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(57) Abstract: The invention concerns a portable food and/or beverage analyzer comprising an optical analysis system for perform-
ing a quantitative chemical analysis of a food and/or beverage by analyzing an optical signal comprising a plurality of wavelengths
emanating from a sample of the food and/or beverage to be analyzed, the plurality of wavelengths originating from illumination of the
sample using a light source, the optical analysis system comprising a spectroscopic device comprising a dispersive element on which
the optical signal is incident, for spatially separating the optical signal into its constituent plurality of wavelengths, a multivariate
& optical element being arranged so that the plurality of wavelengths is incident on the multivariate optical element, the multivariate
& optical element for transmitting the plurality of wavelengths with a respective weight coefficient depending on a specific spectral
pattern of the chemical to be analyzed to achieve a multiplication of the specific spectral pattern, the spectroscopic device comprising
a further optical element for performing a summation over a wavelength dimension of the plurality of wavelengths with a respective
weight coefficient, the optical analyzer further comprising a single channel detector arranged to receive the summation wherein an
output of the detector is directly indicative of a concentration of the chemical in the food and/or beverage.
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A portable food and/or beverage analyzer and a method of analyzing a food and/or beverage
in the field

TECHNICAL FIELD
The invention relates to a portable food and/or beverage analyzer and a

method of analyzing a food and/or beverage in the field.

BACKGROUND TO THE INVENTION AND PRIOR ART

A healthy diet is of importance for the welfare and the health of a person. For
these reasons, the food industry employs various techniques in order to control the quality of
food and/or beverages. For example, chemical and spectroscopic techniques are implemented
to monitor food quality parameters such as moisture, protein and fat concentrations as well as
other product specific attributes. Conventional chemical and spectroscopic techniques are
complex and expensive requiring expensive apparatus. For example, until now the use of
expensive devices costing hundreds of thousands of dollars is a privilege of large
manufacturers. As a result, in contrast to big food product industries where very expensive
and often time consuming analyses are used, consumers, small businesses, general population
as well as populations in poor and/or remote areas still have to rely on such old fashioned
techniques as visual inspection and sense of smell. A decrease in the cost of spectroscopic
devices for food and beverage inspective would make such inspection techniques available
for individual customers and small businesses.

It is an object of the present invention to address those problems encountered
in conventional food and beverage analysis. In particular, it is an object to provide a low cost
effective food and/or beverage analyzer, which may be affordable and usable by small
businesses and consumers as well as large businesses. There is a need for a low cost portable

food and/or beverage analyzer.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a A portable food
and/or beverage analyzer comprising an optical analysis system for performing a quantitative
chemical analysis of a food and/or beverage by analyzing an optical signal comprising a

plurality of wavelengths emanating from a sample of the food and/or beverage to be
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analyzed, the plurality of wavelengths originating from illumination of the sample using a
light source, the optical analysis system comprising a spectroscopic device comprising a
dispersive element on which the optical signal is incident, for spatially separating the optical
signal into its constituent plurality of wavelengths, a multivariate optical element being
arranged so that the plurality of wavelengths is incident on the multivariate optical element,
the multivariate optical element for transmitting the plurality of wavelengths with a
respective weight coefficient depending on a specific spectral pattern of the chemical to be
analyzed to achieve a multiplication of the specific spectral pattern, the spectroscopic device
comprising a further optical element for performing a summation over a wavelength
dimension of the plurality of wavelengths with a respective weight coefficient, the optical
analyzer further comprising a single channel detector arranged to receive the summation
wherein an output of the detector is directly indicative of a concentration of the chemical in
the food and/or beverage. In this way, a low cost and portable food and/or beverage analyzer
is provided without the need for additional computing resources. The analyzer may be used
in the field by users without any specialist training.

In one embodiment, the spectroscopic device comprises only one multivariate
optical element. In this way, the cost and bulkiness of the device is further reduced with
respect to conventional spectroscopic devices comprising a plurality of multivariate optical
elements.

In a further, embodiment, the multivariate optical element is a variable
multivariate optical element.

In yet a further embodiment, the multivariate element comprises a liquid
crystal device or a digital micro mirror, or a liquid crystal on silicon (LCoS).

In a further embodiment, the multivariate optical element is arranged so that
its output may be used to identify one or more predetermined optical spectra from the food
and/or beverage by identifying the specific spectral pattern for one or more predetermined
chemicals, respectively. In this way, various chemicals' concentrations may be determined
from complex mixtures having an unknown composition.

In one embodiment, the analyzer is arranged to analyze ingredients in food
and/or beverages, such as fat, salts, water content and other such ingredients.

In a further embodiment, the analyzer is arranged to analyze one or more food

decay products, impurities, such as impurities in water and other beverages.
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According to a second aspect of the present invention, there is provided a
method of analyzing a food and/or beverage in the field, the method comprising: performing
a quantitative chemical analysis of a food and/or beverage by analyzing an optical signal
comprising analyzing a plurality of wavelengths emanating from a sample of the food and/or
beverage to be analyzed, the plurality of wavelengths originating from illumination of the
sample using a light source, providing a spectroscopic device which:

-spatially separates the optical signal into its constituent plurality of
wavelengths, using a multivariate optical element being arranged so that the plurality of
wavelengths is incident on the multivariate optical element, to transmit the plurality of
wavelengths with a respective weight coefficient depending on a specific spectral pattern of
the chemical to be analyzed to achieve a multiplication of the specific spectral pattern,
performing a summation over a wavelength dimension of the plurality of wavelengths with a
respective weight coefficient, the method further comprising using a single channel detector
to receive the summation wherein an output of the detector is directly indicative of a
concentration of the chemical in the food and/or beverage.

According to a third aspect of the invention, there is provided a use of a
multivariate optical element to analyze a food and/or a beverage.

According to a fourth aspect of the invention, there is provided an in-line
process control system for controlling the processing of a food or beverage product
comprising a food and/or beverage analyzer according to claim 1. The invention is not
limited to analysis of ready-to-use foods and beverages. It may also be applied for example,
in in-line process control at food and beverage factories. In this way, the products in
production in a production line may be readily monitored at various stages during and after

their production.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more fully understood, embodiments
thereof will now be described by way of example only, with reference to the figures in
which:

Figure 1 shows a food and/or beverage analyzer according to an embodiment
of the invention;

Figure 2 shows a graph depicting measured Raman spectra of 96% ethanol

(solid line) and 99.8% methanol (dotted line), and
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Figure 3 shows a graph depicting measured Raman spectrum of pure 99.8%
methanol (a) and the Raman difference spectrum of mixtures containing 47.2% ecthanol and

1.6% methanol in water and 48% ethanol in water respectively (b).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a food and/or beverage analyzer according to an embodiment
of the invention. The food and/or beverage analyzer includes a multivariate optical element.
In particular, a low cost spectroscopic device is provided for quantitative chemical analysis
and has been developed by the applicants, based on variable multivariate optical element
(VMOE). The variable multivariate optical element uses multivariate calibration (MC) to
quantify concentrations of analyses, such as chemicals, of interest. The analysis may be
carried out in mixtures with complex composition, such as food and beverages.

In conventional multivariate calibration an expensive (50k$) multichannel
light detector is used to register optical spectra, followed by mathematical computations
performed in computer software. Unlike conventional multivariate calibration, the VMOE
according to an embodiment of the invention performs all the necessary computations in the
optical domain. This makes a multichannel detector redundant, which dramatically decreases
the cost of the device.

The potentially low cost of the technique according to an embodiment of the
present invention of using a multivariate optical element in combination with a single
channel detector (less then 100$ for an apparatus) and its rapid and non-destructive analytical
capability allow a consumer food & beverages control application to be developed.
Embodiments of the present invention may have various applications, including, but not
limited to a device, aimed at individual customers and able to analyze fat, salts, water content
and other ingredients in food products. In this way, consumers can readily find out "healthy"
a food product is. In a further embodiment, a device is provided which may be used to
identify whether a food or beverage is fresh or fit for consumption. For example, in countries,
such as developing countries, where the quality of food is often low and their food
certificates issued by local authorities may not be reliable. In such embodiments, an
apparatus is used to control food aging (for example, by detecting food decay products),
water purity monitoring, beverages quality monitor, etc. In particular, it is desirable to be able
to monitor the quality of beverages, since low quality beverage products, containing an
increased amount of certain potentially damaging chemicals, such as methanol, often result in

high lethality upon consumption of the product.
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Devices according to embodiments of the present invention may be employed
as a mobile/portable food product control for governmental organizations, small businesses
as well as consumers or consumer groups. According to an embodiment of the present
invention, as described with reference to Figures 2 and 3, the analyzer includes a
spectroscopic device. In one embodiment, the VMOE device has been developed for Raman
spectroscopy at 532 nm excitation and for emission wavelength of ~ 640 nm. The present
invention is not limited in this respect and may be readily adapted for the majority of
spectroscopic modes/processes, including fluorescence, phosphorescence, light scattering,
UV, VIS, NIR and MIR absorption. It will be understood that the light source according to
embodiments of the present invention, will provide a source of radiation in accordance with
the particular spectroscopic mode/process chosen. Embodiments of the present invention are
capable of analyzing component concentration in liquid, solid and gas phases of a matter.

Figure 1 shows a low cost spectroscopic device for quantitative chemical
analysis according to an embodiment of the invention. The portable food and/or beverage
analyzer comprising an optical analysis system for performing a quantitative chemical
analysis of a food and/or beverage by analyzing an optical signal comprising a plurality of
wavelengths emanating from the food and/or beverage to be analyzed. These wavelengths
originate from illumination of the sample using a light source, such as laser, light emitting
diode, or a white light source, ¢.g. a halogen lamp, or any other light source. The optical
analysis system comprising a spectroscopic device 1. The principle behind the variable
multivariate optical element of the present invention is as follows: in multivariate calibration,
a specific spectral pattern for a particular analyze (chemical) of interest, called a regression
vector, is identified based on the optical spectra of the optical signal S(lambda 1) emanating
from the chemical to be analyzed present in the sample 5. This spectral pattern allows for
accurate prediction of analyze concentration in mixtures with unknown composition. In
particular, the spectroscopic device may comprise a dispersive element 7 on which the optical
signal S(lambda 1) is incident. The dispersive element 7 spatially separates the optical signal
S(lambda 1) into its constituent plurality of wavelengths lambda 1, lambda 2...lambda n. The
spectroscopic device further includes a multivariate optical element 9. The multivariate
optical element 9 is arranged so that the plurality of wavelengths lambda 1, lambda
2...lambda n is incident on the multivariate optical element 9. The multivariate optical
clement 9 transmits the plurality of wavelengths with a respective weight coefficient
Willambdal, W2lambda 2...Wnlamba n depending on a specific spectral pattern of the

chemical to be analyzed to achieve a multiplication of the specific spectral pattern, as
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mentioned above. The spectroscopic device comprises a further optical element 11 for
performing a summation over a wavelength dimension of the plurality of wavelengths with a
respective weight coefficient W1llambdal, W2lambda 2...Wnlamba n. The spectroscopic
device further comprises a single channel detector 13 arranged to receive the summation. An
output of the detector 13 is directly indicative of a concentration of the chemical in the food
and/or beverage. In the embodiment shown in Figure 1, the variable multivariate optical
element concept is based on the multivariate optical element being a transmissive liquid
crystal display (LCD) panel. The signal S(lamba) from the sample 5 falls on the dispersive
element 7. The LCD 9 is placed downstream of the dispersive element 9. The dispersive
element 7 spatially separates the wavelengths. The LCD panel comprises a plurality of
individual pixels, and is arranged so that the plurality of wavelengths address individual
pixels. By addressing individual pixels of the LCD their optical transmittance is changed. As
a result, individual wavelengths are transmitted with different weight coefficients
Willambdal, W2lambda2...Wnlamdan. The resulting signal is focused by a lens 11 on a
single photodiode 13. The weight coefficients are components of the regression vector, thus
multiplication of a regression vector by optical spectrum is performed. By focusing the
transmitted signal by a lens, summation over the wavelength dimension is performed. So, the
overall effect is equivalent to mathematic computation usually performed in computer
software. In this way, the concentration can be directly inferred from the output of the
detector. Thus, mathematic computation usually performed in computer software is avoided.
Thus, rendering the device simpler, cheaper and more portable than conventional
spectroscopic devices. In one embodiment, the spectroscopic device comprises only one
multivariate optical element. In this way, the cost is further reduced with respect to
conventional spectroscopic devices, such as that disclosed in W02005/062006, which
comprises two multivariate optical elements. As mentioned, the multivariate optical element
may be a variable multivariate optical element. In the embodiment shown in Figure 1, the
multivariate optical element comprises a liquid crystal device. However, in an alternative
embodiment, the multivariate optical element may comprise a digital micromirror device
(DMD) or a liquid crystal on silicone (LCoS). In a further embodiment, the multivariate
optical element is arranged so that its output may be used to identify one or more
predetermined optical spectra from the food and/or beverage by identifying the specific
spectral pattern for one or more predetermined chemicals, respectively. In this way, a variety
of chemicals can be determined quantitively in complex mixtures. Further, the one or more

specific patterns may be a regression vector. The regression vector allows an accurate
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prediction of a concentration of the one or more chemical in the food and/or beverage having
an unknown composition. In this way, the accuracy of the prediction is improved. Different
coefficients of the individual wavelengths may be components of the regression vector. As
mentioned, the further optical element is a focusing element, such as a lens, and the single
channel detector is a single photo detector, wherein the focusing element is arranged to focus
the transmitted signal onto the single photo detector. The portable food and/or beverage
analyzer may be arranged to analyze ingredients in food and/or beverages, such as fat, salts,
water content and other such ingredients. Alternatively or in addition, the portable food
and/or beverage analyzer may be arranged to analyze one or more food decay products,
impurities, such as impurities in water and other beverages.

Figure 2 shows a graph depicting measured Raman spectra of 96% ethanol
(solid line) and 99.8% methanol (dotted line), and Figure 3 shows a graph depicting
measured Raman spectrum of pure 99.8% methanol (a) and the Raman difference spectrum
of mixtures containing 47.2% ethanol and 1.6% methanol in water and 48% ethanol in water
respectively (b). With reference to Figures 2 and 3, the experimental results obtained using
the device shown in Figure 1 of the principles of the developed technique to detect small
amounts of the analyze of interest in complex environment are demonstrated. A practically
relevant system was considered, where small amounts of methanol in ethanol/water mixture
(vodka) were detected. This is important for quality control of beverages, where methanol
concentrations could be varying within the range of 0.2 — 2% (v/v).

If the concentration of methanol is too high it is known that it may lead to
severe poisoning. Exact values depend on food standards accepted by different countries.
Nevertheless it is relevant to be able to detect the concentration of methanol in a mixture of
cthanol and water.

Figure 2 shows the measured Raman spectra of 96 % ethanol (solid line) and
99.8 % methanol (dotted line). The assignment of Raman shifted frequencies is given in
accordance to literature.

Figure 3 shows the measured Raman spectrum of pure 99.8 % methanol (a)
and the Raman difference spectrum of mixtures containing 47.2 % cthanol and 1.6 %
methanol in water and 48 % ethanol in water respectively (b). The positive Raman bands in
the difference spectrum are due to methanol contribution, while the negative bands are due to
decreased ethanol contribution. As can be seen from Fig. 3b the small concentration of
methanol in mixtures of ethanol and water (vodka) is clearly seen. Therefore, it is

demonstrated that it is possible to apply VMOE-based spectrometer for low-level methanol
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detection. In one embodiment, the accuracy of prediction of methanol concentration may be
further improved by a partial least squares (PLS) calibration, principal component regression
(PCR) or other method based on a multivariate calibration.

Whilst specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. The
description is not intended to limit the invention. Any reference signs in the claims shall not

be construed as limiting the scope.
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CLAIMS:

1. A portable food and/or beverage analyzer comprising an optical analysis
system for performing a quantitative chemical analysis of a food and/or beverage by
analyzing an optical signal comprising a plurality of wavelengths emanating from a sample
of the food and/or beverage to be analyzed, the plurality of wavelengths originating from
illumination of the sample using a light source, the optical analysis system comprising a
spectroscopic device comprising a dispersive element on which the optical signal is incident,
for spatially separating the optical signal into its constituent plurality of wavelengths, a
multivariate optical element being arranged so that the plurality of wavelengths is incident on
the multivariate optical element, the multivariate optical element for transmitting the plurality
of wavelengths with a respective weight coefficient depending on a specific spectral pattern
of the chemical to be analyzed to achieve a multiplication of the specific spectral pattern, the
spectroscopic device comprising a further optical element for performing a summation over a
wavelength dimension of the plurality of wavelengths with a respective weight coefficient,
the optical analyzer further comprising a single channel detector arranged to receive the
summation wherein an output of the detector is directly indicative of a concentration of the

chemical in the food and/or beverage.

2. A portable food and/or beverage analyzer according to claim 1, wherein the

spectroscopic device comprises only one multivariate optical element.

3. A portable food and/or beverage analyzer according to claim 1, wherein the

multivariate optical element is a variable multivariate optical element.

4. A portable food and/or beverage analyzer according to claim 1 or 3, wherein
the multivariate element comprises a liquid crystal device, a digital micromirror or a liquid

crystal on silicon.

5. A portable food and/or beverage analyzer according to claim 1, wherein the

multivariate optical element is arranged so that its output may be used to identify one or more
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predetermined optical spectra from the food and/or beverage by identifying the specific

spectral pattern for one or more predetermined chemicals, respectively.

6. A portable food and/or beverage analyzer according to claim 1, wherein the
one or more specific patterns is a regression vector, wherein the regression vector allows an
accurate prediction of a concentration of the one or more chemical in the food and/or

beverage having an unknown composition.

7. A portable food and/or beverage analyzer according to claim 1, wherein the
multivariate optical element comprises a plurality of individual pixels, and is arranged so that
the plurality of wavelengths address individual pixels their optical transmittance is changed,

so that the individual wavelengths are transmitted with different weight coefficients.

8. A portable food and/or beverage analyzer according to claim 7, wherein

different coefficients of the individual wavelengths are components of the regression vector.

9. A portable food and/or beverage analyzer according to claim 8, wherein the
further optical element is a focusing element, such as a lens, and the single channel detector
is a single photo detector, wherein the focusing element is arranged to focus the transmitted

signal onto the single photo detector.

10. A portable food and/or beverage analyzer according to claim 1, being arranged
to analyze ingredients in food and/or beverages, such as fat, salts, water content and other

such ingredients.

11. A portable food and/or beverage analyzer according to claim 1, being arranged
to analyze one or more food decay products, impurities, such as impurities in water and other

beverages.

12. A portable food and/or beverage analyzer according to claim 1, including a
partial least squares (PLS) calibration, principal component regression (PCR) or other

method based on multivariate calibration.
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13. A method of analyzing a food and/or beverage in the field, the method
comprising: performing a quantitative chemical analysis of a food and/or beverage by
analyzing an optical signal comprising analyzing a plurality of wavelengths emanating from a
sample of the food and/or beverage to be analyzed, the plurality of wavelengths originating
from illumination of the sample using a light source, providing a spectroscopic device which:
spatially separates the optical signal into its constituent plurality of wavelengths, using a
multivariate optical element being arranged so that the plurality of wavelengths is incident on
the multivariate optical element, to transmit the plurality of wavelengths with a respective
weight coefficient depending on a specific spectral pattern of the chemical to be analyzed to
achieve a multiplication of the specific spectral pattern, performing a summation over a
wavelength dimension of the plurality of wavelengths with a respective weight coefficient,
the method further comprising using a single channel detector to receive the summation
wherein an output of the detector is directly indicative of a concentration of the chemical in

the food and/or beverage.

14. The use of a multivariate optical element to analyze a food and/or a beverage.

15. An in-line process control system for controlling the processing of a food or

beverage product comprising a food and/or beverage analyzer according to claim 1.
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