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ABSTRACT

A Study on the Biological Activity and

Consumption of Lotus Root(Nelumbo nucifera G.)

Park, Se-Young
Advisor : Prof. Lee, Myung-Yul, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

The node of lotus rhizome(Nelwmbo nucigfera G. root) has been used for
the remedy of bleeding, blood stagnancy, thirstiness, anti—diabetic and
antipyretic activity as a traditional medicine in Korea. In this study, the
effects of ethanol extract of lotus root(LRE) on antioxidant capacity and
lipid metabolism were investigated. In addition, usage of lotus root at food
service, such as school, industry and hospital, in Jeollanamdo-Gwangju
areas was also surveyed to provide basic data for dietitians.

This study investigated the effects of an ethanol extract of lotus root on
alcohol-induced hepatotoxicity in the rat. Sprague-Dawley rats weighing
100~150g, were divided into 6 groups: basal diet group(BD), alcohol(35%,
10 mL/kg/day) treated group(ET), LRE 200 mg/kg/day treated
group(BD-LREL), LRE 400 mg/kg/day treated group(BD-LREH), LRE 200
mg/kg/day and alcohol treated group(ET-LREL), and LRE 400 mg/kg/day

_Xi_



and alcohol treated group(ET-LREH). Lotus root ethanol extract was
fractionated by the following: n-hexane, chloroform, ethylacetate and
n-butanol. The antioxidative capacity of the ethylacetate fraction was the
highest among fractions. The body weight gain was decreased by alcohol
administration, however, was gradually increased to a little lower level than
the basal diet group by administering lotus root ethanol extract. The serum
alanine aminotransferase(ALT), asparate aminotransferase(AST) and alkaline
phosphatase(ALP) activities that were elevated by alcohol were significantly
decreased by lotus root ethanol extract administration. These effects of lotus
root ethanol extract within the alcohol groups were dose-dependent
manners. It was also observed that thiobarbituric acid reactive
substances(TBARS) content, xanthine oxidase(XO), superoxide dismutase(SOD),
catalase and glutathione peroxidase(GSH-Px) activities in liver that were
increased by alcohol were markedly decreased in the lotus root ethanol extract
administered groups as compared with the alcohol administrated group. These
effects of lotus root ethanol extract within the alcohol groups were
dose-dependent manners. The glutathione(GSH) concentration in liver was
decreased by alcohol adminstration, however, increased after administering lotus
root ethanol extract.

Next, this study was also performed to investigate the effects of lotus root
ethanol extract on serum and liver lipid metabolism in rats. Lotus root
ethanol extract(200 mg/kg/day and 400 mg/kg/day) was administered orally
to rats with fed high cholesterol diet for 6 weeks. We divided into 6 groups:
normal diet group(NC), high cholesterol diet group(1% cholesterol and 0.25%
sodium cholate)(HC), LRE 200 mg/kg treated group(NC-LREL), LRE 400
mg/kg treated group(NC-LREH), high cholesterol diet and LRE 200 mg/kg
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treated group(HC-LREL), and high cholesterol diet and LRE 400 mg/kg
treated group(HC-LREH). The inhibitory effects of lotus root ethanol extract
on LDL-cholesterol oxidation and HMG-CoA reductase activity of 7z wvitro
were observed. The growth rate and liver weight of the high cholesterol
diet group was higher than the normal diet group, whereas the groups
administered lotus root ethanol extract were gradually decreased. There was
a signigicant increase in the activities of serum ALT, AST and ALP in the
high cholesterol diet group. The administration of lotus root ethanol extract
decreased serum ALT, AST and ALP activities in dose dependent manners.
The high cholesterol diet group was increased serum triglyceride, total
cholesterol, free cholesterol and LDL-cholesterol levels, and decreased
atherogenic index, HDL-cholesterol and phospholipid levels as compared with
the normal diet group. Lotus root ethanol extract administrated groups were
increased HDL-C/T-C, HDL-cholesterol and phospholipid levels, and
decreased serum triglyceride, total cholesterol, free cholesterol, and
LDL-cholesterol levels as compared with the high cholesterol diet group.
The hepatic concentrations of total lipid, total cholesterol and triglyceride
were also lower in lotus root ethanol extract administrated groups than in
the high cholesterol diet group.

We also surveyed dietitians’ perception on usuage of lotus root. This study
was carried out through a questionnaire and the subjects was 131 school
dietitans, 72 industry dietitans and 45 hospital dietitans In
Jeollanamdo-Gwangju areas. According to the survey, most dietitians
perceived that minimally processed ready-to-use lotus root would helpful for
the institutional food service. Most respondents applied lotus root to their

menu planning and used lotus root for food service meal less than 10 times

— xiii —



per vyears. Lotus root jorim was estimated the most preferred cooking
method. Major reasons for their using lotus root were health food and
characteristic food, and reasons for non-use of lotus root were simple
cooking method, high price and less preference. It is needed to study for the
development of cooking method of lotus root proper to preference of student,
adolescent and patient in food service. In addition, for patients’ nutrition and
well-being through institutional food service meal, it is necessary to prepare
database of vegetables such as lotus root.

Taken together, these results suggest that ethanol extract of lotus root may
have a possible protective effect on liver function in hepatotoxicity-induced rat
by alcohol administration, fatty liver in hyperlipidemia-induced rat by a high
cholesterol diet. The development of cooking recipe with lotus root and their
antioxidative and hyperlipidermic effects of lotus root on patients need to be

investigated further.
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A1d 28A=

AL (Nulumbo nucifera G.)L 20039 49 Ay Fotoll A Aujxo] AlgE
b

U S Fulste] FAst 713 th& Waren blender(Braun MR 350. CA.

USA)Z 2R A gz ALestg).
A2-d Aok R 77
1. Aok

= 4

ki

o] Alg% A]l2k2 xanthine oxidase, xanthine, cytochrome C, glutathione
reductase, reduced glutathione(GSH), oxidized glutathione(GSSG) reduced
nicotinamide adenine dinucleotide(NADH), nicotinamide adenine
dinucleotide(NAD), glycine, sodium pyrophosphate, semicarbazide
hydrochloride, sodium azide, reduced nicotinamide adenine dinucleotide
phosphate(NADPH), a-l-antitrypsin, perchloric acid, sulfosalicylic acid(SSA),
bovine serum albumin, potassium ferricyanide(KCN), ethylene diamine
tetraacetic acid(EDTA), Tris-HCI, sucrose, 5,5'-dithio-bis—2-nitrobenzoic
acid (DTNB), sodium phosphate(monobasic, dibasic), phenol reagent,
dithiothreitol(DTT), 1.1-diphenyl-2-picrylhydrazyl, sulfanylic acid,
naphthylamine, linoleic acid, soybean oil, 3-hydroxy-3-methylglutaryl
coenzyme A(HMG-CoA), glucose-6-phosphate, glucose-6-phosphate

dehydrogenase, bovine serum albumin, laurly sulfate %< SigmaA}



(Sigma-Aldrich Co., USA), ethanol, n-hexane, chloroform, ethylacetate,
heptane % n-butanol= HPLC grade® TediaAt(Tedia Co., USA),
trichloroacetic acid(TCA)TE AldrichAH(Sigma-Aldrich Co., USA)$} lavastatin

flo

EMB BiosciencesAH(EMB Biosciences, USA)ol A F43t3 L, 7[EF Al F2

EFdog FYste AlLE 9
2. A4 7]7]

7}. Centrifuge : Eppendorf 5810R, Germany

L}, Evaporator : Eyela, Rotary vacuum evaporator, Japan

t}. Spectrophotometer : Shimadzu UV-1601PC, Kyoto, Japan

2}. Deep freezer : MDF-U52V Sanyo, Japan

vl Ultra Turax @ IKA MT-25 Janke & Kunkel, Germany

v}, Shaking water bath : JEIO-TEK SWBO3, Korea

A}, Rancimat 679 : Metrohm Ltd., CH-9101 Herisau, Switzerland
o}. Ultrasonic processor : VCX-750, USA

Z}. Blender : Braun MR 350 CA, USA

A3E NgFZ

Whatman filter paper(No. 2)2 o3&l th. o]xe] AdFRE 110TCoAA HEAIZ £
5

1T FEFE FEE FEE AAY e AR ASAES H 70T W
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Dried lotus root

extracted with 80% ethanol

concentrated by using rotary vacuum evaporator

Ethanol extract

water : n-hexane(l : 1)

n-Hexane fraction

aqueous layer

chloroform

Chloroform fraction

aqueous layer

ethylacetate

Ethylacetate fraction

aqueous layer

n-butanol

n-Butanol fraction

H>O fraction

Fig. 1. Procedure for extraction and fractionation of lotus

root(Nelumbo nucifera G.) by various solvents.
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1. /n vitro VA 323 A =HA

7}. 1.1-diphenyl-2- picrylhydrazyl(DPPH) radical 7%
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5l A ¢1 butylated hydroxytoluene(BHT)%] DPPHel| tj 3t
2Fols e FASAY. F 600 ppme FHEL Y AR 2 mLel 2x10° M
DPPH & 9 (dissolved in 99% ethanol) 1 mL 7}38}ar, & &33lo] 37Col A 30%
b A A, o] HES A S 517 nm FHEolA AR o F(electron donating
ability) 0.2 A stlom, 7zt 229 JATE tixzatel Hlste] DPPH free
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TAsHA Al A 7kste] A g sl

Kato ¢ (@0 Fsto] ofdAdd A7sS FAsA=d, 1 mM
NaNO; &9 2 mLo] A et =55 728 239 600 ppm2 A& 1 mLel 7}
st 0.1 N HCl(pH 1.2), 0.2 M citrate phosphate buffer(pH 4.2, pH 6.0)2 7}
Zt pHE EAT o3 Rbgde] s 10 mLE A&t 8948 37T A
IAIZE 9ESAIZL 3 1 mL A At 2% 24F 5 mLe 30% xAtel &3

Griess A 2F(1% sulfanylic acid : 1% naphthylamine = 1 : 1)

0
o 1587 WA g 520 nmelA FHES SHAGY. ETE FHF 04

N(%)zkiA?meo

. Nitrite scavenging ability
. Absorbance of 1 mM NaNO: added sample after standing for 1 hr

. Absorbance of 1 mM NaNO,

o« B Z

. Absorbance of control

2t A AR AA 2T

AT

A A Azl dA @3 = Ottolenghi WH(71)S ste] 71" £ 0.1M

(02

phosphate buffer(pH 7.0)¢} ethanolg 4 : 12 Z&3 fujo] linoleic acid=



0.03 Meo] HE=E Hrtetdd. o 712 €94 2 mLo 0.1M phosphate
buffer(pH 7.0) 19.2 mLe 7+ 8% A&7} 600 ppmeo] %25 H7bek &

40C el AgHEA EFY 20 mLe Aste] EHsAT 9 £FY

2.0 mLeol 35% trichloroacetic acid(TCA) 1.0 mL$%} 0.75% TBA 2.0 mLE 7}
gt U5 30% w9 95C HE FE&goA 408 FoF WA AT, o] HFSAS
Ao WAl A acetic acid 10 mL 9} chloroform 2 mLS 7}sked &A1 71

U 4500 xgoll A 5% &¢ d4dZeste] AA Ao FFEE 532 nmolA =
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Table 1. Composition of experimental basal diet

(g/kg)
Diet composition Basal diet
Casein 200.0
L-methionine 3.0
Beef tallow 100.0
Choline chloride 2.0
Corn starch 448.0
Sucrose 200.0
Cholic acid 2.0
Vitamin mixture(AIN 93)" 10.0
Mineral mixture(AIN 93)” 35.0
Cholesterol 0.0

1

Vitamin Mix(AIN-93-VX)(g/kg mixture): Nicotinic acid 3,000, Ca pantothenate 1,600,
Pyridoxin—-HCI 700, Thiamin-HCIl 600, Riboflavin 600, Folic acid 200, Biotin 20, Vitamin
Bi2(cyanocobalamin)(0.1% in manitol) 2,500, Vitamin E(all-rac-tocopheryl acetate)(500
IU/g) 15,000, Vitamin Ds(cholecalciferol)(400,000 IU/g) 800, Vitamin K(phylloquinone)
75, Powdered sucrose 974.665.

Mineral Mix(AIN-93-MX)(g/kg mixture): Potassium phosphate monobasic(22.76% P,
28.73% K) 250.00, Potassium citrate, Tripotassium monohydrate(36.16% K) 28.00,
Sodium sulfate(39.34%, 60.66% Cl) 74.00, Potassium sulfate(44.87%, 18.39% S) 46.60,
Magnesium oxide(60.32% Mg) 24.00, Ferric citrate(16.5% Fe) 6.06, Zinc citrate(52.14%
Zn) 1.65, Sodium meta-silicate H.0(9.88% Si) 1.45, Manganous carbonate(44.79% Mn)
0.63, Cupric carbonate(57.47% Cu) 0.30, Chromium potassium sulfate 2H»0(10.42% Cr)
0.275, Boric acic(17.5% B) 0.0815, Sodium fluoride (42.25% F) 0.0635, Nickle
carbonate(45% Ni) 0.0318, Lithium chloride(16.83% Li) 0.0174, Sodium selenate
anhydrous(41.79% Se) 0.01025, Potassium iodate(59.3% 1) 0.010, Ammonium
paramolybdate + HoO(54.34% Mo) 0.00795, Ammonium vanadate(43.55% V) 0.0066,
Powdered sucrose 209.806.



Table 2. Experimental groups of antioxidant experiment

Groups Diet composition

BD Basal diet"

ET Basal diet + EtOH”
BD-LREL Basal diet + LREL”
BD-LREH Basal diet + LREH"
ET-LREL Basal diet + EtOH + LREL
ET-LREH Basal diet + EtOH + LREH

" See the Table 1.

? EtOH : 35 % alcohol 10 mL/kg of body weight/day.

¥ LREL : Lotus root(Nelumbo Nucifera G.) ethanol extract(LRE) 200 mg/kg
of body weight/day.

Y LREH : Lotus root(Nelumbo Nucifera G.) ethanol extract(LRE) 400 mg/kg

of body weight/day.



2. dH F AST, ALT @ ALP 84 =A

¥ 7% aminotransferase &/ Reitman?} Frankel® W (74)o] ¢]sto] =4
® ¥4 transaminase 4§ kit(Shinyang Co., Seoul, Korea)E A}-&3}¢]
ALT % AST ZA4 S =492 ¢ 83 mL 9 karmen unit® F A3
o}, ALP @42 =A% kit A% (Youngdong Pharm., Seoul, Korea)g A}-& 3}

of 243591 &9 king armstrong unit® 3E A &4 o}

HxA 1 g F 49 F9 0.25 M sucrose buffer(pH 752 7}&tar 4T ol A
ultra turax homogenizer(Janke & Kunkel, Germany)Z 10,000 xgolA 2% 3t
vl sl ok, vhaf o] AX-= thiobarbituric acid reactive substances(TBARS)
SheF S Aol AFEEFY AL, U A= 4T, 600 xg oA 1027 A Egste] ¥

7

@ F AN bl B9 o 15000 xgol A 2083+ 4

AEFsEe] AL t}S XO, SOD, catalase @ GSH-Px &4 =4S 93 a4
Yoz AbEslar, dif = did 35 S0 AFgetd . ek kx4 0.1 gol

5%(W/V) sulfosalicylic acid(SSA) 2 mLE 7}stx wka] & 10,000 xgoll A 10

(2) Xanthine oxidase(XO) &A

7 229 XO 4L Downeyd HWH(75)] o5t SAH&AT. & 50 mM

phosphate buffer(pH 7.8) 2.8 mLol 10 mM ethylene diamine tetraacetic



acid(EDTA) 0.03 mL, 5 mM xanthine 0.03 mL< 7}&to] &3 t}S& 257

C
P 249 0.1 mLE 7Fste] 290 nmoll A 3 &< WEE=

R
w
A
L
oF
R
ol

5 = 2 = = 5 5 -1 -1
THEE SAGAT. 84 42 etk F3ASE 1003 L-mM - cm

fru
)
N
:(l)l‘_lz
)
[
ofr
ol
R
(o
q
fol

%S mU/g proteing 1 unit® E A Ao}

(3) Superoxide dismutase(SOD) &4

Crapo 52 WH(76)& wWPsted 1 xZ SOD AL ZAHsA=U
xanthine, XO % cytochrome c& ©°]&3tAth. =5 Al @ o] 100 mM phosphate

buffer (pH 7.8) 2.3 mLel 0.5 mM xanthine 0.3 mL2} 0.1 mM cytochrome c

03 mLE 7bsta E@stel §¥Ee) F7F £mob R F 0027 HEE XO

92 A7 F 550 nmolA 183 WBHE FHEE Z4Rd0 5s @
e 47l 2ANA ARUE el FANE FIEE FFAAL,

=

cytochrome ¢ 39Y &2 &5 50% Y Ast= &4 % uM/min/mg protein

S 1 unit® ZT A Gt

(4) Catalase &4

Catalase @A & Aebie] #H (77 st 2REE HOF0 2 =339t}
= 25 mM H-0.E *¥33 50 mM phosphate buffer(pH 7.0) 3.0 mLol & 4¥
=T s el

10 uLE 713t 3 3 240 nmol A 60%7 WHIHsE T3S
B9okoll 1 mM<e Hx0.5 #3l A7l & 4 H(decreased

H-0> utM/min/mg protein)S 1 unit® XA 33 .



(5) Glutathione peroxidase(GSH-Px) &A]

Flohe %9 ®w¥(78)°] ¢]3ste] GSH-Px AL =A3AY. = 10 mM
phosphate buffer(pH 7.0) 25 mLe]l 3 mM GSH, 20 mM NaNj, glutathione
reductase 0.72 U, NADPH 045 mM¥ &49<S ¥ 1 045 mM H.0-.5 7}3}9]

0
340 nmell A 3% FH =0 WMIE SAHSAT. HlaLA g2 Aok 2

204 & 045 mM H:0.5 7hebA @il F3=e Wats FAs30eH,

0 FA2 HEsA dbgo 9% 53 % WHIE A S o Ao 93iA
A A3t o] & A H(decreased NADPH uM/min/mg protein)g 1 unit® ZE A5+
=

A = 0.868( [NADPH] / [GSH]y t)(V; /Vy)
A: 24 X
[NADPH] : NADPH ¢ = =3}
[GSH]y : GSHe] A& 3+

t @ HESAIZE
Vi wb&o g
Ve 49 &

(7) Glutathione(GSH) g%

GSH %<& Tietzeo WH (7902 A3 = A3 ol working buffer
700 pL, 5,5’ -dithio-bis-2-nitrobenzoic acid(DTNB) 100 puL, Al&< 20 plL %
S 180 uLE 7ksto] 30Tl A 3&zF WA g & GSSG 5 uLE #H7hsha
412

o 1,2, 33 4 M= A7k 22 o SAs ALt

nmoll A 13 Fob WaHE FUEE 2459 GSH #3S GSH £



(6) Thiobarbituric acid reactive substances(TBARS) g%

TBARS ¥ %2 Buege %9 WH(@0) 95t FAsArt. 5 TBA A<k
(0.375% TBA in 025 N HCD 1.0 mLel BHT® ¥ @Fo] 0.01%7} H==
A7beta wdel 1.0 mLE 7hate] & EFe § RBCE 1683 7tdstdth =
Al WBZAA 1500 xg® 1527 9 E et 535 nmell A AA NS FREE
=743t9 . Malondialdehyde(MDA)®] & F#A 5% 156 x 100 L-mM
cm & o] gste] AAtal A

(8) WA

1

v 2

42 st SASAY. AE £38 20 uLs Hsked od7]e] 1.0% lauryl

AV

et

ZF2 Lowry 52 ®WH@Dol 939 bovine serum albumins 3

sulfate &4 16 pL& %, TFF2 AT F37F 124 plo] =5 1A
Al SAE gol 15 9 20 uLe Hal FRFE 80 D 85 uLe W 3
AetAtt. o7l R

oo

A1 2F(0.5% copper sulfate solution : 1.0% sodium
tartrate solution @ 2.0% sodium carbonate solution = 0.5 : 0.5 @ 49, v/v/v)<&
1.0 mL¥ FH7bsto] 1023F 2 £ F A2olA 2023F BAA A, o] F &4
Al ¢kl 1 N Folin reagent 0.1 mL% 7}t 5% 7+ E3star A2 4 30

WA e 525 nmolA FREE SAse] BE A6l st vl

| e =1
B g A2 Ay SPSS 12.0(Statistical package for the social science)
P/C packageE ©o]&3dte] Adad HoY X5 AR, dAnf x4t



A (one-way ANOVA)S AHAIstom A5 A4 L Tukey(T)-testoll ¢]sto]

Baholth. B Aol ol g8 FAH 594 AL a<005 FEoIA o] Fol k.
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1. In vitro A nAEZ= AA gz =A

7}. Low density lipoptotein(LDL)o| W3 g 4t3slay A

(1) LDL +#4¢

A FE%o §3W LDL A3k oAt el WA LDLE 23
of ZA A THE82). LDL(1.019<d<1.063)= 7d Abgre] d o5 4TCoA 34
s} 4

gentamycin sulfate 1 mg/25 mLE& #7Fske] 46,000 xgoll A 24A17F U4 &2

Lo
ey
o
tlo
j}_j:
rot
v
dlo

A

A F 450 xg, 4Tl A 2027 YA

skl A o]E 015 M NaCl, 0.01% EDTA”} &#% 0.0IM phosphate
buffer(pH7.4)ol 4] 20417 413 & LDLS #23 oo Ws 1dxsho] AL&3}

o3
s

)\

(2) LDL Atst 2 @itstas 54

LDLe 4tst 2S5 #38) 65 ug LDL/mL¥ 16 uM CuSOg0l A 37} 1
mL”7} % %% phosphate buffer(pH 7.4)5 4& F, 37ColA 247+ FoF vk$-
Az 5 EDTA(ImM)E 20 pLE FH7bete] 4hstE A A2 o LDL W] 4hst
A
TBARS &% ®stE Z43te] LDL Atslel] v A £39 gislarts
23t EDTA H7t= 287 4% LDLS ol TCA-TBA-HCI A~

F2 TBARS #doz AU, 72 8 30 pg/mLelA 243 F

m&

(15% trichloroacetic acid: 0.375% thiobarbituric acid: 0.25N HCl) 3 mLE 7}
Sk 2 95T A 3057 TEEIAY. WA FH 4500 xgol A 1087 A&

hs



2 A F AAAE FHste]l AdE MDA %S 532 nmellA FRER A

SF A THE3).

Y. HMG-CoA reductase A EA =A

(1) Yeast B %

HMG-CoA  reductase= = FTd @3l FUS  Saccharomyces
cerevisiae ATCC 429499] microsomal proteings AF&3FTE 8714 A Efol A
1% glucose, 0.5% polypeptone, 1% yeast extract Bl Aol .S cerevisiae ATCC
429495 30C = 2447+ AwujeFsr t}3, 3% glucose, 0.5% polypeptone, 0.5%

yeast extract, 0.5% KoHPO4 0.5% KHoPO4 -8k v X o duje 1%E #
T3 T 30T A 154 7F vl oF 3} thH(84).

(2) Microsomal protein #| %

jus)

BgHS 1,200 xgoll A 1583 YR T 4T STHFZ 23 MFH g5
MEZS 389 20 mM EDTAE &3
of 5~15%(w/v)E A 3AsUct AEX EH71= 10,000 psiol A 587F 4 3}

gk & 2400 xgoll A 153 YA 22 et mitochondriagE Al AstaL, 37 dS

o

.1 M triethanolamine buffer(pH 7.4)

4

10,000 xgoll Al 90%3t =HAEZAIZl & microsomes QAT E g

ic)

o
2
lo
fru
>
%
_O‘L
=

microsome< 2 mM dithiothreitol(DTT)E H7}ak A7) &

dds A F 10 mg/mLE A sk} AFS-5F A TH85).

(3) HMG-CoA reductase #] 38 &4



HMG-CoA reductase A 3] &4 > Hulcher 52 W (86,87)% WEste] thd
3 o] =AHE A}, WF3ALS yeast microsomal protein 1 mg, HMG-CoA
150 nM, NADP 2 uM, glucose-6-phosphate 3 uM, glucose-6-phosphate
dehydrogenase 2 units® ZA|sta, A 25 ug, 50 ng 2 100 ngs A 7bslo]
HFE &%l 1 mL7t HA &9d. A odgE FE5EL dimethyl
sulfoxide(DMSO)ell &3 Al A WrgHel H7istglon, SAETS DMSORE
S Hrbstd o, A AH Fd nAEF A F5AQ lavastatin(83,89)S YA

Hxao =z AFESE Y. 37CA A 3083 ¥ES & 10 mM sodium tungstates

stH3% 2 M citrate buffer(pH 3.5) 0.1 mLE #7}3 t}g 37ColA 1027 A
2ske] WESS A A A AT 10,000 xgoll A 5E7F AR T AAGwAS A

buffer(pH 8.0) 0.1 mLE #7}ste] HES-H e pHE 8002 Z43ATt 04 M
sodium arsenite 50 pL< H7}star 583 w3 A A dithiolarsenite complex=

FAAAZ & gl 1 mLE FHEe 3 mM 55 -dithio-bis(2-nitrobenzoic

acid(DTNB) 20 uL& 7} & 421 nmelA FFE=E FA3A

g el ojete] CoA-SHO AAFS AAsAT. Adle2 A8E ¥4 B2

o] gyl i As) =& HE&=2 Fated

CoA-SH XA #(nM/min) = 1.43 x A(reaction) - A(control)/ 0.136xtime

HMG-CoA reductase A al& = CoA-SH A FAIAL-Z+)/HETF x 10

o 7)ol A 143 : Wk o] 5w,
0.136 : CoA-SH9] extinction coefficient,
Control : 2 (A= w7},

Reaction : A& (AL A7)
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Table 3. Composition of experimental diets containing high cholesterol

with lotus root(Nelumbo Nucifera G.) ethanol extract

(g/kg)
Diet composition Normal diet High-cholesterol diet
Casein 200.0 200.0
L-methionine 3.0 3.0
Beef tallow 100.0 100.0
Choline chloride 2.0 2.0
Corn starch 448.0 443.0
Sucrose 200.0 200.0
Cholic acid 2.0 2.0
Vitamin mixture(AIN 93)" 10.0 10.0
Mineral mixture (AIN 93)” 35.0 35.0
Cholesterol 0.0 5.0

Y Mineral Mix(AIN-93-MX)(g/kg mixture): Potassium phosphate monobasic(22.76%P, 28.73%
K) 250.00, Potassium citrate, Tripotassium monohydrate(36.16% K) 28.00, Sodium
sulfate(39.34%, 60.66% Cl) 74.00, Potassium sulfate(44.87%, 18.39% S) 46.60, Magnesium
oxide(60.32% Mg) 24.00, Ferric citrate(16.5% Fe) 6.06, Zinc citrate(52.14% Zn) 1.65, Sodium
meta-silicate H»0(9.88% Si) 1.45, Manganous carbonate(44.79% Mn) 0.63, Cupric
carbonate(57.47% Cu) 0.30, Chromium potassium sulfate 2H-0(10.42% Cr) 0.275, Boric
acid(17.5% B) 0.0815, Sodium fluoride (42.25% F) 0.0635, Nickle carbonate(45% Ni) 0.0318,
Lithium chloride(16.83% Li) 0.0174, Sodium selenate anhydrous(41.79% Se) 0.01025,
Potassium iodate(59.3% 1) 0.010, Ammonium paramolybdate - HoO(54.34% Mo) 0.00795,
Ammonium vanadate(43.55% V) 0.0066, Powdered sucrose 209.806.

Y Vitamin mix(AIN-93-VX)(g/kg mixture): Nicotinic acid 3,000, Ca pantothenate 1,600,
Pyridoxin HCl 700, Thiamin HCI 600, Riboflavin 600, Folic acid 200, Biotin 20, Vitamin
Bio(cyanocobalamin)(0.1% in manitol) 2,500, Vitamin E(all-rac-tocopheryl acetate)(500
1U/g) 15,000, Vitamin Ds(cholecalciferol)(400,000 IU/g) 800, Vitamin K(phylloquinone) 75,
Powdered sucrose 974.665.



Table 4. Experimental groups of hyperlipidemia experiment

Groups Composition

NC Normal diet"

HC High-cholesterol diet”
NC-LREL Normal diet + LREL”
NC-LREH Normal diet + LREH"
HC-LREL High-cholesterol + LREL
HC-LREH High-cholesterol + LREH

V% See the Table 3.

¥ LREL : Lotus root(Nelumbo Nucifera G.) ethanol extract(LRE) 200 mg/kg
of body weight/day.

Y LREH : Lotus root(Nelumbo Nucifera G.) ethanol extract( LRE) 400 mg/kg

of body weight/day.
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Table 5. Yields of solvent fractions from 80% ethanol extract of lotus

root
Fraction yield
Solvent
Gained w eight(g/100g) Ratio(%)
Ethanol extract 9.14 100.00
n-Hexane 1.06 11.60
Chloroform 1.31 14.33
Ethylacetate 1.39 15.21
n-Butanol 1.94 21.23
Water 1.64 17.94




2. In vitro oA A3 A
7}. DPPH radical &7 & &
80% &L FE=2 7] o=z £33 &S DPPHY o3¢ dxts o

& Mg A= Table 63 2t
DPPHE 50% #HA7]<=d Za3g

r—{u:

£ 9 % (RCs)E ethylacetate &3
0] 15.69 ng/mL, n-butanol 3 &°] 26.32 ng/mL, chloroform + & &0°] 54.16
ng/mL 2 2 ethylacetate ¥ & &o] 7} = o]wtt}. Ethylacetate ¥ 3 &2 43t
APskAl )l BHTSF frAReE AAbe o e S WeEbd ol
ARz o482 24 gzded dAxRE Toddte] AF T AW AsE AAle=
AR ARREEHA, A Wl = A gy el T x=3E A= FHEL
2 ol&Ha QIth103). AE®) I AUl ethylacetate +E2] DPPH
radical 2~7A%°] 714 34l UElW oy, AxH104)E n-butanol &3 E oA
DPPH radical 27184 o] 7Hd Fsidet. @444 A WA A3 =31
20 kst B wstelA] 2o HEw Hrh

o 4= 9JE=u(105), A B8 E o DPPH free radical A~7] &4 o] ethylacetate

f

o)t A9 BARA, B4

3} n-butanol ¥l A =A YEIEES Aol ks dA S AW AHEEo] vl
4

4 FA4o] 2§71 8ol 2



Table 6. Scavenging effects of the solvent fractions from 80% ethanol

extract of lotus root on DPPH radical

Solvents RCso(ug/ml)”
n-Hexane 98.00”*
Chloroform 64.16"
Ethylacetate 15.69°
n-Butanol 26.32°
Water 89.70"
BHT” 15.38°

v Inhibitory activity was expressed as the mean of 50% inhibitory

concentration of triplicate determines, obtained by interpolation of
concentration-inhibition curve.

? Means with different letters are significantly different(p<0.05).

Y BHT: butylated hydroxytoluene
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Table 7. Antioxidative activities of the solvent fractions from 80%

ethanol extract of lotus root

Fraction” P’ AP
Control 7.19"¢ 1.007°
n-Hexane 7.31°¢ 1.02¢
Chloroform 7.98° 1.11°
Ethylacetate 9.97 1.39
n-Butanol 9.01" 1.43
Water 7.21° 1.01°
BHT 13.13% 1.83%

Y Fractions were separated by separatory funnel.

? Induction period(IP) of oil was determined by test of Rancimat at 110°C.

¥ Antioxidant index(AI) was expressed as IP of oil containing various
fraction/IP of soybean oil.

Y5 Means with different letters are significantly different(p<0.05).
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Table 8. Change of body weight gain in alcohol and/or lotus root ethanol

extract administered rats

0 Initial body wt. Final body wt. Gained body wt.

Groups (g) (g) (g)
BD 134.25+2.15%™°  30357£19.25"° 169.32+11.23"°
ET 133.29+1.95 282.52+17.29 149.23+13.25
BD-LREL 134.07+1.74 306.59+24.31 172.58+9.58
BD-LREH 134.71+2.01 297.08+11.64 162.37+10.47
ET-LREL 133.95+1.53 299.29+15.26 165.34+13.29
ET-LREH 134.42+1.72 293.67+20.43 159.25+13.25

Y See the legend of Table 2.
Y NS: not significant.

¥ Values are mean + S. E. of 8 rats per each group.



Table 9. Feed intake and feed efficiency ratio(FER) in alcohol and/or

lotus root ethanol extract administered rats

Groups” 7"otal .Dalily FER”
feed intake (g) feed intake(g/day)
BD 853.44+53.237"° 20.32+2.36”"° 0.20+0.06"
ET 853.86+72.32 20.33+1.46 0.17+0.02
BD-LREL 895.44+33.92 21.32+3.12 0.19+0.03"
BD-LREH 847.56=65.02 20.18+2.01 0.19£0.07*
ET-LREL 797.58+51.21 18.99+1.25 0.21£0.04*
ET-LREH 835.38+69.17 19.87+2.08 0.19+0.01°

U See the legend of Table 2.

2 FER(feed efficiency ratio): total weight gain/total feed intake.

¥ Values are mean = S. E. of 8 rats per each group.
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Fig. 4. Activity of ALT in the serum of rats administered alcohol
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Abbreviations: See the legend of Table 2. Values are mean * S. E.
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Fig. 7. Activity of XO in the liver of rats administered alcohol and/or

lotus root ethanol extract.

Abbreviations: See the legend of Table 2. Values are mean * S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 8. Activity of SOD in the liver of rats administered alcohol
and/or lotus root ethanol extract.

Abbreviations: See the legend of Table 2. Values are mean = S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 9. Activity of catalase in the liver of rats administered alcohol
and/or lotus root ethanol extract.

Abbreviations: See the legend of Table 2. Values are mean = S. E
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 10. Activity of GSH-Px in the liver of rats administered alcohol
and/or lotus root ethanol extract.

Abbreviations: See the legend of Table 2. Values are mean = S. E
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 11. Concentration of GSH in the liver of rats administered alcohol
and/or lotus root ethanol extract.

Abbreviations: See the legend of Table 2. Values are mean £ S. E
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 12. Concentration of TBARS in the liver of rats administered
alcohol and/or lotus root ethanol extract.

Abbreviations: See the legend of Table 2. Values are mean £ S. E
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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13. Inhibitory activity of the solvent fractions from 80% ethanol
extract of lotus root on human low density lipoprotein(LDL)

oxidation.

LDL was incubated with 16 uM Cu® at 37°C under air for 2 hrs in
the presence of 30 ug/mL concentrations of fractions of lotus root
ethanol extract. The reaction mixture was stopped by adding 3 mL of
TBA-TCA-HCI] solution, and then the solution was heated at 95T
for 30 min. After centrifugation to clarify the solution, the peak
absorbance at 532 nm was used to calculate TBARS using and is
expressed as nmol malondialdehyde equivalents/mL. Values are mean
+ S. E. of 10 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey(T)-test.
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Table 10. Inhibitory activity of lotus root ethanol extract on
HMG-CoA reductase”’

Concentration Specific Relative Inhibition
(ug/assay) activity” activity rate(%)”
0 2.96 100.00 0.00
LRE" 25 2.71 91.55 8.45
50 2.39 80.74 16.26
100 1.80 60.81 39.19
Lavastatin 100 90.29

1) . . . ) )
The reaction mixture consisted of yeast microsomal protein 1 mg,

HMG-CoA 150 nM, NADP" 2 uM, glucose-6-phosphate 3 uM,
glucose-6-phosphate dehydrogenase 2 units and 0, 25, 50 and 100 pg of
ethanol extract of lotus root or 100 ug of lavastatin in total volume of 1
mL. Values are means of triplicate assay.

? Unit: nM of CoA produced/mg protein/min.

¥ TInhibition rate(%)=100-(sample activityx100/control activity).

Y LRE: lotus root ethanol extract
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Table 11. Change of growth rate of the rats fed high cholesterol diet

with lotus root ethanol extract

Groupsl) Initial body wt. Final body wt. Gained body wt.
(g) (g) (g)
NC 12550+1.45"™°  28237+19.677" 156.89+36.59"
HC 124.99+2.09 317.31£32.98° 192.32+22.61
NC-LREL 124.04%1.50 278.43+41.21° 152.39£19.21"
NC-LREH 124.76+1.81 282.09+29.43" 157.33£26.38"
HC-LREL 125.14%2.47 310.43+21.00° 185.29+30.09"
HC-LREH 124.52+1.43 300.73+30.98" 176.21+29.01™

Y See the legend of Table 4.
Y NS: not significant.
¥ mean * S.E.(n=8), Values with different superscripts in the same column

are significantly different(p<0.05) between groups by Tukey(T) test.



Table 12. Feed intake and FER of the rats fed high cholesterol diet

with lotus root ethanol extract

Groups” 7"otal .Dalily FER”
feed intake (g) feed intake(g/day)
NC 895.44+22.14%° 21.32+0.95" 0.18+0.02"
HC 724.92+36.19™ 17.26+0.52" 0.27+0.09"
NC-LREL 937.86£19.40° 22.33+0.40" 0.16+0.05"
NC-LREH 863.52+29.11* 20.56+0.19" 0.18+0.04"
HC-LREL 769.44+30.15 18.32+0.24 0.24+0.07°
HC-LREH 811.86+16.23" 19.33+0.26" 0.22£0.02%

U See the legend of Table 4.

2 FER(feed efficiency ratio): total weight gain/total feed intake.

Y mean =+ S.E.(n=8), Values with different superscripts in the same column

are significantly different(p<0.05) between groups by Tukey(T) test.



Table 13. Effect of lotus root ethanol extract on liver weight of rats
fed high cholesterol diet

Groups" Liver wt. Liver wt.
(g) (g/100 g carcass wt.)

NC 7.69+2.017" 2.72+0.09"

HC 9.56+1.23" 3.01+0.07*
NC-LREL 7.85%1.36" 2.82+0.02"
NC-LREH 7.71£1.92° 2.73+0.08"
HC-LREL 9.01+2.36 2.90+0.04"
HC-LREH 8.22£2.07 2.73+0.03"

U See the legend of Table 4.
Y mean * S.E.(n=8), Values with different superscripts in the same column

are significantly different(p<0.05) between groups by Tukey(T) test.
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Fig. 14. Activity of ALT in the serum of rats fed high cholesterol
diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 15. Activity of AST in the serum of rats fed high cholesterol
diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 16. Activity of ALP in the serum of rats fed high cholesterol diet
with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean = S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 17. Concentration of triglyceride in the rats fed high cholesterol
diet with lotus root ethanol extract.
Abbreviations: See the legend of Table 4. Values are mean = S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 18. Concentration of total cholesterol in the rats fed high
cholesterol diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 19. Concentration of phospholipid in the rats fed high cholesterol
diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 20. Concentration of free cholesterol in the rats fed high
cholesterol diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean = S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 21. Concentration of cholesteryl ester in the rats fed high
cholesterol diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 22. Ratio of cholesteryl ester in the rats fed high cholesterol diet
with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean = S. E.

of 8 rats per each group. NS: Not Significance.



. 83 5 LDL-

NEB ABAF L FAFAAS

i
&
[>
£
i
o]
oR
Ay
s
i
o)
[>
)
i
o]
off

AFAeNA A EE FE=

i)
it
>
ek
olN
Ho
i3
1
o,
Ll
(@)}

LDL-=¢ 2 H =3 HDL-Zd =4
" A= g3k Fig. 23~26% 2t}
Fig. 2304 ¢} Zo] @4 F LDL-ZFd2HE T3S 1ZFe 26 &2 o (HC)
o] 90.18+7.22 mg/dL= A7 o] (NC)2] 62.49+4.02 mg/dLel #®sko] oF 44%
BE frestA kst nFdsv Sl A2 odEgs ALF HF Fo
w(HC-LREL)® 187 Bd Fo(HC-LREH)S €% % LDL-Zd2H=
gheFo] 77.58+4.19 mg/dL¢t 70.09£6.12 mg/dL= Z ¥ 2~E &2 o] 7 (HC) o H]
sto] Zbzb oF 14%¢9F 22% A= oAl #Faads dehldoen, A og

= FEE Fo 90 T E A €4 T ddAY FdiHES

al
Hol 9th(157). LDL-Fd2HE ¢F F7te 4o =27 E LDL-Fd2H =
AA &9 A%yt olyel d o U intermediate density lipoprotein(IDL) &t

Fol T/t o= ¢ @2 IDLe] LDLE H3¥7] wjZoldb= Bk 9l

Y aHEele FU2HE AFH ] BobA W LDL-Edl2H 0] 24
ol Al E8E] = Algte] HojAEg Fy YA XA s A ~EHAE W
S 7137 BolAA Hrh olul ztslE LDLE FATWAs T 7] WH<l
fatty steaks Yo7 @ WIAZEE EFA7IL 48RS &6
Hog d F LDL &% Wael LDL Ats SAHE 45943 e F4

Ag7h "k weq el F LDL A5E st ol u$ Fadd s



34 LDL-Z# =" E 237}
AAHYSE A5t s A2 AL FHES 7 o oAE X
B

< ABHAIZIAL o vitro WA= LDL-Z#E 2~HE AFs)

ofy
-
-
=
i
o)
.
£
g
ot

il

o} Al st vt

Fig. 240lA ¢ o] ¥4 F HDL-ZFd=HE TF2 A2l (NC)Y
37.29%3.18 mg/dLell ®]slo] L F e e &4 o] (HC)o] 27.3242.11 mg/dL= °f
27% A= rofstA Aot aEdsHEA o A dEE: FE= AS
F(HC-LREL)¥% 18 %FHC-LREH) B3 Fov2 €% 5 HDL-Zd=H = &
g 7h7 29.50+3.21 mg/dL¥ 34.43+2.19 mg/dL= 11Z ¥ 2 H &2 o] 7 (HC) ol
Hlsto] §F ofEHow Frhetd ot g Fol ARt of 26% A=

g7} ok n2ALHEHE HAG BEE Ao FeAiHB Fu of

45 A A3 o3 g vjAde s YxrFHoRHE oz Fulo] &
AEo] X F 22y 2d2 dFS =715t HDL-Z 92" =2 e 744
st Aoz HaEol 9ri(159). HDL-Z#H AHZS Y4xx49 Zy~Ay=S

Fom Fukelal oA FHUlAHERNFEH EFAto] dAHA L Ao wjA
Al717] W&o HDL-Zd 28 &2 9743t of a7t 3lvh(160).

Fig. 25014 ¢} #Zo] A8 A 9 & A 4= (cardiac risk factor, CRF)= 1 Z ¥ 2H =
2ol (HC) o] 4.55+0.69= A2 o] (NC)e] 2.37+0.8480) H]s}o] oF 52% A=
FroetAl  FrskAT. aFElzEEA el A dEE FEE AT
(HC-LREL)¥ 118 %(HC-LREH) B§ Fou> Add @A F7F 3.76+0.66%
2940592 nZFY2EHE2 ol (HC)ol Blste] Zhzh oF 18%<}F 35% A% {93}
A AskE o, A2 o] (NC, NC-LREL¥ NC-LREH)E°l Hste = F7ts)

9t} 444 o] #(NC, NC-LREL3 NC-LREE)E ol 48z @50 £
Fol g% FARSE gk 4

a7 gl oy A s FEE
# AT HDL-ZFd 2" EZo Ui 228 E9 FFuE dxste @&
&

oz TR AT} Hao AdaA dded I A Nz = AL



B, Aol A 70 oo FAE YEd W 99 AEw QX ATHI6D),
Fig. 26014 ¢} o] o754 4%
WG se) ol o

_C[L
2HE2A ol A oete FEFE AL (MHC-LREL)Y &= (HC-LREH) ¥ &

Zd 28 Z24 o] (HC)eo] 351+0.29% &

=

Fe BUYS & 5 AT FAARAL 02

—m
£
=
flo
S
B
>»
+

o
)
Ny
to
—
o
I~
I+

o
o
o))
o
fr

=

o) 2822 0] & (HO)o] W ete] 747 o
21% 9 45% AT FostA AstE Y. weka] A oES =228 R

HAs Ad=s wFe Jos Andy. eUAdsAss @9 F HDL-Z4)

Cl

>,

2HE W FAAEY =2 vE gES= Fe=E v National
Institute of Health Consensus Development Conference(NIH)2] 7]5=o] ul=w

ol g e W Fugsel d@ A% AEnA g

julkes
o
=
>
w
()
2
o

oj e Ay A dEE FEE Fo=2 LDL-TU2HE

ot
o
o>
)
)
R
i)

Ag B e A s g A 9a, HDL-Ed 2 H =

i
o
flo
ol\
N
N
i,
2
>
po)
(o

2 wol o] BWMAH o @ AR SEZ AL Hed Aow AZET)



120 |

a
2 b
el
S 80 [ b
E
- Cc
o
5 c c
%
[
S
=
[$]
L 40 ¢
[a]
-l
0
NC HC NC-LREL NC-LREH HC-LREL  HC-LREH

Groups

Fig. 23. Concentration of LDL-cholesterol in the rats fed high
cholesterol diet with lotus root ethanol extract.

Abbreviations: LDL-cholesterol=TC-(HDL-cholesterol+TG/5). See
the legend of Table 4. Values are mean + S. E. of 8 rats per each

group and different superscript letters indicate significant differences

at p<0.05 by Tukey(T)-test.



b
b
- ab
C
S a
E a
°
[0)
»
[0)
©
N -
[&]
4
a
I
HC NC-LREL NC-LREH HC-LREL HC-LREH

Groups

Fig. 24. Concentration of HDL-cholesterol in the rats fed high
cholesterol diet with lotus root ethanol extract.
Abbreviations: See the legend of Table 4. Values are mean = S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 25. Ratio of cardiac risk factor in the rats fed high cholesterol
diet with lotus root ethanol extract.

Cardiac risk factor : TC/HDL-C=total cholesterol/HDL-cholesterol.
See the legend of Table 4. Values are mean £ S. E of 8 rats per
each group and different superscript letters indicate significant

differences at p<0.05 by Tukey(T)-test.
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Fig. 26. Atherogenic index of rats fed high cholesterol diet with lotus

root ethanol extract.

Atherogenic index = (Total cholesterol-HIDL-cholesterol)/HDL-cholesterol.
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each group and different superscript letters indicate significant

differences at p<0.05 by Tukey(T)-test.
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Fig. 27. Concentration of total lipid in the liver of rats fed high
cholesterol diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean * S. E
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 28. Concentration of total cholesterol in the liver of rats fed high
cholesterol diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean £ S. E
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Fig. 29. Concentration of triglyceride in the liver of rats fed high
cholesterol diet with lotus root ethanol extract.

Abbreviations: See the legend of Table 4. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey(T)-test.
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Table 14. General characteristics of the subjects

N(%)
Type of food service
Variables Total X
School Industry Hospital
21-29 12(9.2) 31(43.1) 22(48.8) 64(25.9)
Age(years) 30-39 68(51.9) 26(36.1) 16(35.6) 110(445) 87.8™
>40 51(38.9) 15(20.8) 7(15.6) 84(29.6)
College 31(23.7) 28(38.9) 15(33.3) 74(29.8)
Education ) ) s
level University 72(55.0) 30(41.7) 21(46.7) 123(49.6) 45.3
eve
Graduate school 28(21.4) 14(19.4)  9(20.0) 51(20.6)
1-4 27(20.6) 41(56.9) 13(28.9) 81(32.7)
Empl t .
HPIOYIRERE 59 30(20.8) 24(33.3) 11(24.4) 74(29.8) 256"
period
>10 65(49.6) 7(9.7) 21(46.7) 93(37.5)

Y NS: Not significant. ~"<0.001.
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Table 15. General characteristics of food service

N(%)

Type of food service
Variables Total X
School Industry Hospital

Direct 123(93.9) 41(56.9) 23(51.1) 187(75.4)

Operation of ) s
) Consignment 8(6.1) 26(36.2) 12(26.7) 46(185) 355
food service

Direct+consignment 0(0.0) 56.9) 10(22.2) 15(6.6)

< 500 19(145) 52(72.2) 11(245) 82(33.1)
500-999 35(26.7) 14(19.4) 21(46.77) 70(28.2)
Number of -
. 1,000-1499 77(58.0) 6(8.4) 10(22.2) 93(375) 189.7
meal size
1,500-2,000 0(0.0) 0(0.0) 2(4.4) 2(0.8)
Others 0(0.0) 0(0.0) 1(2.2) 1(0.4)
< 1,000 0(0.0) 0(0.0) 3(6.7) 3(1.2)
Cost per meal 1,000-1,490 000.0) 22(30.6) 16(35.6) 38(15.4)
57.3"
(won) 1,500-1,990 52(39.7) 12(16.7)  7(15.6) 71(28.6)
> 2,000 79(60.3) 38(52.7) 19(42.2) 136(54.8)
1-4 18(13.7)  12(16.7) 3(6.7)  33(13.3)
Number of o - 42(32.1) 36(50.0) 6(13.3) 84(33.9)
employee for 43.1"
. 8-9 28(21.4) 17(23.6) 11(24.4) 56(22.6)
cooking
>10 43(32.8) 7(9.7) 25(55.6)  75(30.2)

<0.001, 7<0.01.
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Table 16. Intake frequency of lotus root by the type of food service
N(%)

Type of food service
Intake frequency Total X
School Industry Hospital

2-3 times/week 0(0.0) 0(0.0) 36.7)  3(1.2)

1 time/week 0(0.0) 4(5.6) 9(20.1) 13(5.2)

2-3 times/month 3(23) 5(69)  19(422) 27(109)
1 time/month 30(22.9) 18(25.0) 3(6.7) 51(20.6) e
< 10 times/year 93(71.0) 45(62.5) 11(24.3) 149(60.1)

Few or never 5(3.9) 0(0.0) 000.00  5(2.0)
7<0.001
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Table 17. Purchasing state of lotus root by the type of food service

N(%)
Type of food service
Variables Total X
School Industry Hospital
Peeled and Sliced 70(53.4) 50(69.4) 39(86.7) 159(64.1)
Peeled 20(15.3) 5(7.0) 4(89) 29(11.7) 46.3™
Raw 41(31.3) 17(23.6) 2(4.4)  60(24.2)

77<0.001
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Table 18. Serving size of lotus root by the type of food service

N(%)
Serving size Type of food service
(g/pearson/day) School Industry Hospital Total g
< 50 90(68.7) 34(47.2) 17(37.8) 141(56.9)

50~60 21(16.0) 11(15.3) 12(26.7) 44(17.7)

60~70 9(6.9) 13(18.1) 3(6.7) 25(10.1) 836"

70~80 9(6.9) 5(6.9) 7(15.6) 21(85)

80~90 2(1.5) 6(8.3) 4(8.9) 12(4.8)

>90 g 0(0.0) 3(4.2) 2(4.4) 5(2.0)
7<0.001
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Table 19. Cooking method of lotus root by the type of food service

N(%)
Type of food service
Cooking method Total X
School Industry Hospital

Jorim 69(52.7) 42(58.3) 29(64.5) 140(56.5)

Jeon 27(20.6) 18(25.0) 6(13.3) 51(20.6) NS

428"

Fry 27(20.6) 12(16.7) 8(17.8) 47(19.0)
Others 8(6.1) 0(0.0) 2(4.4) 10(4.0)

Y NS: Not significant

- 117 -



JPAEol AT el E FA Awo] o] §3H o fsh ol G344 W ol el

AL Au] ol g3k olft Aol AFHFl/] wEoletE Suo] F

Wol 484%9 00, B4 9t AFARC|] wEe] 40.7%, Ao] A el
A ol AdEtE EF4oE AGAse A0 B& AN 93%, A
o NEE wEoles $HE 16%2 vl HRrH(Table 20 #4024 F9a=
= odmFAs JPAt AR v o] gaht ol fi ARAFolIA

40.0%, 54 dv 2 AE5AA 289%, AFGAI AL &§ FHAAT}

22.2%, 713 %= o] 8.9%°] At

FEEE ARRY FuFgrE A2
715 %7 w7 wjREo] 855%, X7t weEsly] wiEo] 7.6%, AZAE YN

7h a7 Wi 6.9% R oH, AAPAEAAE A2y VeErt vy wio

l‘

68.1%, =7l @str] WS 83%, AAE FUH|ZE avfe]r] wio

23.6% %3, UG AHAE Ay 72 x7F @] "ol 55.6%, 87t @St
7] W 2220, ARAR FYUZE wAbo]] we] 22202 EAH Atk o
FAge] AFAASY /15E wgsel 49 ANDY AP wE IF

HAe) 5E FEANNE odA ANFATATY). THBE FFAA



o
e

o
MJ
0

7!
‘.m.o
)
]

;O.#

kel o

=0

B

pu—

AAAQ

=1
P

3o A

o]

]

g TAlF ] JhAd o] Aok & Aol

- 119 -



Table 20. Using reason of lotus root by dietitian

N(%)
Type of food service
Total X
School Industry Hospital
Health food 71(54.2) 31(43.0) 18(40.0) 120(48.4)
Preference of lotus root 0€0.0) 0€0.0) 4(8.9) 4(1.6)
33.07"
Characteristic material 59(45.0) 29(40.3) 13(28.9) 101(40.7)
Local special product 1(0.8) 12(16.7) 10(22.2)  23(9.3)
7<0.001
Table 21. Non—-using reason of lotus root by dietitian
N(%)
Type of food service
Total X
School Industry Hospital
Lower preference 112(85.5) 49(68.1) 25(55.6) 186(75.0)
Simple cooking method 10(7.6) 6(8.3) 10(22.2) 26(10.5) 2057
High price 9(6.9) 17(23.6) 10(22.2) 36(14.5)
7<0.001
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Table 22. Leftover ratio of lotus root by the type of food service

N(%)
Leftover ratio Type of food service
Total X
(% /person/meal) School Industry Hospital
<10 9(6.9) 22(30.6) 9(20.0) 40(16.2)
10~20 49(37.4) 29(40.3) 18(40.0) 96(38.7)
20~30 11(8.4) 18(25.0) 13(28.9) 42(16.9) 616
30~40 29(22.1) 3(4.1) 5(11.1) 37(14.9)
>40 33(25.2) 0(0.0) 0(0.0) 33(13.3)
77<0.001
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