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MARKING OF MATERIAL, MARKED MATERIAL AND PROCESS OF
AUTHENTICATION OR DILUTION DETERMINATION

FIELD OF THE INVENTION

[0001] The present invention is directed to the marking of commercial bulk products,
so as to allow for the verification of the genuine nature and the absence of dilution of said
products. Methods are disclosed for in-product marking, preferably invisible, as well as
corresponding authentication procedures that permit determinations in the ficld as well as
off-the-field for even more precise laboratory verification of adulteration levels of

marked products.

BACKGROUND OF THE INVENTION

[0002] In a global economy, which facilitates the trans-boundary movement of
commercial goods, there is an increasing need, from the side of tax authorities and brand

owners, for methods allowing to control the genuine nature of merchandise.

[0003] In the particular case of bulk products, such as distilled alcoholic beverages,
perfumes, medical preparations, fuel and the like, most counterfeiting is actually
performed by replacement or adulteration of the original contents, while recycling
original packaging. Bulk products or bulk materials, in general, are divided solid or liquid

materials which are handled by volume or by weight.

[0004] Material-based security solutions (overt and covert), incorporated into inks and
applied through various printing processes, cfficiently allow to distinguish genuine
packaging from counterfeit one. However, a genuine packaging alone is no warranty by

itself for that the product content is genuine too.

[0005] Product adulteration, i.e. the "dilution’ of a genuine product with a low-grade
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counterfeits is hereby of particular concern. For example, a distilled alcoholic beverage,
for which the taxes have been paid, might be subsequently diluted to a certain extent with
an alcoholic “back-yard -product, manufactured out of tax. Such adulteration causes
important losses to the state and can also have consequences to public health, in case
where the "back-yard™ alcohol of poor quality contains larger amounts of methanol and/or

other toxic contaminants.

[0006] In the medical field, the dilution of drugs is particularly troublesome because
dilution can lead to ineffectiveness of the drug. Moreover, dilution can lead to the lack of
use of a therapeutic dose leading to the lack of preventive and/or therapeutic activity of
the diluted material. For example, it will be extremely useful to authenticate and/or
quantify drugs not only for humans for also for other animals, such as, chickens, pigs and

calves.

[0007] The in-product marking and the authentication of bulk products is the object of
numerous disclosures of the prior art: U.S. Pat. No. 5,156,653 discloses the marking of
petroleum products with latent dyes (added at the level of parts per million), which can be
subsequently revealed through a coloring reaction. U.S. Pat. No. 5,980,593 discloses the
use of latent fluorescent markers, U.S. Pat. No. 5,498,808 the use of fluorescein esters, all
for the same purpose. The use of NIR absorbing or emitting colorless dyes as markers has
furthermore been disclosed in U.S. Pat. No. 5,525,516, U.S. Pat. No. 5,998,211, U.S. Pat.
No. 5,804,447, U.S. Pat. No. 5,723,338 and U.S. Pat. No. 5,843,783. The disclosures of

these patents are incorporated by reference herein in their entireties.

[0008] Morcover, methods and colorants suited for incorporation into products for
human application, such as alcoholic beverages, perfumes and medical preparations, are
known as see, for example, U.S. Patent Nos. 8,071,386 and 8,268,623. The disclosures

of these patents arc incorporated by reference herein in their entireties

[0009] U.S. Pat. No. 5,942,444 and U.S. Pat. No. 5,776,713, which are incorporated by
reference herein in their entireties, disclose biologic marking agents, to be detected with a

specific, monoclonal antibody. The technology suffers, however, from certain limitations,
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too: a) The preparation of monoclonal antibodies to specific marker molecules is costly
and time-consuming, inhibiting a fast "change of code’ to a new marker and detection
system; b) the amount of marker which must be present (¢.g. 20 ppm in "Eau de
Cologne" or in Whiskey) can be observed with the help of modern analytical tools such
as GC-MS and HPLC, and this the easier as both methods recommend that no similar
chemicals should be present in the product aside the marker, i.e. that there may be no
"forest to hide the tree"; ¢) the proposed detection system is only of qualitative nature,
able to detect the presence of a counterfeit or adulteration, without, however, the

capability of quantifying the degree of adulteration.

[0010] US 2002/0048822 Al, which are incorporated by reference herein which are
incorporated by reference herein, discloses the marking of a product with a marker
molecule which can be electrochemically reduced or oxidized. Presence and amount of
the marker is electrochemically determined with the help of amperometric or coulometric
clectrodes. The proposed preferred authentication method is liquid chromatography
(HPLC) separation coupled to an electrochemical detector, which is however not suitable
as a field-portable auditing instrument. The method recommends as well that the product
should be free of other electroactive compounds, i.e. that there may be no "forest to hide

the tree".

[0011] U.S. Pat. No. 5,981,283 and U.S. Pat. No. 5,474,937 which are incorporated by
reference herein in their entireties, disclose the marking of liquids by non-radioactive
isotopic compounds. The marker is of similar nature as the product to be marked and can
thus be perfectly hidden. Only sub-ppm amounts of markers are furthermore required, i.c.
typically parts per billion (ppb). The authentication is performed by modem analytical
tools, comprising a gas-chromatography (GC) or electro-spray mass-spectroscopy (MS)
separation step, followed by a classical fragmentation-mass-spectroscopy (MS) analysis
step. However, even this approach suffers from limitations: a) The deliberate addition of
isotopically marked compounds into food or beverage products is increasingly less
tolerated by regulatory authorities; b) the cost of isotopic marking compounds is rather

high, although the choice of such compounds is almost limitless; ¢) the authentication, by
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GC-MS or MS-MS, of ppb amounts of markers is time-consuming and requires
expensive laboratory equipment and highly skilled operating personnel, which makes it

unsuitable for rapid field audits.

[0012] Despite the fact that solutions already exist, it remains that there is a need for
techniques compatible with almost real-time analysis in a critical environment (e.g.,

farm for mass production of chickens using veterinary products). Moreover, there is need
to be able to generate a quick and reliable response with the aid of basic or simple
devices. Thus, there is a need to for markings which provide even further advantageous

results over the prior art.

SUMMARY OF THE INVENTION

[0013] The marking method and marking for identifying the authenticity and/or the
genuine nature of the present invention applies to bulk materials, that means liquids or
divided solids which are handled on a per volume or on a per weight base. The method is
particularly suited for bulk materials which are destined to human, animal and/or poultry

application, such as food and drink, pharmaceutical preparations or cosmetic products.

[0014] There is provided a method for marking a material, comprising including a
blend of components having different fluorescent characteristics in the material, the blend
of components not being already associated with the material and at least one of the
components of the blend of components having a fluorescence that varies in spectral
position and/or intensity according to variation of pH, the blend of components being
included in the material in an amount effective to be qualitatively and/or quantitatively

determined.

[0015] There is also provided a method for determining whether a material is genuine
by determining presence of a blend of components which vary in spectral position and/or

intensity according to variation of pH, the blend of components having been added to the
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material as a marker, the components in the blend of components not being already

associated with the material prior to being added as a marker, comprising:

a) preparing an aliquot of a solvent containing a sample of the material at a
first pH;
b) measuring spectral position of the fluorescence of the aliquot of a) at one

or more excitation wavelengths;

c) adjusting the pH of the aliquot of b) to a second pH wherein at least one
component of the blend of components has at least one of a different spectral
position and/or intensity at the second pH than the first pH;

d) measuring spectral position of the fluorescence of the aliquot formed in ¢)
at one or more excitation wavelengths; and

e) comparing spectral position of the fluorescence between the fluorescence
measured in b) and the fluorescence measured in d) with known spectral positions
of at least two components of the blend of components at the pH’s used in a) and ¢)
to thereby determine whether the at least two components of the blend of

components is present in determining whether the material is genuine.

[0016] The method can further comprise:

f) dissolving in the aliquot of a) or ¢) different known concentrations, preferably
at least three known concentrations, of a fluorescence quenching agent, preferably one or
more halogen salts, the fluorescence quenching agent causing a progressive decrease in
fluorescent intensity with increasing concentration of the fluorescence quenching agent of
at least one component of the blend of components; g) measuring for cach known
concentration of the fluorescence quenching again a corresponding fluorescence
intensity;

h) determining a curve of variation of fluorescence intensity with concentration
of the fluorescence quenching agent; and

1) comparing the curve of'h) with a known (calibration) curve of concentration of
the fluorescence quenching agent versus fluorescence of at least two of the components

of the blend of components.
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[0017] There is also provided a method for authenticating if a material has been subject
to diversion or adulteration by determining the concentration of a two or more
components of a blend of components that has been added to the material as a marker, the
components in the blend of components not being already associated with the material
prior to being added as a marker, at least one of the two or more components of a blend
of components having a fluorescence which varies in intensity according to variation of
pH, comprising:

a) measuring fluorescence intensity of an aliquot of a solvent in the absence of the

components at an excitation wavelength as a noise base measure (NBM).

b) preparing an aliquot of the solvent containing a sample including a known amount

of the material at a first pH;

¢) measuring fluorescence intensity of the aliquot of b) one or more excitation

wavelengths;

d) adjusting the pH of the aliquot of b) to a second pH wherein at least one

component of the blend of components has a different intensity than at the first pH;

¢) measuring fluorescence intensity of the aliquot formed in d) at one or more

excitation wavelengths;

f) comparing a difference in fluorescence intensity between the fluorescence
measured in ¢) and the fluorescence measured in ¢) for at least two components of
the blend of components with a known difference in fluorescence intensity of the
components at the pH’s used in a) and ¢) to thereby determine the presence or
concentration of at least two components of the blend of components to permit a

determination of diversion or adulteration of the material.

[0018] The method can further comprise:

g) dissolving in the aliquot of b) or d) different known concentrations. preferably
at least three known concentrations, of a fluorescence quenching agent, preferably
one or more halogen salts, the fluorescence quenching agent causing a progressive
decrease in fluorescent intensity with increasing concentration of the fluorescence

quenching agent of at least one component of the blend of components;
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h) measuring for cach known concentration of the fluorescence quenching agent
a corresponding fluorescence intensity;
1) determining a curve of variation of fluorescence intensity with concentration of
the fluorescence quenching agent; and
j) comparing the curve of'i) with a known (calibration) curve of concentration of
the fluorescence quenching agent versus fluorescence to thereby confirm identity and/or

concentration.

[0019] The at least two different components can each comprise an alkaloid so that at

least two different alkaloids can be present in the material.

[0020] The at least two different alkaloids can include at least one alkaloid having a
pyridine moiety which is protonated, in a non-protonated state or in a form of a salt and at
least one second alkaloid have a beta-carboline moiety which is protonated, in a non-

protonated state or in a form of a salt.

[0021] The at least two alkaloids can be present in a concentration at a subppm level to
a ppm level, based on the total composition including the material and the at least two

different alkaloids.

[0022] The at least two different alkaloids can be present in a total concentration of the
at least two different alkaloids of 0.1 ppm to 100 ppm, based on the total weight of the

composition.
[0023] The variation of pH can be a pH variation of 2 to 6, or a pH variation of 2 to 4.5.

[0024] One of the two different alkaloids can comprise at least one of quinine and a
quinine salt, and another of the at least two different alkaloids can comprise at least one

of a harmala compound and a salt of a harmala compound and/or lucigenin.

[0025] The at least two different alkaloids can be selected from quinine, and salts of
quinine (e.g., quinine sulfate, quinine hydrochloride), lucigenin, harmine, harmane,
harmaline, harmalol, tetrahydroharmine or tetrahydroharmane, harmalan, harmilinic

acid, harmanamide, acetylnorharmine or acetylnorharmane.
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[0026] Each ofthe at lcast two different alkaloids can have a fluorescence that varies in
spectral position and/or intensity according to variation of pH. Also, only one of the at
least two different alkaloids can have a fluorescence that varies in spectral position and/or

intensity according to variation of pH.

[0027] At lcast onc of the at least two different alkaloids can have a fluorescence that is

quenched in the presence of a salt.

[0028] Morecover, the at least two different alkaloids can have a fluorescence that is

quenched in the presence of a salt.

[0029] The degree of quenching can be different for at least two of the at least two
different alkaloids.

[0030] The first pH can be a pH of from 5 to 8, and the second pH can be a pH of 3.5 or

below.
[0031] The excitation wavelength can be from 300 nm to 410 nm, or 340nm to 365nm.

[0032] The blend of components can comprise a blend of alkaloids. The blend of
alkaloids can include at least one alkaloid having a pyridine moiety which is protonated,
in a non-protonated state or in a form of a salt and at least one alkaloid having a beta-

carboline moiety which is protonated, in a non-protonated state or in a form of a salt.

[0033] One ofthe alkaloids of the blend can comprise at least one of quinine and a
quinine salt, and another of the alkaloids can comprise at lcast one of a harmala

compound and a salt of a harmala compound and/or lucigenin.

[0034] The blend of alkaloids can be sclected from quinine , and salts of quinine (e.g.,
quinine sulfate , quinine hydrochloride), lucigenin, harmine, harmane, harmaline,
harmalol, tetrahydroharmine or tetrahydroharmane, harmalan, harmilinic acid,

harmanamide, acetylnorharmine or acetylnorharmane.

[0035] Only one of the alkaloids can be chosen to change spectral position and/or

intensity, or at least two of the alkaloids can change spectral position and/or intensity.
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[0036] More than one halogen salt can be added to the sample, and effects of the more
than one halogen salt with respect to at least two components of the blend of components

can be determined.

[0037] The material can be combined with the solvent to obtain an aliquot of about

0.0001 to 3weight %, based upon the weight of the total weight of the aliquot.
[0038] The material can be a liquid, a solid, a gel, a colloid or a semi-liquid.
[0039] The alkaloid can be inert and non-deleterious to the material.

[0040] The material can be combined with the solvent to extract at least a portion of the

alkaloid from the material.

[0041] The pH can be adjusted by adding an acid that does not cause a decay in

fluorescence.
[0042] The solvent can be water.

[0043] The halogen salt can be selected from halogen chloride or halogen bromine, and

can be added at a concentration between 107 to 10™'M.

[0044] There is also provided a marked material which comprises an alkaloid blend
which is present in a concentration of 0.00001 to 0.3% by weight, based on the total
weight of the composition, preferably 0.0003 to 0.01% by weight, more preferably
0.0001 to 0.001% by weight.

[0045] The material can be selected from alcohol, medicinal and/or veterinary
preparation, perfume, liquid, cosmetic liquid formulation, and fuel. The material can be a
liquid, a solid or a gel, a colloid or a semi-liquid and contain water and/or organic

solvent.

[0046] There is also provided a material including a chemical key, the chemical key
comprising a blend of at least two different alkaloids having different fluorescent

characteristics, the at least two different alkaloids not being already associated with the
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material and one or more of the alkaloids, preferably two or more, having a fluorescence
that varies in spectral position and/or intensity according to variation of pH or
fluorescence quenching agent (e.g., halogen salts), the blend of alkaloids being included
in the material in an amount effective to be qualitatively and/or quantitatively

determined.

[0047] There is also provided use of an alkaloid in a material composition, such as a
liquid, for determining whether or not a material, such as a liquid material, has been
subject to diversion or adulteration wherein the concentration of the alkaloid blend is
between 0.00001 to 0.3% by weight, based on the total weight of the composition,
preferably 0.0003 to 0.01% , more preferably 0.0001 to 0.001% by weight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The present invention is further described in the detailed description which
follows, in reference to the noted plurality of drawings by way of non-limiting examples
of exemplary embodiments of the present invention, in which like reference numerals
represent similar parts throughout the several views of the drawings, and wherein:

Fig. 1 is a graph of fluorescence quenching by bromine ions with respect to
Harmane, Harmaline, Harmane and Harmalol;

Fig. 2 is a graph of Harmine emission spectrum with 364 nm.

Fig. 3 is a graph of Harmine and Lucigenine quenching with bromine ions;

Fig. 4 is a graph of Harmine and Lucigenine quenching with chloride ions; and

Fig. 5 is a graph of emission and excitation spectrum of Harmine and Lucigenine.

DETAILED DESCRIPTION

[0049] The particulars shown herein are by way of example and for purposes of
illustrative discussion of the embodiments of the present invention only and are presented
in the cause of providing what is believed to be the most useful and readily understood

description of the principles and conceptual aspects of the present invention. In this
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regard, no attempt is made to show structural details of the present invention in more
detail than is necessary for the fundamental understanding of the present invention, the
description is taken with the drawings making apparent to those skilled in the art how the
forms of the present invention, including embodiments of flakes and films, may be

embodied in practice.

[0050] Unless otherwise stated, a reference to a compound or component includes the
compound or component by itself, as well as in combination with other compounds or
components, such as mixtures of compounds.

(13 29 &C

[0051] As used herein, the singular forms “a,” “an,” and “the

29

include the plural
reference unless the context clearly dictates otherwise. For example, reference to “a
component” or “a fluorescence quenching agent would also mean that mixtures of one or
more components or one or more fluorescence quenching agents can be present unless

specifically excluded.

[0052] Except where otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims are to
be understood as being modified in all instances by the term “about.” Accordingly, unless
indicated to the contrary, the numerical parameters set forth in the specification and
claims are approximations that may vary depending upon the desired properties sought to
be obtained by the present invention. At the very least, and not to be considered as an
attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should be construed in light of the number of significant digits

and ordinary rounding conventions.

[0053] Additionally, the recitation of numerical ranges within this specification is
considered to be a disclosure of all numerical values and ranges within that range. For
example, if a range is from about 1 to about 50, it is deemed to include, for example, 1, 7,

34, 46.1, 23.7, or any other value or range within the range.
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[0054] The various embodiments disclosed herein can be used separately and in various

combinations unless specifically stated to the contrary.

[0055] The markings herein can be soluble in and can chemically withstand a largely
aqueous environment, such as provided by products for human and/or animal and/or
poultry application. The present invention also provides for stable preparations even
when packaged in transparent recipients, such as glass bottles, etc, in which such
products are often commercialized. Moreover, the present invention is sufficiently non-
toxic, especially when used in low concentrations that are detectable, so that the addition
of markers to a food, drug or perfumery products can be compliant with public health and

the prescriptions of regulatory bodies such as the FDA and/or the ATF bureau.

[0056] The present invention provides for in-product marking methods and techniques
for various products, without limitation, such as branded or taxed bulk goods which are

suited for human and/or animal and/or poultry application.

[0057] In particular, there is provided herein a marking method and markings for
identifying the authenticity and the genuine nature of various products, such as alcoholic
beverages, perfumes, and medical preparations, such as pharmaccuticals, wherein the
markings can be easily incorporated (by mixing or by dissolution) into bulk products, are
robust against aqueous environment and light, do not alter the properties (e.g.,. taste and
smell) of the marked products, do not have any negative impact on the health of the
consumer, and allow for a qualitative and/or quantitative determination of the level of

adulteration.

[0058] It is a further object of the present invention to provide a method of identifying
and assessing a correspondingly marked product, which is particularly suited for the

screening in the field, and which can be backed by even more precise laboratory analyses.

[0059] The method includes the incorporation into a material of at least two
components having different fluorescent characteristics. The components can be

included as a predetermined blend into the material to thereby provide a desired
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combination of the at least two components. Thus, different components and/or the
concentration of components can be varied to provide a desired marking of the material.
For example, one or more of the components can have a fluorescence intensity and/or
spectral position that varies with changing pH. Moreover, one or more of the
components can have a fluorescence that varies by interaction with a fluorescence
quenching agent that can be used when performing an analysis. Thus, for example, one
of the components can have a fluorescence that varies with a change a pH while another
component can have a fluorescence that does not vary with pH or varies with pH.
Moreover, one of the two components, which can be the same or a different component
than the component that changes fluorescence with pH, can have a fluorescence that

changes in the presence of a fluorescence quenching agent.

[0060] Preferably, the components are non-toxic to mammals, including dogs, cats,
sheep, calves, pigs, cows, humans , or poultry, such as, chickens. The non-toxic nature
can be achieved by the component being non-toxic in any amount. Also, the non-toxic
nature can be achieved by the component being present and being detectable at low
concentrations. Therefore, the components can be included in the material at a
concentration that is considered to be non-toxic, even if at a higher concentration of one

or more of the components may be toxic.

[0061] Through the choosing of blends of components, chemical keys can be devised
that permit identification of materials to which the blends have been added. Thus, for
example, a blend of components can be added to the material having known fluorescence
characteristics of the components therein at one pH as well as at a second pH and/or in
the presence of a pH quenching agent. By having a corresponding unique blend of
components, a unique chemical key is provided. The addition of the unique blend of
components leads to a specific blend having specific fluorescence characteristics for the
components, such as alkaloids, contained therein. The known fluorescence
characteristics of the components and how these fluorescence characteristics vary are
associated with a specific profile to thereby obtain a chemical key. The determination of
the specific profile (including how the fluorescence of one or more of the components

varies under one or more conditions, such as pH variation or the presence of one or more
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quenching agents can be used to attest that a product is genuine, because the product
contains a specific blend of components, such as a specific blend of alkaloids, as the

chemical key.

[0062] The chemical key can be included in a database so that the detected key can be
compared to keys included in the database to match with the known key in the database.
The chemical key could also be known by any party or individual with a need to track or
monitor and/or to check for authenticity of a product. For example, a producer and/or a

retailer can provide or be provided with the key.

[0063] Accordingly, a material can be marked by including at least two components
having different fluorescent characteristics as a blend of components in the material. The
components are not already associated with the material. One or more of the components
has a fluorescence that varies in spectral position and/or intensity according to variation
of pH. The components are included in the material so that their fluorescence can be
qualitatively and/or quantitatively determined. Preferably, the components are non-toxic

or are included in the material at a non-toxic concentration .

[0064] Preferably, each of the components comprises an alkaloid so that at least two

different alkaloids are present in the material.

[0065] One of the at least two alkaloids can include an alkaloid having a pyridine
moiety which is protonated, in a non-protonated state or in a form of a salt. Such an
alkaloid can include quinine or salts thercof, such as quinine hydrochloride and quinine

sulfate. The structure of quinine is illustrated, as follows:

-
”0\/"\7\?@
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[0066] Quinine has fluorescence propertics that vary with pH. Morcover, the
fluorescence of quinine can be quenched by and is dependent upon the concentration of
halogens, such as chloride ion and bromide ion. In this regard, quenching by using a
fluorescence quenching agent refers to any process which decreases or modifies the
fluorescence intensity and/or position of a component, ¢.g., quinine, of which
fluorescence intensity is being determined. The fluorescence quenching agent causes
quenching not directly by a change in pH, but can have different quenching effects at
different pH. For example, the fluorescence quenching agent can have varying
quenching effects at different pH. The quenching can be a quenching that provides a
decrease in fluorescence of the component and can also include quenching to such a
degree wherein the component no longer has a detectable fluorescence or a modification
of the position of the fluorescence peak (or integrated fluorescence intensity) of the

compounds used in the blend of alkaloids. .

[0067] Such an alkaloid can also include lucigenin (10-Methyl-9-(10-methylacridin-10-

ium-9-yl)acridin-10-ium dinitrate), as shown in the structure below:

[0068] Lucigenin has fluorescence properties that vary with basic pH (e.g., greater than
7 to about 10). Moreover, the fluorescence of lucigenin can be quenched by and is

dependent upon the concentration of halogens, such as chlorine and bromine.

[0069] One ofthe at least two alkaloids can include harmala alkaloids having a beta-
carboline moiety which is protonated, in a non-protonated state or a salt thereof. Such
alkaloids can include, for example, B-carboline (9H-pyrido[3.4-b]indole, harmine,

harmane, harmaline, harmalol, tetrahydroharmine or tetrahydroharmane, harmalan,
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harmilinic acid, harmanamide and acetylnorharmine or acetylnorharmane or lucigenin
has fluorescence properties that vary with pH, but less than quinine and changes at
strong basic pH, such as at basic pH, preferably 8§ to 12. Morcover, the fluorescence of
harmane can be quenched by and is dependent upon the concentration of bromine ion and
iodine ion, but not of chlorine ion. Thus, for example, one of the alkaloids can comprise
at least one of quinine and a quinine salt, and another of the alkaloids can comprise at
least one of a harmala compound and a salt of a harmala compound and/or lucigenin.

The at least two different alkaloids can be selected from quinine and salts of quinine
(c.g., quinine sulfate, quinine hydrochloride), lucigenin, harmine, harmane, harmaline,
harmalol, tetrahydroharmine, tetrahydroharmane, harmalan, harmilinic acid,

harmanamide and acetylnorharmine or acetylnorharmane.

[0070] The authentication procedure can include a blend of the components, such as a
blend of two or more of quinine, harmine, harmane and lucignen in order to obtain a
complex spectrum where the fluorescence of one component or more than one
component is modified by pH variation. For example, only the portion of the spectrum
originated by the quinine can vary in intensity and spectral position, changing at the same
time the overall shape. The pH variation affecting only one family of the molecules and
not the other family of molecules in the blend will be proofthat a predetermined blend,
i.c., a desired key, is present by having the predetermined blend of two or more

components and the expected pH variation.

[0071] Still further, as a further validation of the predetermined blend being present,
and hence the genuineness of the authenticated material, a further test can be made to
determine the blend of the components included in the material. In this regard, an aliquot
of a fluorescence quenching agent, such as a halogen in the form of a halogen salt,
including, for example, chlorine, bromine and iodine salts, such as NaCl, KBr, Nal, can
be added to the sample being analyzed. The fluorescence quenching agent can induce
quenching of the fluorescence of one or more of the components (fluorophores), which is
dependent upon the specific component and the related fluorescence quenching agent.
For example, a specific concentration of the fluorescence quenching agent, e.g., halogen,

can reflect the exact composition of the blend or a modification of the curve of a curve of
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fluorescence vs. pH can indicate the presence of particular compounds in the blend. The
Stern-Volmer plot quenching curve Io/I[q] as a function of the molar quencher
concentration (where Io is an alkaloid fluoresce intensity in absence of quenchers and
I[q] is the fluoresce intensity at a given quencher concentration represented by [q]) will
be characteristic of the alkaloid blend for a given halogen quencher. The fluorescence
quenching agent can be added at a concentration that provides sufficient decrease in

fluorescence to be determined, such as between 107 to 107'M.

[0072] The fluorescence quenching agent can quench all of the components of the
blend at different quenching rates depending on the given component, e.g., alkaloid, or
just one or more of them. For example, quinine or lucignen fluorescence can be
quenched by chloride ions, but chloride ions will have insignificant impact on the
fluorescence of harmanes. In contrast, bromide ions or iodide ions will act as a quencher
on all alkaloids although at different quenching rates. Accordingly, such variations in
the actions of the fluorescence quenching agents depending upon the specific components
in the blend can be used along with variations in pH sensitivity based upon the specific
components to assist in generating keys that uniquely identify the associated marking as

well as the associated marking including the specific blend.

[0073] The authentication procedure can include procedures to make a qualitative or
quantitative analysis of the sample. For example, the fluorescence baseline on an
equivalent unmarked product can be acquired. The fluorescence signal (intensity) from a
marked product can be acquired either at different excitation wavelength (in order to
excite separately the different marker components) or at one optimized excitation
wavelength but with a spectrally filtered detection (in order to discriminate between the
different fluorescence components of the markers blend). For this purpose, the detector
can be equipped with optical filters or dispersive gratings. Halogen salts (I, Cl, Br) can
be added in sequence at increasing quantitics and measuring at cach step the fluorescence
intensity. The curve of the obtained quenching curve can be measured to authenticate

the marker.
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[0074] In an alternative, when the product marking is done with more than one
component, there can be added in sequence two halogen salts at increasing quantitics
measuring at cach step the fluorescence intensity. The fluorescence intensity can be
measured either with a wavelength selective detection (by means of filters or gratings) or
by exciting selectively each alkaloid if the two alkaloids have different excitation
wavelengths. The resultant quenching curve of the alkaloid blend obtained can be used
to authenticate the marked product. In the alternative, separate quenching curves for a
blend of alkaloids can be arrived at with using at least two different halogen quenchers to

further assist in the obtaining of the chemical keys.

[0075] Thus, for example, each of the at least two different alkaloids can have a
fluorescence that varies in spectral position and/or intensity according to variation of pH.
Also, only one of the at least two different alkaloids can have a fluorescence that varies in
spectral position and/or intensity according to variation of pH. Moreover, at least one of
the alkaloids can have a fluorescence that is quenched in the presence of a fluorescence
quenching agent, such as a halogen salt, or more than one of the at least two different
alkaloids has a fluorescence that is quenched in the presence of a fluorescence quenching

agent, such as a halogen salt.

[0076] Still further, the degree of quenching can be different for at least two of the at

least two different alkaloids.

[0077] There is also provided herein a method for determining whether a material is
genuine by determining presence of a blend of components which vary in spectral
position and/or intensity according to variation of pH, the blend of components having
been added to the material as a marker, the components in the blend of components not
being already associated with the material prior to being added as a marker, comprising:
a) preparing an aliquot of a solvent containing a sample of the material at a first pH;
b) measuring spectral position of the fluorescence of the aliquot of a) at one or more

excitation wavelengths;
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c) adjusting the pH of the aliquot of b) to a second pH wherein at least one
component of the blend of components has at least one of a different spectral
position and/or intensity at the second pH than the first pH;

d) measuring spectral position of the fluorescence of the aliquot formed in ¢) at one
or more excitation wavelengths; and

¢) comparing a spectral position of the fluorescence between the fluorescence
measured in b) and the fluorescence measured in d) with known spectral positions
of at least two components of the blend of components at the pH’s used in a) and
¢) to thereby determine whether the at least two components of the blend of

components is present in determining whether the material is genuine.

[0078] To further define the chemical key with such a method, there can be provided:

f) dissolving in the aliquot of a) or ¢) different known concentrations, preferably
at least three known concentrations, of a fluorescence quenching agent, preferably one or
more halogen salts, the fluorescence quenching agent causing a progressive decrease in
fluorescent intensity with increasing concentration of the fluorescence quenching agent of
at least one component of the blend of components;

g) measuring for each known concentration of the fluorescence quenching agent
a corresponding fluorescence intensity;

h) determining a curve of variation of fluorescence intensity with concentration
of the fluorescence quenching agent; and

1) comparing the curve of'h) with a known (calibration) curve of concentration of
the fluorescence quenching agent versus fluorescence of at least two of the components

of the blend of components.

[0079] The methods disclosed herein also permit authenticating if a material has been
subject to diversion or adulteration by determining the concentration of a two or more
components of a blend of components that has been added to the material as a marker, the
components in the blend of components not being already associated with the material
prior to being added as a marker, at least one of the two or more components of a blend
of components having a fluorescence which varies in intensity according to variation of

pH, comprising:
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a) measuring fluorescence intensity of an aliquot of a solvent in the absence of the

components at an excitation wavelength as a noise base measure (NBM).

b) preparing an aliquot of the solvent containing a sample including a known amount

of the material at a first pH;

¢) measuring fluorescence intensity of the aliquot of b) at one or more excitation

wavelengths;

d) adjusting the pH of the aliquot of b) to a second pH wherein at least one

component of the blend of components has a different intensity than at the first pH;

¢) measuring fluorescence intensity of the aliquot formed in d) at one or more

excitation wavelengths;

f) comparing a difference in fluorescence intensity between the fluorescence
measured in ¢) and the fluorescence measured in ¢) for at least two components of
the blend of components with a known difference in fluorescence intensity of the
components at the pH’s used in a) and ¢) to thereby determine the presence or
concentration of at least two components of the blend of components to permit a

determination of diversion or adulteration of the material.

[0080] To further define the chemical key with such a method, there can be provided:
g) dissolving in the aliquot of b) or d) different known concentrations preferably at
least three known concentrations, of a fluorescence quenching agent, preferably one
or more halogen salts, the fluorescence quenching agent causing a progressive
decrease in fluorescent intensity with increasing concentration of the fluorescence
quenching agent of at least one component of the blend of components;

h) measuring for each known concentration of the fluorescence quenching agent
a corresponding fluorescence intensity;
1) determining a curve of variation of fluorescence intensity with concentration of
the fluorescence quenching agent; and
j) comparing the curve of'i) with a known (calibration) curve of concentration of
the fluorescence quenching agent versus fluorescence to thereby confirm identity and/or

concentration.
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[0081] In the methods disclosed herein, the pH can be varied to any degree wherein there
is a determinable shift in position and/or intensity of the fluorescence, exemplary useful
ranges include a pH of from 5 to 8 for the first pH and a pH of 3.5 or below for the
second pH.

[0082] Similarly, the excitation wavelength can be varied depending upon the
fluorescence characteristics of the components. Without limitation, useful emission
wavelengths include excitation wavelengths of from 300 nm to 410 nm, or from 340nm
to 365nm. Excitation wavelengths can be used that provide appropriate fluorescence and
can be varied by specific components of the blend of components and how the
fluorescence varies by pH and fluorescence quenching agent. Thus, one or more
excitation wavelengths can be used, such as one or more excitation wavelengths at
different pH. Moreover, for example, the one or more excitation wavelengths can be

different at different pH.

[0083] The device for measuring the fluorescence can be a device that measures the
spectrum, and can even be a device that can merely measure the peak (integrated
fluorescence intensity). The device used can therefore be varied for laboratory and field
use and can be varied depending upon the sensitivity of the desired test and the ensuring

of the accuracy of the key.

[0084] The curve that results when using the fluorescence quenching agent can be linear
or non-linear depending upon the fluorescence quenching agents and the components

used in the blend of components.

[0085] There can also be included in the blend of components ingredients that have
detectable parameters, such as a magnetic parameters; luminescent parameters; physical
parameters, such a size and/or shape; optical parameters, such as absorption and/or
reflectance characteristics that can be used as part of the chemical key. Thus, for
example, the inclusion of certain size particles that are not normally included in the

material to be marked can be used to even add a further level of detection.
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[0086] The material to be marked can be a liquid such as a distilled alcoholic beverage
or an Eau de Cologne, perfume , or a solid such as a pharmaceutical or veterinary
preparation or a cosmetic product or a petroleum product ¢.g. the fuel. The marker is
preferably incorporated into the bulk material by adding the components to the bulk
material, such as by adding the components separately the bulk material or adding a
composition containing the components. However, the incorporation can be achieved by
any manner of combining the material to be marked and the blend of components. For
example, the components can be added to the bulk material by adding one or more of the
components individually to the bulk material and one or more compositions containing
one or more components. Still further, one or more compositions, cach composition
containing onc or more of the components, can be added to the bulk material. As

discussed above, the material can be a liquid, a solid, a gel, a colloid or a semi-liquid.

[0087] As noted above, the components are preferably non-toxic, Thus, the addition or
incorporation of such components and the resulting concentration preferably complies
with various and numerous legal requirements in force for food, drugs, cosmetics. The
amount of the marking composition and especially the individual concentrations of the
components incorporated in the marked material or product can be easily kept at non-

toxic levels in case the marked material or product is intended for human or animal use.

[0088] The components can be present in a concentration at a subppm level to a ppm
level, based on the total composition including the material and the at least two different
alkaloids. The at least two different alkaloids are present in a total concentration of the at
least two different alkaloids of 0.1 ppm to 100 ppm, based on the total weight of the

composition.

[0089] The method of marking a material, preferably a liquid comprises a) choosing a
desired blend of components as a chemical key for the material to be marked; and b)
combining the blend of components with the material to form a marked composition.
The concentration of ecach component in the blend of components is preferably below a
toxic concentration. Moreover, the total concentration of all of the components of the

blend of components is preferably below a toxic concentration, especially when the
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material is intended for use in a form for contact and/or consumption by an animal, such

as a food or pharmaceutical product.

[0090] When the material is in liquid form, the material can be an aqueous or a non-

aqueous liquid.

[0091] Morcover, the analysis of the material can include extraction of the components
from the material, such as by extraction of the components from the sample into an
aqueous liquid, such as water, alcohol, organic solvent or mixtures thereof (if forensic

analysis is required).

[0092] The concentration of the components in the marking composition and/or
identification of the components and the baselines with respect to pure solvents can be
maintained in a database. Moreover, the reference values may also be added directly to
the product label as a code which will be readable for authentication purposes. Thus,
reference values can be provided to authorized personal by the manufacturer of the
product who has marked the product. The reference values can also be already available
in form of'a code for example applied on the container of the marked material. Beside
these ways there are still other ways known to the skilled person to provide reference

data.

[0093] The marking methods according to the present invention are particularly suited
for marking bulk products destined to human or animal application or use, in particular
products selected from the group of products comprising alcoholic beverages, perfumes,

cosmetic products, and pharmaceutical or veterinary preparations or petroleum products.

[0094] The variation of pH for changing the fluorescence characteristics of the
components in the blend of components is a pH variation of 2 to 6, and can be a pH
variation of 2 to 4.5. The pH can be adjusted by adding an acid that does not cause a

decay in fluorescence, such as hydrosulfuric acid or hydrochloric acid or phosphoric acid.

[0095] The components are preferably inert and non-deleterious to the material.



WO 2014/083145 PCT/EP2013/075059

24

[0096] The sample for performing the test can be prepared in any manner wherein the
components can be determined in the sample. For example, the material can be
combined with a solvent to extract at least a portion of the alkaloid from the material.
The material can be combined with the solvent to obtain an aliquot of about 0.0001 to 3
weight %, based upon the weight of the total weight of the aliquot. The solvent can be

aqueous or non-aqueous or organic or mixtures thereof, and preferably is water.

[0097] There is also provided a marked material which comprises an alkaloid blend
which is present in a concentration of 0.00001 to 0.3% by weight, based on the total
weight of the composition, preferably 0.0003 to 0.01% by weight, more preferably
0.0001 to 0.001% by weight. The marked material can be selected from alcohol,
medicinal and/or veterinary preparation, perfume, liquid, cosmetic liquid formulation,

and fuel.

[0098] Morcover, there is use of an alkaloid in a liquid material composition for
determining whether or not a liquid material has been subject to diversion or adulteration
wherein the concentration of the alkaloid blend is between 0.00001 to 0.3% by weight,
based on the total weight of the composition, preferably 0.0003 to 0.01%, more
preferably 0.0001 to 0.001% by weight.

[0099] The invention is now described in more detail with the help of examples.

Example

Macrolide antibiotic solution is a drug that can be used for the treatment of

respiratory infections in animals, such as in chicken and turkey flocks.

Examples:

Marking and use of the product
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Macrolide antibiotic solution can be marked with a blend of components, such as

alkaloids, such as a blend of quinine hydrochloride and harmine or harmane to

provide a total weight of the blend of, for example, 0.1 to 0.3% by weight.

An aliquot of Macrolide antibiotic solution can be diluted in potable water for

livestock/nursery animals (especially chickens, but also pigs and calves), with

variable dilution depending on the animals involved (up to 0.03 wt% of Macrolide

antibiotic/water corresponding to concentrations of about 1 ppm or less of quinine in

the water)

Process for authenticating and quantifying Macrolide antibiotic solution

l.

Measuring the base noise of a non-medicated water aliquot with the fluorescence
detection device having an excitation of 365 nm.

Measuring the intensity of a medicated water aliquot, unaltered (and therefore at a
PH 5.5 - 8, depending on the type of water used).

Measuring the fluorescence of the medicated water sample acidified at a pH <3
using an acid (generally inorganic, such as HCI or H,SO4 or H;PO,). The acid pH
induces an increase in fluorescence intensity and a spectral displacement towards
the red (from the purple to the blue).

Depending on the fluorescence intensity ratios, it is possible, not only to identify
the marked Macrolide antibiotic in the water, but also to quantify it with precision

that is dependent upon its concentration.

First alternative authentication

Proceed with stepped-acidification of the medicated water aliquot by measuring
the fluorescence intensity at each step to confirm that the pH dependence on
fluorescence intensity corresponds to that of quinine (authentication of quinine as

a marker).

Second alternative authentication



WO 2014/083145 PCT/EP2013/075059

26

e After item 4 above, proceed with a stepped dissolving of the halogen salt (for
example, Cl, Br, I) in the medicated water aliquot, which will have a dynamic
quenching effect (collision between the molecules) on the quinine fluorescence.

® Proceed with the differential measurement of the fluorescence intensity of the
aliquot as a function of the added salt concentration. The variation in
fluorescence intensity will have a curve that is going to be specific to the
fluorophore (quinine) and to the type of quencher (salt) used. The measurement

of this curve makes it possible to authenticate the presence of the marker.

It is noted that the foregoing examples have been provided merely for the purpose of
explanation and are in no way to be construed as limiting of the present invention. While
the present invention has been described with reference to an exemplary embodiment, it
is understood that the words which have been used herein are words of description and
illustration, rather than words of limitation. Changes may be made, within the purview of
the appended claims, as presently stated and as amended, without departing from the
scope and spirit of the present invention in its aspects. Although the present invention
has been described herein with reference to particular means, materials and embodiments,
the present invention is not intended to be limited to the particulars disclosed herein;
rather, the present invention extends to all functionally equivalent structures, methods

and uses, such as are within the scope of the appended claims.
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WHAT IS CLAIMED IS :

1. A method for marking a material, comprising including a blend of components
having different fluorescent characteristics in the material, the blend of components not
being already associated with the material and at least one of the components of the blend
of components having a fluorescence that varies in spectral position and/or intensity
according to variation of pH, the blend of components being included in the material in

an amount effective to be qualitatively and/or quantitatively determined.

2. The method for marking according to claim 1, wherein the blend of

components comprises at least two different alkaloids.

3. The method for marking according to claim 2, wherein the at least two
different alkaloids include one alkaloid having a pyridine moiety which is protonated, in
a non-protonated state or in a form of a salt and one alkaloid have a beta-carboline moiety

which is protonated, in a non-protonated state or in a form of a salt.

4. The method for marking according to any of the preceding claims, wherein the
at least two alkaloids are present in a concentration at a subppm level to a ppm level,
based on the total composition including the material and the at least two different
alkaloids.

5. The method for marking according to claim 4, wherein the at least two
different alkaloids are present in a total concentration of the at least two different

alkaloids of 0.1 ppm to 100 ppm, based on the total weight of the composition.

6. The method of marking according to any of the preceding claims, wherein the

variation of pH is a pH variation of 2 to 6.

7. The method of marking according to claim 6, wherein the variation of pH is a

pH variation of 2 to 4.5.
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8. The method of marking according to any of claims 2-7, wherein one of the two
different alkaloids comprises at least one of quinine and a quinine salt, and another ofthe
at least two different alkaloids comprises at least one of a harmala compound and a salt of

a harmala compound and/or lucigenin.

9. The method of marking according to any of claims 2-8, wherein the at least
two different alkaloids are selected from quinine, salts of quinine, lucigenin, harmine,
harmane, harmaline, harmalol, tetrahydroharmine, tetrahydroharmane, harmalan,

harmilinic acid, harmanamide, acetylnorharmine or acetylnorharmane.

10. The method of marking according to any of the preceding claims, wherein
cach of the at least two different alkaloids has a fluorescence that varies in spectral

position and/or intensity according to variation of pH.

11. The method of marking according to any of claims 1-9, wherein only one of
the at least two different alkaloids has a fluorescence that varies in spectral position

and/or intensity according to variation of pH.

12. The method of marking according to any of the preceding claims, wherein at
least one of the at least two different alkaloids has a fluorescence that is quenched in the

presence of a fluorescence quenching agent.

13. The method of marking according to any of preceding claims, wherein more
than one of the at least two different alkaloids has a fluorescence that is quenched in the

presence of a fluorescence quenching agent.

14. The method of marking according to claim 13, wherein the degree of

quenching is different for at least two of the at least two different alkaloids.

15. A method for determining whether a material is genuine by determining

presence of a blend of components which vary in spectral position and/or intensity
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according to variation of pH, the blend of components having been added to the material
as a marker, the components in the blend of components not being already associated
with the material prior to being added as a marker, comprising:
a) preparing an aliquot of a solvent containing a sample of the material at a first pH;
b) measuring spectral position of the fluorescence of the aliquot of a) at one or more
excitation wavelengths;
c¢) adjusting the pH of the aliquot of b) to a second pH wherein at least one
component of the blend of components has at least one of a different spectral position
and/or intensity at the second pH than the first pH;
d) measuring spectral position of the fluorescence of the aliquot formed in ¢) at one
or more excitation wavelengths; and
¢) comparing a spectral position of the fluorescence between the fluorescence
measured in b) and the fluorescence measured in d) with known spectral positions of
at least two components of the blend of components at the pH’s used in a) and ¢) to
thereby determine whether the at least two components of the blend of components is

present in determining whether the material is genuine.

16. The method according to claim 15 further comprising:

f) dissolving in the aliquot of a) or ¢) different known concentrations of a
fluorescence quenching agent, the fluorescence quenching agent causing a progressive
decrease in fluorescent intensity with increasing concentration of the fluorescence
quenching agent of at least one component of the blend of components;

g) measuring for each known concentration of the fluorescence quenching agent
a corresponding fluorescence intensity;

h) determining a curve of variation of fluorescence intensity with concentration
of the fluorescence quenching agent; and

1) comparing the curve of'h) with a known curve of concentration of the
fluorescence quenching agent versus fluorescence of at least two of the components of

the at blend of components.
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17. A method for authenticating if a material has been subject to diversion or
adulteration by determining the concentration of a two or more components of a blend of
components that has been added to the material as a marker, the components in the blend
of components not being already associated with the material prior to being added as a
marker, at least one of the two or more components of a blend of components having a
fluorescence which varies in intensity according to variation of pH, comprising:

a) measuring fluorescence intensity of an aliquot of a solvent in the absence of the
components at an excitation wavelength as a noise base measure (NBM).

b) preparing an aliquot of the solvent containing a sample including a known amount

of the material at a first pH;

¢) measuring fluorescence intensity of the aliquot of b) at one or more excitation

wavelengths;

d) adjusting the pH of the aliquot of b) to a second pH wherein at least one

component of the blend of components has a different intensity than at the first pH;

¢) measuring fluorescence intensity of the aliquot formed in d) at one or more

excitation wavelengths;

f) comparing a difference in fluorescence intensity between the fluorescence

measured in ¢) and the fluorescence measured in ¢) for at least two components of the

blend of components with a known difference in fluorescence intensity of the

components at the pH’s used in a) and ¢) to thereby determine the presence or

concentration of at least two components of the blend of components to permit a

determination of diversion or adulteration of the material.

18. The method according to claim 17, further comprising:

g) dissolving in the aliquot of b) or d) different known concentrations of a
fluorescence quenching agent, the fluorescence quenching agent causing a
progressive decrease in fluorescent intensity with increasing concentration of the
fluorescence quenching agent of at least one component of the blend of components;

h) measuring for cach known concentration of the fluorescence quenching agent
a corresponding fluorescence intensity;

1) determining a curve of variation of fluorescence intensity with concentration of

the fluorescence quenching agent; and
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j) comparing the curve of'i) with a known curve of concentration of the
fluorescence quenching agent versus fluorescence to thereby confirm identity and/or

concentration.

19. The method according to any one of claims 15 to 18, wherein the first pH is a
pH of from 5 to 8.

20. The method according to any one claims 15-19, wherein the second pH is a

pH of 3.5 or below.

21. The method according to any of claims 15-20, wherein the excitation

wavelength is from 300 nm to 410 nm.

22. The method according to any of claims 15-20, wherein the excitation

wavelength is from 340nm to 365nm.

23. The method according to any one of claims 15-22, wherein the blend of

components comprises a blend of alkaloids.

24. The method according to claim 23, wherein the blend of alkaloids include at
least one alkaloid having a pyridine moiety which is protonated, in a non-protonated state
or in a form of a salt and at least one alkaloid having a beta-carboline moiety which is

protonated, in a non-protonated state or in a form of a salt.

25. The method according to claim 23, wherein one of the alkaloids comprises at
least one of quinine and a quinine salt, and another of the alkaloids comprises at lecast one

of a harmala compound and a salt of a harmala compound and/or lucigenin.

26. The method according to claim 23, wherein the blend of alkaloids is selected

from quinine, salts of quinine, lucigenin, harmine, harmane, harmaline, harmalol,
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tetrahydroharmine, tetrahydroharmane, harmalan, harmilinic acid, harmanamide,

acetylnorharmine or acetylnorharmane.

27. The method according to any of claims 23 to 26, wherein only one of the

alkaloids changes spectral position and/or intensity.

28. The method according to any of claim 23 or 26, wherein at least two of the

alkaloids change spectral position and/or intensity.

29. The method according to claim 16 or 18, wherein more than one fluorescence
quenching agent is added to the sample, and effects of the more than one fluorescence
quenching agent with respect to at least two components of the blend of components are

determined.

30. The method according to any one of claims 15-29, wherein the material is
combined with the solvent to obtain an aliquot of about 0.0001 to 3 weight %, based upon
the weight of the total weight of the aliquot.

31. The method according to any one of the preceding claims, wherein the aterial

is a liquid.

32. The method according to any one of the preceding claims, wherein the lkaloid

is inert and non-deleterious to the material.

33. The method according any one of claims 15 to 32, wherein the material is

combined with the solvent to extract at least a portion of the alkaloid from the material.

34. The method according to any one of claims 15 to 33, wherein the pH is

adjusted by adding an acid that does not cause a decay in fluorescence.
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35. The method according to any one of claims 15 to 34, wherein the solvent is

water.

36. The method according to any of claims 12-35, wherein the fluorescence
quenching agent is selected from halogen chloride or halogen bromide, and is added at a

concentration between 10~ to 10"'M.

37, The method according to any one of claims 12-36, wherein the fluorescence

quenching agent comprises a halogen salt.

38. A marked material used in any of the preceding claims which comprises an
alkaloid blend which is present in a concentration of 0.00001 to 0.3% by weight, based
on the total weight of the composition, preferably 0.0003 to 0.01% by weight, more
preferably 0.0001 to 0.001% by weight.

39. A marked material according to claim 38 selected from alcohol, medicinal

and/or veterinary preparation, perfume, liquid, cosmetic liquid formulation, and fuel.

40. The marked material according to either of claims 38 or 39, wherein the

material is a liquid.

41. The marked material according to any one of claims 38 to 40, wherein the

alkaloid is inert and non-deleterious to the material.

42. A material including a chemical key, the chemical key comprising a blend of
at least two different alkaloids having different fluorescent characteristics, the at least two
different alkaloids not being already associated with the material and one or more of the
alkaloids having a fluorescence that varies in spectral position and/or intensity according
to variation of pH, the blend of alkaloids being included in the material in an amount

effective to be qualitatively and/or quantitatively determined.
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43. The material including a chemical key according to claim 42, wherein the at
least two different alkaloids include one alkaloid having a pyridine moiety which is
protonated, in a non-protonated state or in a form of a salt and one alkaloid have a beta-
carboline moiety which is protonated, in a non-protonated state or in a form of a salt.44.
Use of an alkaloid in a liquid material composition for determining whether or not a
liquid material has been subject to diversion or adulteration wherein the concentration of
the alkaloid blend is between 0.00001 to 0.3% by weight, based on the total weight of the
composition, preferably 0.0003 to 0.01% by weight, more preferably 0.0001 to 0.001%
by weight.



