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ABSTRACT

Effect of Brassica rapa Sprouts on Lipid Metabolism of

Rats Fed High Fat Diet

Ha, Tae—Man
Advisor : Prof. Lee, Myung-Yul, Ph. D.
Department of Food and Drug,

Graduate School of Chosun University

This study was carried out to analyze the major physiochemical
components of Brassica rapa (BR) sprouts. In addition, the effect of BR
sprouts on serum, liver and adipose tissue lipid metabolism in rats fed
high fat diet for 4 weeks for induction hyperlipidemic model rat were also
investigated. The proximate compositions of BR sprouts as dry matter
basis were that the moisture content 16.35%, 22.51% of crude protein,
21.60% of crude lipid, 4.35% of crude ash, and 35.19% of carbohydrate,
respectively. Analysing total amino acids, 18 kinds of components isolated
from BR sprouts. The essential amino acid contained in BR sprouts
accounted for 47.00% of total amino acid, while the non-essential amino
acid accounted for 53.00%. The major unsaturated fatty acids of total
lipids were linoleic acid. The ratio of polyunsaturated fatty acids to
saturated fatty acids (P/S ratio) was 0.54. The contents of vitamin A and

vitamin E were 0.09 mg% and 3.06 mg% respectively. Tartaric acid was

_Vi_



the major organic acids. Among the minerals in dried BR sprouts, the
content of potassium was the highest (882.50 mg%) and those of
magnesium and calcium were comparatively high (342.85 mg%, 274.30
mg%). The main component of free sugars was glucose. The results of
effect of BR sprouts on lipid metabolism in rats fed high fat diet were as
follows; Weight-matched male Sprague—Dawley rats were assigned to four
groups according to dietary fat levels (10% or 20% of diet wt.).
Experimental groups were normal diet group (N), high fat diet group (HF),
high fat diet with 5% BR sprouts powder group (HF-BRL), and high fat
diet with 10% BR sprouts powder group (HF-BRH). The body weight gain
was increased in HF group, but gradually decreased to the corresponding
level of the N group by fed BR sprouts powder. The concentrations of
serum LDL-cholesterol, atherogenic index and cardiac risk factor were
tended to be decreased in the BR sprouts powder fed groups compared
with  the HF group. However, HDL-cholesterol concentration and
HOL-C/TC ratio in serum decreased in the HF group and markedly
increased in the BR sprouts powder fed groups. Concentrations of
triglyceride and total cholesterol in liver were also markedly decreased in
the BR sprouts powder fed groups. Triglyceride concentrations of
epididymal and mesenteric adipose tissues in the BR sprouts powder fed
groups were also decreased compared with the HF group. These results
indicate that lipid metabolism in rats fed high fat diet was suppressed by

feeding of BR sprouts powder.
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T4 ot0I=4te] 242 Zoi&0l AlZ 0.5 gt 6 N HCI 3 mLE H ot €
Jlotd 121 CHIM 24A12F Jt===0dliet Ct
g 22 ==56t0 sodium phosphate buffer(pH 7.0)2 10 mLZ E&dAC
OOl = &t

00

(= rotary vacuum evaporator

00

(48). M 1 mLE ot membrane filter(0.2 pyM)=2 04 tst Ct

l'

S
rlo

=24 0](Biochrom 20, Phamacia England)2 S246I%CH =24=X

Table 11t 2C}.

Table 1. Operating condition of Amino Acid Autoanalyzer for amino acids

ltem Condition

Instrument Biochrom 20(Phamacia England)
Buffer solution Sodium phosphate buffer(pH 7.0)
Reagent Ninhydrin

Inj. volume 20 pL




1 224 Na,SO,E Jtold €48t CIS rotary vacuum evaporatorE 2ghs=

ol 5 mLOl Soliot]) BFs-MeOH2Z Ol E 8tot0

all
2

olACH. XIg 100 mg=S &
Gas Chromatography(GC—-17A, Shimadzu, Japan)Z 245l S =8 A

2 Table 22+ ZLt.

Table 2. Operating condition of GC for fatty acids

Item Condition

Instrument GC-17A(Shimadzu, Japan)

SP™-2560 capillary column(100 m length x

Column 0.25 mm i.d. x 0.25 pm film thickness)
Column temp. 170C(5 min.) to 250C(10 min.) at 4C/min.
Injector temp. 230C

Detector temp. FID 270C

Inj. volume 2 ulL

Split ratio 1 :50
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of AIZl =, 5= 3 mL2 5 mL &&= Jtot T 3,000 romOlA 20=2F &

22 LHUA B2l A2 O3, 43NS separate funnelOll SH UL
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Table 3. Operating condition of HPLC for vitamin A and E

Item Condition

Instrument LC-10AVP(Shimadzu, Japan)

Column Shim-pack GLC-ODS(M) 25 cm

Eluent Acetonitrile : 2-Propanol(95 : 5)

Flow rate 1 mL/min.

[nj. volume 10 uL

Detection Vitamin A : SPD-10A(UV-VIS spectrophotometric)

254 nm

Vitamin E : RF-10A(Spectrofluorometric)
EX 290, EM 330 nm




5. =&

AlZE 1 gl

Whatman filter

E24 50 mLE JIald 80T £=ZX0AM 4Al2t JIgs Os
paper(No. 2)2 OdtstD), H¥S rotary vacuum evaporator2
=522 10 mLE HEZ050 lon Chromatography(DX-600,

ZHOIUCH EAHXAH2 Table 428 2L

Table 4. Operating condition of lon Chromatography for organic acids

ltem Condition

Instrument DX-600(Dionex, USA)

Column lonPac ICE-AS6 Analytical

Eluent 0.4 mM heptafluorobutyric acid
Reagent 5.0 mM tetrabutylammonium hydroxide
Flow rate 1.0 mL/min.

Inj. volume 20 pL

Detection ED50 Intergrated Amperometry




6. £I1&

>

£ 0.5 g, 20% &4 10 mL & 60% HCIOs 3 mLE Fotd SHoHZE [H

DX OtEset = 0.5 M EM4CZE 50 mLE EESIRUL =4 =E HEENXRS

28 = UE vialtl 8 mLY HotW EEEMUCZ ot 0.5 M &S X
T2 ot FAUEZZZTH(AA-6501GS, Shimadzu, Japan)2 45U

H S4AXLH2 Table 5% &L

Table 5. Operating condition of Atomic Absorption Spectrophotometer for

minerals
Item Condition
Instrument AA-6501GS(Shimadzu, Japan)
Lamp Item Ca Fe K Mg Mn Cu Na n
Wave 048.3 766.5 279.5 3248 330.2 213.9 330.2 213.9
length(nm)
Current(mA) 12 10 10 6 10 8 10 8
Slit 02 05 02 05 02 05 02 05
Width(nm) ' ‘ ‘ ' ‘ ' ' ‘
kﬂ'gggng BGC-D2 Non-BGC BGC-D? BGC-D2 Non-BGC BGC-D2 Non-BGC BGC-D2
Burner 7 7 7 7 7 7 7
height(mm)

Fuel gas Flow

. 2.2 2.0 2.0 1.8 1.8 2.0 1.8 2.0
(mL/min.)




2849 242 Gancedo YR (49)0 F=ot0! AAIGHACH AlE 1 g0l 80%
ethanol 50 mLZ DJt6t0 heating mentleOlAd 75C&Z 5AI2 Jtg8t O3S
Whatman filter paper(No. 2)2 O 5t0 HHES rotary vacuum evaporatori|
N Ze-s= & 10 mLE BE8060 lon Chromatography(DX-600, Dionex,

USA)Z Z4oIU2H, 2AXAHE Table 61 2Lt

Table 6. Operating condition of lon Chromatography for free sugars

Item Condition

Instrument DX-600(Dionex, USA)

Column CarboPac ™-PA10 Analytical
Eluent 18mM NaOH

Flow rate 1.0 mL/min.

Inj. volume 20 L

Detection ED50 Intergrated Amperometry
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. Centrifuge : Eppendorf 5810R, Germany

. Evaporator : Rotary vacuum evaporator, Eyela, Japan

. Spectrophotometer : Shimadzu UV-1601PC, Kyoto, Japan
. Deep freezer : MDF-U52V, Sanyo, Japan

. Ultra Turax : IKA MT-25 Janke & Kunkel, Germany

. Shaking water bath : JEIO-TEK SWBO3, Korea

. Freeze Dryer : ED 8512, llshin, Korea
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Table 7. Composition of experimental diet

(g/kg diet)
roups
- 9rop N HF? HF-BRL®  HF-BRH"

Ingredients
Casein 200 200 200 200
L-methionine 3 3 3 3
Corn starch 500 399 349 299
Sucrose 100 100 100 100
Cellulose 50 50 50 50
Lard 100 200 200 200
Mineral mix® 35 35 35 35
Vitamin mix® 10 10 10 10
Choline chloride 2 2 2 2
Cholesterol - 1 1 1
Brassica rapa

- - 50 100

sprouts powder
N: Normal diet

2)HF: High fat diet

YHF-BRL: HF + 5% of Brassica rapa sprouts powder
YHF-BRH: HF + 10% of Brassica rapa sprouts powder
S8AIN-93-MX mineral mixture and AIN-93-VX vitamin mixture(50)
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Table 8. Proximate compositions of Brassica rapa sprouts

(% dry basis)

ltems Brassica rapa sprouts
Moisture 16.35
Crude protein 22.51
Crude lipid 21.60
Crude ash 4.35
Carbohydrate 35.19
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Table 9. Contents of total amino acids in Brassica rapa sprouts

Amino acid (%) Content (mg% dry basis)
Isoleucine 5.17 87.83
Valine 8.47 143.85
Leucine 8.98 152.66
Methionine 0.52 8.89
Threonine 4.92 83.66
Lysine 8.27 140.47
Phenylalanine 4.70 79.92
Histidine 4.05 68.82
Glutamic acid 14.28 242.57
Arginine 5.28 89.75
Serine 413 70.14
Glycine 5.51 93.67
Alanine 5.54 94.13
Proline 1.98 33.59
Tyrosine 1.91 32.47
Aspartic acid 8.86 150.62
Cysteine 0.1 1.87
Ammonia 7.31 124.25
Total AA" 100.00 1,699.15
Total EAA” 47.00 798.56
EAA/TAA (%) 47.00

"Total AA: total amino acids.

?Total EAA: total essential amino acids(Thr+Val+Met+lle+Leu+Phe+Lys+Trp).
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2 tricosanoic acid (C23:0), heneicosanoic acid (C21:0) =22 AHAEE U,

SELSIK A2 linoleic acid (C18:2), oleic acid (C18:1), linolenic acid
=

Z XA palmitic acid (C16:0), stearic acid (C18:0) =010 SES}HA
BEAFE2 oleic acid (C18:1), eicosenoic acid (C22:1), linoeic acid (C18:2) ¥

linoenic acid (C18:3) =22 UEFGCH58).



Table 10. Compositions of fatty acids of Brassica rapa sprouts

Fatty acid Composition (%)
Myristic acid (C14:0) 0.08
Palmitic acid (C16:0) 1.98
Stearic acid (C18:0) 0.88
Arachidic acid (C20:0) 0.65
Heneicosanoic acid (C21:0) 10.45
Tricosanoic acid (C23:0) 50.65
Lignoceric acid (C24:0) 0.26
Palmitoleic acid (C16:1) 0.46
Oleic acid (C18:1n9c) 9.32
Nervonic acid (C24:1) 1.46
Linoleic acid (C18:2n6c) 14.39
cis—11,14-Eicosadienoic acid (C20:2) 0.77
cis—13,16—-Docosadienoic acid (C22:2) 0.82
r-Linolenic acid (C18:3n6) 0.03
Linolenic acid (C18:3n3) 7.19
cis—8,11,14~Eicosatrienoic acid(C20:3n6) 0.63
Total 100.00
SFA" 64.94
PUFA” 35.06
PSFA/SFA 0.54

YSFA: Saturated fatty acids
2PUFA: Polyunsaturated fatty acids
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Table 11. Contents of vitamin A and E in Brassica rapa sprouts
Vitamins Content (mg% dry basis)
A 0.09
E 3.06
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Table 12. Contents of organic acids in Brassica rapa sprouts

Oragnic Acid Content (mg/L dry basis)
Tartaric acid 2,962.74
Malic acid 1.48
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Table 13. Contents of minerals in Brassica rapa sprouts

Mineral Content (mg% dry basis)
Ca 274.30
Fe 7.52
K 882.50
Mg 342.85
Mn 2.75
Cu 0.98
Na 188.45
Zn 7.22
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Table 14. Contents of free sugars in Brassica rapa sprouts

Free sugar Content (mg/L dry basis)
Glucose 73.39
Fructose 12.62
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Table 15. Change of the body weight of the rats fed high fat diet

containing Brassica rapa sprouts powder for 4 weeks

Initial body wt. Final body wt. Gained body wt. Gained body wt.
(9) (9) (9) (g/day)

N  119.67+2.339M% 319.33+7.85°% 199.67+7.15°°  7.13+0.26"

Groups"

HF 119.83+1.74  331.33+2.89° 211.50+3.75° 7.56+0.13°
HF-BRL 120.67+2.01  310.67+4.35° 190.00+4.34° 6.7840.15°
HF-BRH 120.50+3.06  287.83+5.43%° 167.33+2.60° 5.98+0.09°

"See the legend of Table 7

?Nalues are mean + S. E. of 6 rats per each group

9NS: no siginificantly different among groups

“Values with different superscript in the same row significantly different

(p<0.05) among groups by Tukey's test



0.60

0.45 - b

a

o
w 0.30

0.15 -

0.00

N HF HF-BRL HF-BRH

Groups

Fig. 1. FER of rats fed high fat diet containing Brassica rapa sprouts
powder for 4 weeks
Abbreviations: See the legend of Table 7. FER(food efficiency
ratio): total weight gain/total feed intake. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.



Liver index(g/100g body wt.)
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Liver index of rats fed high fat diet containing Brassica rapa
sprouts powder for 4 weeks

Abbreviations: See the legend of Table 7. Liver index: liver
weight/100g body weight. Values are mean + S. E. of 6 rats per
each group and different superscript letters indicate significant

differences at p<0.05 by Tukey's test.
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Fig. 3. Mesenteric adipose tissue weights of rats fed high fat diet
containing Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 4. Epididymal adipose tissue weights of rats fed high fat diet
containing Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean £ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 5. Serum activity of ALT in the rats fed high fat diet containing
Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean £ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 6. Serum activity of AST in the rats fed high fat diet containing
Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean £ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 7. Serum activity of ALP in the rats fed high fat diet containing
Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 8. Contents of glucose in the rats fed high fat diet containing
Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean = S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 9. Contents of triglyceride in the rats fed high fat diet containing
Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean £ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Contents of total cholesterol in the rats fed high fat diet
containing Brassica rapa sprouts powder for 4 weeks

Abbreviations: See the legend of Table 7. Values are mean =+
S. E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 11. Contents of HDL-cholesterol in the rats fed high fat diet
containing Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean £ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 12. Contents of LDL-cholesterol in the rats fed high fat diet containing
Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 13. Contents of HDL-C/TC in the rats fed high fat diet containing
Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Atherogenic index of rats fed high fat diet containing Brassica
rapa sprouts powder for 4 weeks

Abbreviations: See the legend of Table 7. Atherogenic index =
(total cholesterol — HDL-cholesterol)/HDL-cholesterol. Values are
mean = S. E. of 6 rats per each group and different superscript

letters indicate significant differences at p<0.05 by Tukey's test.
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Fig. 15. Cardiac risk factor of rats fed high fat diet containing Brassica
rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Cardiac risk factor =
total cholesterol/HDL-cholesterol. Values are mean = S. E. of 6
rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 16. Contents of triglyceride in the liver of rats fed high fat diet
containing Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean £ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 17. Contents of total cholesterol in the liver of rats fed high fat diet
containing Brassica rapa sprouts powder for 4 weeks
Abbreviations: See the legend of Table 7. Values are mean £ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 18. Contents of triglyceride in the mesenteric adipose tissue of rats
fed high fat diet containing Brassica rapa sprouts powder for 4
weeks
Abbreviations: See the legend of Table 7. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 19. Contents of triglyceride in the epididymal adipose tissue of rats

fed high fat diet containing Brassica rapa sprouts powder for 4

weeks
Abbreviations: See the legend of Table 7. Values are mean *+ S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 20. Contents of total cholesterol in the mesenteric adipose tissue of
rats fed high fat diet containing Brassica rapa sprouts powder for
4 weeks
Abbreviations: See the legend of Table 7. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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Fig. 21. Contents of total cholesterol in the epididymal adipose tissue of
rats fed high fat diet containing Brassica rapa sprouts powder for
4 weeks
Abbreviations: See the legend of Table 7. Values are mean + S.
E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey's test.
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