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Abstract

The purpose of this study was to investigate the effect of dietary caffeine supplementation(0.033%/diet) on the plasma
and liver lipid concentrations in rats. Twenty male Sprague-Dawley rats(body weight 200+10 g) were divided into two
groups: the control group and the caffeine-supplemented group(0.033% caffeine-supplemented diet). All rats were fed an
experimental diet, and deionized water was avaliable ad libitum for 6 weeks. Plasma lipid concentrations were measured
with a commercial kit based on an enzymatic method, and liver lipid concentrations were measured using the Folch
method. There were no significant differences in body weight gain, food intake or food efficiency ratio between the control
and caffeine-supplemented group. The total cholesterol and LDL-cholesterol levels as well as the Al(athrogenic index) were
significantly higher in rats fed the caffeine diet(0.033%) than in those fed the control diet. There were no significant
differences in the liver total cholesterol and triglyceride levels between the control and caffeine-supplemented groups.
Therefore, it seems possible that caffeine(0.033 g/100 g diet) may increase the plasma lipid concentration level in growing

rats.
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7H1E Ad W 63F o739 A& EA3Ks methylxan-
thino| &t E2l= 3E 1§ F b= 1,3,7-trimethylxan-
thin ©] 222 B3, 18200 2929 &34} Rungedl] @)
& TAZATHKwon & Yoon 1993). 7H#91& J %A E of
Yt A AL 2 st ot AdelA odeld &
£ 717 AFSAZ QA Fopgo] gol 47 F Aol vl
S wEA F5Ea, B SE ol & A gatd & 2lely
o] £A=A] Z1 24712t U] methyluric acid®} methylxan-
thine©. 2 TlAtE 0] AL B3 82 wjd=x 47 79l
F T 3~6% F== AMER] &3 vz Aoz widdEc
(Lee HW 2000).

Feugte] A4, 1909 S W FHEQ An S 1288
mgl= HIHUL, 7HQ A3 e 5~100 mgo] 32%
2 71 B3, 50 mg 13t 7%, 100~150 mg 14%, 150~200 mg
9%, 200 mg °|A} 11%ATHYoon er al 2001). $2ieke] 7}
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Fe 19 Fd 2L2EZ|°} 240 mg, V= 206 mgs
vl w3le] A& HolthKwon & Yoon 1993). =R1e] HHF
7 719 A FE AT R B 4 mykg Q2 BT
2~4 719 A3 ol FEHBarone & Roberts 1996). 7]
o] 71191 ke 13] E3ol| ground caffeinated coffee 159
mg, 12HE #3] 83 mg, e} 17 42 mg, A} 36 mg, 2F
& 6 mg®] HEQle] o] Utk Bkt Greenberg
et al 2007).
7Hte] QA vX = &} F 44 A (Lee ef al 1994)
= 98] geiA S, HZ g |51t ool F0m(Green-
berg et al 2006), 71 °]-F= kst EZo] 97| WEoE B
1EE Natella ef af 2002). 2214 719901 e A5
Al7|3 83 ZHAHES FeAA AT 98 8910
Hohe= 27t ivkMyers & Basinski 1992). QAA S e
2 g AFelN AAE F 57 o] v = AL AYE
PRALA] b Abgo] Wis] AAAgke] W Eol 2.88] ¥,
A Y 2HE T5E AYE sile A5 284 &2 A
Zol] w8l 14% A Uebdtin B uslsthLecos CW 1987).
Bak & Grobbee(1991)&= 710 A 71560 ~840 ml/day)©]
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2ol Bl8] @3 LDL-ZY 28 S] 4 vepdon, Hap-
ponen et al(2004)= 39 EAE AL Z 800 mL/day®]
70 e 85 ZY2AHE FEE 991, Superko ef
al(1991)9] A7olA 4 FAY A5 &F 5~631 9 719
ol ¥+ 85 Zel2HES =9vkn Bk

e HE 7 AR e 85 Adn o] glalo-
pez-Garcia et al 2006), Z3.E AT A Thgh #3 Q3
I 8F A vk 4R fvke Rt ok Ed A9
2 291 4L ez A AdF e A EEe] dAE
g Ak 1500 53 AR A9 FHe AgEET
o] gitka atod A& el we} ok Ur‘:/}‘)’iﬂ(Rosner et
al 2007). 181 =119 7§ n¥<te] gle A%, AdE
AHshe 4% 43S A8-80] Yria Basigint (Green-
berg et al 2007).

dnbd o2 Aol Ade ehdsitta ¢eA iGa-
rattini S 1993), #]=re] - <F 8 oz (237-mL) <] brewed
caffeinated coffeeol] 137 mge] 7}wQlo] Eg=|o] ivin B
a3 ﬂ(Lopez—Garcia et al 2006). 200613 AUt} FH= 7}
FHel HHA TS 3ol 400~450 mgE FH3laL ITHHealth
Canada Food Program 2006). Z12{u} &f-5<} ol5& 73]
7} RAAQ g3k Frlm Z 13k Yok Viani R 1993). =
& n)5+e 20064 W= ZREANA S35 HFH Y Jlo|zd
A ¥ A7} o)k o] YA QA AFA 7S
500 mg/day7HAl & g5 MY T B
on A7 A9l 400 mg/day F =

n¥s EUEE, FHAHE A Y3o] fivkn Bust
%t :LEM 7HQ1 WIZbeE Al AR
-3 1 Fofol 3l 2 FE= 3l 300 mg |8k

Akt A A Fot 24T %’4?30

kin et al 2006). 18] 3L o}F-2 A7
o]EZ 2.5 mgkg body weight Xﬂ@O]’E%
(Popkin et al 2006). 23912 3} 8 mgkg A5
Roberts 1996)2] 7t#l|<l o] A= 3l

A7 A AE de R AT B$ 0.6%(0.015% 7}
HQl), 1.2%(0.03% 7H91), 2.4%(0.06% 7}=9)) JARE
AT E 7Kg Aoz JHAAZ AS, B S HES B
T Z7hiey FAAY B 0.6%, 1.2% Aol F7}
3193, 2.4% 2lo)= ZHAelivhe B8 Kang ef al 2004),
:LEM A FA] 0.035% FHQ] Aol A3 Al £ FH
A BF Fe 2 E wxod 79320 Aot itk B
7} 1tKSong S§ 1993).

wpeja] G37] FHellA 22 o] FHEQl AdF Al 3
Ao A= Karb A2 Ak 1 0tk Kang er al 2004, Song
ST 1993). S-2juteke] 71 &8 AlF o] Fsta e
Ao A FhE)elo] E x)Ad) njx|& &3 i3 HEe
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b B A= 0.033%9] 710 A $50] A7
Sprague-Dawley 73 oA E5 L 7t Aol u]X= 4
< golrmx} BTk

Mz o dy
1. AHSE Y g0l
1) Mé:'iE%

Sprague-Dawley =71 #(200£10 g)& g FEAMSAH
o] Fedutol 1FY3te] A3 7]3F Bt 1% AbE(rat chow)
2 AR T G S o] 88l 2 T 7 10wkl 27 e s
o] 6533t AEAolE FE9 }S{ir/} AFEEL stainless
steel wire cageoll A & mle|¥ B AL&3lgon, AMg4e
SEE 25£2T, HEE 63:5%2 RS MY 357), &
F718 2N HH 02 AHF 24 FA|E o8l 2A-et
Hrk 2ol B AEA AAE & doH, o E& =

F 22 o] 2nErE ALESIgTh

Ag2lo] A AR Table 1o] YERAITE d&ole
£ 24 71E8ld Agee]F
BAFE 2Tl 7191 33 mg/100 g diet(0.33%)

M3z U HE 53
49 713 B Ho] HAFE olFq) T WA, AFE o
FUel & 0 AP M) Lol 3T

= =

’él"%‘%%i ﬁlﬂlf——i ”}%‘45& *JEHOM EF-E Arlste]

e FeolA
% 3,000 rpm°ﬂ"1 2o~—r7¥ A Felste 84
EME w7hz] -70TolA ¥E Basit &
9 28 234 474, HDL-FH &8 E2 22 cho-
lesterol kit, triglyceride kit, HDL-cholesterol kit(Youngdong
Mhamacy, Seoul Korea)E ©]-8-3}] ﬁ,’}}”(’Richmond W 1973)
o7 v Haksl¥ct LDL-Zd A8l 2 Friedewald 21 &
o] g3l Al4tsld i (Friedewald et al 1972), FWA3A| ¢
FERT, 2t 240} FHA W3} 29

(atherogenic index)2
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Table 1. Composition of experimental diets

(g/kg diet)
Dietary group
Ingredient

Control Caffeine
Corn starch 5295 529.5
Sucrose 100 100
Casein " 200 200
Soybean oil 70 70
Cellulose ? 50 50
Mineral-Mix * 35 35
Vitamin-Mix ¥ 10 10
L-Cystein ¥ 1.8 1.8
Choline 25 25
TBHQ " 0.014 0.014
Caffeine ¥ 0 0.334

D Casein, Maeil Dairy industry Co. Ltd. 480 Gagok-Ri, Jinwi-
Myun, Pyungtaek-City, Kyunggi-Do.

2 a-Cellulose, supplied by SIGMA Chemical company.

3 AIN-93G-MX, Teklad Test Diets, Medison, Wisconsin, USA.

K AIN-93-VM, Teklad Test Diets, Medison, Wisconsin, USA.

9 L-Cystine, Sigma Chemical Co., St. Louis, MO, USA.

% Choline bitartate, Sigma Chemical Co., St. Louis, MO, USA.

7 Tert-bultyl Hydroquione, Sigma-Aldrich Inc., St. Louis, MO,
USA.

9 Caffeine, ACROS ORGANICS, 1-800-ACROS-01 New Jersey,
USA.

2B E-& Folchi(Folch ef al 1957)2.2 %3 & 7to] 34
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1. #ZE 3l Alo| M2 I 4o

A 71z B¢ dz22T 71 AolE AT FEY
A% A3k He Aol AHF Z o] E&S Table 29 Yt
Uitk A S7HEE iz 7HE AT el {4
Ql zto] & ERA] @St} o] Aie AP FES YR
2-g9] ol F e} A Fo FHAE AF 100 g2 3.5 mg,
7 mgS A A3 Lee et al 1994), A Fol FFE 1|3

-
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7 ggtttn Bauel vlsg 23E Jehiglan, 2 Ade
A4 A 100 g2 < 3.3 mge] FH0S HHsA E3
AL FHE AR FHRIE AAANZ BS AT 3
& u|AA] Ltk AT ZI(Park & Sung 1996)H= 4
A8ttt

v AR A 12d B A A A5
TAE B 27 3L dAL AdFRe) BerS AT 5
7h&o] ¥3km, oAde] 49 BMIZE 25 o]Ade]u Ald] gt
ol A FHiE H& A% AY AHFH AF F7HEo] R
o] d#Ado] vt B35l tHLopez-Garcia et al 2006).

B Ho] A% Aol §&& YT 7 AHE
Atolof Fo] ARl 2ol & YEhNA] kTt o2& F1HQ A
| 2 40F7H 9 Sprague-Dawley H2 = 100 g2 3.5
mg 7.0 mg?] 7H<1E A BF, 70 dHe 4
o] A F o] F&of| Aol YEA Fethe AT B
I(Park & Sung 1996)%F LX), 2 A7 e A8F
E AF 100 g2 oF 3.3 mge 7HEIQ1S HASAH

2. FHel Y430t €5 x|E =20 o|xls EF

7HIQ1 A7} 85 A R vIX= G Table 391 W
EiSlt 85 & SY2HE st 7 AFHTe] 1724+
21.2 mg/dLE thZT 114.5462.8 mg/dLol| H]3) 503 0 2(p<
0.01) =4 Yelsith o] Adale 22 3 A= 79 AF
F 02% 2J°] 2 AT Moon et al 1993) -$-Hr} Hgkx| vt
=% 7)7to] 2L AF<) Moon et al(1993) ol 71|Q A3
29 & FH26E =t 2T e g9k B
A 4R 3, FES g2 Kim HY(2002)2 7
& 1%, 4%= HA78l 43770 AMS3 A2 & 926§
FEE AUY AF £20] F/EFE Folle AYS B
Aotn Euslgch Sakamoto er a/(2000)2] Aol HA

AT E 0.62%, 1.36% HHAANAL o 3 SHY=HE 527}

Table 2. Body weight, food intake and FER of rats fed
experimental diet

Variables Control Caffeine  Significance

Initial body weight(g) 241.3% 6.3 241.5+ 1.8

Final body weight(g) 391.3£20.3  399.1+43.0

Weight gain(g) 150.0£18.9  157.6+43.5 N§?
Food intake(g/day) 27.6£19.7 223+ 1.4

FER * 0.17+ 002 0.16+ 0.03
Y Mean+SD.

» NS: Not significantly different at p<0.05.
% FER: Food efficiency ratio.
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=2 A% Jehidda Rusigc

QAE ez g A &4 Happonen et al(2004)2] A
TFoM FHRlS AHV BT E 87 ZFHAHEY v
7} golRlvta Baslivt. 12y Bak & Grobbee(1991)&
9F7 e AT B 24412 AL ez a2 75
mg 7HAQ1S EFF AFE HAT =7 Fhide] gl A
HE A3 T Tl EF FH2HE Fxole Aol7t 8l
o B3dk A ks gloh

7 A T2 7 Aa o] 118.9+26.3 mg/dL
2 Y& 108.1:31.1 mg/dLT} #-2 A el gk A
% 100g Z 3.5 mg® 7 mge] 7191E o FH s} A F o
A AHANAL O 85 SN Fe o A% 5 F
AA FHH A FE0] FHEFE BF FRIATL B
23R EH(Song ST 1993), £ A7 Ao e FH 43
o] fxZEY 8F ST w527 £3AT FoH
Aol & YERfA] stttk

g, JAE 32 & Onuegbu & Agbedana(2001)<]
AT E 28U AT HH7 EF FHAE TR o
&S XA gigtoin Eaugk ¥hA, Cha HI(1997)9] 7ol
e 8% $442 55 719 AT v7ksds
o feFdoz A Jeldoin sl

HDL-Z#H 2HE F5e 71 AdFF<] 47.3x13.9 my
dLE 2T 41.40£16.34 mg/dLE %o EARCE &
9]# 9] zlol& ¢tk Bak & Grobbee(1991)- 977+ &
27 H 24419 4QAE RELR 315l 75 mg] 7l
AL T ATE 4HT TF FHY0] gle AFE 4
g T 7o) @5 HDL FHAHE sEole A7} gl
2 B3g A7 Ag

LDL-Z8|~HE =T 719 4HT0] 96.3423.9 my/
dLE & 51.4425.7 mg/dLol Ble 23 (p<0.0) 22 &
A YERET) 0] Bak & Grobbee(1991)0] 7191 A A]
LDL-Z¥2ElE ko] A veldthe A7 229, Miyake
et al(1999)°] JI=H1E 73 & A3 Ale 3 Ze 24|
£ ¥ LDL-Zd 28 & w57t 371 Aoz velygtin &
g A3 X3l £, Superko ef al(1991)2 AbolA)
7HRle] Sle AT o] gl AAE 8 AHA
20 A= 7HRde] S AYE 43T Fol LDL-Zel =1 F
o] #A Ueht, E 493 22 2745 etk &3, F
= 1998'd o|de] Wi E A AFE AEE A3 d3
IAEFA AF Ave F A2 QAL filtered 77
€ A9 EF M)Al J3E vIXA] 43, unfiltered 3=
YT FZ9 26 EY LDL-ZY2HES S/ B
gchlee et al 2001). ¥ ATE £F TS HU1e Ao
o] 2.2 unfiltered 7|39} B]2E Zolgt B 4= Joia AlR
"rh o] A= A9 22 49 e AFHA A7

¢
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A Foll A AZ 100 g 3.5 mgo] 71 A A A FH
dqr EF FUZHE $=d F9HA ol7t glite &
I(Song ST 1993)¢} AuteElm, 0.3% 715Q] A)o] 4 A] EF
| zH g0l 2 S KA Eil(Park & Jo 1993)9}
Ux) gt

TE/|A 2] 3 27] ARE Y7 BHAEAS
(athrogenic index)= 7H|¢] A3 o] 2.9240.922 2T 1.65+
0.84°] Hla] o] Hp<0.00) o2 #A vebgth 22y Kang
et al(2004)2] ATolA TAEA o] kg B 0.6%, 1.2%, 2.4%
o] JAAHE AF 7t Aoyt 5 A vAe FE
0.6%, 12%, 24% 2lole BE ¥ & 2~ 89 %7}
= vehgel, A8 d7(Kang ef al 2004)914 AH&E 73]
7F 2 JARE A2 J1Rle] B A 1 gol 27 mgo]
3] U AL 71222 dPH(Yoon er al 2001) 0.6%,
1.2%, 2.4% A Hele 247 Ho| kgd 162 mg, 324 mg,
648 mg 71991S TSI glol(Lee & Lee 2003) 2ol
7HE 212 0.0162 %, 0.032%, 0.0648% 2 AF A7) 7-$o]th
wpEba] & Aol A ARES 71l A ol Bl Set 0.033%
7HQ1 o] Al T AH o] &4 JEhd 2 dX gtk
aefu A Aol (Kang ef af 2004) A9 AHL] 59
AR 71 @A veltEd], 2 o) A ATl gz
TR F FH2HE R fYHe® ¥y HDL-2
H2HE 27t 65 FoH o2 A Jelyt aev £
AFNME = ZYAEE Fre 9202 5oVt HDL-
FH2HE = KA Apolrt glof FWAS) A4}
= Uehyith olAde A2 23E A7 ket A
AFF 43 A2 = A7 23, Ave 85 27
o= B4 o] Q1) 3(Lopez-Garcia et al 2006), 2292 =91

Table 3. Serum lipid concentrations and athrogenic in-
dex of rats fed experimental diets

Signifi-
cance

Variables Control Caffeine

Total cholesterol(mg/dL) 1144 +62.8" 1724 212 ™

Triglyceride(mg/dL) 108.1 £31.1 1189 263 NS
HDL-cholesterol(mg/dL) ~ 41.4 163  47.3 £13.9 NS
LDL-cholesterol(mg/dL) 514 +25.7 963 £239

Athrogenic index” 165+ 092 292+ 084
Y Mean+SD.

D p<0.01.

¥ NS: Not significantly different at p<0.05.

S p<0.001.

3 Atherogenic index = (Total cholesterol-HDL-cholesterol/HDL-
cholesterol.
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o438 tidew A A3 Adasiate] #AE A7 2
3}, 1590 57 A9 JHe A7 A8 dde] glvta(Ros-
ner et al 2007) ek =3, 3ol HE8}§HE(chloroge-
nic acid, ferulic acid, p-coumaric acid)©] $le] o]Eo] E#e]
WM Zofl 733 gatsl 248 3l A FAE Bs 7w
o] glthir B 18kt (Lopez-Garciaet al 2006). ™2+ Kang e
al2004)2] AFoME 73 43 Al HDL-Z#| 220
Aoz goba Tt At oo, # AEdlA
7 siA| 57t mobdl A A AT (Kang er al 2004)=
Ade P2 HAHAAT B AP 7Hle] FHE 43
AlZl Apol 2 JeEL} 33 A7 2uEn

3. FhH|ole] MF7| Ztel X|H gzl olxj= gF
7419 A7} 119) XA kol u]XE ZHE Table 401
VERRICE 7He] SH 28 e thET 38.747.27 mg/g
o) Wlala 79 420 321486 mgg 2 Hgker} fof
Aol roych 7he] A Auk e R 60.748.6 mg/
goll Hlaked FHol AFHFo] 49.9+13.9 mg/ge 2 Wkort
golHolzl ekgtrt. Kim HY(2002)9] 1%, 4% 7337} 2le]
Z FHolA AR B, o] EdlzEE T F4AA
kol frolAQl Ajo|7} glo] £ A¥w 2L AHE Btk
28} Park & Jo(1993)9] ATollA FHAA TS 03%
Aol &2 539l 105 AAXAH S o 1] & Y 2HER F
A FFo] FHIRIS VST E %‘io}%ﬂxt}. 22 Choi
& Sung(1997)8] ATollA AF 100 g8 7HUE 7 mg 35
ZH AFAANAE o Fhedde] HFHAT R 3 e AH)
Zo] Z7lelget. olA L £ AN AR Aol AF
100 g 2 3.3 mge 7HAIQ] AdFH 2 26 Folch
o]/l A3}, 0.033%] 71 2lo]E HANT A5 4
HEE A3 oz ZMkelE oF 33 mgkg AHFolth o] ¢
£ u|=<Q] &% 3§ 3432 400 mg/day(Barone & Roberts
1996)5 B S0~60 kg AR AF 1 kgGog e
6.6~8.0 mg/kg AFH, F=1Q Ad A 7Q) & 4
2] 6 me/kg AF(KFDA 2008)9] 4~5 ulolH, o] Hx9

Al

Table 4. Liver lipid content of rats fed experimental
diets

Variables Control Caffeine  Significance
Total cholesterol(mg/g) 37.8+7.2"  32.1+ 8.6 )
Triglyceride(mg/g) 60.748.6  49.9+13.9 N
D MeanSD.

2 NS: Not significantly different at p<0.05.
74l 43 A EF FY2HEF LDL-Sd2HES ¥

A & Kot ob RAGRETE

A date] Bl & 4 AT 28U o] G Egi—ﬂr

Argez AR vlaste vle A7 Jeng A d
o2 o g2 A7t avdot
e ol #E
F2 87 7190 0.033%F Fhoke Yol 673t A
ANA BF AR w29 2 A ol vAE el o

g AT AE oot 2o goksiyrh
L AF S7HEH Ao] AATE, Aol &L dxIH 7}
#Q A7kt Thell F2HQ polzt YU
2. 8% & 9 2HE e 7P Arke] dixaol
vlg] foH o (p<0.05) oM, BF FHALH
HDL-Z¢ 28 8 F=& U273 719 H7he 3l
Fl A<l Aol7t gigien, 5 LDL-ZH2HE ¥&
£ 7H9 A7rFe] e vl #2422 (p<0.05)
EUrh
3. WA T 7
A 0 2(p<0.05) EUTh
4. 249 e 2HEH 9% TS dxad 79l
A7 2l f9)A1 zhe] 7k (it
AEH o2 0.033% 71l H7E HolE A 4 &
A AF AN EF e =HE T2 LDL-FH ~H E ¥k,
EWAAFI $oA 0 2(p<0.05) F7Vetd A At
223 Aoz Uelth o] e 4952 Aoz
e ez @ 3 Ay addnh

H7hzo] 2T vla e

S~

#Ale 2

2 ALE 93l caseinS T T P Fholl &
Z ¥

Ho
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