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ABSTRACT

Novel agar diffusion and broth dilution assays were developed for quantitatively estimating the antimicrobial activity of
fresh garlic juice. Bacteria found to be inhibited by garlic juice in agar diffusion assay included two gram-positive and five
gram-negative species. Leuconostoc mesenteroides was not inhibited. Escherichia coli B-103 (HB101, with pJH101, ampicillin
resistant, 100 pg ml-!) was inhibited and chosen as the standard culture for quantitative assays. The agar diffusion assay was
based on the slope ratio method, where the slope of dose response for garlic juice was divided by the slope of dose response
for methylmethane thiosulfonate (MMTSO,). Juice from fresh garlic varied in activity between 1.76 and 2.31 p.g of MMTSO,
per mg of garlic juice. The activity of juice decreased during 11 months of storage of garlic cloves at 5°C from 2.31 to less
than 0.1 pg of MMTSO, per mg of juice. The broth dilution assay also used the E. coli B-103 culture, which permitted
selective enumeration of this bacterium when 100 pg ml-! of ampicillin was incorporated into the enumerating agar. Selective
enumeration was essential since the garlic juice was not sterile and, thus, contained natural flora. Growth of E. coli was
unaffected by 0.1%, delayed by 0.25%, and completely inhibited at 0.5 and 2% garlic juice in broth during 24 h of incubation
at 37°C. The minimum inhibition concentration of garlic juice by broth dilution assay was, thus, estimated to be 0.5%, which

is equivalent to 3.46 pg of MMTSO, per mg of garlic juice by the agar diffusion assay.

Many studies have been performed concerning the an-
timicrobial activity of plant extracts and their essential oils.
Measuring, testing, and evaluating the antimicrobial activity
of plant extracts and oils can be difficult because of their
volatility, insolubility in water, and presence of multiple
inhibitory compounds. The test method, growth medium,
test microorganism, and plant extract, or its essential oil,
are important factors when testing the antimicrobial activity
(14). Each factor is subject to a great deal of variation (9).
However, to evaluate the reported data, it is necessary to
consider the methods used to test for antimicrobial activity.

Garlic (Allium sativum) has been extensively studied
for its antimicrobial properties. The principal antimicrobial
compound of garlic has been reported to be allicin (diallyl
thiosulfinate) (4, 5), which is one of several sulfur com-
pounds present. It is known that the major antimicrobial
compounds of garlic are not present in intact garlic cloves
(4). Stoll and Seebeck (24) reported that intact garlic cloves
contain 0.24% S-allylcysteine S-oxide (alliin) by fresh
weight, and an enzyme, allinase, converts alliin into allicin.
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Ziegler and Sticher (29) reported that alliin content in five
different fresh garlic samples varied between 0.09 and
1.15% as fresh weight. Freeman and Whenham (12)
showed that the cysteine sulfoxide fraction of garlic con-
sists of 85% alliin, along with 2% S-propyl cysteine sulf-
oxide and 13% S-methyl cysteine sulfoxide. Action of al-
linase on the mixture of these sulfoxides forms allyl meth-
anethiosulfinate, methyl methanethiosulfinate, and other
mixed or symmetrical thiosulfinates found in garlic extracts,
in addition to allicin. On injury of garlic tissue cells, alli-
nase (cysteine sulfoxide lyase) comes in contact with alliin
and forms allicin (16). Allicin is a very unstable compound
that immediately degrades into the strong-smelling constit-
uents of garlic oil; it represents about 0.4% (wt/wt) fresh
garlic (13). Brodnitz et al. (3) reported that allicin under-
went complete decomposition at 20°C after 20 h, giving
diallyl disulfide (66%), diallyl trisulfide (9%), diallyl sulfide
(14%), and SO,. Yu et al. (28) characterized the effects of
temperature and pH on the stability and formation of vol-
atile sulfur compounds in garlic.

Willis (27) reported that 5 X 104 M allicin inhibited
several sulfhydryl metabolic enzymes, but few nonsulfhy-
dryl enzymes and some enzymes, such as triosephosphate
dehydrogenases, were inhibited by 5 X 10-3 M allicin. Wil-
lis (27) also observed that inhibition of sulfhydryl enzymes
was associated with the presence of the -SO-S- grouping
(not -SO-, -S-S-, or -S- groups). Barone and Tansey (2)
reported that allicin, the major anticandidal component of
garlic extract, disrupted microbial cell metabolism primarily
by inactivation of -SH proteins by oxidation of thiols to
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disulfides. Furthermore, Barone and Tansey (2) reported
that the antimicrobial activity of allicin was nonselective
and hypothesized that allicin interfered with electron flow
through the sulfhydryl groups within the cell wall, which
results in an “‘uncoupling” of cell division from cell me-
tabolism, which, in turn, could lead to an increase in my-
celial form in dimorphic yeasts. Data reported by Conner
(8) indicate that key metabolic enzymes of several food-
borne yeasts are likely inhibited in this manner.

Garlic and its extracts have been shown to inhibit nu-
merous other microorganisms, including Bacillus cereus
(23), Staphylococcus aureus (18), Lactobacillus plantarum
(17), Clostridium botulinum type B (but not type E) (10),
E. coli (15), Salmonella Typhi, Bacillus subtilis, Pseudo-
monas pyocyaneus (1), Candida albicans (26), and a vari-
ety of yeastlike fungi (19).

Garlic and numerous spices have been proposed as nat-
ural food preservatives. For such purposes, it is desirable
to have a quantitative estimate of the antimicrobial activity
of the plant material or extract. Rees et al. (22) found quan-
titative ranges of MIC of garlic for various bacteria and
yeasts of 0.8 to 40 mg ml-! of garlic.

The objective of this study was to develop novel agar
diffusion and broth dilution assays for the quantitative es-
timation of the antimicrobial activity of fresh garlic ex-
tracts. The novelties introduced in the study involved val-
idation of methylmethane thiosulfonate (MMTSO,) as a
standard compound in the agar diffusion assay and the use
of a genetically marked culture of E. coli (ampicillin resis-
tant) to facilitate selective enumeration of this bacterium in
broths containing nonsterile extracts of garlic. The use of
MMTSO,, a stable, readily obtainable compound, in the
slope ratio assay establishes a universally applicable stan-
dard for comparison of garlic samples with varying activity.
The slope ratio assay quantifies activity in units of pg of
MMTSO, per mg of garlic juice, which avoids the ambi-
guity of units based solely on volume or weight for garlic
samples.

MATERIALS AND METHODS

Garlic. Samples of freshly peeled garlic were provided by
Christopher Ranch (Gilroy, Calif.). The garlic was stored at 5°C
until use, and antimicrobial activity was measured throughout 11
months. In addition, garlic samples were obtained from local gro-
cery stores for comparative purposes.

Methyl methanethiosulfinate (MMTSO) and MMTSO,.
MMTSO was synthesized by the oxidation of dimethyl disulfide
with peracetic acid (20). It was purified by vacuum distillation at
2 mm Hg, and the fraction boiling at 65°C was collected (7).
Purified MMTSO was frozen and stored at —85°C. MMTSO, was
purchased from Sigma Chemical Company (St. Louis, Mo.).

Bacterial cultures and inocula. E. coli B-103 (HB101, with
pJH101, ampicillin resistant, 100 wg ml-'), Salmonella Typhi-
murium B-38 (LT2), Enterobacter aerogenes B-148 (ATCC
29940), Enterobacter agglomerans ATCC 2115, Pseudomonas
Sfluorescens B-14 (MD13), S. aureus B-105 (KUS13), Listeria
monocytogenes B67 (F5069, from C. Donnelly), and Leuconostoc
mesenteroides LA-108 (ATCC 13146) were obtained from the
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stock cultures of our laboratory. The cultures were stored at
—85°C in LB broth (Difco Laboratories, Detroit, Mich.) and con-
tained 16% glycerol. All strains were grown on tryptic soy agar
(Difco) containing 2% glucose (TSAG) and stored at 5°C. Before
each use, a single colony of each test culture was transferred to
5 ml of tryptic soy broth (Difco) containing 2% glucose (TSBG)
and then incubated at 37°C for 18 h. All microorganisms tested
grew sufficiently to produce turbidity in TSBG or a visible lawn
on TSAG plates within 24 h. The E. coli B-103 culture used in
bioassays was grown overnight at 37°C in TSBG, harvested by
centrifugation (10 min, 4,000 X g; Sorvall GSA rotor, Dupont,
Wilmington, Del.), and washed twice in sterile 0.85% saline.

Bacterial numeration. Viable cell numbers were counted as
CFU ml-! by a spiral plater (Autoplate 3000, Spiral Biotech, Be-
thesda, Md.) on TSAG plates incubated aerobically at 37°C for
24 h.

Preparation of garlic juice. Samples of garlic cloves (50 g)
were extracted by an electrical centrifuge-type juice extractor
(type 4290, Braun Inc., Frankfurt, Germany) at 5°C and the juice
filtered in a sterile stomacher bag (Model 7X12, Spiral Biotech).
Aliquots (1 ml) of garlic juice were transferred into microfuge
tubes on ice and centrifuged at 13,000 X g for 15 min in a mi-
crocentrifuge (Model 5415 Eppendorf, Brinkmann Instruments
Co., Westbury, N.Y.). The clear, viscous supernatant was recen-
trifuged and held on ice before-use (within 30 min).

Agar diffusion assay. A modification of the agar diffusion
assay technique of Tramer and Fowler (25) was used. Autoclaved
liquid TSAG was immediately placed in a 55°C water bath. When
cooled, 30-ml aliquots of the medium were aseptically poured into
square, plastic petri dishes (9 by 9 cm) and allowed to solidify
and cool to room temperature. Then, the excess moisture on the
surface of the plates was evaporated in an incubator (30°C) for
48 h. Nine wells were punched in the solidified medium using a
sterile glass tube (6 mm diameter). The disks of agar were re-
moved from the plate using a vacuum device. Stock solutions of
MMTSO and MMTSO, (5,000 pg/ml), as well as garlic juice

~samples, were diluted to the desired concentrations, and 250 pl

of the appropriate dilution and 250 pl of sterile liquid (45 to 55°C)
TSAG were mixed. Aliquots (50 pl) of the mixture were imme-
diately added into the wells in the agar plates, in triplicate, and
allowed to solidify. A soft agar overlay consisting of 105 CFU/
ml of the appropriate test culture and 5 ml of the liquid TSAG
(as above but with 0.75% agar) was poured over the surface of
the plates. Plates were then incubated for 24 h at 37°C, and the
diameters of the inhibition zones were measured using a vernier
caliper. Mean diameters of triplicate inhibition zones were calcu-
lated.

For quantitative assay of garlic juice antimicrobial activity
by agar diffusion, the statistical slope ratio method of Finney (1)
was used. In this method, dose-response relations for a standard
compound and unknown are determined. By transforming the data
to establish a linear dose-response relation, a ratio of the slopes
for standard and unknown samples is computed. In the assay used
in this article, this ratio is calculated as:

mm zone
. unknown mg garlic ng MMTSO,
1 tio = = =
siope ratto standard mm zone mg garlic
wg MMTSO,

1

In this way, the antimicrobial activity of the garlic sample is ex-







