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Antimicrobial Effects of Garlic Extract Against Pathogenic Bacteria

Woo-Won LeeT, Seung-MiLee, Gang-Rok Lee and Geum-Hyang Kim

Veterinary Service Laboratory

Abstracts

Garlic (Allium sativum L.) has long history of reputed value and actual use for its medicinal, antimicrobial and pesticidal
properties. This study was conducted to find possible developments to natural food preservatives and natural antimicrobials
from garlic extracts. The antimicrobial activities of raw garlic extract, garlic extract heated for 25 min at 95C, pH adjusted
50% garlic extract, garlic extract stored for 3 week at -18C, and tryptic soy broth (TSB) with different amounts of garlic
extract at 35°C and 4°C against Escherichia coli, Salmonella Enteritidis, Listeria monocytogenes, Staphylococcus aureus,
and vancomycin resistant Enterococci (VRE) were investigated.

All of the five tested strains exhibited strong antimicrobial activities. E. coli, S. Enteritidis, L. monocytogenes, and S.
aureus exhibited antimicrobial activities at 20% garlic extract, but no antimicrobial activity was seen in VRE. Raw garlic
extract and garlic extract heated for 2 min at 95°C showed strong antimicrobial activities, but the antimicrobial activity
of garlic extract heated for 10 min at 95°C was much less, and no antimicrobial activity was seen in garlic extract heated
for 25 min at 95C. The antimicrobial activities of 50% garlic extract adjusted pH 4.0~7.0 showed much the same, but
the antimicrobial activities decreased at pH 8.0 or higher. The antimicrobial activities by storage -18°C of garlic extract
showed much the same. When five strains were cultured for 72 hr at 35°C in the TSB containing 1%, 2.5%, 5%, and
10% garlic extract, viable cell number of five strains were decreased to 10°~10* CFU/mL even at 1% or 2.5%(VRE)
after inoculation for 24 hr, but later increased to 10°~10° CFU/mL after inoculation for 72 hr. When five strains were
cultured for 21 day at 4C in the TSB containing 1%, 2.5%, 5%, and 10% garlic extract, viable cell number of E. coli,
S. Enteritidis, and S. aureus were decreased to 10> 10°~10> 10'~10* CFU/mL after inoculation for 21 day, respectively,
but L. monocytogenes and VRE increased to 10° and 10° CFU/mL after inoculation for 21 day.
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Table 1, Zone diameter interpretive standards
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Zone diameter (mm)

Antibiotics Potency Organisms

Resistant Intermediate Moderlately Susceptible
Ampicillin 10 ug Gram negative <13 - 14-17 >18
Vancomycin 30 wug Gram positive <9 10-11 - >12
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Table 2. Antimicrobial effect by garlic extracts
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235

Strains

Diameter of inhibition zone (mm)

Conc, 50% 20% 10% 5% Ampicillin  Vancomycin
E coli 18 14 11 0 0 18 0
S, Enteritidis 21 18 13 0 0 21 0
L. monocytogenes 23 19 14 0 0 29 26
S, aureus 29 24 15 0 0 28 22
VRE 17 13 0 0 0 18 8

Vancomycin resistant
Enterococcus faecium

Fig. 1. Result of inhibition zone of garlic extracts against pathogenic bacteria,
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(Table 3).

Table 3. Antimicrobial effect by heating at 95C of garlic extracts

aureus= 50% "FEFEE 5

Kol Art o] AU 1027+ A2

=

' Enteritidis@} L, monocytogenes
offAut Fto] Ul en, £ colit
= YoM = gtgo] glolt 2587F
ol A Fateo] UEhA] gttt
Aol Pt -
Aot ax|shsict

) Heating Diameter of inhibition zone (mm)

Strains . .

time (min) Conc, 50% 20%

0 18 14 11

2 16 12 0

E coli 5 13 0 0

10 0 0

25 0 0

21 18 13

21 17 11

S, Enteritidis 19 15 0

10 13 0 0

25 0 0 0

23 19 14

23 18 0

L. monocytogenes 21 15 0

10 14 0 0

25 0 0 0

29 24 15

29 23 14

S, aureus 25 20 11

10 14 11 0

25 0 0 0

17 13 0

17 11 0

VRE 13 0 0

10 0 0 0

25 0 0 0
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He3EE 5099 AROE AT F pHE 4.0° TR EEES 1809 WEae 420, 7, 14
9.07kx] 6HAR XA sto] pHel| o 58 P2 AZF BHsE & AN 50%, 20% =2 +FE it
pH 7.00|3tol| A= o] FYst o pH 8,004 ot At Ao gy 353 & o] A9
A= o] Taste FE 9o, VRE ¥ £ A3 tHTable 5).
coli& Z}7} pH 8,004 @ pH 9.00014 dHatelo] §1sltt
(Table 4).
Table 4, Antimicrobial effect by pH of 50% garlic extracts
) Diameter of inhibition zone (mm)
Strains
pH 4.0 pH 5.0 pH 6.0 pH 7.0 pHS8.0 pH 9.0
E. coli 12 12 12 12 11 0
S, Enteritidis 17 17 17 17 16 14
L, monocytogenes 20 20 20 20 18 17
S, aureus 26 26 26 26 25 20
VRE 11 11 11 11 0 0
Table 5. Antimicrobial effect by storage at —18C of garlic extracts
. . Diameter of inhibition zone (mm)
Strains Time (day) Cone, 0% 50%
0 18 14 11
. 7 19 14 11
£, coli 14 18 14 11
21 18 14 11
0 21 18 13
S Enteritidi 7 21 18 13
- BRteritis 14 21 18 13
21 21 18 13
0 23 19 14
7 , 7 23 18 14
. monocytogenes 14 94 18 13
21 24 18 14
0 29 24 15
S aur 7 30 25 17
- aureus 14 29 24 16
21 30 24 15
0 17 13 0
7 16 12 0
VRE 14 16 12 0
21 16 12 0
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Table 6. Changes of bacterial population in TSB containing different amounts of garlic

2o vl £3589 o] tha Estdch
VREE nHs3259] w7} 2 5%9]

#57F 107 CFU/mLO Y™ Zo] HE o|FTRE F7}st
7] A&ste] 39 Fo: 10° CFU/mLE 3718t%a,
5.0%01 4ol As HE 19 & 10" 7 107 CFU/mLE 74
st o 1 o] RE FA4517] A&t 3Y Fofi 10
5~ 10" CFU/mL® Z71stgon, ntsismo] Lt
=942 Fo] F40] tha E31EIcH(Table 6 2 Fig.
2).

extract at 35T

Strains Garlic No. of bacteria (CFU/ml)
extract (%) Initial 1 day 2 day 3 day
Control 4.1x10° 4.5%10° 5.6x 10" 7.3x10°
1.0 4.2x10° 3.6x10° 3.2x10" 6.9x10°
E,. coli 2.5 4.5%10° 7.8x10° 2.5%10* 3.5% 10’
5.0 3.4x10° 7.5x 10 1.3x10? 3.8x10°
10.0 3.8x10° 7.0% 10" 3.5%x10° 3.2x 10"
Control 5.0x10° 3.7x10° 4.5x10° 6.8x10°
1.0 5.1x10° 3.5x10° 1.5%10* 5.6x10"
S, Enteritidis 2.5 5.0x10° 3.5x10” 1.6% 10’ 2.5x 10"
5.0 4.8x10° 3.7x10" 7.8%10° 3.3x10°
10.0 4.5%10° 5.0x10° 3.1x10” 3.5x10"
Control 2.1x10* 4.2%10° 4.1%x10° 6.8x10°
1.0 3.0x 10 1.7x10* 8.5x10° 6.5x10°
L. monocytogenes 2.5 3.1x 10" 2.1x10° 3.2x10° 4.8x10°
5.0 2.7x10* 2.5 % 10 5.1x 10" 3.3x10°
10.0 2.6x10* 6.0x 10" 1.2x10? 4.5%10°
Control 5.9%x 10" 4.5%10° 6.2x 10’ 7.5% 10’
1.0 5.5%x 10" 1.6x10* 3.3x10" 6.6x10°
S, aureus 2.5 4.8x 10" 3.5x10° 4.5%10° 5.4x 10"
5.0 5.1x 10" 2.6x10” 3.2x10° 4.5x10°
10.0 5.3x 10" 3.0x10" 7.8%10” 2.5%10°
Control 7.9x10° 5.6x10° 7.1x10° 8.6x10°
1.0 7.5%10° 3.1x10° 5.6 10’ 7.5%10’
VRE 2.5 6.8x10° 2.7x10" 6.8x 10" 6.3x10°
5.0 7.0x10° 3.7x10° 4.5x 10" 7.5x10"
10.0 6.8x10° 3.1x10" 5.6 10’ 1.7x10°
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Fig. 2. Survival of pathogenic bacteria in TSB containing different amounts of garlic extracts during
incubation at 35T,
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z+zF 10°, 10°7 10% 10' 7 10* CFU/mLE #2] Z4]0]
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Table 7, Changes of bacterial population in TSB containing different amounts of garlic extract at 4C

Strains Garlic No. of bacteria (CFU/ml)
extract (%) Tnitial 3 day 7 day 14 day 21 day
Control 3.1x 10" 3.2x10" 3.8x10* 1.2x10" 1.1x10*
1.0 3.1x10* 3.0x10* 1.1x10* 1.6x10" 4.7x10°
E. coli 2.5 3.3x10*  3.5x10 1.0x10*  5.1x10°  2.1x10°
5.0 3.7x10*  3.6x10* 1.0x10*  3.2x10° 1.5%x10°
10.0 2.6x10" 1.3x10* 8.5%x10° 1.4x10° 1.1x10°
Control 4.5% 10" 4.2x 10" 4.5x 10" 1.7x10* 1.6x10"
1.0 4.3x 10" 4.2x 10" 3.0x10° 6.8x 10" 1.8%x 10
S Enteritidis 2.5 4.2x10" 2.2x10° 1.8x 10" 6.3x10" 0
5.0 4.6x10" 2.0x10° 8.5x 10" 3 0
10.0 4,7x10" 1.8x 10’ 3.3x10” 0 0
Control 4.3x10" 4.2%10" 4.5%10" 4.5%10° 3.6x10°
1.0 45x10"  4.1x10*  4.3x10"  3.1x10°  2.6x10°
L. monocytogenes 2.5 4.3%x10"  6.6x10°  4.8x10°  2.5x10°  2.3x10°
5.0 4.5%x10"  4.5x10°  2.4x10° 1.8x10°  6.8x10"
10.0 4.6%x10"  4.3x10°  2.2x10° 1.6x10°  3.0x10"
Control 4.1x10" 4.3%x10* 4.2x 10" 3.7x10" 3.5x 10"
1.0 4.3x%10" 4.5%10" 5.8x10° 4.5%10° 2.1%x10"
S, aureus 2.5 3.6x 10" 3.7x10° 2.6x10° 2.2x10° 1.1x10°
5.0 3.5x 10" 1.5%10° 8.0x 107 9.0x 107 2.8x10°
10.0 3.3x10" 8.3x 10" 7.0%10” 3.7x10” 3.0x10"
Control 1.6x10" 1.6x10" 2.8x 10" 1.2x10° 3.6x10°
1.0 1.8x10" 1.6x10" 2.9%x10" 3.2x 10" 1.1x10°
VRE 2.5 1.5x10" 1.6x10" 1.5x10" 2.2x 10" 6.7x 10"
5.0 1.7x10"  7.8x10°  9.0x10° 1.9x10"  5.8x10"
10.0 1.6x10"  52x10°  6.0x10" 1.4x10*  5.6x10"
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Fig, 3. Survival of pathogenic bacteria in TSB containing different amounts of garlic extracts during incubation at 4C.
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