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The study was performed to investigate the effects of enzyme treated garlic (EG) and its natural re-
sources composites on lipid levels in serum and liver of rats fed a high fat diet. Four different types
of EG-composite extracts prepared: EG and EG + grape peel (EGG), EG + Persimmon (EGP) and EG
+ Catechu (EGC) by mixed 9.5:0.5, 9:1 and 8:2 (w/w) ratios, respectively. DPPH and ABTS radical
scavenging activity in vitro, show the highest in EG + Catechu (EGC) composite by mixed 8:2 (w/w).
EG and EG-composites extracts (8:2, w/w) were administered orally to SD-male rats at a concentration
of 2.5 g/kg/day for 5 weeks. Total lipid and cholesterol contents in serum were significantly lower
in EGC group than control group, and triglyceride content was the lowest in EGP group by 54.29
mg/dL. HDL-cholesterol contents were significantly higher in EGP and EGC groups. LDL-cholesterol
content was lower in EG group than EG-composite groups, and VLDL cholesterol content was the
lowest in EGP group. GOT, GPT and ALP activity was significantly lower in EGP group. Total lipid,
cholesterol and triglyceride contents in liver were significantly lower in EGP and EGC group than
control group. Antioxidant activity in serum was the highest in EGC groups by 50.86%, in liver was
the highest in EGP groups. TBARS content in serum and liver was the lowest in EGP group. In these
results, we suggest that EGP composites could have hypolipidemic and anti-obesity effects in rats fed

a high fat diet.
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Fungamyl E_/-\_(Novozymes, Bagsvaerd, Denmark)E 22
SHTA 1%7F HEE A3t AR08 ZHsta, nfaf
gk nt=9] 108 A Fote E4 ZAYE Fska 55T ol A
4N EAEHE AN AT B4 E3 & B AT FA
T F%7](Cosmos 660, Kyungseo, Inchon, Korea)ol ¥
ToAA AT o 2T & AE AAT A4S 52
ste] EEAER Zﬂ_-_o}%l‘ﬂr.

Ah AR, 25 P opd ok ghep Aol A
AE FYU3tA AL ET A JES Y3ty F
= Azx3l7] st A7te] 1z A 1kgoll 10LY &2
7} % catalase (Biotouch CAT200, AB Enzymes, Rajamaaki,
Finland) ¥ alcalase (Alacalase, Novozymes, Dittingen,
Switzland)E 1% §=2 F7F8taL 45CollA 1043t 5 wh&
AN B 80CE 2HH F2715 ol &3t 2N7F B¢ =
At 1 % FEES oAHst

b

R
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()
)1:

ol

& %7 (rotavapor R-220,

BUCHI, Flawil, Switzerland)2 5% ¢ thg E5A%7E ¢
&3te] Eosts) AP L& ARE AES

s 34 BHER EFE AXE 4
[17, 18] T3l FuIw FAo] 43 A4

=
=
JgY EHzAL vhs Ba¥H $2 21U A
Z

In vitro eitat g £H
DPPH tZ 2AZA L Blois [4] W wet 1,1-
Diphenyl-2-picrylhydrazyl (DPPH)ell o & HAp3o &40
Z Yehgideh &, A543 DPPH €94 (5 mg/100 ml meth-
anol)& THFCE T4 the ALoA 2027 HeAZ F
525 nmel A F3ES SAeT
ABTS [2,2-azinobis-(3-ethylbenzo-thiazoline-6-sulphonate)]
gz AAZ42 Re 5[39]9 Wl @t 7 mM9| ABTS
&9 potassium persulfates 24 mMo] HEZ &A1
ha GAoA 12~1643F F<F HEAIZ] 3 415 nmell A &%
E71 157 HEE S/HTE 243 ABTs 898 AH&3190
™, ABTs &4 53] AN8dE £t deoA 1083t
ﬁP°A]?4 415 nmel A FHEE A8t 4 2Hd 24
2= N& FR7RC @ AT F3=v 2 A4t

_Il)l' n.Ilo

9&‘4.
SS9 Al & AE Ao|z=Y
APdE5ES e AFol 90~100 g3l Sprague-Dawley 7l

|
)M el (Osan, Korea) ZH-E] £ 1
SE(5045%) D W) (1247, 07:00~
19007} A5 AAE 5= Ao A Al 13 ALE (Rat chow,
Samyang Corp., Seoul, Korea)2 157t A& A7l Th& 234
of Aol os) z+ o] AFo] vt e 7ute] Y 670
Z Urolth
Aol 24 A4TNormal)> ¥ LHARE Fo 3}
Ao, o=+ (Control)e 45% J"_’Z]HJ*—}O] At

F(D12451,
Diets., Canada, US)E #°| 3ttt 4@ & tf & (Control)
Aolst F7 nhe FZE(EGC) 2 nHs zmi— 3 Fzpuy
HAAM 2 EF(EGG, EGP, EGO)® ‘—% (w/w)9] H g2
st APFE FA 25 g/kg/dayd] FE HEE F
T8 2ol H4ste] W 13 24 10473 %‘—%‘*%’% ol
sttt & A3 e (A)ednted T4 sEAEEIAYS
(RNGRI-2014-2)9] %81& "ol Zgateh,
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g4 F A4 g2 Frmgs S[14]18 HHd mek @4 20
nlE e garoz F3jA7l & phospho-vanillin Al &
7bete] 37Tl A 1583 H3AA A& FA7MES HER
3tef 540 nmol A FHEE AT €4 & 44, F
Z ¥ 22H ¥, HDL-C (high density lipoprotein cholesterol),
GOT, GPT, ALP 3 &7 93 g& dAA-5E47](DRI-
CHAM 4000i, Japan)E °| &3t Z43st¢th. LDL-C (low
density lipoprotein cholesterol) & #-& &4 F Fu 2HE—
(HDLC+F 4 A% /5)¢] AlsbA el o3 4+&3H% 1, VLDL-C
(very low density lipoprotein cholesterol) & &% % Z# 2~
H & — (HDL-C+LDL-C)¢] AAHA& A3 A TH13]. & 54
74 8} 2 4 (atherogenic index, A= (B4 FEFH2HE -
HDL-C)/HDL-C9] A4H4 0 2 BE[15], 48343 A8 A
(cardiac risk factor, CRF)= % Z# 2 &/HDL-C 4o
2 Ak TH23].

s 22 05 gl chloroform :
methanol &3 (C:M=2:1, V/V):% 7h8kaL o] & mhsjste] 30
miE F&3 g Wehaol s AAANA AL S F239
o ol F ojstel dAFE Hete] 50T FEFANA S A=

A o 37 @750“/‘19} TLT Aol weh 3 A o
< 3T & 2H2HE 9 AT FFE F EH2
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Asan, Korea)2.2 77} 2439t
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ol wek 7 23 1 goll 1.5% KCl £9-8 7H5ke 10%
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n‘EE

[e}
4S e B, 05 mlE Fste] 3 mlef 1% phosphoric
acid®} 1 ml9] 0.6% TBA A& Yol & sttt oA+
BT TEFNA 4583 73 H 4 ml®] butanolE 7}t
BAEDS FE2F S 4,000 rpmol A 1087 SA 2T
butanol%& 532 nmil A FFEE SAH. 4 2 U=
2 o] A #HE T 11,33 tetraethoxy propanes
TEAE st AT AFHo2RY e,
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gEH S 7|_|' _$_—| Si—
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rylhydrazyl (DPPH) €< 1 mlE 7} oh 371C 9 4ol A
1587 kS A 7tk o 7] 9 chloroform 2 mlE 7}3ke] 3,000
rpml A 10%3F A4 &8 A7l % chloroform3& # 3}
517 nmol| A F3=E SAsAT. s 42 A g7t
I B FRE WE GERRAT[32].
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10% #24& A2 ths A LT PR whet S8
SAth.
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Ol= 84 oS MeIAN SEE9 Sitst &M £

s &4

91 & 829 Hl&(w/w)E

DPPH ¥ ABTS &tz &AE4 S %75* &4

S AR E v AAMALE &
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Table 1. DPPH and ABTS radical scavenging activity of garlic and natural color resource composites

Radical scavenging activity (%)

Mixture sample Mixture ratio (w/w)
DPPH ABTS
EG" 10 29.43+0.99" 20.15+0.99°
9.5:0.5 38.88+0.83° 39.24+0.35
EG + Grape peel 91 47.28+0.76' 57.16+1.02°
82 59.10+1.208 84.17+0.92"
9505 33.55+0.43" 24.86+0.34°
EG + Persimmon 91 36.76=0.54° 32.82+4.01°
8:2 41.30+0.44° 41.00+0.56"
9.5:0.5 62.69+0.78" 93.12+0.848
EG + Catechu 91 81.81:0.43 96.92+0.17"
8:2 89.11+0.25 97.70£0.07"
1)E.G : Enzymatic hydrolysates extract powder of garlic.
»IMeans with different superscript in the same column are significantly different at p<0.05.
IWalues are mean + SD (n=3) and treatment concentration of sample : 500 ug/ml.
el Mg it 5] v Aol FE £ S 2T 23429 g0 2 AT 17571 gofl wlsl fFo A2
3} opA ke Eget B92 9 DPPH &7 24842 6269 2 27199 ks B4R 3 ETEC)H AL F
~89.11%, ABTS 2ttlZ £A 244 & 9312~97.70% 2] M E 23 opdek £ ERES b AT (EGP, EGO)2 o
oAe} Bzl Ha) 2 400 E vhs AL 2 zaol &l AFF7tEe] FoH g FaHt Y 4o
2o 7+ @S BFRE Hoe TERIE EFEA S AAFE BT v daxe 4 ddTdA fodos
o 2oz 2AgA0l o w34t wokal, AP EtlE oAy o Aol g A4
nhsdt AW, strl, A 9 AAS B3 AAE o o]F wold wol Aol uef thazt E9koH, vps &4
TE 3T AH, 54~60%9 AR, Fupso] FEHA, =t 2=}y 3222 & &= #olZ(EGG)
=, @ § 5% EFES HUstd Axd EFEY Fod oz 7hg Eokt
DPPH 2t # &A% 34 A%, [CohZ 9.02 ng/mlE H& Kang 5[21]2 A28 2~HE 2] 3F 9 3% Arts &
24 Boe, ole FoFATe] AU A #&ol og Zof TE wolatd s W Aoladel IS vAA Ptk Ba
2t B s o] 9It}[28, 30]. Shin 5[42]& EFA % nps ¢ g Hk low, Yang [48]2 1A o2 Hlgto] =4 4
4 225 5999 20T A4S 243 A% bz 2 oA Suks 23E FolA Ho|4AFS ANFUT Fo
T A7t ©9d 28 Bt vhs F2d6) $4 529 AEE2 IUHHATA Busgn. o= £ A3 A
< 5~15% HIEE Arlats | 1 4] €53 F713k
=d, ol vt T4 FEIE T 4§ 449 Table 2. Changes in body weight, food intake and FER of rats
ol ¢ H=3gE ¥ FEEE Y AhFA dol S7HH fed garlic and natural color resource composites
Q7] WEolgty RusHT B AFAME vfE EAEHE Groun” Total body weight gain Food intake FER
Hrpe ths BARH 2F 203 AANE BUE EUHG F (3/ 5 week) (3/day)
< o 48 B4o] ZrtH e, ol 4z SrEo] 9l Normal 175.71+12.72° 18.92+0.80°  0.33+0.03"
o HEaldEe £3He wat AL LES e Aow Control 234.29+11.34° 16.12+1.83°  0.52+0.06™
= o EG 205.71+15.12° 1532+1.94™  0.48+0.04™
Alg ool galsl skA o] AFE nlgo T =B B a
tRs T oo s Yo AAE MO olF FEAY EGG 2242941513 14244121°  0.56+0.03°
of AEEHE BHE 2A4EY v&S A3 EGP 202.86+16.04° 14.97£0.80™  0.49+0.05™
EGC 207.14+14.96° 1641+2.21°  045+0.03°

YEG : Enzymatic hydrolysates extract powder of garlic, EGG
: 8:2 mixture of EG and grape peel extract, EGP: 8:2 mixture
of EG and persimmon extract, EGC : 8:2 mixture of EG and
catechu extract powder.

2a-d

Values in a column sharing the same superscript letter are
not significantly different at p<0.05.
IValues are mean * SD (n=7).
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T 5T AYoE BE Aol AT HE Aol E Lee 5[29]2 ZAY 4old Frnts F22& vEUE F
S AN Y nts B4R FE 2% AANEF 5FE old A3k, 5% ol FEAA fH Y A FF] fFoHo
FOITE EF A4l vl AHolEgo] FoH o w3ttt E Zad3va 2ustglon, Kim $[25]% AW 4ol &
wold 87 kg, H2 9 HoldF EFEL Fold A+
Ot ARsiEn ALK SEEQ S0l0 e &7(9 1% 2 Ao FFol izl Hig) #4d Aow Hust
¢ 33 At
nhs EARHES WAL FEE0 £FH EFES F A Holef Fole 3 240 fidd FH2EE AN
o3t Aol APFE f=T A BV, A%, A A wzol dAFH F AW SHH 2N AL Y
A, a1, 18 9 R AR S SHske] AT B HdE doA FFo] S ALE BuHo Jed
100 g@ o2 EAF AFE Table 33 Zoh 479 FHe [40], & A79 et AAA L EFEL 7 24 U9 A%
A FA | Fold T ol 453 g/100 gol AL, 7+t ofAl 24 AqAd &7t e AR AdEn
F BEdES Fo 4¥LY A 474373 g/100 g % 3.93
g/100 go.& 4T H FAT FE0E FAHUT 139 2y 3 XA ME9 2 5
TEL dzTH e BLEHEEC) B AL 5}E LA Aolo o HT F= HH o vis EadEH
Folw ezt foAAzt glslen, O 99 7] FFL BE AANL BFES BT § A 1D 4E, 54434
APT 2 fro A Aol7k gl Fug FH AP $F T2 AR AFAFA vA e TS EAF A
2tz HE rts EARSHE FATH 7 32 BEEE Table 49 2ok ¥ A FFE Aol vtz 130
FoATAAN froH oz okt kAo, 2 9 opdeF £& £ BRE FAL S gz

Table 3. The organ weight of liver, heart, kidney, spleen and testis in the rats fed garlic and natural color resource composites
(g/ 100 g body weight)

G 1) Tissues L
roup - - - Epididymal fat
Liver Heart Kidney Spleen Testis

Normal 3.77+0.20°) 0.34+0.02° 0.83+0.05° 0.23+0.04° 1.19+0.07* 1.34+0.23°

Control 4.53+0.24° 0.36+0.01° 0.81+0.06° 0.22+0.03° 1.03+0.05° 2.1340.19°
EG 416+0.38" 0.35+0.03° 0.76+0.06° 0.23+0.04* 1.01£0.12° 1.32+0.20°
EGG 420+0.36™ 0.37+0.04° 0.76+0.06" 0.23+0.04° 1.05+0.08° 1.60+0.53%
EGP 3.73+0.32° 0.36+0.04" 0.80+0.07° 0.23+0.04° 1.09+0.05° 1.37+0.32°
EGC 3.93+0.38" 0.36+0.05° 0.79+0.07° 0.23+0.03° 1.02+0.07° 1.800.54"

YEG : Enzymatic hydrolysates extract powder of garlic, EGG : 8:2 mixture of EG and grape peel extract, EGP: 8:2 mixture of EG
and persimmon extract, EGC : 8:2 mixture of EG and catechu extract powder.

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

IWalues are mean+SD (n=7).

Table 4. Lipid profile contents in serum of the rats fed garlic and natural color resource composites (mg/dL)

Group” Normal Control EG EGG EGP EGC

Total lipid 183.32¢4.30°Y  241.25+5.82" 220.46+7.87° 221.89+4.43° 204.04+11.70°  200.46+4.50°
Total cholesterol 93.86:2.97° 131.86+4.26° 111.71£5.02° 128.57+4.58° 121.14+5.93¢ 116.71+5.68"
Triglyceride 43.71+1.89" 87.00+2.58' 80.86+4.60° 72.86+3.34° 54.29+3.04° 65.29+2.29°
HDL-C 70.00+6.38" 45.59+3.74° 52.57+5.94° 54.56+2.99™ 59.57+4.72° 58.29+4.57°
LDL-C 15.1145.57° 68.89+6.95° 4297+7.61° 59.43+7.47° 50.71+6.27° 45.37+4.64%
VLDL-C 8.74+0.38" 17.40+0.52" 16.17+0.92° 14.57+0.67° 10.86+0.61° 13.06+0.46°
Al 0.35£0.12° 1.19+0.31° 1.15+0.30° 1.37+0.20° 1.16+0.22° 1.14£0.29°
CRF) 1.35£0.12a 2.91£0.31° 215£0.30° 2.37+0.20° 216£0.22° 2.14£0.29°

YEG : Enzymatic hydrolysates extract powder of garlic, EGG : 8:2 mixture of EG and grape peel extract, EGP: 8:2 mixture of EG
and persimmon extract, EGC : 8:2 mixture of EG and catechu extract powder.

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

IWalues are mean * SD (n=7).

4)Athelrogenic index=(Total cholesterol-HDL-cholesterol)/HDL-cholesterol

*Cardiac risk factor=Total cholesterol/ HDL-cholesterol
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Tol vlel Foldow 1 FFo]l FaHit. F FU2HE
FFe izl v nts E4EHE FATA 11171
mg/dIZ 7H S FFolaL, e o2 oo 5 4 5
£ F97o] 247 11671 mg/dl ¥ 121.14 mg/d1Z Skt
ZAAN ST ) 270 B AP FolA oA HAE
BYEd, 4 5% £F 5T E F97 A 5429 mg/dIE 7t
Zl— H-}kq.

HDL-Z28| 28 & $&& 43 opilef 5S¢+
5957 mg/dl @ 5829 mg/dl 2 Tzl wlg] oo

Eojgo] 7

N
=

2
E9th LDL-2H 2H & §F& thxT o] 6889 mg/dl £ 7}
& w3, ks EARdE FolTolA 4297 mg/dl 2 A
A BgE FoAT Sl Mg o w2 FFoldt VLDL-2d
2HE FFE T BFE FATAA 1086 mg/dIE 7H @
< FFoldnt. w4 A 2 Add 28 AFATE A
el wE tETe A7 oF 348 3 220 O =943, 4
TEAAE dzTd Hg FoHog FaHgdoy, 4 49
T frelakes Al

Sobed dgmA, B 5559 A S TR 5E
S AT dH9 7 Ad 2 Wes 4D 2, &
Ad, SAAL 9 2H2HE FFo] #FAHACH[33], 1A
Hajolo] Arts, F5uks 9 Srks 22E % Folge

22X g4 2H2HE Akl FA a7 YA
olgg nhso] AW A A ase ke H

o] acetyl Co A9 #4& Asfst7] WEolgti B oA
ATH11].

2 A48 A5, u}b g

o} e Eg=Ee
A Aol ok vT = AF A 55 Tt F

GOT, GPT, ALP &4 9 albumin %< 4%
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Table 5. GOT, GPT, ALP activity and albumin content in serum of the rats fed garlic and natural color resource composites

Group” GOT (U/)) GPT (U/]) ALP (U/)) Albumin (g/dl)

Normal 73.43+2.99°%) 14.57+2.94° 681.57+29.13 4.06+0.22°

Control 94.57+4.50° 19.71+2.56° 860.57+29.07° 416+0.24°
EG 94.43+3.21° 19.86+3.18" 740.00+40.71° 4.200.29°
EGG 93.14+1.77 19.57+4.54" 859.00+28.77° 4.03+0.17°
EGP 86.17+5.56° 17.71+1.98™ 737.43+38.92° 4.06+0.19°
EGC 92.57+3.69° 18.57+2.30" 840.71+23.73° 4.01£0.23°

VEG : Enzymatic hydrolysates extract powder of garlic, EGG : 8:2 mixture of EG and grape peel extract, EGP: 8:2 mixture of EG
and persimmon extract, EGC : 8:2 mixture of EG and catechu extract powder.

2)a-c;

IWalues 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 6. Lipid profile contents in liver tissue of the rats fed garlic
and natural color resource composites
(mg/g wet liver)
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Table 7. Antioxidant activity content in serum and liver of the
rats fed garlic and natural color resource composites

Antioxidant activity (%)

Groupl) :
In serum In liver
Normal 56.17+2.08% 73.92+0.25'
Control 32.78+3.92° 33.06+3.97°
EG 44.74+0 58" 40.97+0.93°
EGG 41.86+4.36° 46.95+1.75
EGP 48.42+2 73 66.20+1.35°
EGC 50.86+4.944 56.23+2.26

YEG : Enzymatic hydrolysates extract powder of garlic, EGG
: 8:2 mixture of EG and grape peel extract, EGP: 8:2 mixture
of EG and persimmon extract, EGC : 8:2 mixture of EG and
catechu extract powder.

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

IWalues are mean * SD (n=7).

3 229 gatsl 4L vE AAREHNE F9TF(EG)
A 4097% R, AL B E FoAT A= 46.95~56.23%
Z =T (33.06%)0 Hal frojHoz FrtEden, 2 &
BE3E FoToA dakst &40 7M w9kt

T Table 89} 2t 84 F AAHitslE F&F
4618 mmol/ml= A/dwof wa| FoJHo R #otow, 7+ &
g B3E FqF(EGP)NA 1824 mmol/mIZ 7HE W &
ol At

HzA o] AAHaeE e 27 o)A 13255 mmol/
mlE Bl vle) o 249 A% S/t A, vhs FEE

Table 8. TBARS content in serum and liver of the rats fed garlic
and natural color resource composites

TBARS (mmol/ml)

G 3 — - - Groupl) -
roup Total lipid  Total cholesterol — Triglyceride In serum In liver
Normal  39.61+2.56"% 3.73+0.24° 12.48+1.16° Normal 16.13+1.20°% 55.22+2.07°
Control  183.76+11.22° 12.48+0.90° 25.92+1.23° Control 46.18+1.84° 132.25+1.17"
EG  143.90+22.46" 10.28+0.90° 23.02+0.50" EG 28.83+4.87° 104.95+1.99°
EGG  141.04+23.78° 10.77+0.49 21.7241.15° EGG 31.26+1.05 74.48+2.24¢
EGP  75.04+393 9.47+0.19° 16.33+0.90° EGP 18.24+1.70° 60.72+2.04°
EGC  116.04+491° 8.56+0.41° 20.81+1.47 EGC 2110217 64.32+1.65°

YEG : Enzymatic hydrolysates extract powder of garlic, EGG
: 8:2 mixture of EG and grape peel extract, EGP: 8:2 mixture
of EG and persimmon extract, EGC : 8:2 mixture of EG and
catechu extract powder.

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

¥Values in a column sharing the same superscript letter are

not significantly different at p<0.05.

YEG : Enzymatic hydrolysates extract powder of garlic, EGG
: 8:2 mixture of EG and grape peel extract, EGP: 8:2 mixture
of EG and persimmon extract, EGC : 8:2 mixture of EG and
catechu extract powder.

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

IWalues are mean * SD (n=7).
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