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(57) Abstract: A method and apparatus
for on-site verification of product
authentication and quality 1ncludes a
microplate having a substrate with a
light-emissive compound thereon. The
substrate provides immobilization ot the
light-emissive compounds and provides
a three-dimensional environment similar
to free solution for reactions with the
product sample to occur. The microplate
may include any material having
desired light reflective properties and
a surface to retain the light-emissive
compounds therein. A metered amount
of light-emissive compound 1s placed on
the microplate by any desired meternng
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the light-emissive compound is placed on a microplate, with the microplate. Once the light-emissive compound is applied to the
O substrate, the microplate may be sent to the test site where product testing is to be performed. A sample product is placed on the
microplate and the light-emissive compound thereon is free to react with key ingredients in the sample product. Light emission
from the light-emissive compound and the key ingredient is compared to a fingerprint.
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METHOD AND APPARATUS FOR PORTABLE PRODUCT AUTHENTICATION

Field of the Invention

This invention relates generally to methods and apparatuses for authenticating

a sample product, and more specifically, to methods and apparatuses for providing

light-emissive compounds for use with product authentication equipment.

Background of the Invention

Authenticating and monitoring products to discriminate between very similar complex
mixtures 1s useful for various reasons. For example, the use of counterfeit substances (e.g.,
misbranded product from a competitor or misformulated product from a licensee/franchisee)

should be detected to preserve the integrity of a brand. Also, low quality substances (e.g.,

diluted or mistformulated product) should be quickly and conveniently detected for
appropriate correction.

One particular industry that could benefit from such authenticity testing and
monitoring 1s the beverage industry. With respect to monitoring production of the beverage,
a simple, quick and product specific at-line test to determine whether the beverages being
produced are within specification is desirable. Typically, the beverages are being bottled at a
rate of 2000 bottles/minute. Therefore, standard off-line analytical techniques for monitoring
product quality, such as GC/MS or HPLC, are complex and time consuming in that the
beverages that are being tested have already been introduced to the market. A desirable
monitoring procedure should provide relatively instant response time, be usable by non-
scientific personnel, be accurate (e.g., having an error rate of less that 2.5%) and survive

harsh plant environments.

With respect to product authentication, an example of an industry that could benefit is

the beer industry. For example, at-line testing allows a determination as to whether a
particular tap at a pub was actually serving authentic beer, without being sensitive to batch-
to-batch variability of the a particular brand. Similarly, detection of dilution of a product
may be important to the distilled spirits industry.

Commonly assigned U.S. Patent No. 5,753,511, which is herein incorporated by
reference 1n its entirety, discloses an automated method of developing a database to store

information for “fingerprint”-type analysis of products (even as to product lot numbers and
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batch). The automated analysis is a method of evaluating and discriminating products, even
within a narrow field or industry, competing and otherwise, to establish authenticity or point
of origin of the product. The invention therein relates to an automated method for identifying
key ingredients and/or the relative amounts of key ingredients in products mixed with light-
emissive compounds. Scanning for light emission of a predetermined wavelength when the
sample product 1s mixed with the light-emissive compound is used when comparing the
sample product to a fingerprint.

The laboratory equipment used to authenticate the sample referred to in ‘511 is not
easily and cost effectively transported. Thus, determining product authenticity on site, either
at manufacturing points, at distribution points, or at consumption points is impractical.

Co-pending U.S. patent application serial no. 09/232,324, assigned to the present
assignee and herein mcorporated by reference in its entirety, discloses a portable product
authentication device and a method of authenticating products. One embodiment disclosed
therein requires a proper mixing of both the light-emissive compound and sample product

prior to testing the sample for product authenticity. Although effective, mixing of the sample

product and the light-emissive compound on-site can be cumbersome and time-consuming
and may require a certain skill level.

In another embodiment disclosed in application ‘324, the light-emissive compound
may be formed on a chip and the chip, together with a small amount of sample, is placed in
the authentication device to determine the authenticity of the product. As discussed therein,
the light-emissive compound may be attached to the chips through any physical or chemical
means including covalent and non-covalent bonding. For example, the light-emissive may be
dissolved 1n a solvent, then applied at a preselected concentration to the surface of the chip.
The solvent 1s then evaporated away, leaving the light-emissive compound non-covalently

attached to the surface of the chip. Although this results in a simple solution to providing

light-emissive compounds without requiring mixing, the resulting chip may be costly and

susceptible to damage.
To overcome this particular disadvantage, also disclosed in ‘324, the light-emissive
compound may be covalently attached to the surface of the chip. In this instance, the light-

emissive compound may have groups reactive under appropriate conditions with groups on
the surface of the chip, which may be reactive groups of the chip per se, or may be linker

molecules attached to the surface of the chip. Such cross-linking, however, often requires a

labor intensive process, resulting in a costly product. In addition, the cross-linking molecules
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may interfere with a proper reading of the light emission. For example, current microarray
technology teaches the art of immobilizing chemistry for the detection of DNA specific or
protein specitic sequences. The amino-silane surface chemistry allows a fixed molecule to
bind products for applied genomic gene expression studies and medical diagnostic
information. The inventors of the present invention have found that adopting such
technology for use in binding light-emissive compounds met with limited success.

Another example of providing light-emissive compounds is disclosed in co-pending
U.S. patent application serial no. 09/173,814, assigned to the present assignee and herein
incorporated by reference in its entirety, wherein a microplate may be used in place of the
above-mentioned chip. As disclosed therein, the microplate includes a plurality of wells
formed in the surface of the microplate. Light-emissive compounds are placed in the wells
and attached thereto by directly bonding to the surface or through the use of a linker molecule
or incorporated into the matrix created by the base material of the microplate itself. In
addition, the invention therein describes the use of a dried light-emissive compound on the
microplate or the microplate 1s packaged.

What 1s therefore needed is a simple, low cost method and apparatus that provides
light-emissive compounds for reaction with a sample product in an environment that is or

simulates a liquid solution and that provides the ability for authenticity testing and

monitoring of sample product at-line.

Summary of the Invention
The present invention features a method and apparatus for on-site verification of

product authentication and quality. A microplate having a substrate includes a light-emissive
compound thereon. The substrate provides immobilization of the light-emissive compounds
and provides a three-dimensional environment similar to free solution for reactions with the
product sample to occur. The microplate may include any material having desired light
retlective properties and a surface to retain the light-emissive compounds therein. A metered
amount of light-emissive compound is placed on the microplate by any desired metering
method, such as hand-metering by skilled technicians, automatic metering using robotic
equipment, or printing using for example, piezoelectric dispensing technology. Once the
light-emissive compound 1s applied to the substrate, the microplate may be sent to the test site

where product testing is to be performed. A sample product is placed on the microplate and
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the light-emissive compound thereon is free to react with key ingredients in the sample

product. Light emission from the light-emissive compound and the key ingredient is

compared to a fingerprint.

In one illustrative embodiment of the invention, a microplate is provided. The
microplate includes a solid base and a porous substrate layered on the base. At least one
light-emissive compound 1s absorbed in the substrate in a manner to allow a sample placed on
the microplate to react with the at least one light-emissive compound.

In another 1llustrative embodiment of the invention, a microplate is provided. The
microplate includes a solid base having a top wall. At least one well is integral with and
opens into the top wall. The at least one well defines an inner surface. At least one light-
emissive compound 1s deposited into the at least one well to allow a sample placed on the
microplate to react with the at least one light-emissive compound in the well. A semi-
permeable membrane is formed over the at least one well. The semi-permeable membrane is
adapted to allow the sample to permeate from outside the at least one well into the at least
one well while retaining the at least one light-emissive compound within the at least one well.

In yet another illustrative embodiment of the invention, a microplate is provided. The
microplate includes a solid base and at least one light-emissive compound held to the base to
allow a sample placed on the microplate to react with the at least one light-emissive
compound. A barrier is formed on the base and is adapted to transfer a desired portion of the
sample to the at least one light-emissive compound while holding the at least one light-
emissive compound to the base.

In still another illustrative embodiment of the invention, a system for verifying
authenticity of a sample product is provided. The system includes a microplate and a product
authentication device for reading the microplate. The microplate includes a solid base and a
porous substrate layered on the base. At least one light-emissive compound is absorbed in
the substrate to allow a sample placed on the microplate to react with the at least one light-
emissive compound. The authentication device includes a light source for irradiating the
microplate with a predetermined wavelength of light, an optical detector for detecting at least
one emitted wavelength of light generated by the sample in response to the irradiating
wavelength of light to provide a sample characteristic, and a controller coupled to the optical

detector for receiving the sample characteristic and comparing the sample characteristic to a

fingerprint.
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In another 1illustrative embodiment of the invention, a system for verifying
authenticity of a sample product 1s provided. The system includes a microplate and a product
authentication device for reading the microplate. The microplate includes a solid base and a
top wall and at least one well integral with and opening into the top wall. The at least one
well defines an inner surface. At least one light-emissive compound is deposited into the at
least one well to allow a sample placed on the microplate to react with the at least one light-
emissive compound 1n the well. A semi-permeable membrane is formed over the at least one
well. The semi-permeable membrane 1s adapted to allow the sample placed on the microplate
to permeate from outside the at least one well into the at least one well while retaining the at
least one light-emissive compound within the at least one well. The authentication device
includes a light source for irradiating the microplate with a predetermined wavelength of
light, an optical detector for detecting at least one emitted wavelength of light generated by
the sample in response to the irradiating wavelength of light to provide a sample
characteristic, and a controller coupled to the optical detector for receiving the sample
characteristic and comparing the sample characteristic to a fingerprint.

[n yet another 1llustrative embodiment of the invention, a system for verifying
authenticity of a sample product 1s provided. The system includes a microplate and a product
authentication device for reading the microplate. The microplate includes a solid base and at
least one light-emissive compound held to the base. A barrier is formed on the base and 1s
adapted to transfer a desired portion of sample placed on the microplate to the at least one
light-emissive compound while holding the at least one light-emissive compound to the base.
The authentication device includes a light source for irradiating the microplate with a
predetermined wavelength of light, an optical detector for detecting at least one emitted
wavelength of light generated by the sample in response to the irradiating wavelength of light
to provide a sample characteristic, and a controller coupled to the optical detector for
receiving the sample characteristic and comparing the sample characteristic to a fingerprint.

In yet another illustrative embodiment of the invention, a method of providing a light-
emissive compound on a microplate is provided. The microplate has a substrate. The
method includes the steps of selecting a substrate capable of absorbing at least one light-
emissive compound thereon and depositing the at least one light-emissive compound on the
substrate using a piezoelectric dispenser.

In still another 1llustrative embodiment of the invention a method of verifying

authenticity of a sample product 1s provided. The method includes the steps of providing a
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microplate base having at least one light-emissive compound disposed thereon, applying a
sample product to a microplate, irradiating the microplate with a predetermined wavelength
of light, detecting at least one emitted wavelength of light generated by the sample in
response to the 1rradiating wavelength of light to provide a sample characteristic, and
comparing the sample characteristic to a fingerprint. The microplate has a solid base and a
porous substrate layered on the base. The at least one light-emissive compound is absorbed in
the substrate. Alternatively, at least one well integral with and opening into the top wall of the
base may be provided. The at least one light-emissive compound is deposited into the at least
one well. The at least one well has a semi-pernieable membrane formed thereover. The
semi-permeable membrane 1s adapted to allow the sample placed on the microplate to
permeate from outside the at least one well into the at least one well while retaining the at
least one light-emissive compound within the at least one well.

In another 1llustrative embodiment, a method of verifying authenticity of a sample
product 1s provided. The method includes the steps of providing at least 500 micropores
contamning a dry light-emissive compound, absorbing a liquid sample into the micropores to
permit the sample to solublize and interact with the light-emissive compound in the
micropores, irradiating the micropores with a predetermined wavelength of light, detecting at
least one emitted wavelength of light generated by the sample in response to the irradiating
wavelength of light to provide a sample characteristic, and comparing the sample
characteristic to a fingerprint.

Various embodiments of the present invention provide certain advantages and
overcome certain drawbacks of the conventional techniques. Not all embodiments of the
invention share the same advantages and those that do may not share them under all
circumstances. This being said, the present invention provides numerous advantages
including the noted advantage of providing light-emissive compounds on a substrate so that
the compound and substrate may be used with product authentication equipment.

Further features and advantages of the present invention, as well as the structure and

operation of various embodiments of the present invention are described in detail below with

reference to the accompanying drawings.

Brief Description of the Drawings

T'he invention will now be described, by way of example, with reference to the

accompanying drawings, in which:
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FIG. 1 1s a perspective view of one embodiment of an authenticating compound

disposed on a substrate;
FIG. 1A 1s enlarged view of the area encircled by line 1A of FIG. 1;

FIG. 2 1s a side view of an alternative embodiment of an authenticating compound

disposed on a substrate;
FIG. 3 1s an enlarged view of the area encircled by line 3 of FIG. 2;

FIG. 4 1s a perspective view of an authenticating compound with substrate interacting

with a product sample; and

FIG. 5 1s a perspective view of an apparatus used to determine product sample

authenticity 1n combination with the authenticating compound and substrate.

Detailed Description
The invention features a microplate for use with a portable product authentication

device. The microplate 1s used 1n conjunction with a product sample to be tested, analyzing
key ingredients or analytes in the product. Light-emissive compounds can be used to identify
the product sample. In one aspect, the light-emissive compound is provided on a microplate
in a manner that allows the light-emissive compound to freely react with a product sample
when a product sample 1s placed thereon. In this respect, the light-emissive compound is
placed on a microplate, with the microplate causing immobilization of the light-emissive
compounds and providing a three-dimensional environment similar to free solution for
reactions with the product sample to occur. The light-emissive compound together with the
product sample 1s then 1rradiated using a light source to cause the light-emissive compounds
to emit light. The emitted light 1s then read by an optical detector and then is compared to a
stored fingerprint to determine whether the product sample is authentic. Specifically, the
emitted properties are compared to a standard fingerprint to determine authenticity. It is to be
appreciated that the term “authentic”, or any derivative thereof, means an identification as
being genuine or without adulteration or identification of point of origin or other desired
information.

Light-emissive compounds emit light in response to irradiation with light. Light-
emission can be a result of phosphorescence, chemiluminescence or more preferably
fluorescence. Specifically, the term “light-emissive compounds”, as used herein, means
compounds that have one or more of the following properties: 1) they are fluorescent,

phosphorescence or luminescent; 2) react, or interact, with components of the sample or the
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standard or both to yield at least one fluorescent, phosphorescence, or luminescent
compound, or 3) react, interact, with at least one fluorescent, phosphorescence, or
luminescent compound in the sample product, the standard, or both to alter emission at the
emission wavelength.

The term “fingerprint” as used herein, means light emission intensity and/or intensity
decay from one or more light-emissive compound in combination with a standard (e.g.,
authentic) product. Accordingly, each product can have a particular fingerprint.

The term “fingerprint emission profile” as used herein, means an assembly of
fingerprints of a standard in combination with a series (or profile) of different light-emissive
compounds.

The term “sample characteristic” as used herein refers to light emission quantity or
intensity and/or intensity decay or change in quantity from one or more light-emissive
compounds 1n combination with the sample product.

As shown in Fig. 1, a microplate 10 includes a substrate 12 layered thereon for
recerving at least one light-emissive compound 13 in areas located at 14, 16. The light-
emissive compound may be applied to the substrate in a suitably metered amount. One (or up
to 100 or more) light emissive compound(s) may be applied to the microplate in a manner
that allows interaction or a combination of interactions with one or more analyte(s) (key
ingredient(s)) in a sample.

Preferably, the microplate also includes a solid base 18 for supporting the substrate
12. The base may be any suitable material having suitable properties such that the
combination of the base and the substrate, when the microplate is used in connection with a
device having a light source and an optical detector, as will be further described hereinafter,
does not interfere with the measurements taken by the device. Preferably, the base is glass.
Also, preferably the base is flat.

Substrate 12 1s preferably a porous material having 500 or more micropores such that
the light-emissive compound may be absorbed in the substrate in a manner to allow the
sample, when placed on the substrate, to react with the light-emissive compound.

Porous substrates permit immobilization of the light-emissive compounds, and can provide a
three-dimensional environment similar to free solution for reactions with the product sample
to occur. Furthermore, capillary forces in these substrates cause wicking of liquid from a

contact dispenser, resulting in undesirable spread of light-emissive compounds in the

substrate. To control such spread, and for other advantages, piezoelectric non-contact



10

15

20

25

30

CA 02389066 2002-04-25

WO 01/31341 PCT/US00/40734

-0.

dispensing may be used. Piezoelectric dispensing delivers a small, precisely controlled
volume, which will be absorbed into the matrix in a consistent manner.

P1ezoelectric dispensing technology is based on capillary dispensers which are able to
aspirate solutions, such as light-emissive compounds, from source wells and dispense many

droplets to destinations in microarray formats. The dispenser consists of a glass capillary

which has an orifice of approximately 75 tm at one end and a connection to a precision

syringe pump at the other end. The syringe pump applies vacuum to aspirate solutions
through the tip. A piezoelectric transducer around the center of the capillary exerts pressure

on the capillary when activated by an electronic pulse to create a pressure wave in the

the BioChip Arrayer™, available from Packard Instrument Company, Meriden, CT, USA.

Other dispensers may be available from ink jet manufacturers.

In one particular example, the substrate 1?2 may be formed of silica and preferably a
plurality of silica particles. However, it should be appreciate that the present invention is not
limited in this respect and that other suitable materials may be used, for example, quartz, etc.
Alternatively, if a glass base is used, the glass may be etched such that the etched surface
provides a suitable substrate. In this respect, the microplate 10 may be a microplate produced
by thin layer chromotography, as is known to those of ordinary skill in the art and which is
commercially available from Merck of Darmstadt, Germany. Preferably, the silica particles
have a size less than about 25 um and can total 500 or more to provide 500 or more

micropores, although more or less may be provided.

In this regard, by applying the light-emissive compound to such a substrate, the light-
emissive compound may be held thereon without covalently bonding or linking the light-
emissive compound to the substrate. In addition, the light-emissive compound may be
allowed to dry onto the substrate yet the substrate provides a medium to simulate a liquid
environment . Accordingly, although not required, the dried light-emissive compound on the
microplate may be suitable for package and transportation to a test sight. If the light-emissive
compound 1s allowed to dry on the substrate, then application of the product sample, when in
liquid form, causes the light-emissive compound to enter a liquid solution.

T'he substrate 12 may also be formed of a membrane. Examples of such membranes
include nylon, nitrocellulose and Anapore™ . Nylon and nitrocellulose membranes mounted

on microscope slides are commercially available from Schleicher and Schuell and Anapore™
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membranes are available from Whatman (Anadisk Cat#6809-6022), United Kingdom.
Compared to non-porous surfaces, conventional nitrocellulose or nylon blotting or transfer
membranes have a much larger area available for surface interactions per unit of macroscopic
area. Furthermore, a liquid, such as the light-emissive compound and/or the sample product,
dispensed onto these membranes will immediately distribute in the membrane by capillary
flow, which may result in a relatively uniform distribution.

Anapore™ 1s an 1inorganic microporous membrane with a highly controlled, uniform
capillary pore structure. Itis 60 um thick and is available with 200 nm capillary pores which
afford the membrane with a great surface area for the immobilization of the light-emissive
compounds. The light-emissive compounds can more readily be applied to the membrane
using prezoelectric dispensing if the membrane is mounted to a base.

Alternatively, the substrate may be a gel, such as a polyacrylamide gel.
Polyacrylamide gel provides a substrate for permitting the immobilization of light-emissive
compounds within a three-dimensional matrix. Relatively large amounts of light-emissive
compounds per unit area of the microplate can be achieved while avoiding the crowding
which may occur on planar surfaces. Compared to a planar surface, the polyacrylamide gels
more closely approximates solution conditions. However, the gel restricts the size of
molecules torming the light-emissive compound as well as the sample product that can
diffuse 1nto the gel.

According to one illustrative embodiment, more than one light-emissive compound
may be applied to the substrate. In some instances, it may be desirable to apply at least two
light-emissive compounds in a manner such that the compounds are interleaved with each
other. That is, the light-emissive compounds are placed on the slide in 2 manner so as to be
adjacent each other. In this respect, the interleaving allows for the protection of more than
one wavelength of light in a relatively small space. In addition, the interleaving provides
significant advantages by dampening background signals while providing the ability to apply
ratiometrics as will be described hereinafter.

As shown 1n Fig. 1, the light-emissive compound is disposed over a selected
macroarea 14 of the microplate. Within the macroarea 14, the light-emissive compounds
may be placed on the substrate in a format such that a plurality of spaced-apart microareas are

provided. This is shown in greater detail in Fig. 1A, wherein the macroarea 14 comprises a

plurality of microareas 20.
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In addition, the macroarea may be split into two or more macroareas, 14, 16, which
may be spaced apart from each other. However, it should be appreciated that the present
invention is not limited in this respect and that the two or more macroareas may be disposed
adjacent each other. In one embodiment (not shown), each macroarea is shaped as a square
having an edge with a length of about 6.67mm. Preferably, four such square macroareas are
placed adjacent each other in a line running parallel to the longitudinal axis of the microplate.
Each such macroarea may contain one or more light-emissive compounds.

Turning now to Figs. 2 and 3, the microplate alternatively may include a base 30
having a top wall 32 and at least one well 34 integral with the top wall 32. The well defines
an 1nner surface 36. A light-emissive compound 13 may be deposited into the well 36. In
this embodiment, a semi-permeable membrane 40 may be attached to the top wall 32 so as to
encapsulate the light-emissive compound 13 within the well 36. Thus, the semi-permeable
membrane acts to hold the light-emissive compound within the well. In this regard, the light-
emissive compounds may be in a liquid form. According to one aspect of the present
Invention, the semi-permeable membrane is adapted to transfer at least a desired portion of
the sample to be placed on the microplate to the light-emissive compound within the well.
Thus by encapsulating the light-emissive compound within the well, the need to covalently
link or bond the light-emissive compound to the microplate is obviated while retaining the
desired result of providing the light-emissive compound in liquid form.

As discussed with reference to Fig. 1, adjacent light-emissive compounds may be
applied to the microplate. In this regard, more than one well is provided in the microplate.
At least one light-emissive compound is deposited into the first well 42, and at least one
light-emissive compound 1s deposited into the second well 44. Preferably, although not
required, the light-emissive compounds in each well is different. In addition, although not
required, the first and second wells are adjacent each other. Further, the plurality of wells
may be disposed over a selected macroarea 42 of the microplate. In addition, the selected
macroarea may include first 42 and second 44 spaced apart selected macroareas.

The 1nventors have found that incorporating a barrier material onto the microplate
allows for ready authentication of carbonated beverages. In this respect, in the embodiment
described with respect to Fig. 1, the silica or the gel acts to allow the product sample to
penetrate through the substrate and react with the light-emissive compound without allowing

the larger gas bubbles to also penetrate. Otherwise erroneous readings may occur when
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attempting to detect emitted wavelength from the reaction of the light-emissive compound
with the key ingredient in the sample product when such gas bubbles are present.

Similarly, with respect to Fig. 3, the membrane 40 is sufficient to allow passage of
liquid molecules from the sample product to be tested while preventing the gas bubbles from

a carbonated beverage to penetrate into the well. The membrane 40 also retains light-

emissive compound within the well.

In prior attempts, especially when using the process described in the ‘511 patent, the

sample product to be tested must be diluted in a manner so as to reduce the level of
carbonation such that the gas bubbles will not interfere with the proper reaction and reading
of the light-emissive compound together with the key ingredient of the sample products. The
barrier configuration described herein, obviates this.

Thus, according to one aspect of the present invention, the sample product in its
commercial state may be directly applied to the microplate. In a preferred embodiment, the
microplate 10 may be dipped into a container 50 containing the sample product 52, as shown
in Fig. 4. As will be discussed below in the specific examples below, the microplate is held
In the beaker of the sample solution for a period of time to allow the sample solution to
penetrate the substrate or the membrane and therefore allow the mixing of the product sample
with the light-emissive compound.

Turning now to Fig. 5, a system for authenticating a product sample is described. As
shown schematically in Fig. 5, the system includes a product authentication device 58 for
reading the microplate. The device includes a light source 60 for irradiating the microplate
with a predetermined wavelength of light. An optical detector 62, which may be coextensive
with the light source, is used to detect at least one emitted wavelength of light generated by
the light-emissive compound in response to the irradiated wavelength of light. This emitted
wavelength of light 1s then used to provide a sample characteristic. A controller 64 is
coupled to the optical detector 62 for receiving the sample characteristics. The controller
may be coupled to a database (not shown) in which to gain access to a fingerprint
representative of an authentic sample. Thus the controller may compare the received sample
characteristics with the fingerprint to determine the authenticity of the sample product.

Alternatively, the fingerprint may be a previously stored sample characteristic of a
known authentic sample. Thus, in one embodiment, in order to detect authenticity of a
sample product, a sample of a known product is applied to the microplate containing the

light-emissive compounds as described above and scanned to receive the emitted wavelength
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of light. This sample characteristic is stored as a fingerprint in the memory of the controller.
A second microplate 1s prepared with a sample of unknown product and is also scanned using
the device disclosed herein to obtain a sample characteristic of the unknown product sample.
The unknown product sample characteristic and the fingerprint of the known sample is
compared to determine whether the unknown sample is authentic.

The authentic fingerprint data or fingerprint emission profile data may be stored in the
controller, such as the palm pilot or stored in a remote host computer and associated database.
In this regard, the controller may communicate with the host computer via data cable, for
example, a modem. Of course, those skilled in the art will recognize in view of this
disclosure that other communication links may be used, such as a direct data link, satellite
transmission, coaxial cable transmission, fiber optic transmission or cellular or digital
communication. Also, the communication link may be a direct line or through the Internet.

To facilitate holding the microplate relative to the light source and optical detector,
the device 58 may further include a microplate frame 64 which is adapted to receive the
microplate. Specifically, the microplate of Fig. 1 containing the sample product thereon is
inverted such that the 14, 16 1s facing toward an opening 66 of the frame. The optical
detector and light source is able to scan through the opening of the frame to scan the
macroareas 14, 16. The frame may have an indexing feature, such as a recess 67.

Further, 1t may be desirable in some instances to move the microplate relative to the
optical detector and light source. In this regard, the device 58 may include a tray 68 that is
adapted to receive the frame. The tray also includes an indexing feature, such as tab 70, to
cooperate with the recess 67 on the frame 64. The device may also include a driver 72,
coupled to the controller to move the tray relative to the optical detector and the light source

and subsequently the frame.

It may be desirable to pre-read or pre-scan the microplate in order to obtain a base line

of the emitted wavelength of the light-emissive compound without interaction with the

sample product. In this case, before applying the sample product, a microplate is placed in

the device and 1s scanned as described above. Next, the sample product is applied to the
same microplate and the microplate, together with the sample product, is scanned. Thus, any

variation of background retlection or fluorescence may be obviated due to the use of the base

line.

In one embodiment, the portable authentication device 58 may be a table top device.

The controller may be a processor such as a PALM PILOT® or other data logger. Power to
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the device, of course, may be powered by batteries, such as rechargeable batteries. Although

the controller may be a hand-held PALM PILOT®, a dedicated controller or a lap top or desk

top computer may be used.

Also 1n a preferred embodiment, the light source may be provided by light-emitting
diodes, such as model no. HLMP CB135, sold by Hewlett Packard, California, USA, which
may or may not be infra red light emitting diodes. Alternatively, the light source may be a
laser light source. In either case, the light sources match the excitation wavelength of the
light-emissive compounds contained on the substrate. Other components may include source
filters such as a band pass or cutoff filter to isolate wavelengths of light from the light source.
Lenses also may be provided which focus light from the light source onto the microplate. An
optical detector, such a charged couple device (CCD) may be used. An example of such a

CCD 1s model no. H53308 sold by Edmonds Scientific, New Jersey, USA. An emission

filter, such as a band pass or cutoff filter may be used to isolate excitation wavelengths from
emissions spectra due to light emission from the microplate.

Detection of the light emitted from the light-emissive compound may be used using
any 1maging technique, such as infra red, near infra red, far infra red, foyer transformed infra
red, ramonspectroscopy, time resolved fluorescence, fluorescence, luminescence,
phosfluorescence and visible light imaging.

A change 1n spectroscopy, such as light emission, due to the presence of light-
emissive compounds alone can be determined from the formula [(Fd-Fp)/Fd] x 100 where the
light-emission of the light emissive compound and the absence of the sample product is Fd,
and the light emission after adding the sample product to the microplate is Fd. The light-
emission changes as a result of interaction of the light-emissive compound with the sample

product. The emission filters may be used to filter undesired wavelengths of light emitting

from the sample and the light-emissive compounds such that, for example, only peak
wavelengths of light are passed through. The light is then directed to the optical detector,
which generates a voltage level indicative of the amount of light emitted.

It 1s to be appreciated that although a dedicated authentication device 58 is described
with reference to Fig. 5, the microplates according to the present invention may be used in
conjunction with any suitable imager, such as a Molecular Dynamics Fluorimager 575. Of
course any microplate reader can be used, (e.g., Cytofluor).

It 1s also to be appreciated that the intensity or quantity of light-emission from the

sample 1s detected. However, according to one aspect of the invention, intensity, decay or
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change in the quantity of light-emission over time may be used to provide the sample
characteristic. Alternatively, any such combinations may be used to provide the sample
characteristic. Thus, “light-emission” means intensity or quantity or intensity, decay or
change 1n quantity of light emitted from the sample.

Rather than, or 1n addition to, comparing certain spectral properties, such as light
emission from the light-emissive compound to a stored fingerprint, in some instances it may
be desirable to compare a ratio of light emission of two different wavelengths of light to a
stored ratio fingerprint. This may be accomplished by providing a light-emissive compound
that 1s capable of emitting two different peak wavelengths of light or, alternatively, providing
two or more different light-emissive compounds, each producing a characteristic peak
wavelength having a certain light emission. For example, two light-emissive compounds are

applied to the substrate. An excitation wavelength is applied such that the first light-emissive

compound may have a relative fluorescence unit (RFU) of 98 at a peak wavelength (A1) of
575 um and the second light-emissive compound has an RFU of 76 at a peak wavelength (A2)
of 525 um. The ratio of the RFU values at the peak wavelengths 575 to 525 is approximately

1.3. This ratio of 1.3 may then be used in comparison to the stored fingerprint ratio.
Although relative tluorescence units are used in this example to indicate the value of the
amount of light emitted, other units may be used, such a photon count, for example.

It 1s to be appreciated that the sampling rate of the device may inciude about 10,000
readings. Thus, a high degree of confidence may be obtained in providing the sample
characteristics.

With such a large amount of data generated, although possible, conventional data
analysis comparing one or two variables at a time, is not practical. Thus, according to one
aspect of the invention, multivariable analysis or multivariable padding recognition may be
used. In a preferred embodiment, Tukey’s analysis and Principle Component Analysis (PCA)
are used. Other multivariable techniques that may be utilized include Hierarchical Cluster
Analysis, K Nearest Neighbor, Pineapple Component Regression, Partial Least Squares
Regression, and Soft Independent Modeling of Class Analogy (SIMCA). These

multivariable techniques reduce the dimensionality of the data to two or three dimensions,

allowing the pattern or relationships to be generated.

Analysis of the data may also be performed by developing plots having distinct

clusters summarizing the similarity and differences among the samples being analyzed to a
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stored standard. Such analysis may be performed in addition to or in the alternative to the

above-mentioned multivariable or multivariable pattern recognition.

Example #1) Detection of Authentic Guinness:

In this example, the sample products are Guinness, Beamish and Murphy's stout. Light-
emissive compounds are identified in a manner similar to that described in U.S. Patent

5,753,511. For Guinness authentication, light-emissive compound #29, which 1s bis-(1,3-

diethylthiobarbituric acid) trimethine oxonol, and light-emissive compound #18, which is
Fluorescein-6-isothiocyanate, are prepared at 25 and 10 uM respectively, and transferred to a
silica substrate which is available affixed to a 25 x 75 mm glass microscope slide. Both light -
emissive compounds can be obtained from Molecular Probes, Eugene, Oregon, USA. The
light-emissive compounds are dried onto the substrate. Comparison of the authentic and test
samples is performed by testing them at the same location at the same time. This reduces any
inaccuracies associated with differential temperature, light, or light-emissive compound
concentration. A portable fluorescent reader 1s programmed for the appropriate emission
filters (emission filters set at 570 and 535 nM for dyes 29 and 18, respectively). A first
microplate is used to enter reference values for the authentic sample. This is accomplished by
placing the a microplate, without any product sample thereon, in the reader. The reader
measures the light emission of the light-emissive compounds (dry read). The microplate 1s
then dipped into authentic Guinness for a period of time. The microplate 1s then removed and
excess product sample i1s wiped off. The microplate is then placed back into the reader. A
second reading 1s taken (wet read). The dry read value 1s divided by the wet read value to
give the relative change 1n fluorescence. This is entered into the controller as a reterence
value for the authentic sample. A second microplate is dry read and wet read for use with the
test sample. The relative change 1n fluorescence is computed. If the test sample value 1s

different from the reference by a given percentage, then the sample fails and 1s suspected ot

being non-authentic or of poor quality.

The algorithm for deciding a pass versus fail is as follows:

calculate dry/wet value for reference (R)
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calculate dry/wet value for test sample (T)

from prior testing establish a range for authentic product (typically
>-15%)

test sample fails if either T>R x 1.07 or T <R x .93 (tolerance set at 7%)
test sample passesif Rx .93 <T<Rx1.07

Results with light-emissive compound #29:

Sample Serial # ' dry read divided by
wet read

1. Guinness, draft can 21 D9G3 01:49 5.12

2. Beamish, draft can >39 2015:49 7.41 (F)

3. Murphy's, draft can L9096E 826 11:49 6.06 (F)

4. Guinness Stout (repeat 1) 21 D9G3 01:49 5.02 (P)

(Tolerance range for Guinness at 7% is 4.76 - 5.47%)

Example #2) Detection of Authentic Ballantine's Finast:

The tollowing provides an example for authenticating Ballantine's Finast using microplates
with light-emissive compound #149, which is available as Newport Green and can be
obtained from Molecular Probes, Eugene, Oregon, USA, applied at a concentration of 20 mM

and read at an emission wavelength of 550 nM. The testing was performed as described in

example 1.

Portable Authentication Device Readings:

Sample dry/wet (Pass/Fail)

Ballantine's Finast (BF) (authentic reference) 3.76
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BF cut 20% with water 2.21 (F)
BF cut 10% with water 3.13 (F)
BF cut 20% with vodka 2.28 (F)
BF cut 10% with vodka 2.66 (F)
BF (repeat) 3.72 (P)

(Tolerance range or Ballantine's Finast at 10% is 3.38 - 4.14)

Example 3: Placing Aspartame specific dyes on a controlled-porosity membrane (non-silica
surfaces)
In this example light-emissive compound samples (light-emissive compound 120)

"™ membranes (Whatman Anadisk Cat#6809-6022, United Kingdom)
using a BioChip Arrayer' ™ from Packard Instruments ‘(Meriden, CT). Small spots (less than

was placed on Anapore

1000 spots/cm®) can be placed on this membrane. The spot size can range from 0.1

microliters to 100 microliters. In this case an 8x7 array of spots was placed on the

membrane. The spot size was approximately 1.6 mm x 1.6 mm with a 250 micron spacing.
Placing the membrane with Aspartame light-emissive compound 120 in a solution of

Coke Classic, the fluorescence was 5.93. Placing an exact replicate membrane with

Aspartame light-emissive compound 120 in a solution of Diet Coke (containing Aspartame)
the fluorescence was 15.4. The measurement was made using FluorImager 575 from
Molecular Dynamics (Sunnyvale, CA).

Having thus described certain embodiments of the present invention, various
alterations, modifications, and improvements will readily occur to those skilled in the art.
Such alterations, modifications, and improvements are intended to be within the scope of the
invention. Accordingly, the foregoing description is by way of example only, and not

intended to be limiting. The invention is limited only as defined in the following claims and

the equivalents thereof.

What 1s claimed 1s:
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CLAIMS

1. A microplate comprising:

a solid base;
a porous substrate layered on said base; and

at least one light-emissive compound absorbed in said substrate in a manner to allow a

sample placed on said microplate to react with said at least one light-emissive compound.

2. The microplate according to claim 1, wherein said substrate is formed of silica.

3. The microplate according to claim 1, wherein said substrate is formed of a gel.

4. The microplate according to claim 1, wherein said substrate is a membrane.

. The microplate according to claim 2, wherein said silica comprises a plurality of silica
particles.

6. The microplate according to claim 5 wherein each of said particles has a size less than

about 25 microns.

7. The microplate according to claim 1, wherein said at least one light-emissive

compound is held in said substrate without covalently bonding said at least one light-emissive

compound to said substrate.

8. The microplate according to claim 1, wherein said at least one light-emissive

compound absorbed in said substrate is dry.

9. The microplate according to claim 8, wherein said at least one light-emissive

compound enters solution when a liquid sample is placed on said microplate.

10. The microplate according to claim 1, wherein said at least one light-emissive
compound comprises at least first and second light-emissive compounds, with said first light-

emissive compound being interleaved with said second light-emissive compound.
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[1.  The microplate according to claim 1, wherein said at least one light-emissive

compound 1s disposed over a selected macroarea of said microplate, with said selected

macroarea comprising a plurality of spaced apart microareas, with said at least one light-

emissive compound occupying an entire microarea.

12. The microplate according to claim 1, wherein said at least one light-emissive
compound 1s disposed over a selected macroarea, with said selected macroarea comprising

first and second macroareas, each comprising a different light-emissive compound.

13. A microplate comprising:

a solid base having a top wall;

at least one well integral with and opening into the top wall, said at least one well
defining an inner surface;

at least one light-emissive compound deposited into said at least one well to allow a
sample placed on said microplate to react with said at least one light-emissive compound in
said well:; and

a semi-permeable membrane formed over said at least one well, said semi-permeable

membrane being adapted to allow the sample to permeate from outside said at least one well

into said at least one well while retaining said at least one light-emissive compound within

said at least one well.

14.  The microplate according to 13, wherein said at least one light-emissive compound

deposited 1nto said at least one well is in liquid form.

15. The microplate according to claim 13, wherein said at least one light-emissive

compound 1s held 1n said at least one well without covalently bonding said at least one light-

emissive compound to said at least one well.

16.  The microplate according to claim 13, wherein said at least one well comprises a first
and second well, a first light-emissive compound is deposited into said first well and a second

light-emissive compound 1s deposited into said second well, with said first light-emissive

compound being difterent from said second light-emissive compound.
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17. The microplate according to claim 16, wherein said first and second wells are adjacent

each other.

18. The microplate according to claim 13, wherein said at least one well comprises a

plurality of wells disposed over a selected macroarea of said microplate.

19.  The microplate according to claim 13, wherein said at least one light-emissive

compound 1s disposed over a selected macroarea, with said selected macroarea comprising

first and second macroareas, each comprising a different light-emissive compound.

20. A microplate comprising:

a solid base;
at least one light-emissive compound held to said base to allow a sample placed on
said microplate to react with said at least one light-emissive compound; and

a barrier formed on said base, said barrier being adapted to transfer a desired portion

of the sample to said at least one light-emissive compound while holding said at least one

light-emissive compound to said base.

21. The microplate according to claim 20, wherein said barrier 1s a semi-permeable
membrane.

22. The microplate according to claim 20, wherein said barrier 1s formed of silica.

23. The microplate according to claim 20, wherein said substrate 1s formed of a gel.
24, The microplate according to claim 22, wherein said silica comprises a plurality of

silica particles.

25.  The microplate according to claim 24, wherein each of said particles has a size less

than about 25 microns.



10

20

25

30

CA 02389066 2002-04-25

WO 01/31341 PCT/US00/40734

-79

26.  The microplate according to claim 20, wherein said at least one light-emissive

compound 1s held to said base without covalently bonding said at least one light-emissive

compound to said base.

27.  The microplate according to claim 20, wherein said at least one light-emissive

compound comprises at least first and second light-emissive compounds, with said first light-

emissive compound being interleaved with said second light-emissive compound.

28.  The microplate according to claim 20, wherein said at least one light-emissive
compound 1is disposed over a selected macroarea of said microplate, with said selected

macroarea comprising a plurality of spaced apart microareas, with said at least one light-

emissive compound occupying an entire microarea.

29.  The microplate according to claim 20, wherein said at least one light-emissive
compound 1s disposed over a selected macroarea with said selected macroarea comprising

first and second macroareas, each comprising a different light-emissive compound.

30.  The microplate according to claim 20, wherein said base has a top wall, said
microplate further comprising at least one well integral with and opening into the top wall,
said at least one well defining an inner surface, said at least one light-emissive compound

being deposited into said at least one well, said barrier being formed over said at least one

well.

31. T'he microplate according to 30, wherein said at least one light-emissive compound

deposited into said at least one well is in liquid form.

32.  The microplate according to claim 31, wherein said barrier is a semi-permeable
membrane.
33. A system tor verifying authenticity of a sample product, the system comprising:

a microplate comprising:
a solid base;

a porous substrate layered on said base; and
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at least one light-emissive compound absorbed in said substrate to allow a
sample placed on said microplate to react with said at least one light-emissive compound; and

a product authentication device for reading said microplate, said device comprising:

a light source for irradiating said microplate with a predetermined wavelength
of light;

an optical detector for detecting at least one emitted wavelength of light
generated by the sample in response to the 1rradiating wavelength of light to provide a sample

characteristic; and

a controller coupled to said optical detector for receiving said sample

characteristic and comparing said sample characteristic to a fingerprint.

34.  The system according to claim 33, further comprising a frame coupled to said

microplate, said frame having an indexing means for indexing said microplate relative to at

least one of said light source and said optical detector.

35.  The system according to claim 34, wherein said device further comprises a tray, said

tray receiving said frame.

36. The system according to claim 35, wherein said device further comprises a driver

coupled to said tray, said driver moving said tray relative to at least one of said light source

and said optical detector.

37.  The microplate according to claim 33, wherein said substrate is formed of silica.
38.  The microplate according to claim 33, wherein said substrate is formed of a gel.
39.  The microplate according to claim 33, wherein said substrate is a membrane.
40.  The microplate according to claim 33, wherein said at least one light-emissive

compound 1s held 1n said substrate without covalently bonding said at least one light-emissive

compound to said substrate.
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41. The microplate according to claim 33, wherein said at least one light-emissive

compound absorbed in said substrate is dry.

42.  The microplate according to claim 41, wherein said at least one light-emissive

compound enters solution when a liquid sample is placed on said microplate.

43, The microplate according to claim 33, wherein said at least one light-emissive

compound comprises at least first and second light-emissive compounds, with said first light-

emissive compound being interleaved with said second light-emissive compound.

44.  The microplate according to claim 33, wherein said at least one light-emissive
compound 1s disposed over a selected macroarea of said microplate, with said selected

macroarea comprising a plurality of spaced apart microareas, with said at least one light-

emissive compound occupying an entire microarea.

45. The microplate according to claim 33, wherein said at least one light-emissive
compound 1s disposed over a selected macroarea with said selected macroarea comprising

first and second macroareas, each comprising a different light-emissive compound.

46. A system tor veritying authenticity of a sample product, the system comprising:
a microplate comprising:
a solid base having a top wall;

at least one well integral with and opening into the top wall, said at least one

well defining an inner surface;

at least one light-emissive compound deposited into said at least one well to

allow a sample placed on said microplate to react with said at least one light-emissive

compound 1in said well; and
a semi-permeable membrane formed over said at least one well, said semi-
permeable membrane being adapted to allow the sample placed on said microplate to

permeate from outside said at least one well into said at least one well while retaining said at

least one light-emissive compound within said at least one well;

a product authentication device for reading said microplate, said device comprising:
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a light source for 1rradiating said microplate with a predetermined wavelength
of light;

an optical detector for detecting at least one emitted wavelength of light
generated by the sample 1n response to the irradiating wavelength of light to provide a sample

characteristic; and

a controller coupled to said optical detector for receiving said sample

characteristic and comparing said sample characteristic to a fingerprint.

47.  The system according to claim 46, further comprising a frame coupled to said

microplate, said frame having an indexing means for indexing said microplate relative to at

least one of said light source and said optical detector.

48. The system according to claim 47, wherein said device further comprises a tray, said

tray receiving said frame.

49, The system according to claim 48, wherein said device further comprises a driver

coupled to said tray, said driver moving said tray relative to at least one of said light source

and said optical detector.

50. The microplate according to claim 46, wherein said at least one light-emissive

compound deposited 1nto said at least one well is in liquid form.

51.  The microplate according to claim 46, wherein said at least one light-emissive

compound 1s held 1n'said at least one well without covalently bonding said at least one light-

emissive compound to said at least one well.

52.  The microplate according to claim 46, wherein said at least one well comprises a first
and second well, a first light-emissive compound is deposited into said first well and a second

light-emissive compound 1s deposited into said second well, with said first light-emissive

compound being different from said second light-emissive compound.

53. The microplate according to claim 52, wherein said first and second wells are adjacent

each other.
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>4.  The microplate according to claim 46, wherein said at least one well comprises a

plurality of wells disposed over a selected macroarea of said microplate.

535. The microplate according to claim 46, wherein said at least one light-emissive

compound 1s disposed over a selected macroarea, with said selected macroarea comprising

first and second macroareas, each comprising a different light-emissive compound.

50. A system for verifying authenticity of a sample product, the system comprising:
a microplate comprising:
a solid base;

at least one light-emissive compound held to said base; and

a barrier formed on said base, said barrier being adapted to transfer a desired
portion of sample placed on said microplate to said at least one light-emissive compound
while holding said at least one light-emissive compound to said base; and

a product authentication device for reading said microplate, said device comprising:

a hight source for 1rradiating said microplate with a predetermined wavelength
of light;

an optical detector for detecting at least one emitted wavelength of light
generated by the sample in response to the irradiating wavelength of light to provide a sample

characteristic; and

a controller coupled to said optical detector for receiving said sample

characteristic and comparing said sample characteristic to a fingerprint.

57.  The system according to claim 56, further comprising a frame coupled to said

microplate, said frame having an indexing means for indexing said microplate relative to at

least one of said light source and said optical detector.

58.  The system according to claim 57, wherein said device further comprises a tray, said

tray receiving said frame.
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59.  The system according to claim 58, wherein said device further comprises a driver

coupled to said tray, said driver moving said tray relative to at least one of said light source

and said optical detector.

60.  The microplate according to claim 56, wherein said barrier is a semi-permeable
membrane.

61.  The microplate according to claim 56, wherein said barrier is formed of silica.
62. The microplate according to claim 56, wherein said substrate is formed of a gel.
63.  The microplate according to claim 56, wherein said at least one light-emissive

compound 1s held to said base without covalently bonding said at least one light-emissive

compound to said base.

64.  The microplate according to claim 56, wherein said at least one light-emissive
compound comprises at least first and second light-emissive compounds, with said first light-

emissive compound being interleaved with said second light-emissive compound.

65.  The microplate according to claim 56, wherein said at least one light-emissive
compound 1s disposed over a selected macroarea of said microplate, with said selected

macroarea comprising a plurality of spaced apart microareas, with said at least one light-

emissive compound occupying an entire microarea.

66.  The microplate according to claim 65, wherein said at least one light-emissive
compound 1s disposed over a selected macroarea, with said selected macroarea comprising

first and second macroareas, each comprising a different light-emissive compound.

67.  The microplate according to claim 56, wherein said base has a top wall, said
microplate further comprising at least one well integral with and opening into the top wall,
said at least one well defining an inner surface, said at least one light-emissive compound

being deposited into said at least one well, said barrier being formed over said at least one

well.
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68. T'he microplate according to 67, wherein said at least one light-emissive compound

deposited 1nto said at least one well is in liquid form.

69. A method ot providing a light-emissive compound on a microplate, the microplate

having a substrate, the method comprising the steps of:

selecting a substrate capable of absorbing at least one light-emissive compound

thereon; and,

depositing said at least one light-emissive compound on said substrate using a

piezoelectric dispenser.

70.  The method according to claim 69, wherein said depositing step comprises the step of

Interleaving a first light-emissive compound with a second light-emissive compound.

71. The method according to claim 69, wherein said depositing step comprises the steps
of:

depositing said at least one light-emissive compound over a selected macroarea of

said microplate; and

depositing said at least one light-emissive compound over another selected macroarea

of said microplate.

72. The method according to claim 69, wherein said depositing step comprises the steps
of:

depositing said at least one light-emissive compound over a selected macroarea of

said microplate; and

spacing a deposit of said at least one light-emissive compound from an adjacent light-

emissive compound, with said spaced deposits of light-emissive compounds being deposited

within a single macroarea.

73. A method of verifying authenticity of a sample product, the method comprising the
steps of:

providing a microplate base having at least one light-emissive compound disposed

thereon, the microplate having a solid base, the base having a porous substrate layered on
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said base or at least one well integral with and opening into said top wall, said at least one
light-emissive compound absorbed in said substrate or deposited into said at least one well,
respectively, said at least one well having a semi-permeable membrane formed thereover,
said semi-permeable membrane being adapted to allow the sample placed on said microplate
to permeate from outside said at least one well into said at least one well while retaining said
at least one light-emissive compound within said at least one well:

applying a sample product to a microplate:;

irradiating said microplate with a predetermined wavelength of light;

detecting at least one emitted wavelength of light generated by the sample in response
to the irradiating wavelength of light to provide a sample characteristic: and

comparing said sample characteristic to a fingerprint.

/4. The method according to claim 73, wherein said applying step comprises the steps of

applying a known sample product to said microplate and applying an unknown sample

product to said microplate, with said known sample product providing said fingerprint.

76.  The method according to claim 73, wherein said applying step comprises the step of

dipping said microplate into a sample product.

/7. The method according to claim 73, wherein said applying step comprises the step of

applying a liquid sample to the microplate.

78. The method according to claim 73, wherein said at least one light-emissive compound

absorbed in said substrate is dry.

79. A method of verifying authenticity of a sample product, the method comprising the
steps of:
providing at least 500 micropores containing a dry light-emissive compound;

absorbing a liquid sample into said micropores to permit the sample to solublize and

interact with the light-emissive compound in the micropores;
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irradiating said micropores with a predetermined wavelength of light;

detecting at least one emitted wavelength of light generated by the sample in response

to the irradiating wavelength of light to provide a sample characteristic; and

comparing said sample characteristic to a fingerprint.

80.  The method according to claim 79, wherein said providing step comprises the step of

providing said micropores on a solid base.
81. The method according to claim 80, wherein said base is flat.

82. The method according to claim 79, wherein said providing step comprises the step of

forming said micropores with silica particles.
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