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Antimicrobial Composition

The present invention is concerned with antimicrobial
compositions, and the use thereof in the health/nutrition
industry as dietary supplements, and as silage treatment agents.

It is known that antimicrobial materials can be
extracted from the plant family Allium (which includes edible
plants such as onions, chives, shallots, leek and garlic). The
antimicrobial properties of garlic are well documented and garlic
juice has been shown to inhibit the growth of a variety of

pathogenic micro-organisms including Staphylococcus, Klebsiella,

Proteus, Escherichia coli and Salmonella.

The antibacterial activity of garlic is attributed very
largely to a compound known as allicin. About 0.24% (w/w) of
each garlic clove consists of a compound known as alliin which is
a non-odoriferous derivative of the amino acid cysteine.
Intracellularly separated from the alliin in the garlic clove is
an enzyme known as alliinase.

When the garlic clove is crushed, the alliinase comes
into contact with the alliin to produce the odorous, unstable,
water-soluble substance known as allicin (diallyl thiosulphinate).

Allicin decémposes readily to form a variety of
intermediate products ultimately consisting of a mixture of allyl
sulphides. This degradation process occurs at room temperature
but is very much faster at elevgted temperatures. The

degradation products of allicin (i.e. the diallyl sulphides) have

very little antimicrobial activity.
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- The mode of action of the allicin is largely unknown,
but it is thought to act by blocking important metabolic enzymes,
particularly those containing reactive SH groups. Alternatively,
it may act by disrupting the microbial cell metabolism by
interfering with protein function or by binding to cysteine and
glutathione and inhibiting their activity.

The antifungal activity of garlic appears to be a
combination of the effects of allicin and a specifically
antifungal breakdownrproduct of allicin known as ajoene. It has
been found that lipid synthesis in C. albicans can be completely
inhibited in thé presence of garlic extract.

Dried (or freeze-dried) garlic powder is also known,
which is prepared by crushing garlic cloves and then drying the
crushed material. This results in reaction of alliin with
alliinase to produce allicin.

We have now discovered that improved antimicrobial
materials can be obtained from plant sources if special
procedures are adopted which have been found to avoid reaction

between alliin and allinase.

.

According t; the invention, there is provided an
antimicrobial composition which comprises dried non-pathogenic
micro-organisms in combination with an antimicrobial material
derived from the plant family Allium, the antimicrobial material

comprising alliin and alliinase and being substantially free of

allicin.
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Known antibiotic cohpositions uéed to treat
gastrointestinal disorders tend to have b:oad spectrum activities
and act on both pathogenic and beneficial organisms in the
gastrointestinal tract, leaving the gut susceptible to
reinfection by pathogenic organisms. In contrast, the
antimicrobial composition according to the invention acts
selectively against pathogenic organisms, attacking pathogenic
micro-organisms but not beneficial micro-organisms.

The antimicrobial composition according to the
invention preferably comprises a carrier which is substantially
unaffected by culture growth of pathogenic micro-organisms
thereon (which carrier may be the antimicrobial material, the
non-pathogenic micro-organisms, or another material which does
not substantially interact with either said antimicrobial
material or with said non-pathogenic micro-organisms).

The composition according to the invention may be used
for therapeutic treatment of certain microbial mediated diseases,
particularly those of the gastrointestinal tract, e.g. enteric
disease caused by E. coli, rotavirus and Candida spp and
microbially mediated diseases of the urinogenital tract, e.g.
where Candida albicans is implicated, and/or for the improvement
of the health and well being of the subject being treated.

The present invention encompasses the selective use of
micro-organisms of any of the genera Lactobacillus,
Bifidobacteria, Streptococcus ahd Pedioccus in combiantion with

the antimicrobial composition according to the invention.
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The microbial component of the composition of the
present invention provides a source of beneficial micro-organisms
which will effectively compete with any potential pathogens
present in the gastrointestinal tract, and should therefore be
capable of colonising the small intestine of the host when the
composition is used for administration to animals.

The gastrointestinal tract of the neonatal animal is
sterile at birth but it rapidly becomes colonised by the micro-
organisms prevailing in the natural environment. It is
essential that the organisms that colonise the gastrointestinal
tract at that stage are the beneficial organisms which will
effectively prevent the establishment of pathogens. However, the
pathogens tend to grow more rapidly than the beneficial organisms
and this is one reason why disease occurs in young animals.

Preferably the microbial component present in the
compposition according to the invention comprises at least
one strain of a host-specific, non-pathogenic Gram-positive
bacteria which:

1. attaches to the epithelial tissue of the small intestine of

the host;
2. is resistant to at least 3% (w/w) bile salts;
3. has a doubling time of less than two hours in vitro:; and
4; is a homo- or hetero-fermentative lactic acid producer with

greater than 40% by molarity of the acid produced thereby

being lactic acid.
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The microbial component preferably substantially
retains its stability and characteristic features after being
subjected to a typical production strategy of fermentation,
centrifugation and spray- or freeze-drying. The microbial
component is combined according to the invention with the
antimicrobial material in such a way that allicin production is
not triggered until the composition is put info use.

A preferred microbial component for use in the
composition according to the invention is of the species
Lactobacilius acidophilus or Lactobacillus plantarum.

The plant extract component of the composition
according to therpresent invention is typically obtained either
from the drying of substantially the entire bulb of the relevant
Allium species (which includes many well known edible plants such
as onions, chives, shallots, leeks and garlic). The preferred
source of the plant extract is Allium sativum (garlic).

The antimicrobial activity of the antibacterial
material present in the composition according to the invention
has been found to be highly selective. We have found that there
is no adverse effect on selected members of the beneficial
lactobacillus microbiél population of the gastrointestinal tract.

It is preferred that fresh substantially whole garlic
cloves are freeze dried to produce garlic granules or powder, for
use in the composition according to the invention. The free:ze
drying process entails the rapid freezing of the substantially
whole cloves followed by gently drying from that frozen state at

temperatures between -25 and -5 degrees Celsius.
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In the composition according to the invention, more
than one species of micro-organism may be present. The dosage of
micro-organisms depends largely on the target host and the
treatment required, but the dosage of micro-organisms inrany 24
hours period is typically from 1 x 107 to 1l x 10 12. The dosage
of the antimicrobial material also depends upon the target host
and treatment required, but the dosage of fresh garlic equivalent
administered over a 24 hour period is generally between 1 and
10,000 mg. The formulation may be provided in any suitable form,
such as a powder, in powder tablet, capsule or similar form, or
as a powder which is reconstituted with water.

According to the present invention there is also
provided a method of therapeutic treatment which comprises
administering to an animal, simultaneously or successively, an
antimicrobial material derived from the plant family Allium,
which comprises alliin and alliinase and is substantially free of
allicin, and at least one species of non-pathogenic micro-
organisms, such that the antimicrobial material acts selectively
against pathogenic micro-organisms present in the animal.

There is further provided a kit for combatting
pathogenic micro-organisms in the gastrointestinal tract of
animals or for treatment of silage, said kit comprising a first
receptacle containing an antimicrobial material derived from the
plant family Allium, and a second receptacle containing at least
one species of non-péthogenic micro-organisms, in which the
antimicrobial material comprises alliin and alliinase and is

substantially free of allicin.
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It is also intended that lower dosage levels (sub-
therapeutic amounts) of the composition aécording to the present
invention may be used in the animal feed industry as a growth
promoting agent, in a similar way to the way in which sub-

therapeutic levels of antibiotics are currently used to perform

such a function.

The composition according to the invention may be used
where physiological, emotional or environmental stresses are
placed on the patient which profoundly alters the balance of the
microflora. This may include events such as post-antibiotic
therapy, post-drug therapy and menstruation in human cases, and
weaning in the case of domestic animals.

In addition to its activity against pathogenic
bacteria, the composition according to the invention has
antiviral properties and in vitro activity against influenza B
virus. This is particularly important in view of the fact that
a large percentage of the cases of dia;rhoea in young animals
have been attributed to strains of rotavirus rather than to

bacterial sources.

) Ensilage is ,a major way of adequately preserving
forage as a winter feed. The ensilage process basically allows
lactic acid bacteria to convert sugars in the forage to acids,
notably lactic acid. The production of this acid and the
resultant pH drop results in a material which stabilises at about

pPH 4.0 where further spoilage is prevented by the silage being

kept in anaerobic/microaerophilic conditions.
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A major problem in silage is aerobic spoilage which
occurs when it is exposed to the air at time of feeding out to
the livestock.

This aerobic spoilage is mainly caused by yeasts and

moulds which multiply to a large degree before the lactic

fermentation of the silage has been completed. This higher

population level is benign when the silage is anaerobic, but when
exposed to the air, the yeast and mould population rapidly
multiply, utilising residual sugar and lactic acid, and
producing ethanol and acetic acid, which is undesirable.

The addition of lactic acid cultures to forage to
encourage and hasten the ensilage process is now well
established. The species normally used is Lactobacillus
plantarum. By adding the composition according to the invention
at the time of ensilage, the proliferation of the yeast and mould
population is dramatically reduced whilst not interfering with
the desirable ensilage fermentation. The end result is that when
opened to the air during feeding out, there is a much greater
delay in the onset of aerobic spoilage.

The following Examples are given by way of illustration

only.
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EXAMPLE 1

Whole garlic cloves were peeled to remove the brittle
outer skin. The clove was left entirely intact (cutting the scar
causes some allicin to be produced). The cloves were then frozen
to -30°C. Primary freeze drying took place with the product at

temperatures between -25°C and -5°C.

When the primary freeze drying phase was completed, the
temperature of the garlic cloves rose rapidly to +20°C where it
remained whilst secondary drying took place to remove desorbed
water. This took approximately 2 hours, the entire drying
process taking Between 12 and 24 hours.

The resulting freeze-dried powder contained 1.55%
alliin and had allicin potency (as measured by the size of zone
of inhibition of the yeast Candida Albicans) of 15mm.

Similar results, but with slightly less allicin
potency, were obtained by cutting off the scar at the end of each
clove to accelerate moisture loss during the freeze-drying
process.

Again similar results were cbtained by cryogenically
crushing, dicing or milling of the frozen whole cloves, reaction
between alliin and alliinase being substantially prevented by
ensuring that the temperatures did not exceed 20°c at any point.

The results achieved using freeze~dried whole garlic

cloves are compared with those from crushed garlic in the

following table.
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~ Alliin Allicin
(Micrograms/gram Powder) Potency

Whole cloves freeze dried
(according to the invention) 1.55% 15

Crushed garlic 4°C 30 mins
Freeze Dried 0.42% 13

Crushed garlic 4°C 2 hours
Freeze dried 0.11% 12

Crushed garlic 4°c 24 hours
Freeze dried Trace 9.5

Crushed garlic 20°C 30 mins
Freeze dried 0.04% 11

Crushed garlic 20°C 2 hours
Freeze dried Trace 10

Crushed garlic 20°C 24 hours

Freeze dried Trace 6

The above table demonstrates the rapid reduction in the
level of alliin after disintegration of a garlic clove, and the
concomitant decrease on the allicin potency as demonstrated by a

bioassay methoed against the yeast Candida albicans.

The results show that allicin is rapidly produced from
alliin and alliinase even at low temperatures. Also the
antimicrobial activity of"the preparation is decreased after
allicin is formed and this decrease is dependent both upon time

Pl

and temperature.
In the extreme cases above, garlic cloves which were
crushed and kept for 24 hours at 20°C before freeze drying had

only 40% of the activity of garlic which was freeze dried as the

whole clove.
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The Allicih potency (measured.in mm) was assayed as
follows:

Equidistant wells were bored in agar plates containing
MRS (de Mann, Rogosa and Sharpe) medium. The plates were then
seeded with a lawn of Candida Albicans.

An overnight mixture of the organism was prepared and
the agar plates were flooded with standardised concentrations of
the mixture and the excess culture was removed. The lawns of
the various cultures were allowed to dry and then the garlic
preparations (at 20 mg/ml) were added to the wells in equal
concentrations.

The efficacy, or allicin potency, was detected as a
zone of clearing around the well containing the garlic and the
comparative activities could be assessed by the diameters of the
zones (in mm) in inhibition.

The test was repeated for several other micro-
organisms, using freeze dried whole garlic cloves according to
the invention, at 50 mg/ml; the results are given in the

following table:

Organism Diameter of Zone (mm)
E. coli 56

C. albicans 42

S. faecium . No inhibition

S. aureus 40

L. acidophilus _ No inhibition

L. plantarum No inhibition

SUSATITIITE SHFFT
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This showed that the freeze dried garlic had a
significant inhibitory effect on the growth of thg pathogenic
organisms viz. E. coli, C. albicans and Staph aureus. However,
the freeze dried garlic preparation did not have any adverse
effects on the growth of "beneficial™ intestinal organisms such
as L. acidophilus,S. faecium or L. plantarum and can therefore
be combined therewith to produce compositions according to the
invention.

The organisms L. acidophilus and L. plantarum referred
to above were isclated from the pig's gut were identified and the
Gram positive organisms were selected for further study.

The chosen organisms were put through a screening
procedure and five strains of Lactobacillus were finally selected
on the basis of their performance. These strains were not fully
identified but were:

Lactobacillus acidophilus

Lactobacillus delbruekii

Lactobacillus plantarum
Lactobacillus s '
Lactobacillus sp

On the basis of these results, the organisms were

Pl

subjected to the production regime and two of the strains showed

good survival through the process; these were the L. acidophilus
and L. plantarum referred to above.
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EXAMPLE 2
The Antimicrobial effect of the Composition In Vitro.

The effects of the composition were tested in vitro
using the plate/well method previously described. The
composition was prepared according to the formulation used for
field trial studies and was added to the wells directly. The
antimicrobial activity was tested against C. albicans (which was
used as the reference organism for testing antimicrobial
activity) and E. coli, which is a strain known to be pathogenic

to pigs and so provides a good indication of the potential

activity of the composition.

Organism Diameter of Zone (mm)
C. albicans 15

E. coli 9

L. acidophilus No inhibition

L. plantarum No inhibition

The zones observed during this study were smaller than
those observed previously because the garlic concentration (of

the composition) was 20 mg/ml compared with the 50 mg/ml used in

s

the previous study.

EXAMPLE 3
Effect of strains of Lactobacillus on the growth of C. albicans
In Vitro.

It is very difficult to demonstrate the potentially
inhibitory activity of Lactobacillus in the laboratory.

However, a system has been developed which involved the growth of

various strains of Lactobacillus at 30°C for 24 hours and then
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spinning down to obtain the sﬁpernatants which were filter
sterilised and used as the agqueous phase for fresh batches of
media. The plates which were prepared were inoculated with a
pathogenic strain of Candida and the effects of the Lactobacillus
growth media on the growth of the yeast were observed.

The results are shown in the following table:

Orgarnism Inhibition of Growth (%)
L1 40
L 4 58
L5 0
L 6 69
L7 99
L8 99
L9 100
Llo 98
Lll 0
Acidic pH : 63

As can be seen, using thisz modified in vitro method for
assessing the inhibition of C. albicans, several! strains of

Lactobacillus can inhibit the growth of the pathogenic yeast.

EXAMPLE 4

Population Growth of Yeasts and Moulds of Grass Silage Exposed to
Air for Feeding to Livesteck

Number of Yeasts & Moulds
Immediately on After 72 hrs
Exposure to air Exposure to air

Freeze dried Alliin and Alliinase%* S.Oxloz/g 6.5x104/g
(100mg/kg)

Freeze dried Lactobagillus
Plantarum* (1.0 x 10°/kg)

Freeze dried Lactobacillus
Plantarug* Applied at

1.0 x 10°/kg) - 2.3x10%/¢  1.47x107/g
Control l.9x104/g >2x108/g

*All treatments applied at time of ensiling.

SUBSTITUTF ]NFEFT




«*

&

WO 92/07575 ' PCT/GB91/01885

-15-

Rll the above silages had satisfactory fermentation

Vprofile with pH values ranging from 3.8 - 4.1.

Visually, the control sample was showing signs of mould
growth at the end of 72 hours. The sample treated with L.
plantarum alone was visually not as appealing as the sample with

alliin-alliinase and L. plantarum applied together.
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CLAIMS:

1.

An antimicrobial composition which comprises dried non-
pathogenic micro-organisms in combination with an
antimicrobial material derived from the plant family Allium,
said antimicrobial material cbmprising alliin and alliinase

and being substantially free of allicin.

A composition according to claim 1, which further comprises
a carrier which is substantially unaffected by culture
growth of pathogenic micro-organisms thereon, and which does
not substantially interact with either said antimicrobial

material or with said non-pathogenic micro-organisms.

A composition according to claim 1 or 2, wherein said non-
pathogenic micro-organisms comprise any of the genera

Lactobacillus, Bifidobacteria, Streptococcus or Pediococcus.

A composition according to any of claims 1 to 3, wherein
said species of said non-pathogenic micro-organisms
comprises Lactobacillus acidophilus, Streptococcus faecum or
Lactobacillus plantarum. '

A composition according to- any of claims 1 to 4, wherein
said antimicrobial material is derived from a plant source
of said plant family by freeze-drying of substantially whole

cloves thereof.
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A composition according to any of claims 1 to 5, wherein

said plant family comprises Allium sativum.

composition according to any of claims 1 to 6, wherein

said non-pathogenic micro-organisms are freeze-dried.

A kit for combatting pathogenic micro-organisms in the
gastrointestinal tract of animals or for treatment of
silage, said kit comprising a first receptacle containing an
antimicrobial material derived from the plant family Allium,
and a second receptacle containing at least one species of
non-pathogenic micro-organisms, characterised in that the
antimicrobial material comprises alliin and alliinase and is

substantially free of allicin.

A method of treatment of silage, which comprises
administering thereto a composition according to any of

claims 1 to 7.

10. A method of therapeutic treatment which comprises

administering to;an animal patient, either simultaneously or
successively, an antimicrobial material derived from the
plant family Allium, which comprises alliin and alliinase
and is substantially free of allicin, and at least one
species of non-pathogenic micro-organisms, such that the
antimicrobial material acts selectively against pathogenic

micro-organisms present in the patient,
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