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Abstract

This study was designed to investigate the effect on treatments of garlic and the improvement of lipids
in dietary-induced hyperlipidemic rats. Rats were administrated 1% cholesterol to induce hyperlipidemia and
were fed diets containing fresh garlic powder (FGP), steamed garlic powder (SGP) and black garlic powder
(BGP) by 3% (w/w) for 4 weeks. Body weight gain and food efficiency was not significantly different between
control and garlic powder fed groups. Liver weight was significantly higher in control and SGP fed groups.
Blood glucose was decreased in FGP and BGP fed groups than control group. The concentration of total lipid
was significantly decreased in BGP group. Total cholesterol and triglyceride of serum were significantly lower
in garlic powder fed groups than control group. HDL-cholesterol was significantly higher, LDL-, and
VLDL-cholesterol were significantly lower in the garlic powder fed groups than the control group. Activities
of serum GOT was lower in SGP fed group than control group. Total hepatic lipid and cholesterol concentration
were conspicuously decreased by garlic powder fed groups. TBARS concentration of liver was significant
different for the added garlic powder administration. Antioxidant activity of liver tended to increase in garlic
powder fed groups compared with control group. In this result, we suggest the preventive effect of black garlic
against the atherosclerotic process and the improvement of hyperlipidemia through the removal of cholesterol.

Key words: hyperlipidemic rat, fresh garlic powder, steamed garlic powder, black garlic powder
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w5 (Garlic, Allium sativum L.)-& W3} (Lilliaceae) T+
Z(Allium) AEZA FAF, UNXNBAZ 2P HARE A}
|5ojx gow, wls9 FEAFEQ allicine] A3
(45), 8F Ad AsH6-8) & T 72689 T ¥
A7 55s d3ste A2 g8 AUk 53 1A
oA EF A4 9 FUZHE FEE A EZH
A7 28] APE AardE FEE s=u011), ©
s AR = allicin =& diallyl sulfides”} acetyl Co A B
3-hydroxy-3-methyl glutaryl Co A reductaseE #] 3
ZA Yehve o2 HaEe 9tk(1213). 4, 5 &
ANA AFE9 allicine] F4+st GAE A7,
o] Aol 239 AHsLE S3A7 = AAE 2%
g Bax Itk14). Allicin 9= vl F9] 3
vonoids ¥ &4+s} HIEMYl Fo] 4528S F
45 vEpdo]l Barso] Irh(Ib).

TEAFAA A & 229 A FFE UFY] 9
T ] AT e ostH s 2 F2 3~5%
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22+2°C, £ 50+5%, H&F7] 12417H07:00~19:00) 2. 2
AsA8E SEAFAAA AFSH oY, A 1772 Al
TPANERFADE HSAAS 2578 S =HES A
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Table 1. Composition of experimental diets (g/100 g diet)

Ingredients Group S

e Normal Control FGPY SGP? BGP”
Starch 10 10 7 7 7
Casein 20 20 20 20 20
Cellulose 5 5 5 5 5
Sucrose 50 50 50 50 50
Vitamin mix."” 1 1 1 1 1
Mineral mix.” 35 35 35 35 35
DL-Methionine 0.3 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2 0.2
Corn oil 10 5 5 5 5
Lard - 5 5 5 5
Cholesterol - 1 1 1 1
Sodium cholate - 0.25 0.25 0.25 0.25
FGP - - 3 - -
SGP - - - -
BGP - - - - 3

YAIN-76™ vitamin mixture. AIN-76™ mineral mixture.
YFGP: fed 3% freeze—dried powder of fresh garlic for 4 weeks.
YSGP: fed 3% freeze-dried powder of steamed (100°C, 20 min)
_garlic for 4 weeks.

YBGP: fed 3% freeze-dried powder of black garlic for 4 weeks.
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Hanil, Korea)Z 3,000 rpmoll 4] 1587t A EZA|A &
S do] -70°Ce] YEare] Rs|F =

sttt 24 2, A%, 2%, ¥, o,
T ZA BYAFen, AYAdeE A8 AL us

A& =71 AAst FAE FHsA

M

N H4E 24
g 2 glucose &8 kitA] ¢FH(AM 201-k, Asan,
Korea) 2.2 =333 th 49 F X A(total lipid) o] &
< Frings 5(16)9 ¥Rl wet 83 20 pLol phospho-
vanillin A|oF 718 F 37°CoIA 1587 MFH F A=
FHNFE HEZ st 3 540 nmoll A FF=E SH 35}
At = 49 2H = (total cholesterol) 32 & 4 2H|
E =48 kitA] <F(AM 202-k, Asan, Korea)S AF&-3F59 2
o, 4 AW (triglyceride) g3 TR & kitA| <F
(AM 157S-k, Asan, Korea), HDL-C(high density lip—
oprotein cholesterol) &2 =4S HDL-C =38 kitA]2F
(AM 203-k, Asan, Korea)©. & Z}7z} 243190, d= 3
ZFo xFALFAN 3] 2=t A T LDL-C(low density
lipoprotein cholesterol) €#(17) @ VLDL-C(very low
density lipoprotein cholesterol) 3#(18)2 th2-9] A AkA]
of 93] At=35}F o). 59 A 3R 4=(atherogenic index, Al)
= Haglund 5(19), A8 # ¢ A 4(cardiac risk factor,
CRF)+ Kang 52009 ®H o wiat Aitst AT

LDL-C (mg/dL)=Total cholesterol
— (HDL-C + Triglyceride/5)
VLDL-C (mg/dL)=Total cholesterol
— (HDL-C+LDL-C)
Atherogenic index=(Total cholesterol—HDL-C)/
HDL-C
Cardiac risk factor=Total cholesterol/HDL-C
g4l GOT(glutamic oxaloacetic transaminase) =
GPT(glutamic pyruvic transaminase) 24 == GOT =74
2 kit(PIII 3150, Fugi, Japan) 2 GPT =748 kit(PII 3250,
Fugi, Japan)E & A E A 7] (DRI-Chem 35001, Fugi, Japan)
oA BAslgdon 84 1 mLE Karmen unit® A8
J = 22 g4 g4 (lactate dehydrogenase, LDH)
LDH =A% kitA] 2F(AM 159-k, Asan, Korea)2.
Fow d3 1 mLY Wroblewski unitZ %A s}
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0.5 g9l chloroform : methanol £&H(C : M=2:1, v/v)
7}38) tissue grinder(Daihan WOS01010, Korea) & w}4)
o 30 mLE G835 th3 Wao a=w A A 22
—%%’3}915} °]Z o] 3(Whatman No. 7)5}o] 94 %S
IAZ v F AE F FEHZEHE 9 F4A
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Uchiyama®} Mihara(22), Lee 5(23)¢] "Wy what &4
stttk & 7+ 24 1 goll 1.5% KCl €4S 718t ho-

mogenizerZ P} st 10% 2 A S THE U2, o=
mL #3}ed 3 mLe] 1% phosphoric acid®} 1 mL2] 0.6%
TBAZ Yol & £33t o] AS 95°C water batholl A
45—r7]' 7]'03?_} H 4 mL9] butanolS 718l HAMEAS F
< 3,000 rpmoll A 10387 F4AE2] 3 & butanolZ <]
Do o0 S =439k 7-4 229 TBARS &
Fgol o7 1133 tetracthoxypropanes A&+

2RE ST

b4 o

%7 1 goll 15% KCl &
o]Z 100 pL # 3t Lim
S24)9] #yel gt tris-HCl €58 (100 mM, pH 7.4)&
1 mL £%3 & 05 mM 1,1-diphenyl-2-picrylhydrazyl
(DPPH) €9 1 mLE 7}gk v 37°Ce &aoA 1583t
8- A7tk o 719]] chloroform 2 mLE 7}ste 3000 rpmell
A 1027 DA EEAIZ = 3F5F-9 chloroforms 3}
9 517 nmol A FFEE SAATE Pbst GHLS AR
=

A7 B 9= HEZ e Ao

SAAz

AH o 2HE Ao A SPSS packageE o] 831 A
HEF HA LA FHARIZE TASIA L, 574]14 o4 14
2 gduz] EAHEAS g & p<0.05 $+F Al A Duncan’s
multiple range testZ H| #2514 th

Zop 3 pE

= H3} 2 Alo|52

1% S 2EHE FA7Mdel2 1XEFS FE=A1Z 3F o)
A Auls, SsvbE 9 Suls £ 3% Fol7t APAMS
717 B AT Hsl g Aoja gl nAe JTFE +A45H

H(Table 2). 2T A8 A 717 5 AFTZ

150.00+10.00 g& 2 714 Egton Auls BT Fo|Fe
136.67+5.77 g, T%vts ¢ Folde 13333+1155 g,
Zuls B FolFolAE 130.00+£26.46 go] 78t ot
AP BAA FoAes Ak Aol dFH ZFoly 2

lEEAME APw3re] FAH frel27t 1o vhso
A7F wol7k B9 Afole 9T A F5S AP
& Aok

TAYF AF ) vhE FE 1~2% /Mg @AM AF
S7hE B Aola g mAEA ol vls| vk Folwdl
A oA gko ), frelHQl Aolzt §i7] Wil AT s
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Table 2. Changes in body weight, food intake and food efficiency ratio of rats fed garlic powder

Groups” Initial body Final body Food intake Total body weight Food efficiency
b weight (g) weight (g) (g/day) gain (g/4 weeks) ratio
Normal 193.33 45779859 336.67+25.17" 20.01+0.92%° 143.33+£20.82%° 0.26+£0.03™
Control 186.67+11.55 336.67+5.77 20.95+0.29 150.00+10.00 0.25+0.02
FGP 186.67+5.77 323.33+5.77 19.81+0.59 136.67+5.77 0.25+0.01
SGP 183.33+5.77 316.67+15.28 18.82+1.38 133.33+11.55 0.25+0.01
BGP 186.67+5.77 316.67+32.15 20.52+0.51 130.00+26.46 0.23+0.04
F (p-value)  0.750 (0.580) 0.780 (0.563) 2.834 (0.083) 0.690 (0.615) 0.717 (0.599)

YRefer to the Table 1. ?

Values are mean+SD (n=7). ?NS: not significant.

Table 3. The organ weight of liver, heart, kidney, spleen, lung and testis of rats fed garlic powder

(tissue g/100 g body weight)

Groups“ Liver Heart Kidney Spleen Lung Testis
Normal 29440267 0.27+0.01° 0.73+0.06™" 0.19+0.02™ 0.40+0.04™ 1.0240.09%
Control 5.33+0.38° 0.32+0.02° 0.77+0.04 0.21+0.01 0.42+0.03 1.06+0.07
FGP 4.40+0.10° 0.29+0.03" 0.71+0.04 0.20+0.03 0.38+0.03 1.01+0.02
SGP 5.25+0.23° 0.3240.02° 0.74%0.04 0.20+0.02 0.41+0.03 0.98+0.15
BGP 5.05+0.61™ 0.29+0.01"" 0.74+0.08 0.21+0.01 0.40+0.03 0.96+0.16

F (p-value)  22.819 (0.000) 4553 (0.024) 0.579 (0.685) 0.976 (0.463) 0.707 (0.605) 0.386 (0.814)

})Refer to the Table 1. ?Values are mean+SD (n=7).

Values in a column sharing the same superscript letter are not significantly different at p<0.05. NS: not significant.
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Table 4. Effect of garlic powder on glucose level in serum
of hyperlipidemic rats (mg/dL)

Groups” Blood glucose
Normal 119.71£9.957%
Control 140.80+2.68°
FGP 126.79+7.69
SGP 131.32+7.21™
BGP 117.61 +5.34°%

F (p—value) 5.341 (0.015)

YRefer to the Table 1.

Values are mean+SD (n=7).

YValues in a column sharing the same superscript letter are
not significantly different at p<0.05.

9] FEA] & 98~152 mg/dLS] Ao ZE &HA A=
APAAT olet Z YAttt 2T Fdwtd
1Qr° Ao g dro] #9321 (140.80+2.68 mg/dL),
Holw# Zuts &2 Folve 747 126.79
+7.69 mg/dLe} 11761 £5.34 mg/dLE Wzl vla] f2
2ol #AE B,
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TEE E Fold 879 dF T AL, T ZdU=HE
2 FAAL] FFE ST A= Table 50 JERA AT
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mg/dLZ x| vl §97d FFoz 71/\Qoa o,
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Table 5. Effect of garlic powder on total lipid, total choles—
terol and triglyceride in serum of hyperlipidemic rats
(mg/dL)

Groups” Total lipid Total cholesterol Triglyceride

Normal — 481.68+74.987*  71.29+535"  37.04+6.60°
Control ~ 911.36+64.06° 17921 +11.84° 6756+11.71°
FGP 867.08+33.79™  154.44+356"  38.34+523"
SGP 881.39+21.54° 155.80+7.63°  39.14+6.14°
BGP 781.19+29.76" 149.84+6.20°  35.66+7.47°

F (p-value) 38.065 (0.000) 91.531 (0.000)  9.055 (0.002)

YRefer to the Table 1.

?)Values are mean+SD (n=7).

PValues in a column sharing the same superscript letter are
not significantly different at p<0.05.
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Table 6. Effect of garlic powder on HDL-, LDL-, VLDL-cholesterol, AT and CRF in serum of hyperlipidemic rats

Groups” HDL-C (mg/dL) LDL-C (mg/dL) VLDL-C (mg/dL) Atherogenic index Cardiac risk factor
Normal 39.29+1.957 2459 +3.78" 7.41+1.32° 0.82+0.07° 1.80+0.05"
Control 18.37+1.91° 147.33+9.03° 1351 +2.34 8.81+0.97 9.81+0.97"
FGP 26.22+3.32 120.56+£6.37" 7.67+1.05° 497+0.94° 5.97+0.94°
SGP 24.39+1.91" 123.59+10.74° 7.83+1.23" 5.43+0.82° 6.43+0.82°
BGP 34.47+5.60° 108.16+10.54" 7.13+1.49° 3.44+0.83" 4.44+0.83"

F (p-value)  19.397 (0.000) 91.514 (0.000) 9.060 (0.002) 40.180 (0.000) 40.361 (0.000)

YRefer to the Table 1. ?Values are mean+SD (n=7).

Values in a column sharing the same superscript letter are not significantly different at p<0.05.
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Table 7. Effect of garlic powder on GOT, GPT and LDH
activities in serum of hyperlipidemic rats
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Table 8. Effect of garlic powder on total lipid, total choles—
terol and triglyceride in liver of hyperlipidemic rats for 4

, GOT GPT LDH . e rats or 2
Groups . (Wroblewski weexs me/e wet aver
(Karmen unit/mL) unit/mL) Groups” Total lipid Total cholesterol Triglyceride

Normal 91.00+13.117% 37.67+£3.79™Y 769.14+42.02° Normal 26.75+2.567% 3.27+0.23° 16.16+3.26°
Control 150.33+15.70°  40.00+7.81  1023.35+90.17° Control 130.24+20.95° 11.82+051°  33.13+3.30°
FGP 137.00£15.72°  32.00+6.56 932.97+17.00 FGP 104.96+12.63" 870+£1.02>  26.78+533"
SGP 117.00+12.12"  29.33+9.71 982.37+9.36™ SGP 121.51+9.80™ 9.46+0.77>  30.14+4.25"
BGP 142.33+410.79°  32.67+4.62 905.03+22.61" BGP 124.17+2.68™ 0.24+095"  2892+4.46"
F (p-value) 9.183 (0.002)  1.225 (0.360)  13.105 (0.001) F (p-value) 38852 (0.000)0 52592 (0.000) 7.193 (0.005)

PRefer to the Table 1.

?)Values are mean+SD (n=7).

PValues in a column sharing the same superscript letter are
not significantly different at p<0.05. NS: not significant.

YRefer to the Table 1.

?>Values are mean+SD (n=7).

PValues in a column sharing the same superscript letter are
not significantly different at p<0.05.
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Table 9. Effect of garlic powder on TBARS contents and
DPPH scavenging activity in liver of hyperlipidemic rats
for 4 weeks

1 TBARS DPPH scavenging
Groups (mmol/g wet liver) activity (%)
Normal 22.96 +4.207N 71.84+10.00""
Control 26.82+3.92 47.27+5.76°
FGP 22.87+4.76 64.17+3.09°
SGP 24.84+9.32 58.82+10.54
BGP 22.12+1.13 66.29+5.69°
F (p-value) 0.378 (0.819) 4544 (0.024)

URefer to the Table 1.

Values are mean+SD (n=7). ?NS: not significant.

DValues in a column sharing the same superscript letter are
not significantly different at p<0.05.
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