ANNALES
UNIVERSITATIS MARIAE CURIE-SKLODOWSKA

LUBLIN — POLONIA
VOL. XXXIII, 54 SECTIO D 1978

Zaklad Fizjologii Roélin. Instytut Biologii. Uniwersytet Marii Curie-Sktodowskiej
Kierownik: prof. dr hab. Tadeusz Baszynski

Adam PASZEWSKI, Jan JAROSZ

Antimicrobial Action of Garlic (Allium sativum L.) and Garlic
Preparations Produced in Poland
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TIpoTMBMUK pOOPranM3MoOBoOe aAeiicTBue uecHoka (Allium sativum L.) u 94eCHOYHBIX
npenapatoB BoipabaTniBaeMbix B ITonbiue

The ethereal substances with antimicrobial action produced by higher plants
were named phytoncides by Tokin (14). Many of them reveal a broad spectrum
of antibiotic activity: they are fungicidal and bactericidal against Gram-positive
as well as Gram-negative bacteria and also protozoocidal, At low concentrations
phytoncides inhibit the growth of various pathogenic yeasts and moulds. They
play a significant role in the antibiotic defence mechanism of higher plants.

The curative action of garlic (Allium sativum L.) has been known for a long
time in folk medicine, but it was not until 1945 that Cavallito and Bailey (1)
described the active substance which they isolated from garlic bulbs and named
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Schema 1. Enzymatic conversion of alliin into allicin (4) and its inactivation in the
form of diallyldisulphide
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it allicin. Allicin proved to be an allyl ester of thiosulphinic acid (2, 9) and it is
formed from a biologically inactive precursor of S-allylcysteine sulphoxide named
alliin under the influence of alliinase, the enzyme found in garlic tissues (1, 3, 11,
12). This antibiotic is an unstable compound and easily turns into a biologically
inactive component, diallyldisulphide (4, 6, 11, 12). The scheme of enzymatic con-
version alliin into allicin and the inactivation of the antibiotic in the form of di-
allyldisulphide is shown in schema 1.

Several authors (13, 17) stated that allicin is an inhibitor of -SH group of
respiratory enzymes. Among them xantine oxidase, succinic dehydrogenase and
triose phosphate dehydrogenase are most strongly inhibited. The -SO-S-grouping
is essential for bactericidal action of allicin (9), and this grouping is also essential
for the inhibition of -SH-enzymes, while -S-S-, and -SO-groupings are not ef-
fective (17).

It has been reported by several investigators (5, 6, 10, 15, 16) that garlic juice
is a very potent antimicrobial agent both against bacteria and Candida albicans,
and against other pathogenic yeasts. As stated by Tynecka and Skwarek
(16), garlic juice did not exhibit any toxic effect against the tissue cultures of chick
embryo fibroblasts or monkey kidney cells. At the same concentration it inhibited
the growth of the infecting yeasts of C. albicans.

Considering the strong antimicrobial action and the broad spectrum of anti-
biotic activity of allicin, several attempts were made in Poland and abroad to make
a medicine out of garlic. At present in Poland, Poznanskie Zaklady Zielarskie Her-
bapol produce two preparations from this raw material: Alliostabil as an ethanolic
extract from fresh garlic bulbs containing about 0.05% of ethereal sulphur com-
pounds, and Alliophil-lyophilizate of garlic prepared in pills.

The authors of this paper estimate critically the biological action of these
preparations as compared with the antimicrobial action of fresh garlic bulbs.

MATERIALS AND METHODS

1. Garlic bulbs (Allium sativum L.) from 1976 crops.

2. Alliophil (Contents: Allium sativum lyoph. 0.20, Massa tab. et drag. ad 0.6 g),
series 1711175, expiry date 15.11.1978.

3. Alliostabil (ethanolic garlic juice), series 031275, without expiry date.

4, Federative Republic of Germany preparation “Sanhelios 333” containing ex-
tracts from Allium sativum, Viscum album, Crataegus sp.

Preparation of pulp and active garlic juice After removing
the outer parts, the garlic bulbs were frozen in solid CO,, then crushed thoroughly
and homogenized at 3000 rpm for 5 min. The garlic juice accurately pressed through
a sterile gauze was sterilized through a bacteriological funnel Schot G-4, and then
the filtrate was preincubated at 37°C for 30 minutes in order to convert alliin
into allicin, the antibiotically active substance. Several microbiological methods
were used in order to compare the antimicrobial action of garlic, Alliophil and
Alliosatbil. Alliophil (A. sativum lyoph.) pills without coats were ground into powder
and extracted with 96% ethanol or water (100 mg of the preparation per 1 ml)
for 2 hrs.

Paper disc agar diffusion method In order to determine the
antimicrobial spectrum of juice and pulp from garlic and preparations, the paper
disc agar plate assay was used. Each®Petri plate contained 10 ml of optimal agar
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medium and 0.025 ml of microbial culture from the exponential growth phase. On
each disc (13 mm diameter) 100 mg of pulp was put or 0.05 ml (one drop) of garlic,
juice, which diffused into agar medium and produced a growth inhibition zone.
Approximately 0.05 ml of Alliostabil or ethanolic extract of Alliophil were poured
on separate paper discs.

Twofold agar (and broth) dilution methods. The garlic juice
or solutions of garlic preparations were diluted in 30% ethanol or water and poured
in; amounts 1 ml into 9 ml optimal agar or liquid medium. In this way a number
of plates were prepared with a decreasing concentration of the antibiotic in the
assay medium. The plates were inoculated with 0.5X108 CFU of the test organism
per 1 ml of the medium and incubated at 35°C. The drop-count test and cup-plate
method were also used for these comparisons.

Maximal Inhibitory Dilution (MID) was defined as the amount of antibiotic
contained in the greatest dilution, which completely inhibited the growth of the
test organism at 35°C for 48 hrs incubation. Maximal Biocidal Dilution (MBD) was
defined as a maximal dilution of the antibiotic which completely inhibited the
growth of the test organisms for 15 days incubation. After this time the viable cell
units of the test organisms usually were not ascertained, as demonstrated by plate
count test.

RESULTS AND DISCUSSION

The antimicrobial action of garlic determined by the paper disc agar
plate assay was strong and included a wide range of the tested micro-
organisms, Gram-positive and Gram-negative bacteria, acid-fast bacteria
as well as yeasts and moulds. Under the same conditions, the action of
Allostabil was light and became visible only in the case of organisms
especially sensitive to allicin. The action of Alliophil was similar and in
the trace amounts it inhibited Corynebacterium equi, Schizosaccharomy-
ces octosporus and Aspergillus niger, as shown in Table 1.

The MID values of garlic juice and garlic preparations assayed by the
twofold agar dilution method for 4 test organisms (Bacillus subtilis ATCC
6633, Sarcina lutea R-262, Proteus wvulgaris OX;, and Candida arborea)
are shown in Table 2. In comparison with Alliophil and Alliostabil also in
this method garlic juice had a stronger effect against all four organisms
tested. From the above data, it is obvious that Alliophil action was two
times or even weaker than the Alliostabil action, and MID values deter-
mined for garlic juice were in some cases more than eight times higher
than those of the Alliostabil action. We have not included in this compa-
rison the antimicrobial action of pulp which contains (as Table 1 indicates)
a considerable amount of allicin activity.

The garlic juice had a strong antibiotic action against S. lutea, Pseudo-
monas aeruginose and Escherichia coli by the drop-count test in the semi-
-liquid (0.4%) agar medium and by a cup-plate agar diffusion assay while
under the same conditions no trace of the prgparations’ action was seen.
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Table 1. Comparison of antimicrobial action of garlic juice and pulp, and garlic

preparations by paper disc agar plate assay procedure

Garlic Garlic Alliophil

Microorganisms Medium juice pulp

Alliostabil

Diameter inhibition zone in mm

Bacillus subtilis
ATCC 6633
Bacillus cereus
ATCC 8145
Bacillus lentus 1P 5286
Bacillus brevis IP 5275
Escherichia coli ROW
Proteus vulgaris OX .
Pseudomonas ® Nutrient
aeruginosa H, agar
Salmonella pullorum
Sarcina lutea
Micrococcus
lysodeikticus
Staphylococcus
aureus 209-P
Staphylococcus albus
Coyrnebacterium :cerosis} Loeffler
Corynebacterium equi agar
Mycobacterium sp.
ATCC 607
Mycobacterium
smegmatis Sauton
Mycobacterium agar
butyricum
Mycobacterium sp.
ATCC 279
Saccharomyces
cerevisiae
Saccharomyces
carlsbergensis _
Candida arborea M?;tgar
Rhodotorula rubra
Schizosaccharomyces
octosporus
Aspergillus niger

43

47
40
42
32
30

20
32
36
36
43
48
60
52
46
42
40
40
41
39
51
38

53
59

66

69
63
54
45
39

26
43
51
52
61
67
80
74
73
69
68
63
56
48
82
57

100
100

18
20

Trace

17
Trace
Trace

St

19
Trace
Trace

17

Trace
19

20
25

Table 2. Comparative MID’s of garlic juice, Alliophil (ethanolic extraxt) and Allio-

stabil assayed by the twofold agar dilution method

MID, per cent basic solution

Organism tested

Garlic juice Alliophil Alliostabil
Bacillus subtilis ATCC 6633 0.306 5.0 2.5
Sarcina lutea R-262 0.306—0.612 7.5 2.5
Proteus vulgaris OXyq 0.612 7.5 3.75
Candida arborea 0.153 1.25—2.5 1.25

Inoculum size; approx. 0.5X1068 CFU/ml. The MID values for C. arborea deter-
mined in malt-agar (7° Blg), other organisms tested in nutrient agar 1.4% at 35°

for 24 hours incubation.
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Table 3. Biostatic and biocidal action of garlic juice and garlic preparations deter-
mined by the twofold broth dilution assay procedure for Bacillus subtilis ATCC 6633
as a test organism

Incubation period 2 10 15 Ratio
(days) of
Preparation MID, per cent basic solution MBD/MID
Garlic juice 0.153 0.306 0.306 2
Alliostabil 0.306 0.612 1.25 4
Alliophil
ethanolic solution 1.25 3.7 7.50 6
aqueous solution 10 10 >10 —
Sanhelios 333 10 >10 >10 —
Assay medium and pH value; nutrient broth, pH 6.5; — not determined. The

MBO values (maximal biocidal dilution); lowest allicin concentration in the garlic
solution resulting in no visible growth after 15 days incubation.

shown in Table 3. For the garlic juice the ratio of MBD/MID was 2, and
for Alliostabil and Alliophil were 4 and 6, respectively, Generally, the
antimicrobial action of garlic by the twofold broth dilution method was
two times as strong as that of Alliostabil, and eight times as strong as
that of ethanolic solutions of Alliophil. However, the antibiotic activity of
Sanhelios 333 was very weak, only at 10% concentration the growth of
B. subtilis was completely inhibited for 3 days.

Allicin is an oil with a characteristic garlic scent, soluble in benzene,
ethanol and ether; its solubility in water at 10° comes to 2.5%. In agqueous
solutions or in dry base allicin becomes inactive at room temperature after
two days, forming a mucilaginous liquid (7). From the above findings and
comparisons, it is reasonable to conclude that the comparatively weak
action of Alliophil and Alliostabil was connected with the insignificant
diffusion of this antibiotic to solid agar media (when they bioactivity were
assayed by diffusive methods) as with the inactivation of allicin after
isolating this antibiotic from garlic tissues. Similarly, Kabelik (6) has
been reported that aqueous, ethanolic and acidic extracts from garlic bulbs
possessed a weak antimicrobial activity, however, lyophilizate of garlic
contains a considerable amount of allicin activity (5). In fresh garlic juice
there is both a precursor of this antibiotic and an active enzyme alliinase
capable of transforming alliin into allicin and this explains the strong
bactericidal action of garlic bulbs.

The authors of this communication do not deny the antimicrobial action
of Alliophil and Alliostabil, but they call in question the use of these as
remedy. They think garlic bulbs are more powerful. All our experiments
were performed in vitro.
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Otrzymano 8 II 1978,

STRESZCZENIE

Przy uzyciu szeregu metod oznaczania aktywno$ci antybiotyk6é4w poréwnano
przeciwdrobnoustrojowe dziatanie czosnku (soku i miazgi) z aktywnoS$cia preparatéw
czosnkowych produkowanych w Polsce. Dziatanie Alliofilu (przygotowanego wg po-
danej w Metodach procedury) i Alliostabilu bylo przej§ciowe, biostatyczne, a przede
wszystkim stabsze od dzialania soku czosnkowego, szczegblnie przy zastosowaniu
dyfuzyjnych metod testowania. Stosunek dawki bbdjczej do biostatycznej MBC/MIC
wyznaczony dla soku z czosnku, Alliostabilu i Alliofilu, wynoszacy odpowiednioc 2,
4 i 6 wskazuje, ze allicyna po wyizolowaniu z tkanek czosnku i odwodnieniu ulega
w duzym stopniu inaktywacji oraz stabo dyfunduje do stalych podlozy agarowych.
Natomiast sok czosnkowy zawierajacy alliine -—— prekursor allicyny oraz allinaze,
enzym odpowiedzialny za enzymatyczng konwersje prekursora do formy aktywnej
biologicznie, okazal sig silnym, o szerokim spektrum dzialania, $rodkiem przeciw-
drobnoustrojowym.

PE3IOME

IIpu ucnonb3oBauuyu (ynotpebieHuy) pAfa METOAOB ONpeNEJIEHMS aKTHMBHOCTM aH-
TubMOTUKOB CpaBHEHO NPOTMEMUKDPOOPTaHM3MOBOE NEICTBME [eCHOKa (COKa M Me3ry)
C aKTUMBHOCTBIO Y“E€CHOUHBIX IIpenapaToB, BoblpabarpiBaemMbix B Iloabme. JleficTBue
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Annnocdbuna u Anamocrabunia OblI0 KPAaTKOBPEMEHHOE, OMOCTATHMYHOE, a NpPeXAe BCe-
FO 3HauMTENbHO Cnabee, yem geVicTBME YECHOYHOI'O COKa, OCOGEHHO NIpM IPUMEHEeHWH
Audpdy3tHbIX MeTOAOB onpegenenus. Oruomenme ybmitcTBeHHOM A03bI K 6GMocTaTmy-
"ot MBC/MIC, nHa3nadeHHOe AJA YEeCHOYHOrOo COKa, Aaamoctabuna n Ananoduna, co-
cTaBidAwIlee (paBHAKNIeecA) COOTBETCTBEHHO 2, 4 u 6 yKasniBaeT, YTO aJdJMIMHA
1ocNe M3OJIMPOBAHMA M3 TKAHM YECHOKa M BOJOOTJMBA IOfABepraerca B 0OJbINOM
CTEIleHM MHAKTMBaLMM, KakK TakzxKe cjJabo audyHAyer K NOCTOAHHBLIM arapoBLIM Ma-
TePMHCKMM TIOpOZiaM. YecHOUHBII COK XKe, COJepIKauiMi aljMHy — IPEeKypcop aljau-
UMHBI, a TaKXe ajauHaldy, (PepMEHT OTBETCTBEHHbLIN 3a 9SH3UMATHUUHYIO KOHBEDPCMIO
npekypcopa A0 6mosorirtieckuM aKTUBHOI (DOPMEBI, OKa3aJjiCd CMIBHBIM, B IUMPOKOM
CIIEKTpe AEMCTBUA NPOTUBMMKPOOPTaHM3MOBBIM CPECTBOM.



