice rice
Total lipid 90.75™ 90.49 86.55 96.83 91.13
(mg/g.wet wt.) + 9.85 + 3.60 + 9.69 + 6.96 + 7.73
Triglyceride 37.93 38.75% 30.45° 37.55% 34.67%®
(mg/g.wet wt.) + 1.44 + 0.75 + 273 + 256 + 377
Total cholesterol 7572 6.18% 481° 5.61° 4.98°
(mg/g.wet wt.) + 1.25 + 0.33 + 015 £ 030 + 045
Phospholipid 38.54° 38.02° 37.96 39.34%  4167°
(mg/g.wet wt.) + 142 + 1.03 + 057 + 092 + 1.02

*®)\eans with the same letter within a column are not significantly different.
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Gre] Zd Aoz Algdr FEH2HE AEZE 4T, T 4%
F, S5 AT Hgte FsA Eth FEA WA
njEo] AgE, &5 AR, AFT HEtd fodA when o
g 332 A vxd Fe deEddrh ol AHE FHEE Ed AT
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Table 25. Fecal weight, total cholesterol and bile acids contents in the
experimental rats(Mean + SEM)

Sucrose Corn Brown Milled Wheat

starch rice rice
Weight 9.28° 8.56° 11,922 1068%  1087®
(g/6days) + 0.79 + 0.45 + 059 + 037 + 0,59

Total cholesterol 28.30° 28.64° 32.21 36.24° 36.87°

{mg/6days/rat) + 270 + 237 +244 + 2.07 t 353
Bile acids 333" 3.40° 5.43° 5.73° 3.20°
(mg/6days/rat) + 0.48 + 016 + 063 + 0.46 + 0.38

*Neans with the same letter within a column are not significantly different.
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Table 2691 @79 AWALS @& 223e T A8 U
oz 2% JAEUdY ATANE Axe T AVELL AWE A

o FAdEE AEAUEAE oj&st] dvE FA AxIE o= A

Aol Bt 3H microwave cookerE o] &3 JtEZAuE Hul
AlZko]l 713 @& E o FESFEFo] Eol AFAo] YB Ao oAH

Koew g Axdre HEAe] 7 Adh

Table 26. Cocking properties of processed brown rice

. } rEEA ulol a2 o} .
P ﬂ—‘
g = T A g _ A% wnl dgA
572 ]%‘iﬂ 24:;]2{ FAT f%‘“i
A~ x <
Az %o T_T"ﬂ”] ol 29 = A= 12?:%_ "_‘]/‘1 BP'J:Z_ A g
g 3 2% nfola 2t A& 60T A 24]
* & 7+ Ax
F B g 12.04 % 117 % 234 % 95 %
HAWA 7 15 Hj 15 H) 1.4 =) 1.6
FH db A 3 31 & 327 28 & 34 &
Tt 9 # 45 56 56 58
L O
Bt \zmz | 45 7.0 42 58

* Aol el HUAIZ 338, HHAAETL HEHY
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o}, Microwave cookerZ o] &3 71Fd0 A= Alg

1) AAAZL e F5e W5

o s8%d 2 4L WA ok AWAZL v Ao AT
Table 2891 @vlsh Wulg FAAA F5ge WHE Ugd ot B
o ehd wbsh zo] @ulsh u

A3 Zrhste AFe vgor dnut W F5& 2t A
gon #A N7 oFelE F4EEsl 2asYth WA microwave
cooker® ol &3el AFANE Az wolx A oe AF =

A& AAs ok & AT

Table 28. Changes of water absorption ratio of the rice with
soaking time at 227C (unit;%)

A A A 7t (hrs)
72
05 1 2 3 4 5
E 16.72 2499 27.87 29.92 30.76 31.32
LRl 23.76 28.65 31.94 32.48 33.61 33.89

2) Microwave Cooking Z74d 715 &dule TAEA

Bx vlojlazse] Fxo w2 @#njo) JtE A[¥ ZIAE Table 299
A] Table 317kA YErUI Tl AFE&3F micrwave cooker®] &3 -2 100Wol
A Q00WZHA] WiEt A dE gloy oujA g Ax £ 00WE 15}
3 FEAE 28t A gstsith Table 29& 900W oA 1083t 7F
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Table.29 Changes of microwave processed brown rice quality with

soaking time for 10minutes heating

AR AT S ik AR | AU | 29E7)
(&) (%) | 1L a b (g) (&) a5
60 23.3 B8O | 156 | 21.3 923.5 33 2.58
80 234 588 | 151 | 215 940.6 29 3.66
100 26.0 609 | 112 | 206 639.2 30 4.35
120 24.4 589 | 162 | 208 765.4 32 4.60
140 25.8 612 | 085 | 204 787.1 30 5.05
160 26.2 609 | 161 | 21.3 480.6 29 4.25
180 25.1 583 | 151 | 207 582.6 28 476
200 22.2 583 | 165 | 214 654.3 30 6.05
220 216 557 | 1.34 | 206 970.5 29 4.35
240 217 565 | 168 | 212 760.2 28 5.37

?: Texture analyser o 93 7128 n]g) =42 ¢
U0 Ared St SEANDAEAIZ Ag)

V: Microwave Cooker®l Power= ZZATE]o] what :20W<] xbo]ital
A1z
9 gAa AnigAwed s 9dwgoT B4 An X

G4 713ANe FASAE Ued Aotk = Eol vhehd ursh 2o
AAAZe] G2 A FRFFLS 233%~262%9) WS Ueh)

Ak 7tEER Y A7 AR Ak hE ERo)E Holx @gront I
AAZE 1408904 Lzte] 61.22 718 =kth HukE wele] AxE
A X Zko] Aol w2 FasAom 160F HAA 4806g o2 7IE
wokeh HAWAIZES AA A ] wEl 28~338& el A A7
ol SUMEFE HWALE @A A @A dvldy B HA A3

o

)

0.
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2HA/zEE AA 2 AAE A BFSAL, 2AZE o] FdM =
SAA AE7E Zvtetgoed AAd oz 900Wl A 1087 74 e Tf
TEn e FAL BEHT Y FATG TAolE YEWAE U e

HuA|Zhe U @E3a 7|5 E TR HEAME tEAE A

&.,

z
4
i
o
offl
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£ 200%~267%9) WAE ERH O] J00W oA

o] M7Ze ZEth HukF W] AxE HAAL] wE SHFEY
& Holx &gtz 2417 A AA A we Axg e HEA
7He ARA 7] wat 25~338S& JEhies HAAA o] St
HuAZHe A A gEIYen 108 FIART G ZAAT o
AE ZolE Holx ggtoy AAH o= 2RAE Aol dEH
o} #rjye B Ay FFAVEEE AA AL AAE dAf B
Fatga, 2Nz oM E #EAA ATV SUMER oY dAHo=
00Wol A 1087 7198 7Ednle] F23 ZA0lE YelA= &%
=

Table 3191E S00W oA 1482k 7tdA 7H3dn e F2E54E &
d Rolth F ZEo vebd nheh Zo] AA AT e JtEdEne T
ke 19.3%~23.8%<9 HWHAE dEtdie] 00W oA 108 E= 128 71
o} AFHow FEFF] FAastgd JMEdv Y 42 HA
oE Ex0)E HolA gkov AAFor 128 7ME¥ A H
28 Aste Vel Huts gtabo) Ax = AR Az wet 74
e Bolx FRT 1608 AAANA JHF RE AEE YEWAT AW

A ZHe AR A Zh] we 25~308S HEHRN e 1008 o9 HAA
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Table.30 Changes of microwave processed brown rice quality with

socaking time for 12minutes heating

AN | £EGS i ARY | A | 2897
(&) (%) L a b (g) ) zx?
60 24.8 59.0 | 1.65 | 20.7 893.0 33 3.08
&0 23.6 581 | 1.14 | 242 1004.0 33 4.36
100 24.1 555 | 1.21 | 214 875.5 31 4.56
120 25.9 563 | 1.26 | 22.0 5475 28 4.36
140 23.7 565 | 1.B8 | 225 788.0 29 5.24
160 26.7 547 | 1.43 | 231 600.5 29 5.59
180 235 574 | 1.89 | 21.5 615.5 28 4.68
200 25.3 56.1 | 1.56 | 194 705.5 26 5.87
220 20.0 530 | 149 | 241 630.0 28 4.58
240 21.2 534 | 1.90 | 236 830.6 25 4.83

: Microwave Cooker®] Power= ZAZAMeio] wel 120We) xbolw 4

2

. Texture analyser of 2% 7133
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Table.31

Changes of microwave processed brown rice quality with

soaking time for l4minutes heating

AN | FEGS Rk AEY | AuARY | 2EHE7]
(&) (%) | L a b () (&) ax?
60 18.3 540 | L76 | 215 | 10455 30 3.18
80 214 538 | 1.83 | 205 980.5 28 3.33
100 22.0 579 | L73 | 214 769.0 25 4.15
120 22.4 539 | 1.65 | 226 875.5 25 5.63
140 23.8 552 | 1.8 | 22.3 986.0 26 535
160 22.9 569 | 1.98 | 23.0 550.5 25 571
180 231 546 | 2.04 | 213 628.5 26 4.48
200 225 555 | 212 | 20.9 764.5 26 5.05
220 19.6 53.2 1.;)6 231 | 11150 27 421
240 20.7 b45 | 1.88 | 22.2 980.5 28 4.37

: Microwave Cocker®] Powers AZAejo] whel +20We] xpoldAl

2. Texture analyser o 2% 7[Fdnle &HAY

U ATIES] ADSBADTA(EAZ A, SHEF 145
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e
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o =™, Microwave cookerE ©|-&% A4 Al 1EFEE ¢ 1094,
a8n FAEN Y Frols 20990 28d ZoR d4AY. 7} IHE
Hid JhFEvne] 28 FAERU P B3PI microwave

gou 4ggo] Buste] Agste] BAHel Yoy
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o= microwave cockerE ©]|-&3t= HAo| 1A npgz g ZHow A7

Table 32. The predict of industialization in processed brown rice

S sqan | meegan | EER L

HEan)

LAz |[RAndzgs sRge | MOIOWAE o aazee
Cooker

2. 4|7 u)y| 60o] 4 - 10994 20494

3 Asd | 32/ 3E/NZ | 1B | 1E/AZ

4§52 14 1A L 14

5. = A 2 4 &

6. JUeEa o 3 5 4
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Table 33. Receipe of the functional diet with brown rice

MEZ~_H|2 | FBRI | FBRZ | FBR3 | FBR4 | FBRS
sl 50 50 50 50 50
Zo| 10 10 20 20 20

z™= 10 15 20 25 10
Az 8 6 4 2 8
7|5 10 75 5 25 10

EHA} 2 1 05 2
EEY 0 10
E7 15

7 100 100 100 100 100
2 =27H2(2) 377 | 32 | 361 33 | 367
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G bl whe dn) S449 F5EA

anEsae) HAeEe 2P Askel eF W Az
2 FBRI® BEAANE A%, 7], 49 /5% 59 FE| sl

ANEHe 7 A Table 333 2.

Table 34. Sensory evaluation of the functional diet made of

brown rice at various add water

Parameters Added water/rice(w/w)
14 15 16
Hardress 6.214* 4.857° 3.214°
Stickiness 4.643° 5.214° 5.357°
Acceptability 3.857° 5.286 4.214%®

* The same letters indicate no significant difference at the

5% level using LSD test

MeEre 15WE g AE7F 71EEVE M SsiRen, dRbE
oz woute] AS JleFe dsvne 13w7F M A"t ke
o] Z7}ste] we} o] Axrt Zase] wo] Auje] uigE & 849
A717F Z7heth 2 A3 AdelM w9 15389 sheEo] v S4
dro] HAHQ Aoz Yt 4urE Huwre Afge tE FEF¥e vE
Wk o]AL dAulol e oF Axe F/IYELZE AEHY FTH
negdy A 234744 47 AdME GRFHNA B hEEE ST
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ZAEARSE AHE Axte Table 359 Zth 571 EEA g
texturometerE AbE3t ZFAAS AT Zd3 Fx9 A FBRI%
FBR29 7%-¢ Z+7+ 036, 0.37Kg2 2, FBR3, FBR4, FBR57} 0.56, 0.52,
053 Kgo 2 yeyrh. 49 3% FBR1I# FBR29 79 0442 et
%o, FBR3, FBR4, FBR57F Z+ZF 0.55, 050, 0572 YErR T AA

YOI E o] F gl ekzre Aolrt Q= o vhehideh

O

Table 35. Texture analysis profile of the various functional

diet made of brown rice

Hardness(Kg) Springiness Gumminess Cohesiveness Adhesiveness

FBR1 0.360.03 0.44:0.04 0.09+0.01 0.25£0.02 -0.039:0.02

FBRZ 0.37£0.06 0.44:0.06 0.10£0.02  0.27:0.02 -0.0230.01

FBR3 0.56+0.09 0.35+0.08  0.17¢0.04  0.29:0.02 -0.057+0.03

FBR4 0.52+0.05 0.50£0.03 0.14£0.02  0.26:0.01 -0.024:0.01

FBR5 053004  057:0.02 0162002  0.31+0.02 -0.05320.04

- 9] -
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2 E24 AvlE59ENY BEEA
AMEFIFN e Axs] AT HAELL dojur] A5 5
A FFA diste FFAAE AAS A3 Table 36 3 2 A
T FF 9 Hul9 Aoli= FBR19 4% 6.167, FBR29+ FBR47} z+7zb
5.75, 55832 2 uElston] FBR39 7% 78 @38 4002 HrhE o)
Table 36. Sensory evaluation of the various functional
diet made of brown rice
FBR1 FBR2 FBR3 FBR4 FBRS
Hardness 5.667% 5.167° 4917 5.667 6.083°
5.833% 5417% 3917° 5.583% 5.167°
5750%  4000° 5583  5083°

Stickiness
6.167%

Acceptability
* The same letters indicate no significant difference at the

5% level using LSD test
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Table 37. Changes of oerall quality of processed brown rice

during storage

a5 AAHET
p s~ B e °
AZA | F 2 AT g A vk A T =97
(days) (%) (CPU/g) | 93 | 9¥A i
A=
0 23.2 221004 =4 3.2x10° 485° | 485 | 477
10 235 19012 &4 2.6x10" 454% | 469" | 465°
20 229 231003 =4 5.4x10° 369° | 321° | 157°
30 213 35005, &4 1,8x10° 2.54° 1.34° -

2 ARG BYolE 809zt AGsHA FEFF, AL
2 gukE s Wste UEuA ggen dedAb AFdME JIE Al
B9 ZXolE HolA @k AA7|zte] Frlstole FAe AP EE
Bolx girh tht A2 AR A 40¢Y olF FH A7F H dvtA+
o] F77F #EHNS Y 60Uz AZAME BAHYN FAAFS YE
WA sk

bAoAl 37HE ol ARAAHE FAS] HMeE F6 Ak
e F7F 77 22E ALE Alsdoh
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Table 38. Changes of oerall quality of processed brown rice

during storage at 4C and room temperature

N duqe —2EALE L
vl 7 - —3— B
(days) (%) (CPU/p) | 9 & NeE
0| 41 |12+005! &4 | <100 | 465 497°
20 475 | 1.3x£0.04 <4 < 100 4,442 5.12%
W o 40 | 469 | 131008 | °4 | <100 | 439 432
60 | 463 | 174005 | & <100 424° 433°
80 | 455 | 15%011 | &4 | <100 | 458° 478°
0 477 | 1.3x£0.05 4 < 100 454° 4.80°
20 | 478 | 2001l | &4 | 36x10° | 416° 465°
e
40 | 482 | 27+005 | &4 | 76x10° | 467 454°
60 | 465 | 2540045 &4 | 66x10° | 425° 410°
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Table 38. Changes of the water absorption in brown rice

with soaking method

TETHF(%)
A A 2 hrs)
AR A 7HEEA
0.5 162 20.3
1.0 18.3 25.6
15 23.5 30.3
2.0 25.2 332
3.0 26.4 33.6
4.0 282 34.2
6.0 29.1
12.0 304
24.0 30.6

Table 38. Changes of the water absorption in brown rice

with soaking time and temperature

TEGH0%)
A A 7 hrs)

5C 15T 25T
05 13.2 152 153
1.0 14.3 18.3 187
15 16.3 235 229
2.0 18.2 25.2 26.4
3.0 21.4 264 30.3
4.0 24.2 28.2 30.7
6.0 28.3 29.1 30.7
12.0 29.4 304 31.2
24.0 30.4 30.6 31.3
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Table 39. Surface crack of brown rice with soaking time, drying

temperature and time

TFETH0) T&E(%)
AZXAZ | JAAZE
(hrs) (hrs) A=E=(0)
40 60 &0 40 60 80
1 235 195 175 8.5 85.0 90.5
2 23.8 19.3 184 69.5 86.5 90.5
05 3 219 20.1 18.3 75.0 95.0 95.5
6 205 189 175 76.5 %5 55.0
12 216 19.0 165 775 96.0 98.0
1 16.8 152 12.3 76.5 99.0 945
2 17.2 16.3 125 80.0 100 5.0
1 16.4 17.2 135 82.5 985 98.0
6 15.8 159 12.8 75.0 99.0 100
12 17.3 16.1 135 85.0 100 100
1 153 14.1 9.2 86.7 - 100 100
2 152 153 105 86.5 100 100
15 3 16.7 14.5 9.2 870 100 100
6 15.8 16.1 9.1 8.5 100 100
12 17.1 152 8.7 385 100 100
1 13.1 12.3 5.4 90.0 100 100
2 12.8 99 6.3 915 1060 100
2 13.6 108 6.2 90.5 100 100
135 11.2 6.8 915 100 100
12 14.1 10.3 5.1 935 100 100
1 10.3 7.6 93.0 100 100
2 11.2 9.0 945 100 100
3 3 11.3 88 9.5 100 100
6 10.9 79 %5 100 100
12 116 85 3%6.0 100 100
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