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BHEYY > ARORE TBEFEAR A I TAVEFE AE K 70%LL ERYBEFAEAEE - (5)
EL T C BIEEFE - % - G)EYLE Ry - BFEEYHENE - BMBELEYE - (7)
& B @4t (Dietary Fiber) : 0] 73 R /K78 & B 484 (Soluble dietary fiber, SDF) e 3 /KA 14 HE & 48
4 (Insoluble dietary fiber - ECfEAHAE4E) o WHCHE H RE & GLA B A B8 5 60 iU i s R b
G fEAh - E#RN S B e 2Rk #HENE b EERSHiERG 2 8 - AENERIME
EHFEE - HESEBY HE e E S 2MGHE HEHER -

A [E anfE AR ~ BRSORE FORAYVEVE M E 39T - ERORFTSEAER - TRE RIER
WS BBERNBESBAREGE ) - AR R AR BEGIEY® > Panlasiguitk
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KA b - SR g — AUNE PR b AU & B RN B 8 A AU R R 10 BEH LR
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kA YENEEKS > BAME BEFESHIENY - Hundemer KHEYUHEER
[FIACERRE B a4 - BRE R ~ 3 - REBEBE ME TS i HFMASRUR - #B0RERT
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FEBE /N BV T DARRER. ~ Wb - Fis B4R SR S BB i - Justofk % OUFR AN 1% > g 25
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{EPPAR- 7 HIRE 5 2 (Adiponectin) iy & FI| {52 (& 88 FY /K 48 - 5 AR B AR 5% SR i 25 L
Yy A L TG ~ TC o 5 /D BIIRANAL H T B R A9 I o Gerhart[X % Ot B s [ G B
FET NEREIRAE > EFHEE R84 g2 E(LR I L& i > 53 o] DA AS -

— SR Ry oK AT DARRE I AR Y B o0 S 2 KM A - 495 12~23%HY B & 1 4y Eh - JHAE
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LGSR RE AR E Y 4.2% Y > R T LA A MRS A A4y - 3 EL(E AR B ok AR A R s o (BRI OK
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S AT DAY o BT o — R EE Ry T AT B B A A T AR BT RE B (bile sallt) - f5 > SR 4 A HE
T 0 o [ B A L (U o B PR B P S B I [N 0 R - 2 B A RS Y shae @) - &
TREETRAE 0 A0S o S5 BB & R4 7T LUK P g BE B o7 - 30 B R &R o kb
th 5 f#ERE (lipase) /& MEAHE & > & ROREHAE 7% B BEREI R - MEORTERR ToRR > H/E
SUNBE P T 22 e R EL Y > E S b T P R S5 1 N (extrusion cooking) sk R 2 E AL
Fe— ek~ IR~ SR BOREEZ — Mg R

Table 1. Proximate composition of brown rice, germ rice, white rice and rice bran”

Brown rice, TCS- 10 germ TCS-10 white

Compositions Per 100g - . . . Rice bran
indica variety rice rice

Calorie kcal 352 357 357 316.0
Moisture g 14.4 12.3 13.0 12.0
Protein g 7.3 8.3 7.4 15.0-18.0
Fat g 3.2 2.1 0.7 12.0-23.0
Saturated fat g 0.8 0.5 0.3 3.2-4.0
Ash g 15 13 0.4 7.0-8.0
Total carbohydrate g 73.6 76.1 78.5 50.0
Dietary fiber g 3.3 2.8 0.6 6-14.4
Total vitamin E mg 111 1.73 0.16 49

" The nutritional value of brown rice, germ rice and white rice are cited from Nutrition database of Taiwan, Ministry
of Health and Welfare. Nutritional value of rice bran is from Saunders ™.
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B. 1= A/ [E % B & 4H (high fat/high cholesterol Diet, HFD) -

C.HFD& 100%i >k &2 H Al 1055 BR & 4H - B 20% s A fak} -
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WHERFEFE-RNEERES - EOHE - I5i7)  WRESFENVME 28R (RYE K Efa) -
FU BB RS R TR R LY B -

B R A\ - 1E55 /U DL Zoletil 80 mg/kg 8 IS 5eF I 7 > B3 52 HE HEE EOAIK IR 1& A HE 0
HU AT~ BB - HE B0 R BISE ARG AL ET TP EE - MG AT RGBSR GEF R -80°C fif Z & A = fa il

THH B & g AR o i (% =R Hom s - SIEERS - s @ ERE OB ER DU REEREER

W [ i) ~ 0% LDLI3 A7 ~ it fe 3088 > = I H B e 48 [ B H) € - ILDL-C/HDL-CHYAH ¥
S {18 ) 48 S B 1 B T BB R T 1Y 8 2 o S B B Y IEAH R 1 - (I BELDL-C/HDL-CHYEL
E B EhAR AR FE L f5 8 (Atherogenic coefficient, Al)=(TC-HDL)/(HDL)#Y

x - BEsEsEEREEHK
Table 2. Compositions of experimental high fat/high cholesterol diet

5 581

IR AT ©

Ingredients Control High fat diet Brown rice Brown rice:Rice
(9/kg dietary bran (7:3)

weight) g Kcal g Kcal g Kcal g Kcal
Casein 200 800 200 800 185 738 166 664
Corn ail 50 450 30 270 30 270 30 270
Lard - - 150 1350 146 1310 133 1193
Cholesterol - - 10 90 10 90 10 90
Corn starch 350 1400 210 840 59 236 73 293
Sucrose 300 1200 300 1200 300 1200 300 1200
Cellulose 50 - 50 - 48 - 45 -
Mineral mix 35 - 35 - 35 - 35 -
Vitamin mix 10 - 10 - 10 - 10 -
Methionine 3 - 3 - 3 - 3 -
Choline bitartrate 2 - 2 - 2 - 2 -
Brown rice - - - - 200 - 140 -
Rice bran - - - - - - 60 -
Total 1000 3850 1000 4550 1028 4550 1007 4550
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{55 F SPSS Statistic 19.01% AX# S > DL Student’s t testsT AT #ZE 40 K i FREX B4l 2 &5 = 2
DLBE [ 1~ 85 5L 853 #f7 (One-way analysis of variance, ANOVA)43 7 55 i 81 & 4R A [F B 1 A
Z B2 > LILSD (Fisher Least Significant Difference)# /T E &g & - FrA #(H L meantSD#
7~ 0 p<0.05F R EAME EEFE -

%n% 3= nHH
—  FRAXBESZARRERME SR

MR ER B 2GR - R - BE AR AL > BAE /5352 keal (R—) « BEZURIEE &
FEE i EREESESETS > FNILEEHMEBEH A5 316 kcal - HEERK /T KR
B ARERNE D UREE R T 22 o A HUEE DLT0%HE SRR & 30% K i - 2 E RE H A 7E341 keal > fE
BHESERE BEDII4%TER6.5% « (RHE—HEREET 'S8, X' EaEad
4 0 F100 gEIBE B SLFT SIS BN FUEFISER6 o0 DT AR | HEE TR
5100 glEl#E & fnh HEFSGE 3 g AFUEATH Z ELBIEC 7 v Sl Ry e e i -
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WA BE R RREHYIILREE eGSR ESHE - By SEMBETEE
EFERE BEREREL/VAR SR HBY 2 BEEE SN I EEKEeHEY » Eakik
G R RERCRR AL B B E RN S RN E A - R4AM 2 PR aEEEEERE - HER
A R BB RIS HE RIS OR R OR R R B8 B 2 R R BBV B VAU R R a Y
FIFH % (Feed efficiency) » ff& fiE oK+ KA B Y #S 28 88 1. %2(20.61%) B2 125 /il 4H (20.42%) -~ 18
EFE=)-

TEMg SR E R sy - BIER ML - SREaE 40 By i BB i = 148 35 R FH T BT R R
& WEEI SR EAENERE  DIREERR BRHNEEERS) - FAESREE
ﬁ i e s (] B R 4ELAR BE > RIS R D B BdeE S B & > SRR - HE S0 R B 22 R B HE R 1Y

EHEEWAH RS 2B REEEKE - BRNS > SR EZENMmAREES
Ew%%ﬁmm*&ﬁﬁw+ﬁﬁﬂwi’ﬁﬂ£& AT RS R T 455 - s 2 B B 231
BH B 09 s B BT (18 —) -

= s FTREXRBREAHMRERMREEZEE

EMRREE HH > B—MRIEFEAME > SR E 4H B Mo =f H HAs (TG) I 2 &5
2 [0 (i AF 4R BEE I (TC) ~ (K3 % A5 25 1 BE [E S (LDL-C) K /= 2% & Hig 25 (A BE [E % (HDL-C) & 58
EIEN(FRIU) - BB 10091 K 4H 81 = B B e 4R AH EL rl B e DM@ HDL-COE R > (H 2 TG~ TC
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Fe LDL-Cf S 88 2 52 52« 8 Ry B AN SRl oK 40K A 25 3 L i B S B v Ml e e W fre B 2
7= 5 [FIIF A% TGEL = e DR 4 3 1 4950% - 1 S DR R AE B it FHRY SRR JFURE - B ZRAERE R
‘AN SH IR - (BN AR ANZEEAL - (8 H P Hy IR I BRI 10 - A2 A S H BRI 5T o 831
HrEEIREL AR MBS > ERE (E K4 B7~10 mg KOH/g » R ILEIINAZE EAL » fE4C AiiEiE
o G HIE 49200 mg KOH/g » ARl R ZHEHPR IS0 E - o] BEIA Ry iy 7 IR B
ZAFE RIS D BRI L - (E A e BB = B H A S 7 S e ekt e -

T= > AEPREECTH EESEERR A SR ERE  RREESEE P

Table 3. Effects of different rice formulations on body weight, food intake, and visceral organ weights in

high fat/high cholesterol-induced hamsters

Group A B C D

Body weight

Initial (g) 101.23+9.92 107.59+11.75 102.41+11.38  102.32+8.02

End (g) 121.36 £ 7.00 136.64 + 9.06 126.77 +12.36"  123.23 +9.09"
Change (%) 20.42 +7.44 27.76 £9.75 24.32 +10.32 20.61 + 6.52°
Food intake

g/wk/hamster 57.31 +6.85 48.27 +8.97 47.46 + 7.68 44.11 + 4.59

Feed efficiency (%) 35.63 57.51 51.24 46.72

Liver weight

End (g) 5.15+0.82 9.88+0.68" 9.54+0.82 9.49+1.00

% of BW 4.24+0.63 7.24+0.44" 7.55+0.60 7.70+0.55

Kidney weight

End (g) 1.15+0.08 1.130.07 1.02+0.08* 0.97 + 0.06"
% of BW 0.95+0.07 0.83+0.05 0.81+0.04 0.79+0.06

Abdominal fat weight

End (g) 1.33+£0.22 1.70+0.41 1.53+0.54 1.50 + 0.39

% of BW 1.09+0.14 1.24+0.25 1.18+0.33 1.21+0.26

% total fat 35.96 + 3.33 36.32+3.32 35.06 + 4.29 37.51 +3.37

Epididymal fat weight

End (g) 2.37+0.36 2.94 +0.46" 2.74+ 051 2.47+0.41

% of BW 1.95+0.20 2.15+0.28 2.14+0.22 1.99+0.21

% total fat 64.04 +3.33 63.68+3.32 64.94 + 4.29 62.49 + 3.37

Total fat weight

End (g) 3.70+0.52 4.65+0.83" 427+1.03 3.97+0.77

% of BW 3.04+0.27 3.39+0.49 3.33+0.52 3.20+0.45

* Statistically significant difference between control (A) and high-fat control (B) at p<0.05.

# Statistically significant difference between high-fat control (B) and treated groups at p<0.05.

Value are expressed as mean = SD (n=10).



FRPRBIC T H e R EE R A e A A B A Ve s 8 31

;. L )‘i,

B — ~ SAEePRHE AR BRI S - BT R R R AT R - A E R ()P EREALE 0 &
BetaltaE & B () ARt Fl 205 4 Ca SR AT -
Fig. 1. High fat diet resulted in fatty liver in hamsters. Livers (indicated by arrow) of hamsters were dark
red in control diet (left) and showed pinky fatty liver in high fat diet (right).

#1177 LDL-C/HDL-CHY L {8 B2 AR 585,iR 5 (L. 75 2 (Atherogenic coefficient, A1)y fT45 R B »
e e AH B IE B B AL AR LB I D - BEOR S B K & & 1 0 R B0 I B 9 R BRI iR B
b2 JEWKS - A1 6 6 10006#E K 4H T B8 0 s 2 Fe & HIE [E S > KA R B ARKEH)
AR 5 AR B B B 2 B T
FIU ~ REPRETC S SR s E i E e R e -

Table 4. Effects of different rice formulations on serum lipid in high fat/high cholesterol-induced

hamsters
A B C D
Triglyceride (mg/dl) 186.91+76.79 21255+62.02 261.09+84.72 308.82+ 75.42
Total cholesterol(ug/dl) 14555+ 14.22 387.45+17.48" 399.36+63.74 424.18 + 54.66
HDL-c (mg/dl) 94.05+12.13 12159+12.37° 14131+10.75° 129.19+16.57
LDL-c (mg/dl) 10.51 £1.95 56.56 + 12.28"  53.27 £19.11 59.95 + 16.85
LDL-c/HDL-c 0.11+0.02 0.48£0.14 0.38+0.13 0.46+0.11
Atherogenic coefficient (Al) 0.56+0.13 2.22+0.43" 1.83+0.42° 2.29+£0.30

* Statistically significant difference between control (A) and high-fat control (B) at p<0.05.
# Statistically significant difference between high-fat control (B) and treated groups at p<0.05.

 TEXRRESHNEENBAEERENZRE

fREZE SRR VAR BT TCRTCY & 8 BIE F e 40 AH LL A B 1 iy g ss
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Table 5. Effects of different rice formulations on lipid of liver and feces in high fat/high
cholesterol-induced hamsters

A B C D

Liver

Total cholesterol (ug/g) 198.0 +118.1 690.4 +260.5°  750.4 + 306.1 511.0 + 275.1
Triglyceride (ug/g) 675.7+172.9  1099.5+239.3°  1063.2 + 162.7 4716 £ 72.6"
Feces

Total cholesterol (pg/g) 97.2+48.3 2352 +71.2 216.9+40.5 96.4 + 43.1*
Triglyceride (mg/g) 192.0 + 96.8 540.1+217.2°  746.1+411.0 229.1 + 128.0"

“ Statistically significant difference between control (A) and high-fat control (B) at p<0.05.
# Statistically significant difference between high-fat control (B) and treated groups at p<0.05.
Value are expressed as mean + SD (n=10).
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The Effects of Different Rice Formulations in
High Fat and High Cholesterol Diet Induced
Hyperlipidemic Hamsters'

Jung-Jung Chen?, Yu-Hsin Chen®and Yi-Ling Chen*

ABSTRACT

Rice is the main staple food of Taiwan, although the nutritional value of brown rice
is higher than white rice, however people consume more white rice as the palatability is
better than brown rice. Rice bran is not yet utilized extensively in Taiwan, it is feasible to
make fortified processed rice products to improve its nutritional value to increase the
consumption of domestic rice. The aim of this study was to investigate the effect of
extrusion cooked whole grain brown rice and addition of rice bran on high fat diet induced
hyperlipidemia in hamsters. The rice variety Taichung Sen No. 10 was chosen, the
experiment diets include the control, high fat diet, the 100% brown rice, and 70% brown
rice with 30% stabilized rice bran, in which the latter 2 rice diets replace 20% of high fat
diet. The nutritional values of carbohydrate, protein and fat are adjusted to equal. After 8
weeks of feeding, hamsters are sacrificed to determine weight of body, liver, kidney,
abdominal and epididymal fat, and serum lipids. The results indicated that the
administration of 70% brown rice plus 30% rice bran could significantly reduce body
weights, reduce TG and TC level in liver and weight of total fat tissue. Besides, the
administration of 100% brown rice could significantly increase HDL-c level and reduce
the risk of Atherogenesis. In conclusion, 100% brown rice and 70% brown rice plus 30%
rice bran can potentially prevent hyperlipidemia in hamsters fed with high fat/cholesterol
diet.

Key words: Brown rice, rice bran, dietary fiber, hyperlipidemia
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