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Abstract

This study was performed to investigate the effect of rice bran dietary fiber powder on serum lipid levels, bowel function,

and mineral absorption in rats. Four weeks old male Sprague Dawley rats(SD rat) were divided into four groups :

control

group fed 5% cellulose as a fiber source, RB10 fed 5% of cellulose and 10% of rice bran dietary fiber powder, RB20
and RB30. The animals were fed the experimental diets for 4 weeks. Serum lipid levels were not significantly different
among the groups. But, fecal total cholesterol(TC), triglycerides(TG), and high density lipoprotein cholesterol(HDL-c)

excretion increased in the RB30 group. Fecal weight and fecal water content were higher in the rice bran added groups
than those in the control group. Transit time was significantly shorter in the rice bran fiber-added groups than that in the
control. Weight of the stomach and large intestine in the RB20 and RB30 groups were significantly greater than those in

the other groups. Absorption rates of Ca, Mg, P, and Zn decreased significantly in the RB30 group compared to those
in the other groups. A high amount of rice bran increased fecal lipids, including TC, TG and HDL-c. Rice bran increased
fecal weight and fecal water content and shortened gastrointestinal transit time. However, a high level of rice bran diet

decreased mineral absorption rates.
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Alo]Ag= Q17ke] Adtado] o3 gREEA] =
NEAz Rol2 2 Hol=ju, A7 AR AA =
A& Eof 83| == pectin, gums, LE hemi-cellulose 52| 4=
24 2]0]4dG(soluble dietary fiber, SDF)} cellulose, lignin,
A2 hemi-cellulose 5-2] E-84 2]0]4d-8(insoluble dietary fiber,
IDF)2 523 22 9lckTrowell H 1976).
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Yl RALE Batk k29l Aoy AF wae] e
1969 E| 1977 Alojoll= B2 o2 249 g9 £ A
FS HFOonY, 1978 HE] 1986W o= 22 g, 1987H
1990E7HA L 17 go.2 A=} 7HastATKLee HS 1997). ¥HH,
191 58 2001 A7HA+= 20 go = F7HE =T, o= A4
goflA] Aol FoA0] AEREHW WEY Aem B
QIth(Lee 5 2000). =2 A4MA 7S Ao Haro] &J5h 2005
doll= 19.84 g& AFIst de A= Usyd=tl(lee 5
2005), ©]+= 20109 % =2l FHHF7IEY 4 489 5
AR 25 gtk A, A o9 FELFHZS 20
gih= |34 A= 2 9thThe Korean Nutrition Society
2010).

B84 Aol dfart R uE 1] A0 &
o] Win| 2 =R E= dYofA] viEEH, o8 skar A &
o} ME x| Aot mFoll= A, Tuid, Aoy
o] wof, A AEF7HAIEAN = mARE =5
AEIP} o] Fo|A QUL FToll= ol A gAS
sto] S HESAE Agstal, g2 A& Wolx 4ol4
9] o] Fot Aol df AEFS /st otk ol w7
W Aol o83t AlFE EA Al A 707 4R}
S°] o] & 5 7] Wl AHA 77 = ASE AN
e

A7 Bl Hol g Jake dohr A 90dr
o vl 0|7k Aol e WA Zal2EE Aot
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AAAEE, B 715 F71E Fol vAle ¥ gotk

1z} skTh

g S

4N ok Ho
do iy & 1o g

N

R

VRS

—
[
o

M=

1) 4SSl 40| =H|

ATl A ARERE Aol (F) O AFATaelA Al
3RS w7 2]o] 43 KT Riber 50)& Alojof Egste] A
B3t Alee vl Aol iR AdE2 46%7t =848 4
oldfro) L, ThlA 124% AR 1.3%, M 24.6% 3|E 10.1%
o& TR USITh Aol AR Aol 44719 rate]
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Table 1. Composition of diet with different level of rice

bran (g/1,000 g)
Ingredients Control” RB10  RB20  RB30
Sample powder 0 100 200 300
Casein 200 187.6 175.2 162.8
Dextrose 132 132 132 132
Cornstarch 397.486 311.206 224926 138.646
Sucrose 100 100 100 100
Cellulose 50 50 50 50
Soybean oil 70 68.68 67.36 66.04
t-Butylhydroquinone 0.014 0.014 0.014 0.014
Salt mix #210025 35 35 35 35
Vitamin mix #310025 10 10 10 10
L-cystine 3 3 3 3
Choline bitartrate 25 2.5 25 2.5
Total weight 1,000 1,000 1,000 1,000
keal 3,949.74 3,883.10 3,816.46 3,749.82

" Control: Control diet group,
RBI10: 10% rice bran powder added group,
RB20: 20% rice bran powder added group,
RB30: 30% rice bran powder added group.

Al ] AHEEE= Alo]AI Rl AIN-93G(Reeves 5 1993)E
Zrarsto] Table 13} Zro] xA|8FITh

07 Aol Adf £ T Aol wt Uro] A control,
RBI10(Rice bran 10%), RB20(Rice bran 20%), RB30(Rice bran
30%) 22 Alo] AeAYPo g B 7| HA 0 F cellulose}
5% g+o-x]o] 9o, control-2 cellulose 5%%tE $HG-E|o] 911,
RB109j|:= cellulose 5%%} 1]7; Alo]Ad8-7) 4.6%, RB20o|=
9.2%, RB30°]l:= 13.8%9] m|7} Aol {7t F7H8 o= 47t
=ik wekA Ao] U Aol S L controlo] 5% RBIO
o] F 10%, RB20°]| 2F 15%, RB30°] oF 20%2 &-§-=of Q)
o} v} Eo] Ao 8= cellulose2} hemicellulosZ £-&
X Holdgolgitt. HolAlz A u]7} AE T2 <8 27t
T protein2 caseino]| A, fat-2 soybean oilo]| 4], total starchi=
corn starchol| A F&F& A|AsI AT
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4702 Ui=o] = u}e) ¥ IVC-rack(Individual Ventilated Cages)
ol F 457k AL o m, Alojet B2 A|g glo] HE 4
U=EE 3ok

FEARSALS 2% 2~24C, F& 45% Y2 FAAH
o, lighting cycle 12A17F F7|12 kit Ao] =k
olg°f g MY A 10A%E SFHAL AT F 13 &

A 9ARE A5

AREE) BE AT F 3 WA o} o =
3] ZHwet weight)2 |32 —80C
4 7ol 80°C ovenol| A 244]

L2
-{0{; FE,
oy

2) B0l X

Aol M 45 F ABEBL 1242 A7) 3 Zoletl
40 mg/kg(Zoletil50, Virbac, France)Z} Rumpun 10 mg/kg(Rumpun
2% Bayer, Gemany)& Fofste] k3] F 7j=sto] Byciyu
oA Fehg Afakeick o] 3000 pmelA] 2087 94l £l
stel @32 Ak 7 F B4 A7 —R0To] mEsieck

3) & E1A|ZKGastrointestinal transit time) &

A AIZF 23 A Al AFEES 12407 AR &,
3 opalgk 2+ 9] AJo] 2 gof| 10% brilliant blue dye(brilliant
blue R, Sigma, United States)E 1 ml Z7}ste] 2F 147 vt
Sk AANT 3, A0l A BHATHKim & Lee 1995).
1% FEM W] ot g AIZHS ‘nsit fist 2 7] 25}
11, A =3} A)7Htransit time)2 brilliant blue dyeES <l S8
B upxat £2 Wo] er)7iA] Aele AZeR ookl
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5) Hin} Aloje| RV &k £A

2lo]Ag0o] B7)A g 7ol that McCance & Widdow-
son(1942) .31, Walker 5(1948)2] A, Drews 5(1979)2] &

£ &3l Ca, Mg, P, Zn& A1 Tk mpR|q; Fpof =75}

;S‘ .

A F=AFFEIA

of A=A W 1 g& 3R=7H o] Hol A7 33t =2(Muffle
furnace, lklab MF-21G, Korea)ol] Y11 600 Col| A 3]3}5} 4
33te Al2E YT & 5t GAHFAEFTR=1DS 718t
of gsfstgieh. 1 ¥ o3X](Toyo No.6, Japan)= o153}l
Z54E Yol 10 MZE gth(Park & Kang 2004). ©] 10
ml 3 0.5 ME &4 Fol 50 M= 8314 1,000 ppmoZ
gkZ=0] ICP-AES(Inductively Coupled Plasma Atomic Emission
Spectrophotometer, Thermo scientific, Germany)= Ca, Mg, P,
g A% BTk Aol F P/ A ZAHL 7
2o] Ao] 1 g B9 3 P/1A WY 24 PET FU
wpgos Basch Aol g el 2714 9 49 3
F Ao HHHE olgate] 771 HHFS Tk, Bu
Lg el F714 et 49 B Bue o)kl 57
A TS FASGET £718 F4ge The 540 o3

A&kt

718 FFE(A(F712AHF - S 2ud =Ry 71
A 2x100

6) ¥ XF=T 2

3 AdsEe YHEE § 80CoA Rudt @32
2 Chemistry analyzer(Olympus AU400, Japan)E ©]-23}o],
total cholesterol, triglyceride, HDL~cholesterol ¥} LDL~cholesterol
o BT

7) B W NESE 24

#lo] AL Folh W& ol881] 3 :
1957). Y& Ea3t HS ovenol| A 24A17F xSk, Axg ¥
0.5 g2 Hdto] 0.9% A A% 15 S 93 F %
t}. 1 3 chloroform¥} methanol& 2:12 &3}3sk
FR4 1 n0g Y3 FAsIAk of F 3000 pmol A 102
7 9AE st 8152 chloroform3-2 A3t ¥ 515
HE 50°C ovenollA] 24~72A17F AZA|FTHBligh & Dyer 1959).
AZAIZ A9 0.5 ml2] methanol-& Y17, water batho]| A &
A BB

L3R]7] A2 2] XA == glycerol-3-phosphate oxidase-
PAP A1 0} 4 ki(eHIAIE, FHE spectrophotonter
£ ©|-&sto] 550 nmol| A FFE=E S5 & S 2H
E 5t ZE2HE 7R 24 E o8t S &
S AR XA S5t B4 kit(oPHA| ¢k, gk
< ©]-&s}e] 500 nmof| A B|AY AgFst i, HDL-Z8 2~ E1&
L IDL 9 VIDLE FAAI7 & Jolgle HDL %9| 2
A2EES Sk &4 kitoMHAIY, =S o835ty
500 nmof A FF=E SASHATH




Vol. 24, No. 4(2011)

3. ARz

H o] A ATE-2 SPSS(Statistical Package for Social
Science 17.005 ©]-&3t% =005 oA AAZS 7 &
oqel Aolg AZIAG. RE ZHAL APET B2
HFQAE ALtelgla, dPufA] EAkEA] (one-way analysis
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q4¥E AEA 0 K9S AR
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1. AOo|MF(E, MESVIE, Alo|gSs

A 717F T ZF 9] Bt Y Aol AT ASST
T W Ao]a&L Table 29 Zth Aol P AwE,
control o} 1] 7+9] Aol d {7} Alo] Y 30% 37+ RB309]
A oA 02 =9k} Gordon 5(1983)9] H.1o] &J5HH o]
AE A2 5 784 Aoldf7t gastric emptying rateS =3
o, B84 Aoldf= flollAl bulking effectE A|5-5to] £io]l
A9 EZRizhE e =74 s, o] ZRkghE e3Eet A
GAA 7] el AargE FaAAZTHL sHTh A
T2 AT Ao AREY RN anE B
Al AFY Aol dFFo] =4 Uetdthe Z23HKim &
Lee 1995)¢} ARt} AR 7|3t F¢H] AFF7HEE 4ol
AR7F J7HE o] controlZE T f-o]H oz £gkomn, o]
A= Muller 5(1983)2] Aol A fiber freew0] Y cellulose
controlw2of| H|s &S F8l 84, 7 Alold7E &
7 TEe 29 AFo] ¥ F7tstthe 2ol Zedth

Aol & AR B¢ ASF57HES AoldFge
2 Yol AHERE GO controlo] Aol dR7F F7HE <5
of wjsl Aojago] W& AME Hrh

2. e FH|et 20|

AF 717 T 24 2 9, 2% e FAL dolE
AF 100 g GO &2 A Z1-2 Table 33} 2ot 919] FA=
control¥} RB109]| H|&] RB20Z} RB30¢] §-oJF o2 =9trh
(p<0.001). 279 EA = control} A Tholl 9] & Q1 2}

a7 Aoldf7t AHe) BBl A 4% 625

o7k LR A] 93gkoml, TjAHe] 7 controls RBIOS] 1]
3l RB207} RB30°] oA 02 =3th(p<0.01). 2741} 7t
o] Zoli= controlz} AHF7HO] 21Kl Zfol7} LehiA]
orokt}. o]= male Wistar rato]|A| fiber free, 10% cellulose,
10% alfalfa, 5% citrus pectin, 5% guar gum, 10% metamucil-&
4570 3PS 1 249 ool Ael7F YehA| ghgith=
Calvert 5(1985)2] Ax}o} AX|slHch

3. HiEdEE W LY sEEtet

Ag 7|17 B ZF 2] 1Y He S
BHAFSE ZhS Table 33+ Zrh

O] F7F2 controli BT} A]o]AF H7HEe A Alo] W 4]
o] e meEl fF o R FIIEATHp<0.001). ol= 24
ARZE AZAZ] A FFIAE s & S71skom, | U
SESEF E5t v Aol gRfo] TSRS foFez
27Vt p<0.001). A-7-E 2] HH o] B35, & WEE
o] WuslA| =i He] Bujk FojA o]F o]FAlI7]7] $3iAl
= =2 i Hintraluminal pressures)& 2514 Fr}. ofuf 4]
oldREL AW EES FARTL AHE Foldle IS
817 Elt}h= Bourquin 5(1993)2] A E Aol df Aol
controli- H Tt Wi, A S W U SEITFO] Eokh

AHF
U 2

flle

4. H L§ X

A 7|17 B¢ 7 29 19 | Y & ZH2HE, FAA
1), HDL-Z3| A H 28 A8 g2 Table 33+ 2ok ¥ Ul &
Y 2HELS RB30w0] ThE o HF) fod o= =ta
(p<0.001), ¥ W F4A1%2] F-& RBI0OZo| A 714 Wokom,
RB30OIA FYH 02 = Thp<0.001). HDL-ZH| A HE
£ controlo] ]3] Aol FJH R EHJHTHp<0.01). o]=
U ¥ FFo 2 kst ol vl o)) kol
WSS ¥ Fo] FUIste] RB30IA 7HY EA veRd
Aoz Helrh Kang & Song(1997)9] AFtollA] Ao]4d 2
ZH2EE Astaes EHO R G54 ujd F7to] 2
g Ao AT 9t gEAle] Y HERRE
el BEAZA AY ZH2HE0] A2 wjdEEs §

Table 2. Food intake, weight gain and food efficiency ratio of rats fed different level of rice bran dietary fiber

Group Control" RB10 RB20 RB30 F-value
Food intake(g/day) 15.46£0.77 15.66+0.54° 15.62+1.14% 16.94+0.43 8.918%#%
Weight gain(g/day) 4.27+0.70" 5.08+0.29" 5.22+0.81 5.30+0.67" 5.168%*
FER” 0.27+0.18" 0.31+0.09° 0.32+0.22° 0.310.19° 4.715%*
D See Table 1,

? Values are meantSE. Data were analyzed by one-way ANOVA. Values with different alphabets are significantly different among groups
at the p<0.05 level by Tukey’s multiple range test, ? Food efficiency ratio=weight gain(g)/food intake(g), *p<0.05, **p<0.01, ***p<0.001.
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Table 3. Weights and lengths of stomach and intestine, fecal weight and fecal water and lipids contents of rats fed different

level of rice bran

Group Control"” RBI0 RB20 RB30 F-value

Stomach weight(g/100 g B.W) 0.68+0.08"% 0.65+0.08" 0.93+0.04° 0.80+0.08" 17.174%%%
Small intestine weight(z/100 g B.W) 2.15+0.12 2.14+0.02 2.19+0.23 2.03+0.22 0.159
Large intestine weight(z/100 g B.W) 2.1440.10° 2.06+0.23" 2.56+0.02° 2.70+0.11° 6.924%*
Small intestine length(c/100 g B.W) 31.50+1.19 29.06+3.15 30.9145.74 30.27+1.57 0.242
Large intestine length(cn/100 g B.W) 6.24+0.39 5.85£0.25 6.50+0.37 6.70£0.31 0.646
Wet weight(g/day) 1.44+0.02" 2.49+0.17° 4.0240.20° 6.96:+0.45° 94.382%%*
Dry weight(g/day) 1.21+0.02° 1.59+0.13° 2.58+0.15" 3.8020.19° 75.868%%*
Water contents(%) 15.76+0.58" 36.69+1.13° 36.08+1.24° 43.59+4.55° 30.9347
Total cholesterol(mg/day) 12.38+1.50° 11.17+0.36" 11.12+1 45" 22.04+1.30° 14.974%%*
Triglyceride(ng/day) 8.90+0.45" 6.05£0.46" 7.62+0.64" 12.26+0.71° 18.738##*
HDL-c(mg/day) 0.72+0.05" 2.88+0.64" 5.14+1.37% 7.7941.79° 7.029%*
) See Table 1,

? Values are meant SE. Data were analyzed by one-way ANOVA. Values with different alphabets are significantly different among groups
at the p<0.05 level by Tukey’s multiple range test, *p<0.05, **p<0.01, ***p<0.001.

3 Az o)7] wolt} o]d Ao]MHer}t T S| 1]
A= FEFE AoldR9 FFl wet okt 25 o3

o
Atk tioh9] Ak(Kang 5 1994; Yang 5 1996)°|4] 4=
A4 Holdg W o ZH2EE wEo] o|Fol AR, 2
A Aojge BalaHE WAL gloke B
shAEt Witz ZaadE Astant gl B84 Aol
<l cellulosee #2029 GF HldS St Hal
7} 1thLafont 5 1985; Gallaher & Schneeman 1986; Ebihara &
Schneeman 1989). o]o]] & ¢ Lo A= controlo]| B]3}] RB309]

AR S SESEHES FEAY Il FoHe= w9

op op Kl

B B NoldRel ug Aoldft MoR Sdx
H22 ERts 238 A9tk 20 W) HDL-2e 2
2 E3 RBIO0ZOIA §H0E B9k

5 83 X&=
A 717F Bt 74 o] @F AFo FEE A g2
Table 49} 2t} 84 S4X%, 5 S8 4EHE, HDL S A
HE3 LDL Z2HE9 FXZ+ controld} A 7+ X}
o]7} ¢l%ith HDL-¢/TC B]:= controlo]] H]3 4]o] W A]o]A
F kel Mt wolxlE A Bk 181 AR -9

jus

Table 4. Serum total cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol concentrations of rats fed different level

of rice bran

Group Control"” RBI0 RB20 RB30 F-value
TC(mg/d) 53.26+ 4.13% 57.10+ 6.42 54.59+1.18 52.81+2.75 0.168
TG(mg/d0) 58.97+10.46 65.62419.42 4532+5.58 48.7243.28 0.572
HDL-c(ng/d0) 2474+ 1.56 30.15+ 3.63 30.59+0.49 28.7742.51 1.067
LDL-c(mng/d0) 12.86+ 2.40 15.28+ 4.64 13.0742.32 9.19+0.96 1.121
HDL-¢/TC 0.55+ 0.02 0.58+ 0.05 0.58+0.02 0.64+0.01 3.691
AP 0.87+ 0.12 0.74+ 0.13 0.72+0.06 0.57+0.02 2.095
Transit first” 10.04+ 0.22 9.94+ 0.21 9.91+0.27 9.33+0.31 1.664
Transit time” 122.20+ 1.51° 120.04+ 3.22° 102.24+0.36 101.06+0.17" 39,824

" See Table 1, ¥ Values are mean+SE. Data were analyzed by one-way ANOVA,

3 Al(Atherogenic index)=(Total cholesterol —HDL-cholesterol)) HDL-cholesterol,

» Transit first is the time of the first excretion of blue feces after ingestion of blue dye,

* Transit time is the period of the last excretion of blue feces after ingestion of blue dye, *p<0.05, **p<0.01, ***p<0.001.
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2 Q1 Aol & Ho|R= gFgkeu, controlo] BIS| Aol A
Foll whet WolRl= A3dE Btk Aold i SH2EHE
I GEAY] 45 AR Aol A 9 lipoprotein H] £}
Zroll A1 9] lipoprotein /32 HIAIA A SH2HE 5%
o] G FA Hrt= B7} 9tHChen & Anderson 1986).
a2 pure gelojut gumit 22 =84 Aol f+= EH =
A2HE 525 AaAATE 7 YATHKay & Truswell
1977), 2o} Aol cellulose®} 22 £-84 Aol df A
F Aol aaprt gloks BE% Qlck(Story JA 1981). @zt
A E8/d Aol miZke AF Aol €3 EEXEHE &

Tof Meph yehtA] o2 & A7) 2ot dAH-

SIpAIZE

717t Z<F ZF 39 transit first@} transit timeS HAFSH
7k Table 49} Aot FEA WHol X5 U2 AJZH] transit
firstE =W, controlof H]3| w|7} Ao] (-5 HFHT +=0I
frolF ol = AT, =27t Hadte A3FE B, vhA|
o} Z=2M Ho| UL transit timeo]| A= control®} RB10¢] H]
8 RB20+ RB30<2o] foj& o g 7 Fatr|zto] T&H A
< & 4 thp<0.001). ©]= Begin 5(1989)¢] A+to|A SD
ratof| A cellulose, guar gum 5 40| W 5%E A3 o
fiber freextol] H|8l Alo]4d-f H7tollA & FapAIzro] A
ok Hugk Aa 2ok

ot 02{_

6
A

off

7. RI1E EFE

A 71 T 2 29 1Y A, vied 1 g
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a7 Aoldf7t AHe) BBl A 4% 627

G52 Table 59} 2t} Controlo] B3 )7} 2jo]d -] 35
o] obaE Ca 420l S71519LT, B3] RB20OIA F
2o} Z71ech. ol w7 Aol ol Caol BEl] 3
o J# o] Z7HE A0 Bl ¥l 1) Ca MRAIZEE control,
RB103} RB209]| H]3} RB30°] -§-2]& 02 Z7}5FAtH(p<0.001).
Ca v E3F UY ¥ S-S Joto] gHbstgeng, mj
7 Aol Tl Eold4S Ca WAl Z71c Ca &
&2 RB30°] ThE Fof| Hls FoF o2 Wthp<0.01).
o] A= Abgtoll Al Aol 53 22 ¢ FAAA E84 A
-2-(NDF, Neutral Detergent fiber)/dayS 294 7F 2532 o
Ca w3 olli= W37} gllou, 94 35 g0 & S7HIRS O
= 99 Ca #FE Ho, 75 AsFth= E3(Van Dokkum
5 1989 YATH FFE BTk EF 26 gye] WA,
S5, 3 978 FoIWE Al WMo WAEE Cao)
o] F7Hith= A2 Y UTHDintzis 5 1985). oo o
3} Toma & Curtis(1986)= 4]°]dF A H7F S71shd, & U]
o)A Cas HFet=1] 4222l Ca-binding protein complex”}
A E 7] ol Cadl vdFe] S7tsk= Aol 4&
ARt =g vt 2ol ol Mgo] e-rE o] 3lof, o= ¢
3l controle] 18] w17} Alol47h BHE 25 Mg AT
o] 980T FFOHP<0.001), ol Ao] Y] Aol
Foll wet S7H= ek Mg v A= E3 controlofl H]3f A H
O] T2 o2 FUTHp<0.001). AHT2 Wol AHe &
T ol WAHUAN, TS5 AHEYS ), controlo]]
H|3] 2o] W Ao]df Fego] EobdeE foHo= Ha
e ot 2= 19 thp<0.001). Gordon S(1983)2] ATLAA =

Table 5. Intake, excretion and absorption rate of Ca, Mg, P, Zn in rats fed different level of rice bran

Group Control"” RB10 RB20 RB30 F-value
Ca intake(mg/day) 74.47+1.17% 76.11%1.16" 85.75£2.56° 86.63+ 2.07° 11.848%
Ca excretion(mng/day) 24.53+0.36" 22.18+1.86" 28.78+2.99" 42 46+ 4.75° 8914
Ca absorption rate(%) 66.98+0.72° 71.33£1.97° 66.87+2.65 50.28+ 7.71° 7.156%*
Mg intake(mg/day) 8.3020.13" 49.73+0.76° 64.52+1.93° 92.18+ 2.20° 534, 748%*+
Mg excretion(ng/day) 2.41+0.06" 15.33+1.02° 34.7942.73° 66.06+ 5.19 119.663%**
Mg absorption rate(%) 71.25+0.93° 69.61+1.54° 46.5542.91° 27.39+ 8.75° 38.943 %%
P intake(mg/day) 47.0040.74% 103.8+1.59° 173.16£5.17° 232.50+ 5.56° 430,753
P excretion(mg/day) 13.99+0.25" 30.42+2.08" 61.15+5.21° 113.50+11.67° 70.653%**
P absorption rate(%) 70.22+0.43" 71.12+1.51° 65.04+2.11° 50.37+ 7.14* 11.046%**
Zn intake(mg/day) 0.70+0.01” 0.710.01° 0.88+0.03° 0.95+ 0.02° 44217
7Zn excretion(mng/day) 0.41+0.00" 0.48+0.04™ 0.56+0.04° 0.88+ 0.07° 20.154%
Zn absorption rate(%) 40.87+1.09° 33.9624.24° 36.86+3.53" 720+11.46" 8.392%#%

D See Table 1,

? Values are meant SE. Data were analyzed by one-way ANOVA. Values with different alphabets are significantly different among groups
at the p<0.05 level by Tukey’s multiple range test, *p<0.05, **p<0.01, ***p<0.001.
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cellulose®] 0] 2 wf, Mg®] F-&0] Aok 202 Y
ERtth o= 75} W A AR FHRLoA 9] Mg o]
29 o]-§x=7} YojF7| wizo|2al Behar(1974)= At
P9O] S4&-2 RB30¢] thEo| v foH o= Wk, o]
& Jang & Jung(1996)] Aol Al win| e} WL 0] Alo] 4
£ AFe AR An], B, 1Y Aol d{E HHAIK &
o ¥ o wjd=Fe] Ao R a1, F4Eo] fFoHer W
Utk Aot Y23t Znol - controlZH RB10¢] H]3j
RB203} RB30°] f-9]4 02 HFgo] Wk (p<0.001), vj4
F= WSTh Zn9] &A= RB300] tHE ol Hl3j
oJF o2 Wrhp<0.001). ©]% Drews 5(1979)0] P o]
A 219 54t cellulosel} pectino] J7He 20| & AlF Al &
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SJ5HA Z7}or<ﬂﬂ(p<0 001).
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7FFRAIL(p<0.001), 273} o] Aolofl= o] fllem,
T oz A FHAIZEe] WetHTHp<0.001). wEbA] w7t
*—JOHJ% AH A A W AR SEEA7IH, W) St
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