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Abstract

In this study, lotus root(Nelumbo nucifera G.) which has been used in oriental medicine and folks remedy, was studied
to apply to functional foods. We investigated the effects of the lotus root extracts(LTE) with hot water on the reduction of
serum lipid and improvement of blood parameters in rats fed high fat diet for 5 weeks. Sprague-Dawley rats weigh 150 g
+ 15 g, were randomly assigned to 4 groups such as basal diet only(BDG), high fat diet without LTE(FDCG), high fat diet
with 6% LTE(FD6L), high fat diet with 12% LTE(FD12L). The results of this study were as follows. Hematological data were
not significantly different among 4 groups. Serum transferrin concentration and GOT activity were reasonable levels in FD6L
and FD12L groups compared with FDCG group. Total cholesterol, LDL-cholesterol, triglyceride in serum and atherogenic
index were remarkably reduced in LTE supplemented groups as compared with the control group. But HDL-cholesterol
contents in FD6L and FDI12L groups were significantly increased compared with that in control group. These results imply
that lotus root extracts could be used as a potent food resources for decrease of serum lipid concentration.

Key wonds : Lotus root, high fat diet, hypolipidemic effect, food resources.
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(2) &5l

Bromcresol green-Doumas methode] 2]3) albumin kit(Al-
bumin reagent, Bayer, US.A)Z ©| &35l 33E-S AA
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(3) EUz|F4l

Azo reaction 2]l ]3] Kit(Total bilirubin reagent, Bayer,
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Table 1. Composition of experimental diet

) Growp  pphGY DG FD6LY  FDILY
Ingredient(g)
Starch® 2268 2134 2134 2134
Wheat-powder” 2268 2134 2134 2134
Sucrose” 20.18 18.26 18.26 18.26
Corn oil? 2.14 3.64 3.64 3.64
Beaf tallow” 428 10.94 10.94 10.94
Casein'” 20.18 16.62 16.62 16.62
Cellulose'” 4.60 4.60 4.60 4.60
Mineral mixture'? 1.41 1.41 1.41 1.41
Vitamin mixture™ 1.85 1.85 1.85 1.85
6% of  12% of
14) _ _
LTE 100kcal  100kcal
Total Energy(kcal) 100.00  100.00  100.00  100.00
16.25 13.75 13.75 13.75
h 15) .

Carbohydratc(g) 65%) (55%)  (55%)  (55%)
Lipidg) 1.60 330 3.30 3.30
pie (15%)  (30%)  (30%)  (30%)
Protein(g) 5.00 375 3.75 3.75
& Q0%)  (15%) (15%)  (15%)

) BDG : Basal diet group.

? FDCG : High fat diet control group.

? FD6L : High fat diet + Nelumbo nucifera powder 6%
of 100 kcal.

“ FDI2L : High fat diet + Nelumbo nucifera powder 12%
of 100 kcal. :

9 Starch : Woo-li Food, Korea.

8 Wheat-powder : CJ Food, Korea.

" Sucrose : Sigma Co. LTD., U.S.A.

® Com oil : CJ Food, Korea.

9 Beef tallow : Lotte Samkang, Korea.

19 Casein : Naarden Agro Products BV, Holland.

" Cellulose : Sigma Co. LTD., U.S.A.

2 AIN - Mineral mixture : ICN Biomedicals, Germany.

" AIN - Vitamin mixture : ICN Biomedicals, Germany.

" LTE : Lotus root extract.

) ( ) : Energy construction ratio.

(4) Creatinine

Creatinine-> &Zte] g-<loj|A] pocrotes} #41 33HE-L
Aot FAESEE S8 w2 T@Th oW AMS
kit Crea(Boehringer Mannheim, Germany)©]3l Z}55-A
(747, Hitachi, Nagoya, Japan)®2 24 sttt stg A g8t
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3 2001).

(6) Uric Acid

PAP methode] ™=} kit(UA, Boehringer Mannheim,
Germany) 9} Z}E471(747, Hitachi, Nagoya, Japan)Z E3l|
W A= E Fotvhisd e s 2001).

(6) Blood Urea Nitrogen (BUN)

Kinetic UV testo]] w2} Urea kit (Bodhringer Mannheim,
Germany) 9} AFE-#-417](747, Hitachi, Nagoya, Japan)Z 5
L& ZAThgrd A e Es] 2001).

(7) Alkaline Phosphatase (ALP)

AMP bufferg ©]&3}= IFCC methodel] 2]3) Kit(Alkaline
phosphate reagent, Bayer, U.S.A.)S o] &8} L7117 A}
FHX7](Advia 1650, Tokyo, Japan)= 23 -t st A}
Belghs] 2001).

(8) Glutamic Oxaloacetate Transaminase (GOT)

¥ o] GOT Z-&C 7 aspartic acid®} a-ketoglutaric
acid+= oxaloacetic acid®} L-glutamic acid=2 H3}E T} A
oxaloacetic acid= Z& 4 NADHO] ZA)3}o|x MDH ZH&
© 2 malate”} 4/d% =8l NADH7} NAD 2 Atslg o 340
el A FBEe] 72E 2Pl FEE FATh ofnf A}
23t kit =Y 2] Boehringer Mannheim®] ST kitE A}-8-3}
G 1 AHEEA17](747, Hitachi, Nagoya, Japan) 2 55 2%
StATHH & 2l 83 2001).

(9) Glutamic Pyruvate Transaminase (GTP)

83 2] GPT 2}8-© 2 L-alanine} a-ketoglutaric acid=
pyruvic acid®} L-glutamic acid2 ¥} v} AHAE pyruvate
= 284 NADHS] ZA)3tel] LDH #H8-© 2 lactate7} A4

vl NADH7} NAD'2 Aks}E o 340 nmo|A] §3 %9
g 33t} 5L Boehringer Mannheim®] ALT kitZ
1 31 A E-H-417](747, Hitachi, Nagoya, Japan)= 2%
T gkl 2l gk 2001).
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(10) Lactate Dehydrogenase (LDH)

Buffered pyruvate substrate®} NADHo|t} 3L 7)3)
incubationA] 7] ¥ AW 2] LDHY| 9|8l pyruvic acid7} 2+
53 lactate®} NAD 7} A== 18] 2 LDH kit(Boehringer
Mannheim, Germany) o] 83fe] WAAZ] & AFEH7]
(747, Hitachi, Nagoya, Japan)2 273} oo A 2] &
3] 2001).
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(2) HDL-Cholesterol

Enzymatic colorimetry HH-2 ©]-83}o] HDL-Cholesterol
kit(Boehringer Mannheim, Germany)$} A§3}8H2-2171(7450, Hi-
tachi, Nagoya, Japan)= 27 SHITHENSH 35218k 2001).

(3) LDL-Cholesterol
LDL-Cholesterol kit(Daichi, Japan)$} A33}eHEA17](7450,
Hitachi, Nagoya, Japan)E ©|-£35}] directZ =8 To}4

TR -3 el a3 2001).

(4) Triglyceride

Enzymatic glycerol B]2A el fleld] ols) BAsigic
TG kit(Boehringer Mannheim, Germany)o} A} ](747,
Hitachi, Nagoya, Japan)& o]-&8}o] EXA3}5 kA
2135 2001).
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Table 2. Hematological variables of rats fed experimental

diets

Variahs Growp phe®  PDOGY)  FDGLY  FDI2LY
RBC(x10%mm’)  3.87+0.32" 3.67+041 3.07+042 3.13%0.38
WBC(x10°/mm’)  3.57+0.28 3.0240.19 2.91+0.09 3.12+0.07
Hct(%) 57.38+4.92 57.00+3.19 58.00+£5.10 57.63%3.72
Hb(g/dL) 1635£1.01 15.99+0.99 16.39+1.06 16.70+0.96
MCV({l) 64.63+0.91 63.10£0.54 64.25+0.12 63.13+0.85
MCH(pg) 18.50£0.31 18.39+0.45 18.00£0.29 18.50+1.48
MCHC(g/dL)  28.63£1.09 28.59+0.89 28.00+3.02 28.88+1.52

Lymphocyte(%) 72.8845.02 73.00+4.02 69.63+4.75 72.88+5.55

D Valyes are mean+S.D.

» BDG : Basal diet group.

? FDCG : High fat diet control group.

“ FD6L : High fat diet + Nelumbo nucifera powder 6% of 100 kcal.
* FDI2L : High fat diet + Nelumbo nucifera powder 12% of 100 kcal.
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Table 3. Serurn metabolic variables of rat fed experimental diets

Group

Variable BDG” FDCG” FD6L” FDI12L?
Total protein (g/dL) 4.86+ 0.32" 4.95+ 0.29 491+ 057 521+ 0.33
Albumin (g/dL) 3.34+ 0.10 3.60+ 0.17 3.40+ 0.12 411+ 0.24
Total bilirubin (mg/dL) 0.18+ 0.04 0.25+ 0.06 0.20+ 0.04 0.21% 0.03
Creatinine (mg/dL) 0.58+ 0.04 0.60+ 0.06 0.59+ 0.02 0.47+ 0.05
Transferrin (mg/dL) 3841+ 5.11% 40.59+ 3.99° 4935+ 2.62° 52.06+ 4.00°
Uric acid (mg/dL) 1.75+ 0.44 1.94+ 0.32 2,51+ 0.59 2.81+ 0.61
BUN” (mg/dL) 12.05+ 3.00 11.94+ 2.62 12.18+ 2.75 1171+ 2.11
ALPY (UL) 109.63+ 5.19 115.12+ 3.76 125.13+ 4.92 126.36+ 7.01
GOT” (UL) 31.00+14.00° 45.06£10.17" 21.75+16.61° 20.25+13.27°
GPT" (U/L) 27.13+ 5.15 29.00+ 4.10 25.13+ 9.16 28.75+ 4.92
LDH'Y (U/L) 139.65+30.09 167.09£19.21 118.58441.72 109.61+37.72
" Values are meantS.D. ? Alphabet : Significantly different at the p<0.05 level by Duncan's multiple range test.

¥ BDG : Basal diet group.

Y FDCG : High fat diet control group.

9 FD6L : High fat diet + Nelumbo nucifera powder 6% of 100 kcal.
9 FDI2L : High fat diet + Nelumbo nucifera powder 12% of 100 kcal.

7 BUN : Blood uea nitrogen.
' GPT : Glutamic pyruvate transaminase.

2. oiZ $52 43l e BH X sxo) M &3}
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® ALP : Alkaline phosphatase. ? GOT : Glutamic oxaloacetate transaminase.
'Y IDH : Lactate dehydrogenare.
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Table 4. Serum lipid concentrations of rat fed experimental diets

. Group BDG” FDCG” FD6L? FDI12L?

Variable

Total cholesterol(mg/dL) 216.18+19.24"%2 341.38+ 1.02° 220.38+20.10° 205.02+17.62°

HDL-~cholesterol(mg/dL) 30.57+ 4.09° 26.84+ 2.92° 30.76+ 4.11° 38.02+ 2.11°

LDL-~cholesterol(mg/dL) 46.24+ 8.75° 6291+ 5.12° 52.16+ 8.75° 4416+ 4.44°

Triglyceride(mg/dL) - 4731£11.41° 146.07+18.20° 99,75+ 9.82° 4325+12.91°

Atherogenic index” 6.07+ '1.02° 11.72+ 0.98° 6.16+ 0.62° 439+ 0.39°

D Values are meantS.D.

? Alphabet : Significantly different at the p<0.05 level by Duncan's multiple range test.

) BDG : Basal diet group.

Y FDCG : High fat diet control group.

 FD6L : High fat diet + Nelumbo nucifera powder 6% of 100 kcal.

9 FDI2L : High fat diet + Nelumbo nucifera powder 12% of 100 kcal.

K Atherogenic index : [Total cholesterol—(HDL-cholesterol)/HDL-cholesterol].
T HDL-ZH 288 S8 fodoz 45Adta 89 %S /1RYelTH gL $R0E AskHdu v 42
(Kim ef al 2000) F=r4t W ZR-E] £2]3 polyphenol £  EFES AFT A¢ HDL-FH2EE sEe 7| 240T ¢
Eo] Al n|R}E= FEFel] BEF =F(Choi er al 2004)  FOR AFHAT TN T AW o2 I
T HaHo] ok gHoz Aod AW dEad v A 42 FEES
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2 Fch A29 dF FEE0] oo F FYPxHB, W EEE AR A2 FEE AF0 s fejHer d
LDH-Z¥ 26 &, 2424 $£& w31 HDL-Z¥ 288  oHlth o]de AaelA A2 F2E58 A 4ol 2

o 9lol "3 A A profiled N7 =H A7t S-S
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BAY & o) B v FF

¢ % stk
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= AdelE #68 B} Qe ANT 5 Ak

ZNEE
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15(3); 257~263 (2005)

AR BN D 8(1997) TR, =M ERE ", A

P FTHHI (2002) 21 FFH. FHAL A&, p 452-455.

S FARATY (2002) NG YANEE A3 B A
€. p 528-542.

b= (1998) g et e-&& Al M. p 111-112.

Andrea C, Milena N, Elena C, Lina P (1996) Novel lipid-
lowering properties of Vaccinium myrtillusi leaves, a tradi-
tional antidiabetic treatment, in several models of rats dysli-
pidaemia : A comparison with ciprofibrate. Thrombosis
research 84: 311-322.

Choi HJ, Park JH, Han HS, Son JH, Son GM, Bae JH, Choi C
(2004) Effect of polyphenol compound from Korean pear
on lipid metabolism. J Korean Soc Food Sci Nutr 33:
299-304.

Goodhart RH, Shils ME (1980) Modemn nutrition in health
and diseare. Lea and Febriger, Philadelphia. p 1045.
Han SJ, Koo SJ (1993) Study on the chemical composition in
bomboo shoot, lotus root and burdock. Korean J Soc Food

Sci 9: 82-87.

Hwang GH, Heo YR, CHoi OJ, Lee HJ (2001) Effects of
Coriandrum sativum L. on lipid metabolism in rats with
hypertriglyceridemic diet. Nutritional Science 4: 13-19.

Kang JO, Kim KS (1995) The effect of dry edible leaves
feeding on serum lipids of hypercholesterolemic rats. J
Korean Soc Food Sci Nutr 24: 502-509.

Kim MH, Ha BJ, Bae SJ (2002) The effects of Daucus carota
L. extracts on serum lipid and antioxidative enzyme acti-
vity in ovariectomized rats. Korean J of Life Science 10:
7-13.

Kim 8J, Park CW, Kim JO, Kim JM, Ha YL (1999)
Reduction of mouse body fats by water extract of Pleu-
rotus ostreatus. J Food Sci Nutr 4. 130-133.

Kim WH, Bae SJ, Kim MH (2002) The effexts of Sedum
sarmentosum burge on serum lipid concentration in ova-
riectomized rats. J Korean Soc Food Sci Nutr 31: 290-
294,

Aol EAAA N ' 263

Kim YS, Jeon SS, Jung ST (2002) Effect of lotus root powder
on the baking quality of white bread. Korean J Soc Food
Cookery Sci 18: 413-725.

Mettson FH, Grundy SH (1985) Comparison of effects of
dietary saturated monounsaturated and polyunsatunated
fatty acids on plasma lipids and lipoproteins in man. J
Lipid Res 26: 194-200.

Moon SJ (1996) Korean Disease pattern and nutrition. Korean
J Nutr 29: 381-383.

Moon SM, Kim HJ, Han KS (2003) Purification and
characterization of polyphenol oxidase from lotus root.
Korean J Food Sci Technol 35: 791-796.

Park PS, Park MY (2001) Effects of Diocorea batatas and
Gastrodia rhizoma on fatly acid compositions of serum,

. liver and brain in rats. Korean J Life Science 11: 83-92.

Park SH, Sihn EH, Koo JG, Lee TH, Han JH (2005) Effects
of Nelumbo nucifera on the regional cerebral blood flow
and blood pressure in rats. J East Asian Soc Dietary Life
15: 49-56.

Shepherd J, Packard CJ, Grundy SM, Yeshumin P, Gotto AM,
Taunton OD (1980) Effects of saturated and polyunsatu-
rated fat diets on the chemical composition and meta-
bolism of low density lipoproteins in man. J Lipid Res 2'.1:
91-99.

Yang HC, Kim YH, Lee TK, Cha YS (1985) Physicochemical
properties of lotus root. J Korean Agricultural Chemical
Society 28: 29-244.

Yang MH, Wang CH, Chen HL (2001) Green, oolong and
black tea extracts modulate lipid metabolism in hyperlipi-
demia rats fed high-sucrose diet. J Nutritional Bioche-
mistry 12: 14-20.

Yim JE, Chouse RW, Kim YS (1998) Effect of dietary
counceling and HMG Cat redutase inhibitor treatment on
serum lipid levels in hyperlipidemic patients. Korea J
Lipidology 8: 61-76.

(20059 29 25 FH<, 20053 69 15Y A=)



