Journal of Life Science 2012 Vol. 22. No. 11. 1529~1537

ISSN (Print) 1225—9918
ISSN (Online) 2287—3406
DOI : http://dx.doi.org/10.5352/J1.S.2012.22.11.1529

The Effect of Black Garlic Extract on Lipid Metabolism in Restraint Stressed

Rats

Min—Jung Kang and Jung-Hye Shinx
Namhae Garlic Research Institute Namhae 668-812, Korea

Received September 28, 2012 /Revised November 23, 2012 /Accepted November 26, 2012

In order to determine the effective concentration, 2, 7, and 14 brix black garlic extracts (BGE) were
fed to restraint stressed rats and the lipid metabolism was analyzed. The dietary intake of the 14 brix
BGE-fed group was 547.64+13.99 g/4 weeks and it was significantly higher than that of the control
group. The weight of all organs from the all BGE-fed groups showed no significant differences. While
BGE concentration increased, BGE-fed groups tend to have low content of blood glucose. It was the
lowest in the 14 brix BGE-fed group (121.32+3.50 mg/dl). Total cholesterol content was 54.54+1.63~
65.84+2.61 mg/dl. Total cholesterol content of the 14 brix BGE-fed group was the lowest and, in addi-
tion, lower than the normal group. Triglyceride content of serum showed the same tendency.
HDL-cholesterol concentrations of the restraint stressed control (RSC) group were significantly higher
than those of 7 and 14 brix BGE-fed groups. LDL and VLDL-cholesterol contents showed contrary
results. GOT, GTP, and ALP activity of serum were lower when BGE concentration was higher. It is
expected that BGE has a liver protective activity. In the liver, total lipids and triglyceride contents
were significantly lower in BGE-fed groups than in the ISC group. However, total cholesterol content
showed no significant difference between groups. TBARS content in liver of the 2 brix BGE-fed group
was not significantly different than control, while 7 and 14 brix BGE-fed groups were lower than
control. Glycogen content in the liver was only significantly lower in the 14 brix BGE-fed group than
in the RSC group. Findings indicate that feed of BGE over 7 brix contributes to resolving the re-
straint-stressed rats by improving the lipid metabolism and liver protective activity.
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o, oju) AAE A5} wke EAL w& e AL 7
oh23]. T3 &2 HsF & S7he tEo] &&0] &ol3
A A S-allyl-cysteineZ} 22 4849 9] F-3Foju|qtele] 3
o] Z7hste] Avisol vlg] datslso] S7hE A, & o,
e 2HE A}, sHA N, AFES o, At ~Ed
29 #d¥ a9 4 FAF FA 59 545 A e e
U A ATH17,24].

Srkse AR A AT F4ES Fol1, o8
o] HIAE AFstaA vEe] FE2E FH= AHFHD
Atk metx] £ AFeA e Suts FEEY 28 9Es
of Folgt & P& 2EHAE 713 AF 9 AU AZAYALIS
THOE FAFo A HHE F& 2EHZE QAT A
AL #gl 2 38 gigt Srks FEEY §8 FEE 9
7] 913 712485 gHstaAt

des=2 Al
APTES AT 479 16010 g Sprague-DawleyAl
P

337 83 E (7)WL= (Seoul, Korea) ZH-E £ o},
22:27C, % 50£5%, BYF7] 12417H07:00~19:00)°]
AR F FE ASAAA 13737 Al 1P ALE (Rat chow,
Samyang Co. Ltd)2 Z-SAAT 7|4 o] 2 157U3t on|A}
S35 T} 1739 18010 g FHE ATl wWE dHHo

Table 1. Composition of experimental diets for black garlic extracts fed rats

group, RC), 2 brix SPt=FEE F0]7(RT1), 7 brix Svh&
FE% WOIT(RT2), 14 brix ZvsFE% FO|T(RT3)LE
o] Table 13} 22 2Jo] 240l wpe} 2lolo] &3 Fol3}
At

Ao[#Z, Hol5E U HSHH

Y717 B Aol v 9.F 5416 Foldhgnm e
27 103 4ol 4TS 2AsGT Aol 4AF] 048
Aagsus £ RysRg

g8 $E4E FRAACH A A FHAA A
F21790) W LT A7 SRS Aol E gL
AP FA AF FAFE B R A F Hold
Ao ol HEse

j
247k B AAAZ g FEAIA(15 em x 15 cm x 20
em)ol @ vk W3 A (4227C) 01 A 24417 B A5 4
EERE TS

S EEERE RS
SEREEREEEE T ER-EERE E R

(g/100 g diet)

Ingredient’ Group C RC RT1 RT2 RT3
Starch 39.74 39.74 39.74 39.74 39.74
Casein 20 20 20 20 20
Dextrin 13.2 13.2 13.2 13.2 13.2
Cellulose 5 5 5 5 5
Sucrose 10 10 10 10 10
Vitamin Mix.” 1 1 1 1 1
Mineral Mix.” 35 35 35 35 35
L-Cystein 0.3 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2 0.2
2 brix - - 1% - -
Black Garlic Extract (BGE) 7 brix - - - 1% -
14 brix - - - - 1%

YAIN-96™ diet composition
JAIN-76™ Vitamin mixture
9AIN-76™ Mineral mixture
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B} HAA/5E FF Fe Alstel FoEHA s
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5™ 74 8} X| 4~ (atherogenic index, Al)& Haglund [10]2] ¥
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GOT  (glutamic  oxaloacetic  transaminase)2t  GPT
(glutamic pyrwvic transaminase) EAMT, ZTHHA gl of
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GOT =44 kit (PIN 3150, Fugi, Japan) 2 GPT %4 &
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2 =5 f XGRS 24

g 229 AA FFE Floch 5619 ol weh 423
0.5 gl chloroform : methanol €& (C:M=21, v/v)< 7}a}
& Poter-Elvehjem tissue grinder (DAIHAN WOS01010,
Korea) & w}aj3te] 30 ml= &3 thF Wyotaol of=w 4
AANA AAE FZ39 T o]F o Z(Whatman No. 7)3}o]
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g/4 weeks®] W92 Znls FEEY &7}
o] HAEL 7L
2 brix ¥ 7 brix o]
FZ%F 14 brix §°¢
}_}\lo] /H_I,]ako] ]_x]- %
g FAE B2dTol 541042 g/100 g body weight?!
g =& 7 2 14 brix Srks FEE Wb FolwdAe
5034093 % 504051 g/100 g body weigh& Tha $gtout
FAAJA FoAE AT A FAe g FAL S
HEe AgeE dETdMe 064031 g/100 g body
weight@ o Frts 55 H7b FoladAE 0.7340.10~
0.830.13 g/100 g body weightZ FAI7} th& F7}stH .
e ol @ FAY W W ATRE HaAS BS
of FHH, LE 71X Frks FE2E9 H7F Fold w
2 A9 Hite A4 FodRe A3l

‘—‘EE

e g

Fvbs 3229 5EE 2299 194 47 45 B F
T 7& 2EYLE VMY F 8F9 89 FFE 249 A3
£ Fig. 101 vhebdl mhsh o] o] d9e 127741577
mg/dl 0.7, FET 2T 3L 14839+7.70 mg/dIZ 7}
% wokth Fuks 228 Wk wolwe €9 rks £3

29 557} 2ol 2% oA

"ol €9

&S Bl 2 brix FEE
< 142974651 mg/dl .01} 14 brix & o<l

=~

160 |

C
b
¢ b
da
a
~ 120 |
-
B
E 80 -
40
0
4 RC RT1 RT2 RT3

Fig. 1. Effect of black garlic extract on glucose level in serum
of restraint stressed rat. "Refer to the Table 1. Values
are mean+SD (1=5). *Values in a column sharing the
same superscript letter are not significantly different at

P<0.05.

ME 121324350 mg/dIEZ BAT HokE o gt
BA7F 2EH2E WA HA agAAATE S 2L
22X nore-epinepharine¥} epinephrine®] #8|7} Z7}38}A 5
o o2 <l $REO] LA ARl STk
= uulg};q ]%;H ] /\161
Z79] gt HWH TFEUHETY] o] A0
NAA NAZR 2EH 27} 90l0]

Ar2=3l11 ‘6

Table 2. Total food intake, body weight gain and food efficiency ratio(FER) of black garlic extract fed rats

Group” Total food intake (g/4 weeks)  Total body weight gain (g/4 weeks) FER

C 522.30+16.967 146.70+25.64™ 0.28+0.04™
RC 538.60+9.33" 161.71+13.57° 0.30+0.22
RT1 536.48+19.87" 145.38+26.83% 0.27+0.04
RT2 533.88+21.76 138.23+15.71° 0.26+0.04
RT3 547.64+13.99" 148.14+20.21™ 0.27+0.03

DRefer to the Table 1.

)
?Values are meantSD (7=5).
3)

)

NS : not significant.

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

Table 3. The organ weight of liver, heart, kidney, spleen and testis in black garlic extract fed rats

(tissue g/100 g body weight)

Group” Liver Heart Kidney Spleen Testis

C 5.41+0.427%) 0.64+0.31"° 1.54+0.16™" 0.42+0.07"° 2.39+0.29"
RC 548+043 0.66:0.07 1.37+0.15 0.38+0.04 2.04+0.08
RT1 543+1.64 0.830.13 1.47+0.23 0.37+0.07 211+0.29
RT2 5.03+0.93 0.81+0.14 1.46+0.28 0.41+0.07 2.04+0.34
RT3 5.04+0.51 0.730.10 1.45+0.17 0.38+0.05 2.22+0.22

URefer to the Table 1.
Values are mean=SD (zr=5).
NS : not significant.
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AN A Calameldt ¥Hg,
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48 A3, $HP8 A048E Fhn wns o] Y],
IHE SIS 0P & 4 Fok 188 Y} Aol

HDL-iEﬂ’\Eﬂi FEv A4TolA 38.18+1.61 mg/dIZ
7V Edow, FEAEYAE we APTS 26.03+0.21~
31.60+1.18 mg/dIZ g2l Hl3| f2] Aoz vkokth. 7 brix
9 14 brix Zvls F28 A7} FolFe 3 HDL-Z# 2 H|
E 55v 747 31604118 mg/dI} 31.39+0.72 mg/dIZ &
AR frofate sl

LDL-Z¥ 28 &2 HAro] 14.263.87 mg/dIld| HI 3]
TEUYZRTL 3638:3.24 mg/dIE 71 £ FEFoH,
s &5 57 S E LDL-2H2HE9 $EE
o)A o g A3t 14 brix Srts FEE H7F FolTl A
17142254 mg/dIE 7} $& ol

VLDL-Z2¥ 28 & =3 LDL-Z¥ 28 &3 593 Ao
2 FEUETo] 30.38:3.24 mg/dIE 7HE Egkon], AT
o] 13.33+5.07 mg/dli 744 e gFo| et VLDL-Zd &

ot

|

FETL 7ol 8 g WA T

= o
éEi‘ﬂié A Fadzze aeel Wl 22 271
>

o

g gl Srts FEES H7F FolTdA T 18.9441.24~
21374581 mg/d19] WY 2 AP TRUE 14~168 A=
7beted, Svks FEE9 Fol7t VLDL-ZH 2HE9 §&5
Astol 71998e AT & AT

F2 59733 2 A% dde] ey s dele
APAFE I o] &o] He sHAEIAFAN E 4832
3 APAS(CRAE $4tet A POz T0] 1162011 2
26320112 7} A 2tEHen Suis FE2ES 72

_i'_
2 AFHT 7L olHYy foFoR 15‘{9}13}. Framingham
heart studyl M= 59 A3} 2|47} 35 o
o] AP ZRY QA FFH, —;015 45 ol E

XY —°.L
-

e}

ox

il

2

D

42, %3 2 = ol
ol 5ol 9t AES HAYe] BLFF 44 28 48
o % A BT o AF Bl wrke ofe A

Table 4. Effect of black garlic extract on lipid profiles in serum of restraint stressed rat

Group” Total cholesterol Triglyceride HDL-C LDL-C VLDL-C Atherogenic Cardiac risk
P (mg/dl) (mg/dl) (mg/dl) index (Al) factor (CRF)
C 59.13+1.897" 33.47+2.10° 38.18+1.61 14.26+3.87° 13.33+5.07° 0.55+0.11° 1.55+0.11°
RC 65.84+2.61° 44,3542 67 26.03+0.21° 36.38+3.24¢ 30.38+3.24° 1.16+0.11¢ 2.63+0.11¢
RT1 61.312.09° 30.22+1.56° 28.40+0.33° 24.04+2.41¢ 21.37+5.81° 0.88+0.19" 1.88+0.19™
RT2 58.24+2.72° 30.38+3.28" 31.60+1.18° 2137+581% 18944124  (0.70+0.08% 1.70+0.08"
RT3 54.54+1.63" 25.02+2.46" 31.39+0.72° 17144254  21.70+4.70° 1.04+0.23° 2.04+0.23¢

URefer to the Table 1.
“Values are meantSD (r=5).

IValues in a column sharing the same superscript letter are not significantly different at p<0.05.
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Table 5. Effect of black garlic extract on GOT and GPT in
serum of restraint stressed rat

A% A= Table 63 2t} 3 T3 ?J%}
£273 mg/dIZ 7} A4 34

%‘%% H7bFol Tl E 6.76+0.33~8.42+1.
W2 P& T HE froHoz % greFol k. &
2EHAE ©A ¥ AT A FEd 7534143
mg/dIE Srls FEE 2 brix 2 7 brix 1% H7F &
%94%}7} 110, 14 brixd] Soks 1%3;% %OlL T
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o A7 *EHI*E 7het ol %*L?LH_
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[ A | TP

o2 £ orlo oot
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Sl wa} Ay E}WE ﬁo}oq A o U 37F 543
Ho7) jEes FHE.
AFTLE oA FAEE o dd=
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Table 6. Effect of black garlic extract on total protein and
albumin contents in serum of restraint stressed rat

(Karmen unit/ml) (mg/dl)
Groupl) GOT GPT Groupl) Total protein Albumin
C 85.60+3.85") 10.38+0.18" C 75311 43799 421+1.63
RC 121.80+2.49° 18.30+1.29% RC 9544273 533+1.16°
RT1 93.20+3.03° 15.85+1.05° RT1 8.42+1.20% 3.02+0.17°
RT2 92.20+9.09° 14.38+1.01" RT2 7.60+0.84° 4.93+0.55™
RT3 92.80+5.89° 12.96+0.43" RT3 6.76+0.33" 3.84+0.40%

URefer to the Table 1.

Values are meantSD (z=5).

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

URefer to the Table 1.

?Values are meanzSD (1=5).

IWalues in a column sharing the same superscript letter are
not significantly different at p<0.05.
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Table 7. Effect of black garlic extract on total lipids, total cholesterol and triglyceride contents in liver of restraint stressed rat

(mg/g wet liver)

Group” Total lipids Total cholesterol Triglyceride
C 28.34+7.47°) 419+0.67° 16.88+1.71°
RC 37.99+7.86° 528+0.40° 18.36+1.29°
RT1 31.35+4.37° 4.97+0.73° 16.59+1.19°
RT2 25.49+3,73° 4.79+0.65" 15.73+1.05"
RT3 26.00+5.38" 464+0.52° 16.18+0.94°

URefer to the Table 1.
IValues are meantSD (15).

IValues in a column sharing the same superscript letter are not significantly different at p<0.05.
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Fig. 2. Effect of black garlic extract on TBARS content in liver
of restraint stressed rat. "Refer to the Table 1. ?Values
are mean+SD (1=5). *Values in a column sharing the
same superscript letter are not significantly different at

P<0.05.
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Fig. 3. Effect of black garlic extract on glycogen content in liver

of restraint stressed rat. "Refer to the Table 1. *Values
are mean=SD (z=5). *Values in a column sharing the
same superscript letter are not significantly different at

p<0.05.
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