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Effects of Chitosan Treated with Enzymatic Methods on Glucose
and Lipid Metabolism in Rats
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Department of Food and Nutrition, Ewha Womans University, Seoul 120-750, Korea
Department of Food and Nutrition,** Gachongil College, Inchon 405-701, Korea

ABSTRACT

This study was conducted to investigate the effects of chitosan and beef tallow at different
level on glucose and lipid metabolism in rats. Dietary fat level was 20% and 40%, and chitosan
was given at levels of 0%, 3%, and 5%(wt/wt) of diet. Chitosan supplement tended to decrease
the serum total lipids, total cholesterol, and triglycerides. HDL cholesterol and HDL cholesterol

 total cholesterol ratio tended to increase with 5% chitosan supplementation. LDL cholesterol
and VLDL triglyceride tended to decrease with chitosan supplementation. Lipid concentration
of liver and epididymal fat pad(EFP) tended to decrease with medium dietary fat and chitosan
treatment. Fecal excretion of total lipid and triglyceride exhibited a tendency to increase with
high fat levels and chitosan. Length of small intestine and gastrointestinal transit time were not
affected by dietary fat levels or chitosan supplements. Therefore, it could be suggested that
chitosan supplement had beneficial effects on lipid metabolism. (Korean J Nutrition 31(7) :

1112~1120, 1998)
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ose tH7He 2Hist AEAY SR Zhgta Qi) 7]
EAte] 9571 5E 719(Chitin : poly-p-(1.4)-N-a-
cetyl-D-glucosamine)2 A}, NS¢ 2 717459
A3, 2F9 137 9 WA, FF9 Alx8e 5=
HAnEAEA|T? 7| BEALL Jldle] golAdisE
24 HArAgg SFAY FdEoIAY fertilizer,
EGNBA 5o F2 ALgHo] gt m=3 2P 9}
A BN EEA S| ol AUEUA okEHok(g
#EF, FUEY, T4 BHAL AAHAEZHA B),
2 E-$-8-Fok(clarifying agent), 3FHF2-8RoK(vi-
scosity building, coating, FEHEF4] T) {84
A7t = Y. 53] AF oAM= antich-
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olesterol ¥ fat-binding, lactose intolerance inhi-
bition, FT2E, BEd R F3RFIA, AeldR7t
Ze 94 7154 T9 540] 8lo] olF 2Ed &
£3tele A7 AEH 3 ok B3 glucosamine?)
AR S} FggFge] Ye TR TR
Hol #4E Fu glod F845 AF &9x Hud
H}' 9;11;}'16).

ey EA4] ANED Qe VEAL {714k 4
A3 F& QT 2L FridelT gaE e, gent
7} ¥ubo] Zate] 2lFd A 837w TAA] o]
A, Fol - B - FEA e £847EAH] BalE e
o] &7F 3 gict. o|#E F|EAA &4 AL
Y#e 2 carboxymethyl chitosan(CMC)e] 7=
Qo AFHER 7} B4 R 840 ©o
W ¥ A4S e Al Ao} Aol ¥R ¢t
a7 J1EA EEAY AxPozE 3 Yy
3} 523 Wyo] RuEn QAT wrg-Aoje)
Yol EA7F Qe T3 7| AL o} 2 Alate) whgof
o3 "olnlxgts Fulsls AEAIEE Yovle of
AP0 E JBEARFHEAS AE & Qe o] B
NEAL 35 o|H7L Al AHFAQ o]fo] o F
o] ltt. ¥k, oju] - 0] 7} Q3 HE=rt o} 2FE
9] o] &o] rhestn A3k EAFUY FdT JEA
FHEEE 9L 4 = PP =E esterased o] &3
A | EAEAERS de Wol /EET o, &
g vept A3 A A H oz dAEEA AAhge] A3}
53 olof] e} FHAsle] ¢ THI|AAS, Gy,
& T TAEPgETo] TR UM, FNFYZAL
B o3t 9-7] vz}t Fvle] XA E 1980d
21.8g0 2 FE9F9] 9.81% 9 W o] 1995\ = 38.5
gl = FEu9 19.1%% X3 APl 1.864 &
7FEaL, o] F FEA AWe 18.0g0E AHH
9] 46.8%1} €t}
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7t Azt SRk Eol FFEHO FEARA 3 9L
5%% AMA|sta ot P AL v gALA
A AgiAt Fo AEARAEA Ao FH2HE,
FAAY 2 LDLEA2HEY] =9 Aujee] o
@A i, FE8% F 2lo|A W] AAste vl&o
FARNATE &S vt A2 G Holay
o2 aNoFAE ¥ BREAA Y FUk
A A4S FFsl A, 584 doldert
FAL FEE nXE A2 BuHa gt} | EAL
< FHE 7HE T84 Aol fAolBR grrtel

ek &7 Z1thE Y ofF oo thgk ATt mlulg
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AAolt} F|EAL FE2UY we B8, 38ty
o] @l 3 oo ujg} 7154 BEAU &, A%, T
&0l T A5 Gt 4 v
A= NOCC(N, O-carboxymethyl chitosan) 2+ 3
&2el Ao o3t FEARSE D] el g
gt d7e 4F 2y b Qo g3 oz A
& FIEAESERDY Aeld EAd) dig dF= A
53 Aot} w=F Haoll 9J3bd gahgl 2y
o3 FEAEHEA S AT A Fo HEo] o
Y, 52230 AP 3 B HEZDL ofr] -
o]#7} §lo} AFoe] HLo] rhEdltia g}, wabA
AN Zg FIBAEATH esteraseE o438 7|BEAE
HEZ AYHA ] i |77t a7t
metA] & dFoAE AolAgET T EATSFHE
gEjdied TAHQ) WYz AHeF 7Bl BFHY
AtiAte} Bojatel vlXE Gehe Jotnuat shinh

Me X 34
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348.63+84.7g¢] Sprague-DawleyZ 3 &7 42
ul2)E AFol e} ¢3)Y (Randomized complete
block design)ell &8t 622 o] Agol2 5
F NS (Table 1), A3 A7|7Ps¢ 2858
£ eleld Bt cagedl A AFSstm B3 Ao
T Agglol Mg dgint. doje] Agdoese ¢
2l (beef tallow, 2] A7) 5 Al83lI¥ e, 2 $&&
SR GG TAPS} AFFFEYY AT AMFALE
X HAHHLA FFAH Y 40%(216g/kg diet)
& vl R HaAadHE< 20%(94g/kg
diet)2 T8I, 71EAHE Leed] WPz 2z
T AR, FIEAE AP E A BEALY esterase® 7}
FEAATL FAHRE A AYeE, JeBzRE
RE FEol AMEIAa, EAHe 3~100kDa Alol
off &A1t , pH 7.0°14 Brookfield viscometer(Mo-
del DV-1, Brookfield engineering laboratories,
USAIR &A%t o] 7| EAMESER ] AxE 5%, 10%,
20%5-&A A 42 4~23, 13~80, 35~1200cpsS
o 71 EAtY] HrlrEe NPQATEAANOE F23lY
20| A9 3%, 5%FFO2 Aol o) FTFIAY
o AY77 Bt AoldFHe F 23], AFE 13
ARG A7 A3,
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Table 1. Composition of experimental diet/Group(g/kg diet)

Ingredient Corn starch Casein

Beef tallow Salt mixture” Vit mixture®

Methionine Choline chloride Chitosan

mc? 706 150 94 35
ML 706 150 94 35
MH - 706 150 94 35
HC 584 150 216 35
HL 584 150 216 35
HH 584 150 216 35

10 3 2 0
10 3 2 30
10 3 2 50
10 3 2 0
10 3 2 30
10 3 2 50

1) AIN salt mixture(g/kg mixture) : Calcium phosphate, dibasic(CaHPO, - 2H,O) 500, Sodium chloride(NaCl) 74, Potas-
sium Citrate, monohydrate(K;CsHsO; - H;0) 220, Potassium sulfate(K;SO.) 52, Magnesium oxide(MgO) 24, Manganous
carbonate(45 — 48% Mn) 3.5, Ferric citrate(16 ~ 17% Fe) 6, Zinc carbonate(70% ZnO) 1.6, Cupric carbonate(53 — 55%
Cu) 0.3, Potassium iodate(KIO;) 0.01, Sodium selenite(Na,SeO; - 5H,0) 0.01, Chromium potassium sulfate[CrK(SQ.,), -

12H,01 0.55, Sucrose finely powdered, to make 1,000.

2} AIN vitamin mixture(mg/kg mixture) : Thiamine - HCl 600, Riboflavin 600, Pyridoxine - HC| 700, Nicotinic acid(nico-
tinamide is equivalent) 3,000, D-calcium pantothenate 1,600, Folic acid 200, D-biotin 20, Cyanocobalamine(Vitamin
B:2) 1, Retinyl palmitate or acetate(Vitamin A) as stabilized powder to provide 400,0001U vitamin A activity or 120,000
retinol equivalent, DI-a-Tocophery! acetate(Vitamin E) as stabilized powder to provide 5,000IU vitamin E activity, Ch-
olecalciferol(100,0001U, may be in powder form) 2.5, Menaquinone(Vitamin K, Menadione) 5, Sucrose finely powd-

ered, to make 1,000.

3) MC(Medium beef tallow 20%+none), ML(Medium beef tallow 20%+chitosan 3%), MH(Medium beef tallow 20% +
chitosan 5%), HC(High beef tallow 40%+none), HL(High beef tallow 40%+chitosan 3%), HH(High beef tallow 40%

+chitosan 5%)

3151t} 269 A9 Marker2 Carmine red(Sigma Ch-
em Co., USA)E 0.5%9] s== Ageld] AHrls}
o Fastn, WA ¥ ¥ markere] WiAdS #Fs] A
Y2 Fo} A)ZA7E carmine red7t ® Fo A U
ER7lA e} Alzhe s B AIZHGastrointe-
stinal transit time)& 243}

3.9 - e - BYf Q[ HjMYF ZFA o3 R
2AAE 0 BANY FH|

AYEE 39 diAbgelA 2447k B WL A
A, =S FASAY. APF8A 127 B¢
F BEL ethyl ether® wHAA AEstn Ao,
ZRE FAE A ohe A2 30% o) B 8
FAE 2000rpmell A 3087 AAlE sl BElg
A9 ¥ APHENE AT A5 AMESIw,
Uz @38 Ay Al E4S Y3t WE B
o YL 3 T A 4 5EEL s &F
< dlo] o] Zol& A1, 2% 4R 10~60cmAlolE
et AN F WA EEE A3 US B8
AAS L, Gl knife FHE Fol 4ui5-A)
9] Z57<9 A d8EA 4, 7000rpmell A 108
7t AAEYT F AEFYS o|FFEHaLEA
AL A% AEE -T0TAN YERASAY. 7
18 etz 2 e do] A 243 & A4 e
7 WA BF Basiict

Lipoprotein fraction® KBr#} NaClZ THE den-
sity solutiong ©]&3te] £a]slux} 1= lipoprote-

e A oy

in% Y] AxE w5n 94 Resid 43l li-
poproteino] £ H & Y& o] 8¢ ultracentrifu-
gation™*"] 2}8] Very Low Density Lipoprotein
(VLDL, d<1.006)3} Low Density Lipoprotein(LDL,
1.006<d<1.050)2 #3id.

4. °I37 2R A (Sucrase, lactase, maltase)|
By 8%

Lactase, maltase, sucrase@4d-2 Dahlqvistd®oll
o8 SAsA APFES AN AF A L
UGS XA garEe) 7} o R - g
& E381A incubationAZ] Y& boiling waterbath
oA W& FAAZ T 9714 TGO(Tris—glucose
oxidase) reagent® #7138 HHAA 420nmolA] &3
EE ZA3Y. olgd-F Bel a4 B4-S gpecific ac-
tivity (units of activity/protein g) 241 Vel F4
He] hulg &3S bovine serum albuming E5FE

A= A3t Lowryd ™l o8 AFsdct.

5. Agoatel 2%

839 FALFE FringsgP o2, 2Zd2HEF
& ZakPo 2 A3t 49 LDL FHAHE
F& cholesterol hydrolase® o] 83 &AAjo¥kit (g
% AP E, HDL Zd 26832 cholesterol ester-
aseZ o] &3 FaAFkit(oRtAleh 2 AT} ¥
2 VLDL$ A== lipoprotein lipase$t gly-
cerokinase® ¥&3= E2A % kit(dF AP = &
Aot 7 Ragkxwre] xS Blighet Dy-



erd®z} Folch¥¥& o] 83l A3 1, e 2w
%S 353 AWEHS methanoldl 3o Zakg®e
2 u| st o, FAxHERE lipasest glycero-
kinaseZ F&3 G4A)2kit(FF AP E A3
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EEAY 249 A0 FEX e BF A2 ALt
AL, 4 AT ALY F949E a=0.05 F
oA Duncan's multiple range test2 A33}ith
Alolxke] gF(A), 7|BAY H71EH(B)Y 93 o
=0.055FAH two-way ANOVAR H4I3ic} =
E BAA 24L& SAS programe AHEEHT

21 9 27

1. Aol ATN M5 1T

Aol Mkt #FEZ/1FE Table 29 YERNAT
2ol M F T Aok wakde 2lolrt glle
U, F2943% 7 BAbANT (ML) S Algstas SR
AHATNAN G T2 Aok BT I BT
oA Aol o] wolHr} o] Ho|x|Htte]
o} AFE o] dF o] F7I8l= AEE Ho|H¥® X
HpgEo] FolAW 2lole] Bt calorie densityel] %
FL F0] o4 Fo] 7+4F T Yoshida 599
Ao} At AU et AEEEY AFToE
2 uAEAA Za, FIEAE A AT

2. 30M

1) FRNATY =7
FEAFAZT 2L Table 39 Uit T84

Table 2. Daily food intake and weight gain

Daily food Weight Gain
GROUP intake(g/day) (8
MC 27.14%+1.37°"  92,032+13.978°
ML 19.14+1.59° —4.7631+15.903°
MH 23.941£0.63" 11.800+£14.013¢
HC 24.74+1.34% 109.503 +11.094*
HL 21.73+0.88% 63.478+£17.278®
HH 20.02+0.60° 29.942 +21.666™
Significant factor” B, A«B A B
1) Mean=£S.E.

2) Values with different alphabet within the column are
significantly different at p<{0.05 by Duncan’s multi-
ple range test.

3) Statistical significance of A and B factors was calcu-
lated by 2-way ANOVA. A(Effect of fat was signific-
ant at p<0.05), B(Effect of chitosan was significant at
p<0.05), A+B(Interaction of factor A and B was sig-
nificant at p<0.05)
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G 71BN A8 A=A st wid
3 n#e TA3%I| BT (ML) O] W BEe
2 A& ALstne HolAgygolyt 7B A
7t g A B gl YT

2) AU FEUA I (Transit time)

71 E4ke] 8F ] A7)Fd v|XE FFE Yo} H7)
A8l R LT ol9 FEYAITHE Table 49 e}
et G¥ae) F571 F2 o] 2R E A%e] Lo]
= HojA ot FIEARE I WE Zo)7}
th, FEHA GA] 2ojdl] 9§ Fgko] gt FE
FAFE g2 Fgd JFL vE Femz
Aol dfe] Mot 93 ZA 2 JFurldE Feke
Z Aoz AgHE), 4ol celluloses A7 s
W A2} 7re] A% §F Vahouney B9 2
eb= 2] 7| EALe) ot wet AF A7) A
2] gkt

3) °I3F 2%HA Y (Disaccharidase activity)
Aol 7t FRAUALE AXATIE 71HeR 9 o

(1

Table 3. Daily water intake and urine volume

Daily water Urine volume

GROUP intake(ml/day) (ml/day)
MC 44174757 16.833+3.600®
ML 28.33+2.79° 3.667 +1.085°
MH 40.83+7.35® 22,667 +7.102°
HC 71.67+14.70°  21.500+6.989*
HL 41.67+14.98°  24.500+5.346
HH 25.8346.64° 21.000+5.989°

Significant factor” B

1) Mean+S.E.

2) Values with different alphabet within the column are
significantly different at p<{0.05 by Duncan's muiti-
ple range test.

3) Statistical significance of A and B factors was calcu-
lated by 2-way ANOVA(See Table 2).

Table 4. Length of small intestine and Gastrointestinal tr-

ansit time(TT)
GROUP Small intestine(cm) TT(hr)
MC 133.67£6.07™""  22.5442.82™
ML 130.58+2.94 21.67+2.23
MH 123.831+4.80 14.38+2.51
HC 129.17+7.81 14.83+2.45
HL 129.83+7.38 21.98+2.58
HH 119.75+1.34 22.29+2.63
Significant factor” A+B
1) Mean=£S.E.
2) Not significnat at p<0.05 by Duncan’s multiple ra-
nge test

3) Statistical significance of A and B factors was calcu-
lated by 2-way ANOVA(See Table 2).
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o] lactase, maltase, sucrase 25 FAdrolA 7|
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1) @80 ARYR S NHEY
A FAAEE, TZU2HEFT, FHALEF

3+
=
A

=

Rl Azt ® 7| EANS ol EE) Ho
-NHy7} =253 polyanions$} gel& BA3te], A=l
oluf Folzie} 2 HAdo] e AoldFET o vi-
scosedt AAE 7HXA Fop. Wt & HAE V)
7 7)1 E4ro] micelledA mucosaZe] Fd|AHEY
A A19A)7) 3L, gastric emptingS A AAA,
A ZH2EEY F5E ASAIH22H hypochol-
esterolimic effectsE UEE Ao AZ4d0 7|E
A7 ] g By ST TaE T)EAY
AolAA4g) AAe] F71, gastric empting AQ, A4
E49] ZHaol 23 hypotriglyceridemic response™

o) A9 Ao AzkAet

g3 AhBEge] {AFFE Table 7o YEA
o} BNAsE oE &3t Aot ¢elR HDL
ZY2HES FANTAA =& F8E BT, 5%7
BEdvReeA FulEe B%e B3t Wb HDL
ZU2HE3 EHFFZU2HEY HEL FAYTY
A F7MEE S YT 7EAET o S
AN FA% 5%\ EAVZIE (MDA freldez =
& gk Jebdlh o8 @ A 71BN TS W
2lo)z)ute] Zh ol gf Zhidl wEkA TxzAoR
HE 7ko = $utEE= reverse cholesterol transport
= RS 7} A5 Y26 S0 thet HDLEZA2HE H]
24 UeR}= hypocholesterolemic actiond] 98  &°] $718t5tHe Razdanst Pettersson®e] ®.1.9}

Table 5. Disaccharidase enzyme activity of jejunal mucosa(specific activity)

& Table 60 UM 83 FAAFFE o)A
ukERd) e 2ol §E, Son®, Kim} Seol®<]
s o] FIELE HIMESE ZAEE AYE R
At 8% FZe2HETFL Ao AWFE] I
< yix] ok=tl= Middliton® Schneeman™e] ¥
o} Zo], 2lo]d o7t o] gy, FIEA T
o #asE AFolden, FHAALLIE 7| EAT
& A7NETE AAsHE %S B J)1EAE T
A% FZe2H B9 BaE LeHoux® Grondin®9
AFAME BAEEH, oA 7|EAr] At
o4 Zel2dBo] micelle? BRAE AS Belge

GROUP Lactase(unit/g protein) Maltase(unit/g protein) Sucrase(unit/g protein)
MC 5.28+0.37"" 23.69+2.84° 5.19+0.97™
ML 7.92+0.85" 26.70+3.04® 7.38+1.85
MH 7.76+1.21° 35.16+3.58" 8.16+1.31
HC 6.68+1.08" 32.82+3.11% 6.34+1.56
HL 4.94+0.90° 23.74+3.71° 4.66+1.14
HH 6.23+0.36® 25.81+2.26 6.06+0.72
Significant factor” AxB AxB
1) Mean=+S.E.

2) Values with different alphabet within the column are significantly different at p<{0.05 by Duncan’s multiple range test.
3) Not significnat at p<0.05 by Duncan’s multiple range test
4) Statistical significance of A and B factors was calculated by 2-way ANOVA(See Table 2).

Table 6. Serum total lipid, total cholestero! and triglyceride concentrations

GROUP Total lipid(mg/dl) Total cholesterol(mg/dl) Triglycerides(mg/d})
MC 323.574+25.44™" 101.71£13.61° 55.14+ 8.59°
ML 232.074+22.52° 80.46+11.91%® 29.77+ 4.87"
MH 256.99+34.41% 77.14+11.82% 2471+ 2.76°
HC 325.20+17.55° 85.13+ 9.17* 4959+ 8.73*
HL 296.20+13.71%* 59.43+10.28° 54.14+14.25°
HH 271.08+17.72® 64.94+ 7.72° 29.27+ 3.82%

Significant factor” B B

1) Mean+S.E.

2) Values with different alphabet within the column are significantly different at p<{0.05 by Duncan’s multiple range test.
3) Statistical significance of A and B factors was calculated by 2-way ANOVA(See Table 2).
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AFFE(ML)YE Astae 7|EAR7 ] b2t 2
He A% 233, W4 FAATel FrAHEY
VLDLE39] FAA e 2T it 7|27 2
AFE AEE EA

2) e MAYF

7+e] A AHFL Table 8o YeRASITE e} F4
1ot o)X e A} 1B Holel 9
8 Zashs Aol 2] FFH2u g F4A
e g 23 Byed, JolggEe it
F1EAR7L o8] aEUT ole FIEAE I 9
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Table 7. Lipid concentrations of lipoprotein fraction

T

B 28 e s 31(7) ¢ 1112~1120, 1998/1117

12§ Sugano $*, Kim# Seol®™¢] 79} A8t
Axge} ol £& LeHoux® Grondin™o] nZe
2EES 3T A 2HlA 7| EA o] A Fal2H
E2349 F2z28 849 HMG CoA reductase(3-
hydroxy-3-methylglutaryl coenzyme A)¢ 84<
ZANA 994 U288 HAAR 288D
78S AAF) FAGEE FOo2ZNR 75 TS
Aok 3 2ot el IS JoE Aztdrt

3) O UA XA AR B

Zk ol9jol EOE AW A F371HA gAY
%2|(Epididymal fat pad)¢} A&38-2 Table 99l 1+
gt BagAuza e FANEFE FAYTH
FVEA A o]89] ool AT 7B A

HDL Cholesterol

HDL cholesterol

LDL cholesterol VLDL triglyceride

GROUP (mg/dl serum) [Total cholesterol (mg/dl LDL fraction) {mg/d! VLDL fraction)
MC 26.39+6.28"" 29.16+6.91° 15.154+2.73> 38.53+9.83*
ML 23.89+5.85® 29.00+5.17° 48.81+3.79° 17.20+5.31°
MH 35.01+6.14° 50.20+4.50° 14.73+2.49" 33.69+20.43"
HC 22.83+6.29% 26.07+6.22° 15.57+1.70° 68.35+9.33°
HL 11.41+3.10° 20.78+6.34° 13.04+3.49" 45.04+3.46™
HH 25.48+5.18* 37.98+4.72* 12.62+3.01¢ 29.57+10.86"

Significant factor” B A, B, A+B
1) Mean£S.E.

2) Values with different alphabet within the column are significantly different at p<0.05 by Duncan’s multiple range test.
3) Statistical significance of A and B factors was calculated by 2-wayANOVA(See Table 2).

Table 8. Liver total lipid, total cholesterol and triglyceride concentrations

GROUP Total lipid{mg/total liver) Total cholesterolimg/total liver)  Triglycerides(mg/total liver)

MC 359.34+20.89%" 24.434+1.36™ 57.90+11.01®

ML 257.38+43.80° 15.69+1.61¢ 20.90+6.60°

MH 353.794£17.99% 19.34+1.61¢ 25.65+5.09°

HC 491.81+59.07° 26.96+2.44" 69.70+14.06

HL 414.99+33.49* 20.91+0.92* 45,05+7.95™

HH 435.80+36.98® 20.63+1.15 37.24+4.41"
Significant factor” A A B A, B
1) Mean+S.E.

2) Values with different alphabet within the column are significantly different at p<0.05 by Duncan’s multiple range test.
3) Statistical significance of A and B factors was calculated by 2-wayANOVA(See Table 2).

Table 9. Epididymal fat pad(EFP) total lipid, total cholesterol and triglyceride concentrations

GROUP Total lipid(mgftotal EFP) Total cholesterol(mg/total EFP) Triglycerides(mg/total EFP)

MC 5520.79+736.16™" 34.83+3.52° 119.81+£21.17°

ML 2643.93+262.93° 8.48+1.92° 3264+ 5.28°

MH 2237.71+126.85¢ 15.124+0.79° 69.25+19.05*

HC 6307.65+882.75° 46.68+9.56" 97.54+ 4.46™

HL 4428.74+490.40° 21.614+3.04° 71.81£15.61™

HH 2818.53+334.53¢ 10.45+1.23° 45.54+ 9.24°
Significant factor” A, B B B
1) Mean=£S.E.

2) Values with different alphabet within the column are significantly different at p<0.05 by Duncan’s multiple range test.
3) Statistical significance of A and B factors was calculated by 2-wayANOVA(See Table 2).
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Table 10. Fecal total lipid, total cholesterol and triglyceride excretions

GROUP Total lipid(mg/day) Total cholesterol(mg/day) Triglycerides(mg/day)
MC 96.93+6.74%" 5.54+0.66™ 3.23£0.25°
ML 77.164+3.72° 3.86+0.21° 2.66+0.20°
MH 121.18+8.50° 6.19+0.81° 5.28+0.67°
HC 115.35+5.79® 7.441+0.55° 5.21+0.17°
HL 106.00+8.85® 6.99+0.87° 5.82+0.58"°
HH 126.61+9.26° 6.21+0.38" 5.24+0.47°
Significant factor” A B A A, B, A*B
1) Mean+S.E.

2) Values with different alphabet within the column are significantly different at p <0.05 by Duncan's multiple range test.
3) Not significnat at p<{0.05 by Duncan’s multiple range test
4) Statistical significance of A and B factors was calculated by 2-wayANOVA(See Table 2).
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