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Abstract

Various garlic extracts were prepared using nine different organic solvents with a range of polarity index
(PI) values from 0.0 to 6.6 in order to determine an extraction pattern of antimicrobial activities from
garlic for each organic solvent. According to the measurements of antimicrobial activities of whole gar-
lic extracts (WGEs) and crushed garlic extracts (CGEs) against several selected bacteria, yeasts and
molds, the antimicrobial activities of WGEs were a little bit less than or almost the same as those of
CGEs. The garlic extracts showed stronger antimicrobial activities against the Gram positive bacterial

strains than against the Gram negative, and against the fungal than against the bacterial.

In addition,

the antimicrobial activities were the best extracted from garlic when methylene chloride with a PI value

of 3.4 was used to prepare the garlic extracts.
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Table 1. Microbial strains, media and culture conditions used for this study

Microbial strains Media Culture conditions
Gram positive bacteria
Bacillus subtilis (KCTC 1021) LB (LBA) 37°C, 24 hr
Listeria monocytogenes (KCTC 2715) LB (LBA) 37°C, 24 hr
Staphylococcus aureus (KCTC 1621) LB (LBA) 37°C, 24 hr
Gram negative bacteria
Escherichia coli (KCTC 2344) LB (LBA) 37°C, 24 hr
Escherichia coli O157:H7 (ATCC 35150) LB (LBA) 37°C, 24 hr
Salmonella typhimurium (ATCC 14028) LB (LBA) 37°C, 24 hr
Yeasts
Candida utilis (KCCM 11750) YM (YMA) 27°C, 48 hr
Saccharomyces cerevisiae (KCCM 11666) YM (YMA) 27°C, 48 hr
Molds
Aspergillus flavus (KCCM 60130) PD (PDA) 27°C, 72 hr
Aspergillus parasiticus (KCCM 12699) PD (PDA) 27°C, 72 hr

LB: Luria-Bertani broth, LBA: Luria-Bertani Agar; YM: Yeast-Malto extract broth, YMA: Yeast-Malto extract Agar; PD: Potato

Dextrose broth, PDA: Potato Dextrose Agar.
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Table 2. Antibacterial activities of the different garlic extracts prepared with various organic solvents against the 3 Gram

(+) bacterial strains

Clearing zone size”

Organic solvent Extract type

B. subtilis L. monocytogenes S. aureus
Control” - Z _
n-Hexane WGE* ++ ++ A
(0.0) S
CGE ++ ++ +++
Control + - -
Eth(yzl g;her WGE ++ + +H+
' CGE ++ ++ e+
. Control ++ - +
Methylene chloride WGE - -+ —t
(34)
CGE -+ +++ +H+++
c Control ++ + ++
hloroform WGE ++++ ++ F++
(3.4-4.4)
CGE A+ -+ -+
Control + + +
Eth)zlfg )e tate WGE +++ ++ +4++
’ CGE ++ At -
I I Control - + +
Sopropanc WGE + + ++
(4.3)
CGE + + +++
E ' Control - + +
thano WGE + + +
(5.2)
CGE + + +
A Control - + +
fg t:;)ne WGE ++ + +i+
' CGE ot ++ 4+
Methanol Control - - -
? 6 2;‘0 WGE ++ ++ -+
’ CGE A +t A+
PClearing zone size (Paper disc diameter : 8 mm, less than 9 mm : *~", 9~14mm : “+”, 14~19mm : “++”, 19~24mm : “+++7,

24~29mm ; “44++7, 29~34mm : ““+++++", more than 34mm : “++++++"), “Snyder’s polarity index (http:/home.planet.nl/~skok/
techniques/hplc/eluotropic_series_extended html#2), "Organic solvent only, “Whole garlic extract, *Crushed garlic extract.
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Table 3. Antibacterial activities of the different garlic extracts prepared with various organic solvents against the 3 Gram

(-) bacterial strains

Clearing zone size”

Organic solvent Extract t
ganic solven riract bype E. coli E.coli OISTHT . typhimurium
Control” + - -
n-Hevar)le WGEY ++ + +
0.0 5)
CGE ++ + +
Control - - -
Ethyl ether WGE + + +
(2.8)
CGE ++ + +
Methrl o Control - + +
ethy c&r;i ; loride WGE ++ 4+ o+
' CGE +++ +H++ +
Chi Control + + +
oroform WGE . T+ o+
34-44)
CGE F+ +++ -+
Control + + +
Ethyl acetate WGE -+ + +
4.3)
CGE -+ + +
Control + + +
Isopropanol WGE + + +
4.3)
CGE + + +
Control + + +
Ethanol WGE + + +
(5.2)
CGE + + +
Control + - -
Acetone WGE + - -
5.4)
CGE + - -
Control - - +
Methanol WGE + — +
(6.6)
CGE ++ - +
Clearing zone size (Paper disc diameter : 8 mm, less than 9 mm : “~”, 9~14 mm : “+”", 14~19 mm : “++7, 19~24 mm : “+++",

24~29 mm: “4+++7, 20~34 mm : “+++++", more than 34 mm: “++++++"), “Snyder’s polarity index (http://home.planet.nl/~skok/
techniques/hplc/eluotropic_series_extended.html#2), 3)Organic solvent only, “Whole garlic extract, *Crushed garlic extract.

Fo|PEAL Yedch a8y 28 {7180 s
Z PIgte] 3.4-4.4%) chloroforme f7]-&uf =pA|7}
B Ao ARE UdMFE tiEte o= A%
FolAEY-S JER e, B3] oY &R ¥ ¥
ol Eoll el 2% FuYEA S Yehiiith &
o AMEE f18WE F MY =& PRIG.6OE
7 90 methanold AME3I A 2E vledd
BEL AHEE UAMAEE & FE 2894 A
4EF 28 MaE] sty Solzez s
oY EAS eI

AR g AFEC dsiAE methylene
chloride$} chioroform F&EE2 v EAo| 7}
Z Holwtow] 19 methanol, acetone, ethyl
acetate FEFEELE A EAGC] AU, B

subtilis$} L. monocytogenes 2T} 8. aureus®) Thdh
g EAe] o 78 tH(Table 2). AMEE 21H&
A AFE Hs|A=  methylene chloride®}
chloroform F&EE9] v EALL AMS-E tidA
e BFo| st 7 73392, ethyl acetate
FEEEL E colidl Wste ryEA] At
THTable 3). AHE-E HX.E] thsiA+ methylene
chloride®} chloroform F&EE9] dvAEA o] 7}t
Z 7rst e, T3 ethanol® acetone FEZEEE
ALg g {II8WE AR FEEERE EF
x| distd et Fu|PEAol JeEREtTH(Table
4). 23 AMEE FFo|Eo A E methylene
chloride$} chloroform F&EE9 v EA ] 7t
A AsIHe, 3 methanol, ethyl acetate, ethyl
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Table 4. Antifungal activities of the different garlic extracts prepared with various organic solvents against the 2 yeast
strains

Clearing zone size"”

Organic solvent Extract
ganic sofven Kiract type S. cerevisiae C. utilis
4 Control” - -
f-llexane WGE" - ++
(0.0 5
CGE +++ +++
Ethyl eth Control - -
(yzg) er WGE +++ +++
' CGE +++ -+
Methyi hlorid Control + +
ethy %164;: onde WGE -t -
’ CGE et I
Chl Control ++++ -+
hloroform WGE Ft++ ++++++
(34-4.4)
CGE ++++++ +H++++
Ethyl Control + -
y( 4a3c;: tate WGE +++ H++
’ CGE PR A+
Control + +
Isopropanol WGE + -
4.3)
CGE + T
Control + +
Ethanol WGE . +
(5.2)
CGE + +
Control + +
Acetone WGE + +
5.9
CGE ++ ++
Methanol Control - -
?6 g;lo WGE ++ +++
) CGE - A
UClearing zone size (Paper disc diameter: 8 mm, less than 9 mm: “~”, 9~14 mm: “+”, 14~19 mm : “++”, 19~24 mm: “+++7,

24~29 mm; “4++++", 29~34 mm: “+++++", more than 34 mm: “++++++"), *Snyder’s polarity index (http:/home.planet.nl/~skok/
techniques/plc/eluotropic_series_extended.htmi#2), *Organic solvent only, *Whole garlic extract, *Crushed garlic extract.

ether, hexane 52 FZ2EEE 7% FuiEA ] A+ of
UERTH(Table 5). ©l¢} Zo] 9%7/S {K7I8mE

o] g3l wHERREH YUME JEE FEI= 4
de 3 Aol o5hH methylene chloride F&&
E3 chloroform FFEE9] gv|dEYe] 718 #
g, olaist YrAER L YIS AaER
The 239 AlFEd st o 3% ez v
Ehg R, AlgiEths &Ry F3gold] tisle gm
REAo] o A Aoz YEpdch 22y chloro-
form®] 739 #5ritt ofke] Aol AUARE chloro-
form ZA7t 73E HElWEALES UERRZ] ool
vksF] YvAE HES methylene chlorideE Al

&3 7P F FE2Edy @ F Utk

ke Wl Eolde FMAE E4EY #7186
d F& patemnS FetEtr] $98le] polarity index
PDEA7F 00014 6.6l &3k 9FFH] #71&
g o] &8t Z42tel meFEEES AU
f718md 2 AzE whole garlic extract (WGE)%}
crushed garlic extract (CGE)®] v|EA-& L3
A A, 2 A, &%, 283 F30] 59
hddFE ety ST A}, BE dddF
E°ll st WGE® 7o CGEel ®lste] vl
EAo] o gaEAY A9 Bzt 28y
ne3EEe] FUAELL 28eA ARERETR
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Table 5. Antifungal activities of the different garlic extracts prepared with various organic solvents against the 2 mold

strains
Oreanic solvent Extract Clearing zone size"
1C solven Xirac
& vpe A. parasiticus A. flavus
H Control” - -
n-Hexane WGE" + +
0.0) Y
CGE +++ ++
- Control - -
Eth(yz g;her WGE +++ ++
' CGE 4+ ++
vl nlocid Control - -
Methy ?264;: onde WGE At 4+
- CGE bt N
lorof Control 4+ +++
Chloroform WGE ettt 4+
(3.4-44)
CGE ottt -+
Control - -
Ethy] acetate WGE + ot
4.3)
CGE -+t +++
Control - -
Isopropanol WGE - +
4.3)
CGE + +
Control - -
Ethanol WGE _ _
5.2)
CGE + -
Control - -
Acetone WGE _ +
(54)
CGE ++ +
M Control - -
ethanol WGE ++ +
(6.6)
CGE et ++
"Clearing zone size (Paper disc diameter: 8 mm, less than 9 mm : “~", 9~14 mm : “+”, 14~19 mm : “++”, 19~24 mm : “+++",

24~29 mm: “44-++7, 29~34 mm: “+++++", more than 34 mm: “++++++"), “Snyder’s polarity index (http://home.planet.nl/~skok/
techniques/hplc/eluotropic_series_extended.htmi#2), "Organic solvent only, “Whole garlic extract, "Crushed garlic extract.

aHF AldEel dhste] o ZE Aoz yehy
I, ARt AR Fgold] it AmAE
dol o A% g veiitth 3 visFe &
v AE 842 PIgtel 3.4%] methylene chloride&

AHEE o 7 2 FEEHAUT
HAl2| &

B ATE #3AAT BAV2ATEANE
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