Korean J Fool Preserv
18(4), 567-574 (2011)

2 HEAIHSHY LT A
@—D The Korean Society of Food Preservation

Effects of Citrus Peel Ethanol Extract on the Serum Lipid and Body Fat of
High-fat-diet-fed Rats

Chang-Ho Park’, Hee-Kyoung Jungl, Yoo-Seok Jeongl, Joo—Heon Hong2
Gee-Dong Lee' and Chi-Deok Park!

'Biohealth Convergence Center, Daegu Technopark, Daegu 704-801, Korea
2 Department of Food Science and Technology, Catholic University of Daegu, Gyeongbuk 712-702, Korea

M

o
Rl

(M) i | 2 =T Hio| QE A SEHIE
ertERtstm Al kB s

A0S T SF0M T oEHSFES0| FXE A
HX|gol ojxl= B2

3

o

L ged s 537 o1 E  wxy Y

o b

Y,% s §
=}

Abstract

In this work, the major flavonoid content of citrus peel ethanol extract and the changes in the serum lipid and
body fat of high-fat-diet-fed rats were examined. The subjects were divided into four groups: the normal, control,
01 (0.1% citrus peel ethanol extract), and O5 (0.5% citrus peel ethanol extract) groups. The experimental groups
(O1 and O5) were fed a high-fat diet mixed with 0.1 and 0.5% citrus peel ethanol extract, respectively, for 10
weeks. The results of the analysis showed that the main ingredients of the flavonoid in the citrus peel ethanol
extract (50 brix) were 38.21+1.37 mg/g hesperidin and 15.02+0.48 mg/g narirutin. With regard to the changes
in the serum total-cholesterol level, compared with the control group’s 79.1:4.6 mg/dL, the serum total-cholesterol
levels of the O1 and O35 groups were significantly lowered to 64.6£5.4 and 59.5+4.7 mg/dL, respectively. As for
the changes in the LDL~cholesterol level, compared with the control group’s 18.4+3.7 mg/dL, the LDL-cholesterol
levels of the Ol and O3 groups were significantly lowered to 13.043.6 and 13.0=1.9 mg/dL, respectively. For
the changes in the serum triglyceride level, compared with the control group’s 74.5+13.2 mg/dL, the serum triglyceride
level of the O5 group was significantly lowered to 48.6+11.2 mg/dL. Finally, with regard to the changes in body
fat, compared with the control group, the O5 group showed a significant decrease. In conclusion, it was observed
that citrus peel ethanol extract was effective in lowering the total-cholesterol, LDL-cholesterol, and triglyceride

levels of high-fat-diet-fed rats.
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& Bt 93 ek, SRS SUdele) A
3 2 2ol o] Fuulo] Fol AL Bl v
Aoz 39, 1A¥S 2 FAS FuAE 2L 57

7} 7 g8 %}%@1 g gou R LERRES
0705014 FoPAA Hom FRASkY gl o]
drke. B9 ABEL A% 4 Sule) Heo] o
Aoz ojel ¢9A 39, 3 23, YAF, HLB2Y

oo

HdE)Te F8 o] Hu .
A o] o]E A A FEE A3IAF)7] % A
29 aﬂtﬂ-zﬂ_,] oglo A g )3k PAlo] oA aL
ATk Aol ik B HA] FFAA SHoY 7| TS
TP 148, 2244 75 nr) 2] AR 9 el 2
£ 338 71%9) Z®e) o Bilel HTi6).
V)P RE, Citri unshii pericarpium) = Al <8 2+ 74
o AA= 2E DR ALgHl) ston, tgei
ol F8 Fehiol= 422 hesperidin®] F-F-Fe] 4%
oltoz oA ek A3kl A vlo] 2E w0
S MEIEE 5 -8 e84 Bho) Fxa T4
o glo} FEAe] WAR AFES FHOR 2 Ho
2ol e A7k BEapl A2 Yo A5 Fow
o] 29 715 gd d AT FatetEg, 18S9
A&, T dBad, daatg 52 nd8Y o dqi, 8%
LDL-ZH| 28| F 24028 9 3 2gke] o ¢ 7Hﬁ
2 5 vFd AelrlsAdd i 2url 53 vk).
olAH A o2z AR g TJr*‘Cﬂ l"OW iy
okl AA F2Argo] AL HAEY o] &
ok m2bA dek 3 A EdER *P%ﬂ%
AW g BedGoR 147154 F B gt ohg}
TF AEFLA 8-S A% A7 4o A
2 AFdME FEAES Bl oA o2 vg 2
IADE st M eeFEEe) Ax € 34
2 At mRE Gl dis)

A=

2 A A48 AE A9E (F)SYS B(Dacgy,
Korea)oll /| T-43te] ARSI a1, F30l ALE-H oeg
AFHTHER o] & e HEFH(D FAFDHL AHE
At AlFEAQ AL F2Ee Zuv] 208)
ww)el 60 % (wiw) TEFE S 7t B/FE7|2 70T,
3}\] 7t &3t A3} 3 3 A4 7AeZr) 7 60 ani

Zofo] ARgeten, ol & 82 o 4% A=

UrE‘rkkD‘r.

Flavonoid &2t 24

el sHE F92 flavonoid AES]  hesperidin,
narirutin, naringin 52| ¥ ¥4 A|EE 20% DMF
(Dimethylformamide) & X 3}3}= methanol®l| 5 mg/mL &
=2 838t 0.2 ym syringe filter2 ]33+ 3 HPLC
(Alliance HT 2795, Waters Co, USA)E ©]-&35}] EAI351%
t}. o] 5742 methanol (A)®} 0.5% acetic acid B)Z Al-&-3}
“om, 0~10min 7HA] A:15%, 10~20 min7}A] A:30%, 2
0~35 min 7} A:40%, 35~50 min 7}A] A:65% 18|11
50~60 min 7H] A:15%2] gradient 2705 £&84%t}.
A column sunfire C18, 5 um(46 mm X% 150 mm, Waters
Co USA)Z AHE3E A, #4551 mL/min= UV 280nmol A

Z3IHTHY).

UEHSE

AHFES AS 558 7 313 (Sprague Dawley)S
(F)EZA 01 A 2 (Daegu, Korea)ZH-E] 73] 13 A}
59 BS FgctdA 434 A & HaAF

294.1+16.4 g9 A2 ARE3lT) £Z,:‘: Aol oz WF
H % ARE AREA A43A stk Agr10Et B

I AR S 22 2022C, BUEFE 50£1%, 7135
10-1538)/hr, W47+ 12213 2HH 02 2% 150-300 lux
2 fA s,
AE 40|
2Jo] A B]Tk(diet-induced obesity)ol] 3t F3E LolH
7] fste] Aol 8 105 ¢ FA A, oF 2
Table 1. Diet composition of experimental diet
(g/100g diett
ND" HF o1 05
Casein 20 20 20 20
DL-Methionine 03 03 03 03
Sucrose 50 37 36.9 36.5
Cellulose  Powder 5 5 5 5
Cholinbitarate 02 0.2 02 02
Mineral ~mixture 35 42 42 42
Vitamin  Mixture 10 12 12 12
Com Starch 15 11.1 11.1 L1
Lard - 17 17 17
oil 5 3 3 3
Cholesterol - 1 1 1
%Otru]; ﬂ[})sel ethanol extract ) ) 01 05
Total(%) 100 100 100 100

1>ND; normal control, HF, high fat control, O1; HF+0.1% ethanol extract of citrus
peel, O5; HF+0.5% ethanol extract of citrus peel.
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ALEHO e AHrEo] 4 (ad libitum) 2 2 AHAX 7)1 &
T AR S Y Seol AR EE A e
ekl Aol &2 F5(60 Brix)S 0.1% (01),
05% (05)2] TE(ww)E ALRE A Fsto] Folstiint. 4
2ol g A A AHE 1057 Bt Afrgo wAoR
oot 25 AR AT 9 dSAE S FAS
e dgaole] 2L Table 17 £om, FEA ]
(AIN-76, Dytes Inc, Bethleham, PA, USA)E 7]E0.2 H| ¥
32X DL K] Aste] 17% lad, 1% S 2HES
A7kt A8 Abe= Axsto] A&t

o N

Mol &X

A7t 2 2lo] AFFe A AL S Aoz
ZFES FY AR B golsiA 43 HFew &
shlom, 2o] A e Fofioll A kS hate] AL
3H Tk 2 o] H&(food efficiency ratio: FER)-& A& 717t
B ASTTIHES B 717k 2o] AFH o 7 1ol
LE A=y

=
F 3000 rpmoll 4] 1547t =
A= A" F FA] 2 v, Al H), A%

g, ¥, 4%, o, N9E Az
o, AW 24 sl F B Azt Rag Ay
24¢ Azdjel 4T YUHGFE Aol 71 3}

A A AR FeAR) He dAREER 3
8| &, triglyceride, low density lipoprotein cholesterol (LDL-
cholesterol), high density lipoprotein cholesterol (HDL-
cholesterol) 2 2548l 1, Al B2 €13k 7+ 9 AR 7%
ol nAE Y& Lot ©r9fel 3+ 7% A2 aspartate
aminotransferase (AST), alanine aminotransferase (ALT), y
-glutamyl transferase (y-GT), creatinines =74 513t} &2
& 2~ &E Z7%]+> CHOD, Trinder, triglyceride= Enzymatic-
Trinder'df, LDL-Z#|~HE, HDL-Z#|2:H|E2 Direct
methodol] ©|3)] A% kit (Asanpharm Co, Seoul, Korea)Z-
AHE-81I T AST9 ALTE modified IFCC without pyridoxal
phosphate’], y-GT= IFCCH, creatinine>- modified Jaff-1
reagent method'ol] €]l A 2% kit (Asanpharm Co)Z o] &
atel A5k AEEA{71(KONELAB  20XT, Vantaa,
Finland)& ©]-8-8f EA18k]tt.

SAH Az
RE ARE T A FAANEE AP omNE dojl

7&'7/]' Eé‘ SPSS 12.0K EEZ%% 0] —%—:6}‘031 one-way ANOVA
o ot P9 EFEAA A mean+SD)E ek, ZF ¥
T7re] 242 p<0.05 F5oll A Duncan‘s multiple range
test® AE3HS

2% 9 g
Flavonoid &&

A 2ol g8 flavonoid g 22413 A 7} hesperidin
38214137 mgfg, narirutin 15.02+0.48 mg/gQ] A2 A}
%] 91 ©.™(Table 2), naringin¥} naringenin®] 7-%-= HPLC
chromatogram’Joll A1 &2 (trace)7t &8 JLE= vk &
Aste Ao IRIHUTHE. 1), dERel EotEiecl=
@3 o w3 s ue AAsREEA AE Flle
-5 B AghE vl Al (glycoside) HEl = EA ST,
F9 ZetHwol= 313HE-2 naringin?} hesperidin Z18] 31
o] E-2] u]ulF(aglycone) FEN<] narigenin 3} hesperetin
5o EAlshs Aoz dEA Yrhi0). dvE o IR
o EAl3h= flavonoide Aol A&BEFE MHIEA
(aglycone) 3}31E-2] o] FAA iy e Ao R 4
A glon, ¥ Al ALgH Al AA] H]ulEA flavonoid
°1 naringenine W A& F 9131, hesperetine 4 &5 A
eFskth mepa Alme] F8A47-2 v Q] hesperidin}
narirutin ©. & 21 % 1t}

Table 2. Flavonoid contents of citrus peel ethanol extract

Flavonoid contents (mgfg)

Sample

Nariruin -~ Naringin ~ Hesperidin -~ Naringenin

Citrus peel ethanol extract 1502£048"  trace  3821#137  trace

"Data values were expressed as mean=SD of triplicate experiments.
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Fig. 1. HPLC chromatogram of major flavonoids from citrus peel
ethanol extract at 280 nm.
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]

T % ANHEH M

AR T A —é‘o#(ad libitum) HH2lol] o3 1Y 33
ﬁ*‘ﬂ*%%%% 54+046 gl & Yeiyton, 13
WA o] A H T EH}_ 22004059 g, A EA A3
017} 059014 742} 209+1.24 g, 20.7+1.13 g&. & ViERyt
THTable 3). ¥¥H2]0l& A e A 4aa} mAe]el & 4
A Hzea A PETE vng o 1Y Fit AHRAH )
A FrEQ AbolE e E Rog 2AEATh 2y
aAEA o] T iz AREE A A A
GEFEE] g 19 HH AoldF e Wate Uehd
BE Aoz ZAEALH

Aol A gt o3t A& FEEe] 1Y FF
HFFE AF718 B AlE T Ol M & 48.6 me/kg,
05Tl M= 2419 mgkgd] APEL S AT Aoz 2
AP ATt

ol

W

2

HEH2E % HolEE

A& AFH717E 105 B Dibdlo] I mAA o] 2 F
oA A FW3} 6301*‘3* Z Aolgg =3 A%s
Table 3o YeplIAch 48717 5 14 8 Al FS
B3] dvtalo] dF T vlwal dzF 2 AEE
_!__;qul-}\]o] /\—1_214\?):01 7L/\o],o:101:q ] SH; cdz;,-} k1

Adao] A g #slhe vehA] gtk AJ@Al )

& A F0) 2941416 g F AT, hERF
A SEFEE AFF01), 05% I SLH3EE 43

T405) 47 Fe2 2 wix ettt EHske A
01 30% 1057 F U= 2 A8 *13%%-?01 0 , 05| A
T A7) vl wsted Tr-/h?l' AF57VES deEle

D% A& Aol o8 AFEHE §I~‘= UrEMX 23ie= g
2ol 5 & gk FJ]‘**'OIE' o3l B A FolA
Aot v melo] B Aol EE-g Holy Aog Vel
ot} 273 A EE MFH ol Aol as Wile Ay
et2F&E MR Aiste A HoH, 017
e oA oz rasiinh wetA AgdeEFEE 4
A7} Aol tha AL vA e AR ZAEHAT

BEHME BN

105 B ApEaol e &7 Zl g gh-g %—%% AH
% 83 ALT, AST, y-GT, creatinine, & 3r-S =733}
o] Table 49 YeERHUTE ALT 24 ®wdle AT
50.44+7.06 units/L9}F B ate] 1A HbA o] )& 61.48+
11.96 units/L2 &) S7tddE B9 1, Aoda-&
F2E 4379 013 0594 Z%Z% 48.637.01 units/L,
52.51+2.81 units L2 )27 v]wsle] §oA9 7148
&S JeERNRIT mEbA Als AF =2 0% ALT 84 ¥is)
YT FFEOE A EHE Aoz Jelth AST 24
W3l o 2 138.6420.62 units/LZ g 112.7+14.23
wnits/L9} ¥l wate] felHel FrtEAE BYen, Al
AF2 0177 O5olAe= 42 106.4+£14.69 units/L,
123.4£6.93 units/LE A3} H]&3F F 02 FA| 5=

p
e

Table 3. Effect of citrus peel ethanol extract on food intake, body weight and food efficiency ratio in SD rats

Group” Food intake Body weight (g) FERY)
(g/day) Initial(g) Final(g) Gain (g/day) ®)
Normal 25.4£0467 298.0£134” 505.0:25.4” 296033 11644143
HF 20040.59" 298.3+180" 596.0£33.5" 4254043 21.28:2.22°
o1 209+1.24” 298.94204” 566.3:304” 382:031" 18.361.77"
05 20.741.13" 281.415.7" 5714:22.3” 4.15:029° 2008177

"0L; 0.1% citrus peel ethanol extract, 05; HF+0.5% citrus peel ethanol extract,
2}FER (Food efficiency ratio) = (Body weight gain/Food intake) x 100.

Walues are represented as the meantSD (n=8). Values with different superscript within the same column are significantly different at p<0.05.

Table 4. The plasma aspartate aminotransferase (AST), alanine aminotransferase (ALT), y-glutamyl transferase (g-GT) creatinine and
total protein levels in Sprague Dawley rats fed citrus peel ethanol extract

Group” ALT AST gGT CREA T PROT
(unit/L) (unitfL) (unif/L) (mg/dL) (mg/dL)

Normal 5044+7.06° 112.7:1423" 4.92:0.84° 0.72:0.04° 7.14:042"

HF 61.48+11.96" 138.6420.62° 5.09+0.50° 0.7140.05° 7742051

o1 48.634701° 106.4£14.69" 5.01:0.54° 0.69+0.03° 7.02£046'

05 52514281 1234693" 5.10+0.60° 0.67+0.04° 7.17£030°

Refer to Table 3.

alues are represented as the meantSD (n=8). Values with different superscript within the same column are significantly different at p<0.05.



Effects of Citrus Peel Ethanol Extract on the Serum Lipid and Body Fat in Rats Fed High-Fat Diet 571

Ao g ZAE T ALTS ASTE 7S B]Eale] A7)
ZA| el ofu| At T F AR FAAA) A Eil o] <
M= Fof o A FR|7F EAsht 2H 5779
=40 B A7) ASEhe BA0 ti1). Wb B Ad)
M Aol o)gk ALTS) AST 8 S71dS B
o), AlE A2 QI Eagio] A TR FA
Huck wpeba AlFEE AH o 9 217]%E o= o
e vd Aoz Atadd

e AR Vs #Hkkke Fad ARt He
creatinine W& FAFekaL, IH 2179} A7 58 Ve
T e 84 F s A1), 23 A4
ol4e] glowl d9 Fog F&Ho] o7t Y=
y-GT #1385 323819tk 71 A3 creatinine™} g-GTS] 7%
aAA o] g AlR A Al o ®ishes #EwR] sk

) ofe] 3§ izl F7hsg o, A
B AR 3T RS FEOE §A9E A
2 % 9gich nie 2
2 ) Qo :
Aow Az,

i, o
S
i b

A creatinine, y-GT, EA T 2 %2
FEE 2% oJuf gt o] Jut-g-& §lE

o

EEX[H olx|= HE
107 FQF MRS AR E3sto] Afrgol i o
AHHA g & 8% FZY2HE, HDL-Ze 2H 5,
LDL-Zd| &8l E, /A WMH(riglyceride), FH 73R4
(ADZ Table 591 VJERNQT) A8717t & &3 229 28|
E 52 nAWe] AHE YET 79.144.6 mgdLE
A7) 70.3+9.7 mg/dLe} v]mated o) o2 Zo)et
ATt A8 AHRE QT B FEe o gl Waks o=
T3 Mwsted Aol A ol Al A VERIRL
th 53] A &&FEE 05% AF 9 OselM =
59.5+4.7 mg/dLZ A3+ 70.3+9.7 mg/dL9} Bl wate] -2
Al gadte Helon, AAdReFEE 01% 2
05% &= B 5 FFU U ES FolH s 7]
£ o2 Yeyitl d5 HDL-Zd| 28 E ¥l gaT
A 57.0+2.9 mg/dLZ % /F< 57.4+9.4 mg/dL o} H] w3}

W3l AAE R ggtom, nA oo o HDL-Z
2H = W ghe UEUA] @ A2 ZAbESdS e
A7 AFE 28 d2 HDL-2d AHE Wale AldT
013 057l F9291 AAFLE Hole Ao 2 Ve
ek o3 Ak Ao FaE HHE AT dF
FEY 2HE i we) Fhts] e @49 A0 Als
e}

8= LDL-Zd ~H & sl g7 9.842.2 mg/dL o}t
H)wale] UlZolA] 184437 mygdLE Ao g 7}
skl en, uxao] 43 ot LDL-Fel~E &9
oAl =72 Hol= Aoz ZAE AFdeeie
2 H2d) 93 LDL-Z¥ ~8HE Wil= A87 013 05
ol 25 tizad) vlawste] oA A Bol
£ Ao eyt aAiA el 2 Qe A W
3he AAFT 50.1+8.6 mg/dLo} ¥lwate] W 74.5+132
mg/dLZ FelAel VM8 BAth A5 AdH o3t d5
ZAAH W3E 05% AT 059 RelAQl Aad
AL B o 01% A3 o1l A &= tiZw 7} Bl
dlo] W3ls Bolx] ghe Ao R A upebA Al
2 Aol o3t @3 FAA M= A8 05% AHT
A F924¢ gHE Hole AR AT FE
2HZ3} HDL-Zd 48 &9 20| HDL-Zd| ~F &
gk MiEelE el e W7 82 HAL, Atherogenic
Index)s= 474t 0.2320.049F ¥ w3 thzT" 0.39+0.05%
FolHom Frtsta e, Als A e TRAAF
H3l= Ol 0.36£0.059 057 0.29+0.060.2 ) 3}

¢

o

Bl wsle] A8 0.5% A3 o Ae A AESS
Hole Ao Vet Y AHES AXEA, 52
AN Sof 293 9kg vl ey Pl v ER

ZA st S 314 8 F(hypercholesterolemia)© 2} &t
t], ©]%& coronary heart disease (CHD)2] F£ 9] 1 #}o]
o g% ZH2HE FEE ¥FE Zo] CHDY Tes
g frbdoltie Be ezl de Az
7 S 2E 52 1% W5 CHD 2388 2% 4o/

% 9lvbx 3th13,14). HDL-Z¥ AHEL Y22 o7

Table 5. HDL-cholesterol (HDL-chol), LDL-cholesterol (LDL-~chol), total cholesterol (T-chol) and triglyceride (TG) levels in plasma of rats

fed on citrus peel ethanol extract

(mg/dL)
Group” T-Chal HDL-Chol LDL-Chol TG A
Normal 703197 57.4194" 9.8422" 50.148.6" 0.23+0.04
HF 79.144.6” 57.0:2.9" 1841377 74.5+13.2" 0.3940,05”
01 64.645.4” 474+44" 130436 740£172” 0.3620.05
05 595447 464139" 13.0£19” 486£112° 0.29+0.06”

URefer to Table 3.

Walues are represented as the mean+SD (n=8). Values with different superscript within the same column are significantly different at p<0.05.

AL (Atherogenic [ndex) = (Total cholesterol - HDL-cholesterol)/HDL-cholesterot
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24 91, 21, A, A A7) 5A Waks fEsigo
(Table 6). Arrg o2 A T ZH 1] Z9] HH | oa)
Tt 2H A AAQA} ol o] ZefE|o] Aol &) o8
o] FAZF Zrksta 7oA e A A7 2 EE ko]
S71H17). & AT dizte] 3F FA 7 AT
Hig) AA R Frksta oy, As AR 9% F98
ZtzA ] FAGAE BEEA gt v, A4 B
T3 Hlwste e 9 AR AFH A tha AR

A Bylou, AadegFEEd o3 fo29 g
T HEA gsitk agm o, A3 A7 FAE A
Holuh AlFEZ HAZ Q1% opF-d Wale #FHA] ¢
Uk

wEbA F715A ke mApdAelo] 23t 7k, vl Al
&l A7) A Wshe o, AldEdd] A3 2
F7 e PANsE 22X @iy 283 g #A)
Hshe A o) & Q1% x| W&o 98 Aor Alad
TH(18,19).
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o] uu All /q mlegl _'6"_ %73— 7\] ac}xﬂ (retropeﬁtoneal
adipose tissue)¥ F-313F A3 Ql(epididymal adipose
tissue) FAQ] & AR HF32F] (visceral adipose tissue)
FAR AR TH20,21). AP 0] SR F ST
ZA o] AL Frhst o, 3574 A @ Fug
9] A ‘:’}-5':34 A QA Forstsinh Algel ofd 3 B
Az 9 g Az Yo Wsks vaad Ha
alo] Ak BAlo) Wighe HEEA OLQIU}. agla F
WA 249 FARSE A dSEF2E 05% (05)
’?3—3‘?01]"‘1 2w Hlweke] F94Q 2AadE B
= AR YegrthFg 2). webA 19 dEg
0.5% ’é-rl'—r‘ow\i AR PHAEAAL 7| 0E
2 Ho] A, 05% HHTAM AATELEE 3
W zhAel WA A7 J& ACR AR
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Fig. 2. Effect of citrus peel ethanol extract on body fat
accumulation in SD-rats.
NO; normal control, HF; high fat control, O1; 0.1% citrus peel ethanol extract, O5;

0.5% citrus peel ethanol extract. Different alphabet letters are significantly different
at p<0.05.

Table 6. Organ weights in high fat diet-induced obese rats fed the experimental diets on citrus peel ethanol extract

(g/100 g body weight)
Group” Liver Spleen Kidney Lung Heart
Normal 22140,13% 0.17:002" 0.68+0.05" 0.42+0.05" 0.294007°
HF 2.8840.24° 0.16£0.02® 0.59:0.04° 0372005 0.29:0402"
ol 2.70:0.20° 0.14£0.03" 0.59:0.03" 0.38:0.04" 0.30£0,02"
05 2744018 0.15002% 0.56£0.05" 0.36:0.04° 0.3240.02"

YRefer to Table 3.

PValues are represented as the meantSD (n=8). Values with different superscript within the same columm are significantly different at p<0.05.
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