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Development of Lotus Root Bugak with Plasma Lipid Reduction Capacity by Addition
of Opuntia ficus-indica var. saboten or Green Tea as a Coloring Agent

Mijeong Kiml, Sun Hee Hongl, Lana Chungz, Eunok Choeg, and Yeong-Ok Songﬂ

]Dept. of Food Science and Nutrition, and Kimchi Research Institute
Pusan National University, Busan 609-735, Korea
2College of Hotel and Tourism Management, Kyunghee University, Seoul 130-701, Korea
‘Dept. of Food and Nutrition, Inha University, Incheon 402-451, Korea

ABSTRACT The purpose of this study was to develop functional lotus root bugak with plasma lipid reduction capacity
by controlling the color of batter used for bugak preparation. Lotus root, nearly colorless, was selected to observe
color effects. Gardeniae fructus (GF), Opuntia ficus-indica var. saboten (OF), and green tea (GT), which are colored
yellow, red, and green, respectively, were used as coloring agents. Fermented glutinous rice was prepared naturally
during winter season by placing glutinous rice and water (1:2, w/w) together in a crock pot for 7 days. Coloring
materials (10%, w/w) were blended with glue made from fermented glutinous rice flour to prepare the batter. Cooked
lotus root was then mixed with a 1.1-fold amount of batter (w/w) and dried at room temperature. Lotus root bugak
(LRB) is pan-fried with un-roasted sesame oil, which is traditionally used as frying oil in Korea. Low-density lipoprotein
receptor knockout (LDLr") mice (n=36) were fed an atherogenic diet (AD) containing various types of LRB (10
%) for 10 weeks. Plasma triglyceride, total cholesterol, and LDL-C concentrations decreased significantly in mice
fed LRB prepared with OF batter (OFB) and GT batter (GTB) (P<0.05). Protein expression levels of fatty acid synthase
(FAS) and 3-hydroxyl-3-methylglutaryl coenzyme A reductase (HMGCR) in the OFB and GTB groups were suppressed
compared with the LRB group (P<0.05). In accordance with the results on FAS and HMGCR expression, sterol regu-
latory element binding protein-I and I (SREBP-1 and 1), which are responsible for the regulation of FAS and
HMGCR gene expression, respectively, were down-regulated compared to the LRB group (P<0.05). In conclusion,
the plasma lipid reduction activities of OFB and GTB could be mediated through down-regulation of FAS and HMGCR
mRNA expression via suppression of regulatory molecules, SREBP- I and I, in LDLr" mice.

Key words: bugak, Opuntia ficus-indica var. saboten, green tea, HMGCR, SREBPs
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Table 1. Composition of experimental diet (g/100 g diet)

Experiment diet

Ingredient
Control Lotus root bugak

Casein 223 20.1
L-Cystine 0.3 0.3
Corn starch 23.6 21.2
Maltodextrin 7.9 7.1
Sucrose 13.7 12.3
Cellulose 5.6 5.0
Soybean oil 2.8 2.5
Cocoa butter 17.3 15.6
Mineral mix” 3.9 3.5
Vitamin mix” 1.1 1.0
Choline bitartrate 0.3 0.2
Cholesterol 1.2 1.2
Lotus root bugak - 10.0
Total cal (kcal/100 g) 452.1 452.7

YAIN-76A mineral mix (No. 200000; Dyets, Inc., Bethlehem,
PA, USA).
YAIN-76A vitamin mix (No. 300050; Dyets, Inc.).

2] = Jackson laboratory(Bar Harbor, ME, USA)el A
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Institutional Animal Care and Use Committee, PNU-
IACUC, Approval Number PNU-2013-0281)¢] <<l &
=

HEEELS 1073 AR & 1243 < A2A71 &
zolazepan, tiletamine <3 &(zoletil 50, 30 mg/kg bw,
Virbac Laboratories, Carros, France)®} xylazine(10 mg/
kg bw, Bayer Korea, Seoul, Korea) &3-& 27} FA}s)
o mH g & AE3t] oA A A
heparin tubeol AF3}e] 3,000 rpm, 4°Coll A 20%7F ¢
A skglon, dojxl 2 ARE AR -80°Cel H3k
shlTh Ad 5 22 &3Al Y4270 phosphate buffered
saline(cold PBS)&. &2 #7ate] @2 doa AAT 5
=38t o] ake e F AR R S &3] AA S
th 7 FAE SH3 F -80°Cel nAASHA Ao AL
33T,

g

HXE Y SAHM 5

g3 FAAHH(AM157S-K, Asan Pharmaceutical Co.,

Seoul, Korea), =8 2~ HEZ(AM202-K, Asan Pharma-

ceutical Co.), HDL Z#|2HZ(AM203-K, Asan Phar-

maceutical Co.) ¥ AST, ALT(AM101-K, Asan Phar-

maceutical Co.)9 FE+F kitE AME3te] SH35loH,

LDL Z# 2 Z9 5%+ Friedward#(18)& o] &3to] 7

Absteleh A S o33 2

LDL cholesterol=Total cholesterol—(HDL
cholesterol+ triglyceride/5)

Western blot 2

A A -4 & A(fatty acid synthase, FAS) 2 F# =
HE 34 &4 (3-hydroxy-3-methylglutaryl CoA re-
ductase, HMGCR)S] @9l Wt HE & &<137] 95t
7+ Z2 9| protease inhibitor(10 pL/mL protease inhibitor
cocktail, Sigma—-Aldrich, Saint-Quentin-Fallavier, France)
£ ¥3}3F NP-40 lysis buffer(50 mM Tris, pH 8.0, 5 mM
EDTA, 150 mM NaCl, 1% nonidet-P40)E 7}l
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Polytron homogenizer(PT-MR 3100, Polytron, Kin-
ematica Lucerne, Switzerland) & &3} slv). 2 o

S 1AIZF B oo Bk & 4°CoA] 12,000 rpm o2
20{7& AR st ES AT AE A dg
oo Ag3leith @A FEE Bio-Rad & A&
Alek(Bio-Rad, Hercules, CA, USA)2.2 7318131, Al
o] v FZELS Laemmli sample buffer(Bio—-Rad)$}
B-mercaptomethanol& %3 ¥ 8% sodium dodecyl
sulphate-polyacrylamide gel(SDS—PAGE)Oﬂ 7195
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um pore size, Whatman, Dassel, Germany) 2.2 o] A]7]
¥ 5% skim milkell 1217+ &<} blocking 8H3{th. Anti-fat-
ty acid synthase(ab22759, Abcam Inc., Cambridge, UK)
9} HMGCR(sc-33827, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) &A= 1:1,000 H] &=, anti—alpha tubu-—
lin(ab52866, Abcam Inc., Cambridge, UK) &A= 1:
50,000 HI& 2 8|45l 4°ColA] 12} FAE WA HES-A
713 Mgk 3 224 FAE F2oll A 1AIE Bt RESAIH
t}. 22} @A 2 AFE3F Donkey polyclonal secondary an—
tibody to rabbit IgG(ab6802, Santa Cruz Biotechnology)
¢} Goat polyclonal secondary antibody to mouose
IgG(ab6789, Santa Cruz Biotechnology)+ 27z} 1:3,000
7 1:5,000¢] Hl&= sjAste] Agstglvh. wkgol 2
membrane< Al sle] R ke A E AAT T
enhanced chemiluminescence(ECL) &< (HyGLO, Den-
bille Scientific, Metuchen, NJ, USA)S. 2 WAA]7] §
CAS-400SM(Davinch-K, Seoul, Korea)oll A w2 w&
S Zgssi. 9 d o] #wd-S TotalLab-CoreBio Quant
image analysis software(Core Bio, Seoul, Korea)S A&
st F435a, B AEE a-tubulinoll 3 HEZ ®
ks =g

A4 3 m2ae i Toste AARIAR] sterol
regulatory element binding protein— 1, I (SREBP-1T,
e Id A% JA] A4 FA a9 ddy sd 4y
oz A3, Aol A8E 12 A= SREBP-1
(sc-8984, Santa Cruz Biotechnology)® SREBP-2(sc—
5603, Santa Cruz Biotechnology)e]™, 1:1,0002.2 3]4]
ste] ARg3EA T
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SPSS version 20(SPSS Inc., Chicago, IL, USA)S
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Table 2. Body weight gain of LDLr"" mice fed atherogenic diet
containing various kinds of lotus root bugak for 10 weeks (g)

Body weight

Group H Body weight
Initial Final gain

wWC 22.5+0.7° 30.242.4° 7.7£2.6"
CON 19.1£1.6° 26.1+£1.4° 7.0£2.2
LRB 19.1£1.2° 26.3+1.5° 7.1+1.3
OFB 19.1£1.3° 26.3+1.1° 7.1£1.1
GTB 19.1£1.3° 25.74£2.3° 6.5£1.6
GFB 19.1£1.3° 27.7+1 4° 7.9£1.0

Data are meantSD (n=6 in each group).

LRB: lotus root bugak prepared with fermented glutinous rice

flower batter (FGR) and pan-fried with unroasted sesame oil,

OFB: Opuntia ficus-indica var. saboten was added to FGR bat-

ter for the LRB preparation, GTB: green tea was added to FGR

for LRB preparation, GFB: Gardeniae fructus was added to FGR
batter for LRB preparatlon
WC: wild type mice, C57BL/6, fed atherogenic diet (AD)
CON: LDLr" mice fed AD, LRB, OFB, GTB, GFB: LDLr"
mice fad AD containing 10% (w/w) of various type of lotus
root bugak, respectively.

**Data with different letters in the column are significantly dif-
ferent with one-way ANOVA followed by Duncan's multiple
Jange test at P<0.05.

“Data in the column are not significantly different.

Zot ¥ oz
HE H3t

A7 F b2 ATHEES Table 29 2t}
LDLr”~ m}9-2%= wild type mouse?l C57BL/6°1] Hls)] %
7] Aso] Wtk ARV T AFS57IES vlals] Bk
S W upg-29] FH R Aol W Aol YERYA &
tth. o] vhkek A §7he] Aol & Ay 93] A
Aol 7] Wit o2 A7ty

g3 AST/ALT sk
Pz, %3 A4S Grheke] AaR 4A A A8

“

9] A& AST, ATL 5= &AA HY Yo YAt Table
3)

=9

Table 3. Plasma AST and ALT concentration of LDLr"" mice
fed atherogenic diet containing various kinds of lotus root bugak
for 10 weeks (Karmen unit/mL)

Group" AST ALT
wC 60.6£6.6™° 73.5+13.0™
CON 62.4+£9.9 69.8+4.4
LRB 73.349.6 72.8+12.0
OFB 70.6+14.8 74.847.9
GTB 60.0+12.4 65.4+13.6
GFB 73.6£12.5 79.349.7

Data are mean+SD (n=6 in each group).
1)See the legend of Table 2.
™Data in the column are not significantly different.
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Table 4. Plasma lipid concentration of LDLr"”

wzke] AAAS wat 337

mice fed atherogenic diet containing various kinds of lotus root bugak for 10 weeks

(mg/dL)

Group" TG TC LDL-C HDL-C

wWC 38.7+13.1¢ 98.0+14.9¢ 24.7+7.1° 65.6£9.1°

CON 121.0+18.4" 1,184.0+73.9° 1,082.6+78.1° 50.4+12.3°

LRB 92.7+8.6° 1,000.1493.5° 949.0+85.8° 54.5+3.8%

OFB 71.6+£8.9° 865.8+119.4° 799.5+128.8° 52.2+15.1°

GTB 72.6£9.2° 875.4£99.4° 823.6+83.4° 47.347.0°

GFB 91.5+21.4" 1,037.7£100.1° 964.3+100.4° 48.9+92°

Data are meantSD (n=6 in each group).
See the legend of Table 2.

“Data with different letters in the column are significantly different with one-way ANOVA followed by Duncan's multiple range

test at P<0.05.
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Fig. 1. Western blot analysis results of fatty acid syn-
thase (FAS) and sterol regulatory element binding pro-
tein (SREBP)-1 expressmns in LDLr" mice fed athero-
genic diet containing various kinds of lotus root bugak
for 10 weeks. Data are mean+SD (n=6 in each group).
See the legend of Table 2 for the experimental group.
"“Data with different letters are significantly different
with one-way ANOVA followed by Duncan's multiple
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