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SUMMARY

I. Title

Studies on the Functional Properties of Domestic Molokhia and Its

Utilization as Processed Foods

II. Objectives and Significance

Molokhia has known as playing certain effects on treating such
diseases as constipation, overweight, cholesterol reduction and others.
This study is mainly focused on investigating functional propérties of
domestically cultivated molokhia and developing processed foods with its
application in order to encourage its domestic consumption and,

ultimately, to be an aid in promotion of health of the people.

III. Scope

1. Physicochemical properties of domestic molokhia were investigated.
Those included proximate composition, phenolic compounds, carotenoids
and aminoc acid composition of molokhia as well as molecular weight

distribution of its mucilage.



2. Effects of molokhia and its mucilage on reducing body cholesterol
levels were investigated through the animal experiment. SD rats were fed
with high cholesterol diets and effects of addition of molokhia powder
and its mucilage into diets on inhibiting accumulation of total glyceride
and cholesterol in a liver and enhancing excretion of them into feces

were observed.

3. Effects of molokhia products on body weight controlling and
constipation relieving were studied by clinical experiments. Volunteers for
body weight controlling were asked to intake 2g of molokhia granules
just before every meal for 8 weeks and differences of BMI, body
weights, body fat ratios and biochemical properties of blood before and
after intaking molokhia were compared. For an anti-constipation
experiment, volunteers were asked to intake molokhia granules for 2
weeks and changes in frequency in defecation were measured during this

period.

4. By improving processing properties of molokhia, various kinds of
molokhia applied foods such as molokhia granules, yoghurts, noodles and

droplets with high in bioactivities and palatability were developed.

IV Major Results and Recommendation

1. Physicochemical properties of domestic molokhia



Physicochemical properties of domestic molokhia were investigated.
Concentration of dietary fibers took 37.4% of a total dry weight and
protein concentrations were also fairy high representing 24.4% of it
Mucilage was obtained by extracting dry molokhia leaves with hot water
followed by addition of 55% ethanol. Mucilage fraction was precipitated
and, after washed with acetone, it was dried at 40C for 12 hrs. Although
about 50% were lost during an extracting procedure, mucilage was still
rich in polyphenols. Proteins in mucilage were highly composed of
glutamic acid, glycine, alanin and aspartic acid. According to a gel
filtration analysis, molecular weight of most polysaccarides in mucilage
ranged from 50,000 ~ 300,000 daltons. Most of proteins in mucilage
seemed to have any kinds of conjugation with polysaccharides of

molecular weight ranged 50,000 ~ 100,000 daltons.

2. Bioactivities of domestic molokhia

1) Bile acids binding activity

When bile acids binding activity was compared between a water
extract and a mucilage of molokhia through in vitro experiment, mucilage
showed stronger affinity toward bile acids. As an extracting temperature
went up higher from 50 to 80, bile acids binding capacity of mucilage

was also increased from 41% to 839%.

2) Effect on lowering body cholestero} levels
The effects of molokhia and its mucilage on reducing cholesterol

levels in body were investigated. When molokhia powder or molokhia



mucilage was added into 0.5% cholesterol diet with 5 or 10% levels and
compared with cellulose addition, accumulation of cholesterol and
triglyceride in SD rats’ liver were significantly inhibited in molokhia and
its mucilage added groups. As the concentration of added molokhia or
mucilage was increased, the cholesterol and triglyceride reducing effect in
a liver was more distinct. Between molokhia powder and mucilage at the
same concentration, mucilage was more effective. As we could expect,
more cholesterol and triglyceride levels in feces were observed in
molokhia or its mucilage added groups indicating their roles mostly
binding with cholesterol and triglyceride before absorption and excreted

through feces.

3) Effects on reducing body weight and relieving constipation

The effect of intaking molokhia on controlling body weight was
clinically investigated with an help from 13 volunteers. Most of them
were considered as average in BMI standards, however, they had a
strong desire in controlling their body weights. They were given
molokhia granules and asked to intake 2g of them every 30 min. before
meal for 8 weeks. Significant reduction in body fat ratios and total fat
areas of volunteers after 8 weeks was observed otherwise molokhia
intaking didn’t exhibited significant effect on reducing body weight and
BML Although statistically not significant, there was a trend in reducing
total blood cholesterol by intaking molokhia granules. The effect of
intaking molokhia on constipation treatment was investigated with 14

volunteers who had suffered from severe constipation. The frequency of

- 10 -



defecation of volunteers was increased more than doubled after intaking
molokhia granules for 1 week. Although 559 of volunteers had suffered
from severe pain during defecation before molokhia intaking, it decreased

to 14% after intaking molokhia granules for 1 week.

3. Development molokhia processed food

Molokhia granules were processed by mixing molokhia powder and
palatinite followed by making a paste with addition of ethanol. The paste
was sieved through 20 mesh screen, dried at 40°C and sieved again.
Molokhia granules effectively prevented it from too sticky on teeth and
were achieved better dispersion in solution. When molokhia granules were
added to milk, fruit juice or coffee and tested for the best application by
sensory analysis, milk matched the best with molokhia granules.

It was assumed that yoghurt processed by addition of molokhia might be
very attractive for constipation treatment with additional possible
anti-constipation effect of yoghurt itself. When molokhia powder was
added up to 102 level and subsequently fermented, layer separation and
coagulation of particles were occurred during storage causing more
unfavorable results from sensory panels. Therefore next step was tried
for adding cold water extracts instead of molokhia powder. Although
many things were improved by adding cold water extracts, there were
still valuable stuffs left over without fully extracted. As a final trial,
molokhia granules were used for yoghurt processing and a sensory result

was much satisfactory.

- 11 -



Molokhia noodle and droplet were processed by making a paste of
molokhia powder with alginic acid and catapulting it with either noodle or
droplet shape. As soon as catapulted products immersed into CaCls
solution, very distinctive products in rheology as well as taste were
produced. Nevertheless these products didn’t retain stickiness of molokhia
any more, all bioactive ingredients in it such as soluble dietary fiber,
protein, polyphenols, minerals and vitamins were totally recovered into

these products.

- 12 -
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T(ZobA 2, 28T)oll €831, o] EUA &2 4E7] € 10cm FEA
Ze £t o B2 ojoke ZAF, Ao, HlEtelY wyRE &
¥ A FRSD glo) ABAFOR LA Qon, o|YEAME “T Ad
o= o] HES AL A& W A} o] REFHoopE 2Z 7 vhE
E&IEE oy ez & AAqHAN L g 2 F EEJF o
o}Z olg3te] RIE AZIL “Qo] AT EE “FH AXE BAA € A
EE2 BRI olote JdERYH FEFXHAAN Z4F A%l Held oAz de
A=z BFH Ut ‘
8 dEAAME oln Bodhel EZ s olopE AuEtr] AlREe @A A

2SR A AR dEd £8E 23 Joed, dE HolMe BREHo

of Y& o] &% M= 2o EZLE ¢/ 7MY FH T2E oj§HT
Atk AR T& T3 2" AHHES THI E o, ZEFoloks A E
22 $7¢ 34 g 5o $HE I 4NN HAS ES 5
5 Wulslde €9d aFdE BEon, O 9 AFHL ARG AR FA,
HATZ A, Y &5 AF 59 2947 ddn REHJGY
< B3 AAdHdez A3 INNAGFFo FHo= A G
of izt #Ael Hx nEHI Ue FAJH 53] BT AdL&Fdou
BFe 2EdH 2, S didt HHEF J|E Tz Aste 2R FAM,
& T LAl Frstn Yot wFo A, g LA Yo F
E< %ol olojA Feo] 30%°19 un

- 21 -



2 25 10%0]3Z wuE H &S AXNFIGT wusAD ojst ge
ZAIABE 2F AW A8Y ool A4Y W] ol Bz YL
& AAFSEE Utk AEC UF AT ATEFS JUe AFE F= AE9
12 7153 @, 7154 29U 27 J1sRY AW d@s AR Egol
He BAzESEUe 37 715e AW A5A@D) AE9 AL e &
ol RAAR Aed = sojodls FAAS GRRI TREA G5
of gon ol B0 WAAY W FLEL TAAAZ WAL EH
# ols AAY 2AL 7 TA2HEIZ Fua
z zAsl A A BEeE
Ardol wEA FEAAe AY AFSF 2 o) TH2HEY F4HE A
ste] W, FHASN 5 £8AAWY o) EHHY Holzm slYg
o ols FFY BTAE BUAE o 50% FHHo ol HoldEHEL
2 Mgl 7458 ol olm VEZuS A WuAN, thololE w3} B
B2 A2 AT AP AwEd FTHTE 948 5 43
el 4% A7 Qe H2Z A0 sn Qo] ofgd Fujo)A
£ RZsolobs HAY 2HAS2EY o9 gL e B =l
w3 gl
T M E 1995 R H $&31E5H, ZVE AF(9F FL Hvp 246
SN 2zdololrt AFRE AMEn o, B JBH nerle I
43 BEe Boln WHEZAE Aol FeALo] As WaA rim o
#A Y3, ZEsolobE 39 20YUA FBHPS o %0l Y FHHA
on $8BE BRAT AAE 59 199 Holoj @ «8H 27 =3
e

Foh 713 Azl e AAFAEL a8 BRX ¢e dFPelmz 3

f

oX
S
ok

to

71
o AFFAFAME AFo] FAPsm Wi FAE FF ALt ¥ B2l
oFE EE¥CE I A4 & Hwlo] & Rolg BT
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e

2 SFU4 mesolory) AaFe FrEm ot ojBs Fu 4u
F 2242 Gl T YL B o)l AHE FAAL £
AE EZ2slolokg ol ¢ AFAF MLe A o|FoiA AN ¥ A
otk ohgdl mEsolokls 73 AW WY + Yx B} I
ol Ukn FeiA Yot olEe) ti Hatdeln AAH AT Fu)
)Moz I oTold UM We AHPez mzaoloje] RS
Sopstste] B2 E SRR AMME Rzdolok di# AAAA @
7t WA ez Moo} @i,

Wt mzsolope] TWAY JwETiE s zsoloky 754
E4ol g ATk dasolol su o]F ATAAE BEY TFY T
NEo) Age mEsoloks) AuF R Aie F5HE FEH ATAE
o e A& 2A AL & Yot Atk Ed L2 HolokE of
g3te] FRlso] £47 HAT & At N5ATH 71E5HL BT 23
AFol Awslel de nFAW FTVE] ARMA 2A ouiA B & 3
2 ez AmYL

fu
ols
0
B

rlo

i
N
ol
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N2z A= 3 gy

12 A=

B Adga Algd" Al 19999 % E 2001d Alole)l oF AW v} B
gholA] Aujd TR ojof UL PF ARF BHAZ BLL AT
Ao Agsldrt. A8 2L ball millg o]&3ld na3 xRtz wE
% 100mesh & AW}

<

13

e il

A2d dAWH

1. mzsojok olgatn B4 ZA}

AE, 2H4F AOACH A wa A g, &
Z2Ho R, WAL Kjeldahl o2, 24

rle

Soxhlet FEY o2, Z3EE 550TAHA 3IFstd Fagn, ZAHASE
AOAC™ 9] 93l SDF¢ IDF %3S F3lges 7184 FALEL 1009

A @, zund, 240, 92, 2479 @ AT goz s

f

S T
A ABFe BB H5E =) Hake] 500TAM 241 3 8A A
WZg F oldl "oleF 106 Wew LS (HNOyH0=1:1 34 <)
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3mLE 2A2YHA 7Feta 100Ce oA s3] AiE AAsYY. 9
= oA 500C Bzl 1A T A g F4H-8 A(HCEH:0=1:1
slie)o 2 50mL7F A FEE AREZ ALEsAT AlgFe 7oA
g L3 ET=2vt £47)1(Inductively Coupled Plasma Atomic Emission

Spectrophotometer, Jovin Yvon JY38 Plus, France)E A}&3t9 Ca¥} Fe

Ag dAFE 2ol 2o 6N S84 71sln AA728 583 §
FAFI L A =E3te] 10T A 2227 7H-28 A2 g ZgsEAA
E4HE AASATE ©]E membrane filter2 33t n o F ARE 3
AZ F$B Y1 $ XA A %(methanol:water:triethylamine:PITC= 7:1:1:1
EdAG VIS Aot FEAS AQ O ol AL 3Hc Ax

& AMEIAYA A FaA F FRi o HPLCE B4 3t

. BER C AP

2,4-dinitrophenyl hydrazine B]3®¥-& ©]&3l ZAAUct. A& 1g& F
3] 5% metaphosphoric acid °ll <9 ¥ A8 2mLE& Fs 20mLA =2 A)
ol 7hete] vt C Aol AH&3tATh. Z Ald@e) DNPE 1mL&
7bete] 187 wlx & g o] pinkMoez MWW 2% thiourea-
metaphosphoric acid 2mLE& 7}3lxth. & deEl?l C SAHE AFHdd =
DNP& 1mL& 7}3tqd 37T F8oA 3AzF 9r-gA171 & 85% 34t 5mL

2 ¥As 7He o WA F 520nmelN FIES =FHAt

vl & polyphenol &3 2 =4
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AOAC®2 Folin-Denis %o &3] &As9c). F£ZE 5SmLd
Folin-DenisA| 2 5mLE 7}l Estn A2d9A 1Az 8xA1z1 &

Ay

760nmol Aol FHEE HAHdd EFEZE chlorogenic acid® &
by =

Flavanold ®4d< catechin® leucoanthocyan® #A#& Swain $2
vanillin #4HH 8 A% ¥38A catechine 2 A4stgdr. & 58 3mLE
S5 FANA AESAA vanillin A1eF 6mLE 156% ¢ 7bstm, A 294
WAE £ 500nmAA FFEE ZFA3ATE Leucoanthocyane] & 2
e YR WMAEA cyanidine 2 A4, & FE2 9 ImLEe
cap tubeol @3 FA-F&-298(1:19) I0mLE 713t EFE T 327 4
oA WXt YB3} BE LN 308D 71EAz e WyZsin
550nmol A FREE ZH 3}l Chlorogenic acidel A %€ DiazoHo} ¢}
#Z%E bmLol 1% sodium nitrate 2mL9} 0.15N acetic acid 2mLE 7}3t4

8
2]
£
o

e
hjo

[

Mz

5

s
2
L
o

_x
T

E#¥3sla 58 F 1IN sodium carbonate ImLE #7138 £ 530nmolA] F3 %

¥}, Carotenoid # &

A& 04g€ acetone 48mL$} hexane 72mLell £31A171 12 MgCO:& 0.05g
2 FHrbstod 3083 ksl ¥k £ 8000rpmolA 1087 A EIE
3te] A L separate funneld] 2& g, FHEo| acetone 1I0mLE ¥ i
@Rk st AQEHE st FANE FHIY o] WS 23 wEEo o
€ A H & hexane 10mLE 7}3tn sk o2 YAELUE dlo] AAAE
FHAstAoh. dojd AW AR L separate funneld] A BF T8I FFS 80mL
2 53] 953t acetoned A AR 100ml &FZaize JAALE &

713 acetone 9méE H7)18t hexanel.® AL L & 2 450nm oAe &
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3=g Zgsdd.

Ah mzalelol geld HAA T 22

A4 Ed(mucilage)& F237] $13t] Rz 3olof Lo 20uh9] FTFH

ool

& 7F8te] 50, 60, 70, 80CNA ZtZ} 241 d5=FF F Anxrz FF3)
AT 2z A4 FE2E 55% ethanole H7tsld MA3] HolFE F, &= =
¥ AdEE FFEL ok F22IE AAFY] Y8 acetonee 2 AL
O3 40Tl A 213 AxAA 8439 mucilageE AU

ztzto] 2xoA F& ¥ mucilage? HAAHE v¥lwslrl Y35l HAKKE

viscometer(RV 20)& ©] &3}l mucilaged] AL 8wt}

A g Ee] 4

NBEE 01%8d4es BEx AH3g AL o F 4mLE Sepharose
CL-2B column(950%32mm)o] FYA1711 .0.1M NaCl& 43mL/hr =22 &
A AT & YL fraction collectorg ©]| &3t SmLy 3 F HE=-3
Aoz Zk gE9 F3FE SAAT F A& Imlel 5% #HE &9
7he F g BFAN95%) SmL& HF7tste 2 E}F F 30T LA EAA

%%
filo

A3 F 470nmel A F3EE FH3

Void volume& dextran(Sigma Co. ¥ %3 5,000,000-40,000,000)& ©]-& 38}
o 9o} BUF A2 £E2AH FAsIFeD HA RIE IEQSE F
JA F 25 e 7o §E4o2 Ak Columnd BALS
dextran T-10(&AF= 10,000), T-40(Extz 40,0000 T-500(F-=}
500,000)(Pharmacia Co.)& At&3te] &4 ZF# K.,2tel @A=Z vehfdch
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Ve— Vo

Kav- Vi— Vo

Ve elution volume(mL), V¢ total volumn{(mL)

2. R23dojote] EW2EHE FodA &7
7} in vitroAldl A FH2EHE F5A] B4 B
D #E84dd &%

228 olof FE2EFN FEAEHA FASS invitro P2 2SR
% FEEE IANFE A8 amLE SATMW  6,000~80000] ¥,
200mM taurocholic acid 1mLE& 73t 2 EJstm 4% & ¥ 10mM
sodium phosphate buffer(pH 6.0) 40mLe] =2 tubed] @z 37T
incubatoroll A1 1AIF WRES AlZTh BA 9 o] &S taurocholic acid
FTEE SAsAH
‘ Sorption Capacity(%6) = 1 - A/B X 100

A ! total taurocholic in dialysates with mucilage

B : those without mucilage

2) Glucose &4 A4 &3
E2golol FEEH FFEUVEHA FFAFE in vitro HHLE SHIA
9 v=EE H4T AE 4mlLE 54 g:’(MW 6,000~8,000)¢ ¥, 04%
glucose ImLE 7}38td T EF{ed 25 33 £ 10mM sodium phosphate
buffer(pH 6.0) 40mLe] AR tubedl] ¥ 37T incubatoroA] 1A}
Y-S A7 g FARY BESE glucose FEE A sI¢ T
Sorption Capacity(%) = 1 - A/B X 100
A : total glucose in dialysates with mucilage

B ! those without mucilage
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3 FFELE 5F

Taurocholic acidE 0, 1.25 25, 5 10mME AZ3 F AlgHAd 02mLE
AR 70% HSOs ImLE F7hain ALelM 5B WA F 025%
furfural £94< 02mLE 713t thg A2 A 1A% WX$ FH 520nmol Al
FBE=E A standard curved FAQIAT. FH AN8EE HMe9 @

FA E25 S A3 S99 taurocholic acid F=E ¢ L wyo

4) Glucose &% &3

- ez FMehyd JESE glucose ¥=F AU

. in vivoAlol A ZFH2HlE F5dA 3 AP
1D AFTE, HolzAl 2 & ALS

FEANEE SD Rat 453 3 FFHE gIAISEANEHZREH FU3A
. 94 cagedl 23 & 21, EFH AR E FHEtd BT THol F9
A AdeA AT H FAYPE AE3tA cagedl &AA 15793 49 1y
AR R 7o HGAIZ F caged Z7V] HFol FUFEF FAAZ 2viy
A Fojgel. z+ T 107t8)Y 7S] AF o2 UNAd. F AY Hold,
3 FHAEHE o] YEXE, XEH o) mucilageE H7ME AYE To
Utk A8 Hele ZF 4 T "W ¥ 19 22 FAHeE E¥s
o 7ZFE 2AZFAEY 2o F FF3ES 66%, G AL 20%, AW 5%
o} FY2EE 05%, BIEFT mix. 1%, F713F mix. 35%, 4F+2L 42 5
1097t Sl=& FH7iston AIN-769] ZAS ol &3 4ojgt EL A
fr2o] MFAA 3o 43¢ AR Yo AFH HolHARE FAHSFAL
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X 1. AgHole =4 (%)

2ol A¥ N” | G | Cw” | MOs" | MOw” | MUs” | MU
Casein 20 20 20 16.7 134 180 16.0
L-Methionine 0.3 0.3 0.3 0.3 03 0.3 0.3
Sucrose 40 40 40 40 40 40 40
Corn starch 25 2425 | 1925 | 1905 | 885 | 21.25 | 13.25
Soyben oil 5 5 5 5 5 5 5
Mineral Mix. 35 | 35 | 35 | 35 | 35 | 35 | 35
Vitamin Mix. 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline bitartarate| 0.2 0.2 0.2 02 | 02 0.2 0.2
Cholesterol - 0.5 0.5 05 05 05 0.5
Sodium cholate - 0.25 0.25 0.25 0.25 0.25 0.25
Cellulose powder 5.0 5.0 10 - - - -

1) Normal
2) Cellulose 5%
3) Cellulose 10%

4) Molokhia 5%
5) Molokhia 10%
6) Mucilage 5% in molokhia
7) Mucilage 10% in molokhia

2) Als A
2 3 EEN MAFSE F337] A5t BHE viAY 49 g9 A
S FARNE, 43 Yo7t Bd F FES ctherZ vHAXNZ H AHEHA

ER deHozyyg 94 & AHs, 7S HE s
AL heparinel H7FE FAZIEZ AFHT 5§ 3000mmez QA FEe sty
AL 993, 7 =3 Fe -50Col B #atgrc)

:L

tlo

23 %

da

3 A NAYF 4
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dd F 4T AAEFE a4HE o] &3 kit(Eiken, Tokyo, Japan)E& o]
|3tq FA3AU}. F F FH2HEL Cholestezyme-V, HDL-Z# 2 H &
€ HDL-C555, &4 AW Triglyzyme-VE2 #4133},

4) 8] AAEF €4

2 zA9 AAYFE Folch 59 PHO2 259 5 & 252 A
2% g 94712 ¥ §¢ CHCWMeOHQZDE %23 & g% 7
# 7l 91 AAFES A F ALYFE 3F Ao 8 25

A, ZY2HESG FHALE E4kitE FHIA

5) ¥ AAFF 4

zZ} ¥ 05g& A3t 108 =9 FolchY(CHCIL/MeOH(2:1)S H sl
shaking incubatordll A 308 (15C)3F F&3 F A#A34drt. A Qo] FF4
ImLE 73t & EE#HF F WX &3 aspiratorg )83l 222 AA
& H o F2mLE A AFEHRN BT F FEI}AG A8 oEE 2mL
g 7tsted & gAY F AT AL Th kitE AMRSIY F ZH2HE,
FEAAE 2A3Ah

A
Lo
R
R
)
0%
i
N
ok
Lo
Hy
X
2
E:)
i
B
B
lo
(E
o)
e

7) FAAE Uy
EE 4823 HATEAS EE 2aAEZ BAEIYLeW FBAAIHE SAS
program< ©]-§3% ANOVAS} Duncan Multiple range test® 2zt #39 =z}
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ol & FHE HF3HAHp <0.05).

v

3. E2FolokE o] &% 754 7T $E tEAEFMNY
7t Rz o)oF YAt A=

B ool el EAMAE Foly] 93 ERIolop A& WF AxA
% ball mill& ol &3l TAF BERE wtgzm oEx doo] flE VA
G ZHREYE(palatinit)E 4B F F7HE o EF7IE AR B &
g3t ols EFE 5% eSS Hrtstn WUFIE ALEdo WSy
HZ2 3 g 20mesh seiveE T HA|A EZFolof FHHPAE AZ3P K
I¥ED.

()

B2dolof 283 #REYE T: 29 Hlgg2 EF
!
55%leEE A7t

Sieving (20mesh)

A
QCEFAX7IAA A=
!

Sieving
i
R =zsolof 3¢z

29 1. E2Eoler YA AXFAHAE
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U m2olol SF2E AE
zadolofs E49 ¥AAY wWE aF=Ed AW AR o}

g S5 249 878 548 oz Buste R sojol aF

Az F 3¢ Fretx

Azstgt AREAQA Azl w2 IFEZEE
Ezdolor HyatE H7lstey FAAMHo Ae I LF2ZEE AxsFAY

h=

(¥ 2).

2R EF 13%E 50T 2o &3

!
2A7(90C, 308)
l

WzH40C)

)
Start culture(ABT-D) 0.02%(w/v)
A7t

l
Bl F(40Coll A pH4500 o1& W 71A])
|

A (7%), L2 loF #HA 05% A7 F &7

l
¥EEY
l

Tasolof QFEE

aY 2. FEAA HoldH ZE RF2E AXTAL
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th REFolof A |8 AR

2a2gojoe] FFHo Ae F84 HolHRE Bt A <&F +
5% me2dojope] HAY g3E 18 7 S8E AxdHAG. B2

olofel AL 4ol HelAr] Wi ¥ &% FaAY 23
3t S 22 wyer Az dATH2E 3).

mzdolol 22e YA 235 Y UL A=t

|
AL E72g, HAEH 6g, 20 A FY 20g, vlElT C
03g, @& 02g& EF
{

ZFF 100mLE 73] stestea ERES seAAY
!
EHE 2ol WYFEE 200mLe hach
!
esEd musE 9 #Y Bgee e

l
75T A 1083 48 & Y=g
{
2xdojol AN &8

o] &% A &8 A

o
PN

Oy 3 B2 olof YA FHE

o
o
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2t 223 ojo} BUS o] LT F AR
R2olof FLE o]L3 I AZE Y 49 ol s = AsA)

Z % 100mLE =yx LA tdsuA 27 20ge @R Oe e
o] #73 Zow Radolof BY 5ge WP WowA mustgth mw
F F718 7% Wus Aol Fow mwo] YEHY AAY Py L)l

Wy g=EHE 7tele FaErge g Aol dlA 3% calcium chloride$ < o)
FA FEE 9. 94" H5E B g2 g zujdsy A o
IR 10—E~ T S =

2% FVA Lo R2HolokEY 5% H7}

l
Airg WRAAN &3
b
P52 gyringed] & F Jhgt
!
T8 el AHAEE 3% calcium chlorideg o] #H x|
!
ST1E FFE Bl My F 2ojdE Hulslg PWF
!
75T A 1087 2d & 37
l

B2 golof 4

I9Y 4. REEojof E2E 0o]&E I ARXTHR
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z2dolor iz pFHU EULE ETREY dL EFE

aClz &) AAAIHE LU4F ZFo] chelatingS

PR £RHoR SAHE @S o83 ARAAGE HAE 7H
B 28 o]of dropletg AZFATHIH 5).

o

233

ofh
ot
f
2':‘
(e
e
A
o
@)
O
s

Z2Folol BUH vxstFE THLE EFSY myt
i
2% 4t 8 FIHAAFT AL 50268t it EEF
{
AE7NE ol g3l EFUAFE A F AF

!

A E ol L3t ETFHS Y
!

TS 2% LA £ F
l

A TEFHS dropPElE 3% calcium chloride§ o o)
do] g AL IHE

i

B2 B FAFE F Yo AF3 HF

!
B 2 §o]o} droplet

2% 5 EZNE FHE EE ol droplet
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sl @5 AA}
2tz ohe igHlE Az ZEdolol AFEd ol £dY Wdad
20%-¢ F39 04 WAPoT BEHAE AN SR

4. 23 olof Fzte] tholo]E A I i AT
7t A8 &

E23olof HFHAE o]t 20~30t HAHAS FAHLE REZEHoorg
tololE FEdol T HPE HAAG. R oo RYPxE 28 EZ 8]
Ko PR A A FIF plastic shakerd] EZFolokE R 5§ <
100mLE H7tetd oF 1023 EEAE s viAe Wz A 308d
o 3% 3UY F8IEF Ut 23, BRI olobE AAL Hol AH
st A dole AF Holg AAEA FRen FPA He 4 FAE
HA A 98 A& AFNAT. E 20 FPA FEHE THE tholojE 2
olo] =4-& YElHUT

2. RZFH ook tho]o]E o] x4

(per 9g)

=2 &ojol Bt 7.0
B EUE 2.0

G4 Addat R 29w
AR ARE FFAFALATAY ATASZ B HPoltn 7]

L —

= 4 % body mass index(BMDZ #Idtd BE ~FA AT &3l 266

|

12440 4E WBoR st AFAA Holl AA diA 2 " s
3 HALE stk Age A} 308 2g8 Jd XFE folojE 3
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€ 583, dHY FFc toloE drld r|23 =2 syt AFA
2 A3 8F Fo Y # AR L oalel & AR Adan B
3t ot

E, 4= AHd AERAIE B8 AA4Eo] AAH AE AP,
tholojE Ao] ol £ 4¥ MAAg AT A 2 4Ege s
ALstm, wjF AdFA el disiA HA € ARYE, &5 F, FEEL S
g AdERAIE Ao d59F8sie] CAN (computer aided
nutritional analysis) program®. & H3# Zr2 & Aiksbg o),

9. AE, AANA 2 AXAYEe] 53

AdAgoles 583, 18A7-A AQHALE vt EE 3 2 olF
d7tRlole 8 ol Mg A AT AAT Aol ¥ ¢ ¥
< 7% AP A AR E AT A A AFY AFE 28
Vi AXGEL AALAZ A A71A8e ol &3 SHsigt =23
oloks] tolojE R 4L H3 AYBAEY vhololE Az A tojojr
270E Fo ® 39 AAE AY e AAAS R Ao WEEH Axe
WEE v sy,

g d83 2 ¥ A5 BY

BALE AdAe Mg 1R gd ogadn, dAgEL & ZYy2HE,
HDL-cholesterol, triglyceride, LDL~cholesterol, plasma glucose® =3A3}%
o},

sl EAR AAREY
Datas B2+SDo2 E7latgth. 2t 29 27139 8% % datad] ¥liL
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£ SAS BAMY Z2ade AHgstel 7 2o FFA e Aol AAEL A
g3l folde BAAAYG. ¥ p<0052 FAANE FAT.

E 3 ANYAEL fololEARE FAH3Y] AT AAAS L "9

A ztsra A3 n=15
Agely) 266 £ 24
Weight(kg) 572 = 25
Height{cm) 1600 £ 37
Body mass index(kg/m®) 223 *+ 08
Body fat ratio(%s) 250 + 24
Total fat area(kg) 143 £ 15
Triacylglycerol(mg/100mi) 69.8 = 153
Total cholesterol{mg/100ml) 1569 *= 168
HDL~-cholesterol(mg/100ml) 580 = 83
LDL-cholesterol{mg/100ml) 848 * 148
Glucose(mg/100ml) 772 + 94

Values are means ZSD
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E 4. tdoloE X YdAEo] st ot & daily check sheet

o A|F A|A Y Hj;“* ox
O=A AT a4l T A7
£ ¢ o=z A% @0 | 2| 2| al ;qﬁ
@4 IF =t Atalyg|TT[E A RD
@l =g
4 o
4 9
4 2
4 9

® 5 tololE AYAEL] dFL AFEE s $1% check sheet

T ¥

s &4 A ER 223
=

#*

M

ot 3

7t 4

A 4

7 4

A

Z A




5. B2 olor #yate] ¥MulNd 5
7t AEAR

R 2§ olok FHAE o]&std 20~30d AAE FHeR RZFo|ote
TolojE 3 ¥nAd &3 3 498 AAsAT

it g

Aol Fr Wge A 2AHE Fo FYe] 28] olF W )
257 R3m, HNA B3 =71t 200 o34 14%e) WA WuAN T
3}g 4o Rt

[
1A
.

o Ay

E 2 olol FYPE tioloE thitate} FUT HPoz ol Az
AL 58S =5 st 2F% A¥Rdn =, 42 uid dudr)
€ 255 3l dIAY FHE A e E 69 daily check sheetE
ot B2 oloke] WMUALEFAE ZASIA T

E 6 WHEAM &3 AF FAAE] FAAs Aot & daily check sheet

e as| waa 23 | w gy | =280 B 2 3 o]

P58 o =g

29 Otz |DotF FHrk N ER-
27| eF @ oHIH @At Feh ) 1HA 2= <
@otLA ot @u st a T3
4 v
4 9
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Asd 4 9 ax

A1 2 Folof Q9] ol3}stE 54

1. Z23oloF Yo R A}

maHolol & AHNF F WE AZAA Qe B AYHES A}
SR AoldFel Tl NEB LY 37A%E AMsGAon =3 gl
gako] W ol AE LY 244%) o= ). W FAvle) THANE YA
e @l Fo) FAE B L wuIe FAZ @ WA Py 1 YA
gEsed Fuiel Ae vy FIE 13% A5 Ros FaA Yo o
s} e AAe mREsoloty] gws e WADE Bl e Aoz A}
aHDZ % Radolol ALY A7z e o P& AT 0)F
ojmer & Ao MZETH I whe] JYHPEo A ST VA R By
2 % 24 §2o 2000mg olFoZ s EgEY o Awo

AAEL Innami 5o A7EH} L FAFPolglaen olgt 2L HE F3I)
of E23ojof g dufAd v, 223 WEgN Fo) FHI] @R
AdHozAe AFE Jdgs B £ AL FAoZ A€t
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E 7 Badclol 99 % P

Unit: per 100g,

q & dry basis A Y

T 11.29g AEFEERA

Z =}t 41g AEFAH

Z3 % 10.8¢g Al E A

= 24.4g HEZTA

) 12.01g AETAH

Aol g # 374g AEFTH
Vitamin C 0.793mg AOAC
Vitamin A 78.95mg AOAC

Ca 2026.06mg AEZFA

Fe 10.45mg HETA

2. 23§ o}o} mucilageel A
7} #2259 mucilaged! &

m23olor o EHd HAAY %’é(mucﬁage)% T s7] flstel 22
ojo} Bwro} 20ujel FHFE 7Felm 50, 60, 70, 0T FFsUch E 8
& 27} FE2E9 & mucilaged] FF & YEeRE Aol S0TAA F
239<S 9 mucilaged F&& 8.0B%2 7} Egted 70CHA FE31Y
€ dE 645%E M #jvh 2y FELEC BE FFFEE 8l
e eEr FrteEA AFFEE FUMHE %L Ritd olde 43
€ FEARY 257 Z7Mge) e aAe Ny A Fel V)
AE Hoz Algdrt EF ol gde® &7 FsEA AFol B
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E 8 FEFL£xd W& mucilaged &
?'—(%GC%E FFA F&8(%) mucilage(g) T&(%)
50 70.8 4.83 8.05
60 70.8 4.59 7.65
70 75.0 387 6.45
80 79.2 4.15 6.91

v Z 2 Fojoke] HAA vl
29¥ 62 Z47te] XA FE ¥ mucilage® BAAHE vlwdr] 9359
HAKKE viscometer(RV 20)& ©]839 mucilage?] A& HZ3 o=

L
A F22E7t BolATE mucilaged FE 7t of7kH olxl= AYPL B Y

Hated FAQ JLL HFHE Aoz FEHEHY oE HAY HI=
mucilage?] AZ|ZAANT 9F S 713 Row

a¥ 7L 50TCAHAM FE2E EFFEET mucilaged] AL vlmd H
22X d4F 28 Hl8 mucilages] FAol A & ARE RYET o
& 22 JeEFoE Ha A F84 Holdfo T3 dwde] WA 9
2 IFE viHE o= AsHAD



Fta(Pas)

Eta(Pas)
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b %%%esee..
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a2 7. @432 53 mucilagee] A ¥l
@ - Mucilage (1%)
O:dF3EE (1%
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t}. %9 ME& mucilages] =4 W3}

E 9% FE2x° & mucilaged ©¥d, T4, FE € HE F
A3 Zoltd, X2 olok EFFEEL] FS HETTE] 14% AR B
Zdolol ¢ B g 2 AL R Folory HAAMES Jell:e B ol

o

F71 &% ZstA Z¥sn dIE TAF= AoE Algdd. FF2E4
& mucilage24 9 W= AA deErdA ko aude] F3o] Ui
"l &o] 50T} 576%1 A 80T 3BI%=E AR} ol ZHieo] o oA
o] e W] T JFTE v ez @wddrt

R Febel e FAES] 7 R WA 2AuE vud A g
88-64%= F Aol EHAL °F 36-122%F UElUie] ERIojo} A4 FE
B9 2A4AE b AolE UBHAEH ol HEY Fo WE AR B
ol olg HE RAB Fye Abolo] Foe HolA &AUtie B
E Qo] FF olo] dig WA xAVL o]Fojxol ¥ Aoz Algdr

X 9 FH5F259 1E mucilage £ W3}

zgex e ] G 5%
(C) (96) (%) (%) (%)
30 26.8 46.5 9.0 139
60 24.8 478 115 14.3
70 20.6 42.5 12.3 142
80 20.2 519 12.8 142

- 46 -



2 EdEd 24 ¥%F

D ZF Eg+s=

ERgojol E+FEEF mucilaged] F E=ldlEs §F ¥
K. B2 oo deFEE ZoAE $FE UEF 7IF 3988mgBEA
EFYdl=e E(FEMHDG FFoAE
Ae2 vestt ¥8 mucilaged F ZEElE $FS A5 FFE vl
°F 50% A= WolAATL A4Hs F

€ 2= AA9 dEet olHE AAH F HW o]y FedEe] &4
HU71 d&Eolet Atzdd.

ol ZdE AHEL 4T AYEgd FaoFd 4L s Aoz &
g doen 53] olge AMule] FHLALE dAste FiA L 5nE
71 & A& Aol Atgdrh

2) Flavanold ®¥d

E 100l ER=Fololr E4FZEEH mucilage®] flavanold wd<l
catechin®} leucoanthocyan® & %& Yeld Az A & Zds dF9
Aol vaANAZE AFEEFEFHEY] A$E 407.1mg%EAM mucilage®)
1846mg2%ol uls] 2wl ojde H& FTHE B

3) Leucoanthocyan
B2 ojof E4FE o] 303.36mg%kel I, mucilage?} 130.56mg% =24 E+

FEE FFol 2w o 2 AAE R

4) Chlorogenic acid
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A4+ FZ2E 3 mucilage®] chlorogenic acid %<& =A% Aa SF2&H
38 ol el 2 ¥FZ UEHTH

o]del E4FEFE T mucilaged] HlEYd B9 ¥F 24 A7 Ediz
AN BEe Fel T EFYslsoA At FAENE dHEA E5-FE
29 ZH$= chlorogenic acid #&3Fel FAw7t F Egus 2o <
246%E AR, flavanold do] 10%, leucoantocyan©l 7.6% % =}X
3l Ao g vVeERwte™ mucilage?! 73S chlorogenic acid $Hske] FtAJulr}
FE¥E e o 15.0%F AAEQI, flavanold ®rdo]l 10.09%,
leucoantocyan®] 7.2% & =R|st= Roe=zZ vElRY. E4FE2EF mucilage
o] ZeHlE FAHl9 Aol EFFFEo] chlorogenic acid &l A3

o2 ge PHNE ANHT AT T F AU

2,

¥ 10. 228 olo} 43 mucilaged] THE £ Z9EE = @ x4

(mg%, dry basis)

Total Chl i
Al © Flavanol® ¥d Leucoantocyan or()'gemc
polyphenol acid
AFFEE 3,988 407.1 303.36 982.2
Mucilage 1,826 1846 130.56 275.2
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v}, Mucilage®] o}r| x4t A

Mucilage@ ¥ d o] ofnjx4l A4S 4% £ A, A4 olnlwid
glutamic acid, aspartic acid, X|%3F olvlx=4t2] glycine, alanine $°] X2
#loloF mucilage A& FATdE F2 olv|xid RHez vy, &
F2 degos F 2 @ olnjxile]l Wm gk f3iAdo]l B H
3 oluxdt & AEo] GHAY vFoR FAHEH A A Fwle
AHAELS T8t 9N FY 74 otmxitE =AMS 2 isoleucineo] %
209, leucine®] 2F 12%, glycine®] ¢F 10%E x}A|slo o]&Eo] F8 A o}
Dbl S S Budk v glo] RREolo HAEE 7S awEY o}
v dt 248 E i zolE YERATh
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¥ 11. Mucilage ©®9 2@ 9] ojnj it XA

obu] x4k Mol %
CYA® 2.34
ASX™ 9.54
GLX™ 11.25
SER 6.79
HIS 1.40
GLY 10.85
ARG 2.83
THR 5.33
ALA 10.52
PRO 5.93
TYR 0.87
VAL 6.19
MET 0.45
ILE 4.75
LEU 8.21
PHE 451
TRP 1.26
LYS 6.98
TOTAL 100

*CYA mean the sum of cysteine & cystine

“ASX, GLX mean the sum of asparagine & aspartic acid and glutamine & glutamic
acid, respectively.
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v}, Mucilage®] gel filtration chromatogram

28 82 mucilageE TASIE o R % 9de ExF EXE £H3)
7] Asld dxE 2L 01% #8902 wrE1 A3 F d9 F 4mL
€ Sepharose CL-2B column(3.2X9%cm)oll ] A171 31 0.02% sodium azide
T ¥fFste FFTE S0ml/hr =2 §3AHY. £&F YL fraction
collectorE ©] &3t SmL¥ £H ¢ F vlE-FAYPeE 77 i F 9 F
& FIgon, gWAde FFE 280nmelA &3 Aol

He

()
(] i (@
RS A

015

Abs(470 & 280nm

o
h o
o & =

Fraction nurrber

¥ 8 Mucilaged] t12H % 9w a o] gel filtration chromatogram
@
O-C: vy
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P ES A 23 HAEAESL g aduEde EfAQL ReR F
2 HolZ mucilage?] ©2HF TEE iR EBEXE o 300,000 ~ 50,000
dalton®] =71& 7k JYR2= 50000 dalton ©13te] TIHE A¥ &4
st Aoz veixt 8 Fvie FAES FA4SIe dds A 93 %
A Bzalgko]l ¢F 180004 Eoldvte d7Axe} vlasle] Bd mE oo}
g EEe EAFE o] B of& 2 e JEd Fo vFo Hol ¢}
FHEL B @ ate] Alold F@AHA J& AR FHFAG £F
@) Al gel filtration chromatogram pattern-2 243 2 o, mucilaged
WA £ FRE 300,000 ~ 50,000 daltonAle]ldlA UElUE Hog nFo
Hol R2gojof HAES FAH3e d¥dL Ui A¥E Fu= &4
e Rew F&Ho A Manabus < vl HAEB FHREL 2
A e A7 f-1—4 Ao R FHHN Jdom HY REQ HFE @ANSF
b Auksl R0l Wel 10~180% 21 Aow, A f-1-3 AEE ¢ B
g 3 23 Uvtn B, FF RIZFojof FAELE FAEE
gge] 2AE syl A TAEDe A, ALHAEFF 2HEY, 7
=4 AEy 2 vEs B o9 B dAAY T I A4S
2] Foll Wit 6 & AU HET o|FojXof § Aoz AlgHT
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FEEc dge % oMAEEL HIMA
T34 ¥ mucilagedl= 84 dFFe 2@d Fol JFHA A olg F
474 dFFe g de] oA HAEE dUslA =HH oI HAZL @
FE T2 AdAA FHEA ol AUNFSFE WAFeEH 1
HEST R B de axE delds Rolzt oA a2y 4384
HgMes AT FFADA FATH AutHe ARE BAF
il FE252=2& 0TCAA FEF mucilage?t 41%2 714 w2 )

£

d
32

82

80TCoA F&F mucilager 713 @549 83% FAsE $HS8
elidct o238 olf 2= FAA ol9e) Bile acid®t Aol JF o=
0122 %3} hydrophobic bond?t #dl= Ao =2 RIET on HoldH

g
v

7} trihydroxy bile acidB.t} ZAo] ¥ dihydroxy bile acidel &&F& ¢
Agtte A2 4E EUE bile acid FFHE F2 4254 A oddn
AR =z &% WHolA 2o} df-7t bile acidE F& Ev A3 ol
Ag vkgo 23 bile acide] AW o] &HES Wol=di FAH |,

o]¢t T2 mucilaged FFAFAN i FF FFE L mucilageE o]-&3F
ZH 28 E A T diet 27 5T AEF AL JteA € Ao
7] tf @ .
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70

Taurocholic acid BB S (%)

45 50 55 &0 85 70 75 80 85 0.5 1.0 1.5 2.0 2.5
EE2E crude mucilage &= (%)

3¥ 9. Mucilage?] $#&2% % %o ng gF4d 3% 83

dFEET mucilaged §54YE S5 E vEHRFS W, EFFEE
B3] mucilage®] F&FHsol €53 o olE9
mucilageZt @FFEE] vt HF3] HAHel w&d ol 22 2
mucilage® FZ ¢ o AME3$ ethanol® aceton 9 #7180 23l
Wy e tgRe E8-s5teAl wgtd o8 FAgdo Wert gEdge

ot
oL
o
=
kS
2
BRI
o Mo 2 2

E 12. 5FSET olEFH ol mucilaged] FEFEAE 35 9w
Al B FENE F315(%)
ATFEE 32.8
Mucilage 799

- 54 -



}. Mucilage®] glucose & 3%

Mucilage®] #&2=o] w}& glucose F& 59 Wales GF34YE F354
t AdutEe 248 250 & 30T dFE&794 718 $2& 69%¢9)
F&sE B ¥, 50TAAME 71 & 21.5%9 glucose T35S BA
o} mucilage?] FAAPE W& =AM S B AFSE BAFJAEd 9
A A= AEAEAN ZIdE Feolzt AzrEolxIn g REe] glucosed]
transpoter membrane-bound proteins2. 2 glucose®] uptakeE E=oF+=
28-S sed BRI ojokddlA FEFE mucilages 2 A A< transporterol]
Z-83HA] Y% glucose® PAAF EFE TP F5E AdAsSAY X
ANANE AHRE 7ldE B & AL Aoz Audrh '

¥ 13. #2254 mucilage?] glucose &3 %

2Z225(T) glucose &35 (%)
50 215
60 10.7
70 9.3
80 6.9

2. in vivoAldl A el ZHa2HE 45 AL
7b AFFE, HoldFF & /AT v

223 olokg} mucilage 2L 10%E HFF ToMds Fedez 43I
Fol Eod, HF FNARE FdHoz a2t melA ol Ax
T T84 Aol B Tz Qe Aoz FAH MG

EHl2EH S Fort e FA R AR AE G viAE 4FE A
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a7] sk ol B

_?_
9o = 2.86%¢<2 HFH cellulose

Al o 3}

HIMEL 401 ~431%=2

&o] Z718IR] k. Cellulose H7Fatol] H|sl] R olof B HFHFAAE

3.74~3.84%, mucilage H7}Fol M= 34~345% 2 Ao o9} e A

e

45 FH3 o

E 14 AFTF7HF, AoldHZF R /AT 4

mz#olobe] HAZ ztel A FFo] o= HE AAFY 5 Utk A}

e+ AF F7HF(g) 2ol H Z(g) Y/ A% H]
N 169.62+29.41° 470.63+52.28% 2.86+0.16°
Cs 182.37+21.05° 486.74+£24.43° 4.31+0.40°
Cuo 188.78£29.08" 49455%2561° 4.01+0.38°

MOs 168.47 +15.45" 456.35+ 15.66 3.74£0.16°
MO0 151.13+14.65 459.72+12.08° 3.84+0.21°
MUs 17245+ 9.77° 438,66+ 22.66° 3.40+0.32°

MUio 155,52+ 10.49° 427.98+ 25.93° 3.45+0.19°

Values are = means

Significantly different at p<0.05 by duncan’s multiple-range test

N: Normal,

Cs: Cellulose 5%,

Cio: Cellulose 1094,

MOs: Molokhia 5%,

MOy molokhia 10%, MUs: Mucilage 5% in molokhia, MU\p: Mucilage 10% in molokhia

U g8ye] & Zd2HE, HDL-SH2HE 2 F4%
Celluloses} 22 B84 2oldfE Zd2HE

a2 o3 EUXHE TEE FTIHAIIE Bl v HuFoel o
2 AdEAAME ol 2 Ryt AAFES EAUvh FH mucilaged] AT F
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d=dHE A

ok¢} mucilage
A58 32

s
o ga FAY F
%_

triglyceride®2 A& =7l 98}

228 2%

ol e}

% stom

FARAHAAH,

oldwe EF FTUZEE AL PANME o)t

kA

A EAHE Astaxkzt F&
i 3 FY AAAAE Z2FHlorE HIME FolA #9
Hoew Frhete AFAE RAFI Aoy
E =3 fo¥ow Frtsdch

ol|H& 2o

“good ZHAHEQ”

1 Fell d7td 229
Foll ©& o7} oldrt FAHAI,
Agies Wsate
Agol A% F
2e AF}E Bolx 3
TLsA v RS

¥ 15, ZF Aol dig Ao F e 2HE, HDL-23 AHE %
e )
Total-cholesterol Triglyceride HDL -chlesterol
8
(mg/dL) (mg/dL) (mg/dL)
N 61.28+1454° 60.51 * 16.84° 8.5+2.32°
Cs 97.14+21.98° 67.35+11.34° 7.89+323°
Cuo 90.41+13.12° 63.50 = 20.06° 5.87+3.24°
MOs 06.27+14.09° 90.09 + 13.54° 1850+ 4.32°
MO 91.82+18.71° 87.19+22.04° 17.13+454°
MUs 93.82+9.65" 77.34+ 16.38° 10,18 +2.32°
MU 95.00+8.22° 79.39+ 14.66” 10.76+1.89°

Values are £ means

HDL-E 4

Significantly different at p<0.05 by duncan’s multiple-range test
N: Normal, Cs: Cellulose 5%, Cio: Cellulose 10%, MOs: Molokhia 5%,
MOs: molokhia 10%, MUs: Mucilage 5% in molokhia, MU Mucilage 10% in molokhia
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el FAAY FH2HE ¥ BN A% ® 169 o %o &
9 FA 2 AW FEE cellulose T 1958~1996%0] ul3le] 223 o)
of BZ F& 12.86~14.21%, mucilage & 1295~90.17% % @A A s}A 2%
th el FAAHRE BAT A A IS HoldH FHAddE EFE
2 22 olofE HAET ToAME FdHo FAAL FHo] ki 4
oldf ¥F 5%E AFAF TRY 10%E HHFT T FaFe Fo3
gl zlolE HYrk =3 ko] EH2HE §Fd dAME FAAALAAM 9
Zo] REFojof HHTL O] cellulose YT Bt} I53] @& ZFIFE B4
=

Holdfr7t BHAHE $5& Wi £ U8 HAYe Holdfr U4
HES FA4TE Aagdrs Aol ZFH2HEL] F4&= 2HJ FAF
= HE FL_E EAS  HMG-CoA(3-Hydroxy-3-Methyl  glutaryl

o

Coenzyme A) reductaset™ mevalonate2 X §3E= 7158 71X Q=d 4
ol dF7F diFelA wrad of AJ¥FHE AHFRWAN, Z propionic acid,

butyrated ¢] ©1& 435 At Aok
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¥ 16. e F ALH FHLHE FF

Lipid Total cholesterol Triglyceride
2+
(%) (mg/g of liver) (mg/g of liver)
N 6.51 +1.80° 3.23+057 2 1057+6.18°
Cs 19.58 +3.19° 14.83+3.16° 37.50+8.70°
Cio 19.96+2.63° 1351 +151° 34.49+7.64°
MOs 14.213.49° 13.85+4.73° 30.11+£995°
MO0 12.86+3.96° 9.71+157° 26.78 % 4.99°
MUs 12.05+3.22° 12.41+1.10° 29.26+8.09°
MUio 9.17+227 758+161° 1462+628°

Values are & means

Significantly different at p<0.05 by duncan’s multiple-range test

N: Normal, Cs: Cellulose 5%, Cior Cellulose 10%, MOs: Molokhia 596,

MO molokhia 10%, MUs: Mucilage 5% in molokhia, MUg: Mucilage 10% in molokhia

28 102 4¥5E 4T 49 e FHE Yegd Aoz A9
M el A Hoje] e 2 cellulose Aol e e EHZEHE
AAE @& BEYoz WEa Fqeo AWEe] Fiol £AHY AAHE
APHA ALY FHE BN

Wby mgdolol HolTe] AL BF FTH2dHES MdAAeH AF
Aol miefste] FAZHE {AME BEE fASIGon 2ZRHolor MHP
o] BE& £F olg} & Fyol H& Falo] vElrh

g 110 Yebd ule} Zo] 53] mucilagee] HH7F el AA A
oubsl=d o &E3ZA Aoz vetwr

8

ki
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G
i

19 10, A ENE HEF o] ey O E AZTNE A A EE)
o7 AAAlo]lat cellulose 5%, mucilage 5%, MY.5Ld|o]of U 5HY%,

29 1. ARARRE AEE o] A §F AR WA Yo

T L ]

gk 2ol cellulose 10%, mucilage 10%, S dlo]of &7 10%,



g Wozel % TasHE 2 AL WA
Sato) mzaolofe]l WA ZalaHE F5ol vAE 4P
& zA A Avdoz mzsoloke] AHolHsE HAFoR Ysty W

A Aol thETEQ cellulose 5%9 10%9] A< 3FHT 7.22~
11.33mg9] FAALS HoZ wjdst vd, RREFHo|of 2BE AolTHF 5%
o9} 10%FFo.2 AT FolAME 863~13.14mge WA o R o]of
2] mucilageE HFHI oA 1048~11.8lmgeo]l HWiAd3}H I R Z 3 ojok
1099t mucilage 5%} 10%°1A FelFHo=z Frstgon A cellulose
10%N = Fodor Fr7tstHct Vahouny 52 FHAHE Astanst

B84 2ol 4dF2 cellulose FHOo R HFuAHE F7HAIAGL B
13t . FH2HES 05% FH3 HolE MG ool ¥Hogg
Zal2HE oA F2 cellulose H7MTol Hldte B2 olof H7lFEo] Y53
E%th oot 2L A 2 olof Ho)7t EHZHES AREFFE A
gz & 4 don I wAHAEIHE RIZFolol Lol R=EFHolord
mucilage Bt} $53% o2 YEgHT

AeH oz mIZFoloke] HAZ At WMozl AW 53] Zd=HE
ol wjdo] F/13tte 2345 AU F FAUA2HEY FA7 309 FA £
A" A Jed fXe dFS A f3o Bo] FFAA di 2A
3t v & S SAHE 23, AATY ASole 286%% WA cellulose 37t
T2 401~431%2 o] AA|3E vl&o] F713AT Cellulose #H7baoll
H)sle] B 2do)of B HFTAME 3.74~3.84%, mucilage 7oA E
34~345% 2 Hgton o]et & Ads ERH ook HFHE %o RE A
o] ol A& gAE F U= AMAE FTHEE Aol A
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H 17. geg9 F Ze2HE 2

TAREY wid

Fecal weight(g) Total Cholesterol Triglyceride
2+
(g/day) mg/day mg/day

N 3.48+132° 1.12+150 722+251
Cs 4.36+0.80° 4.70+0.74° 7.59+3.39%
Cio 6.19+057° 7.47+2.01° 11.33+1.49°
MOs 4.25+093° 2431 +2.66° 863+2.95
MO 6.44+0.7F 2872+ 437" 13.14+3.49°
MUs 4.49+0.43° 12.14+1.56° 10.48 +2.99°
MU 6.91+0.87° 18.84+3.82° 11.81+1.97°

Values are * means

Significantly different at p<0.05 by duncan’'s multiple-range test

N: Normal, Cs: Cellulose 5%, Cio Cellulose 10%, MOs: Molakhia 5%,

MO molokhia 10%, MUs: Mucilage 5% in molokhia, MU ;e Mucilage 10% in molokhia

Aol HE AW Aold Hrlstd ¥ Zo2HE TR UNE JgS
ZAE ATESS AHURYA £ AoHg FFY AUA FFo] FUsA =
Y Holg UYSBo] FTFs 2 AFJE dxnx AT Holdwy =
o] FestA &3 Holol FHd 7let WYY B FFHE wMAY F
flomz 7 &7 o448 AEHRA FHANE Yo a8y ARe &
F2ols HAsmz FAY Aolydfe Fust o JEY Fuz 4
He w o]E AolHK FHATo] Y 7 TY2HE FEo wAE
dgke 2AG B A7 ARE ous}t Y Aolg Agg,
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A3 mzsolokg o8 BT 754l
58 ABASAL

1. 23 olol A yar A=

FE2e] 3 715 g nP3te RAdEL S HrS
2z olok Hrb s 7+ HEL ¥ &S nHste B4 A
3 & AT 53 ERsclory b EAde Pl F@ ww
Aol "olx]7] wf&9l ball millE

=2

AUR

5.

1548 2

X

Bl gle
d718 A8t & Ao
27 918l 55% ol e&E

20mesh seive® A EZ Fojot A YIFE

= ® 183 #Th,

¥ 18 7+ A E wigu]d

F ¥ olg EHEJ

o] &3t m A EU=E
2l S ElYE(palatinit & 43 F H7r e
A4S dA¥ ez dojx
o
Az3Ach 2 Yo wfgn]

H7rslm BbF7E Algsle wrEow wE

w & R R oo} 2yt

48

Bggolol | 7] £% | THREYE | X2 FAA

AlEWs
012 5 4 - - Z
103 5 2 2 -0 -
213 5 - 2 1 0.25
347 5 - 2 1 -
Zb wigdel] wa el REFolol HYAe BT FIME HAFI e
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o, 53 FHY e FA3 A& plastic shakerdl #F P9} FHFE 7+t
o ZE S Hel UL A4S £7) dellq AmZel 33E AU M
X

el ZHEAE AR EF S8 sUE W FZAo] TEEd

¥ 19. 223jolot HHale] #5HA

i 012 103 213 347
3 B
T A A 35" 4.7° 47 76°
q A2 A 3.4° 46° 43° 6.9°
TEAIZE 3.7° 49° 4.6° 7.5°

ZE& AT E feldol s (o < 015)
PP 1" (e Yug)~58 (R EthH~9d (o} F})

F 199 GEld uie} o] AIBEWME 3470l Z|ZEA AF 5% 2
#g 2¥on 1037 3132 #oFA Aolg RolA A 01271 71Z X
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E 27. 853 mEdolof HHE AF AAA x| ¥

0 week 8 weeks
.Weight{kg) 57.2 . 25 (100) 56.2 i 2.9 (98.2+2.4)
Body mass index(kg/m? 223 £ 0.8 (100) 22.1 *= 1.1 (99.0+2.8)
Body fat ratio(%) 250 = 2.4 (100 219 + 22 (88387
Total fat area(kg) 143 £ 15 (100) 124 = 1.7 (87.4%10.7)"

Values are meanstS8D
Significantty different from the value at Oweek, "p<005, “p<0.01, "“p<0.001

3. @A HALA S HE ‘

8% F UtlololE AolE HHAIS u triacylglycerol& Z71x9) HlE &
o -945E296% 2 ol AolE Rolx &gt EF F FHzHEY F
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FAE F AEE Vel X ol FeF xolE Holx Furth

F 28 853e] R Folok AHE QU sy AR A3
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153 (100} | 636 * 176( 945+296)
Total cholesterol(mg/100ml)| 1569 * 168 (100) [1556 *+ 13.2( 99.8% 6.9)

| <

Triacylglycerol{mg/100mi) 69.8

HDL ~cholesterolimg/100ml) | 580 £ 83 (100) | 574 £ 6.5( 993+ 9.8)

LDL-cholesterol(mg/100ml) { 848 * 148 (100) | 8.5 £ 125(1020%£12.9)

Glucose(mg/100mi) 772 £ 94 (100) | 788 = 66(103.2% 81)

Values are means*SD

Show not significantly difference from Oweek
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