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(57) Abstract

The present invention relates to an on-Jine method and a flow system as well as a cuvette for carrying out IR spectrometry for analysis
of liquid food products, possibly containing dissolved gases, in a process line in a liquid food product processing plant, especially a dairy
processing milk and milk products. A liquid sample is extracted from the process line 10 a measuring branch, the sample is thermostated
and passed to a measurement cuvette. The IR-absorbance spectrum is measured, e.g. in the MID-IR or NIR-range. In order to obtain
an on-line menitoring of the process line the liquid food sample is extracted directly from the process line into the measurement branch,
in which the pressure is maintained at least as high as in the adjacent process line. The high pressure ensures that dissolved air will stay
dissolved in the liquid food. Before each new sample the measurement branch and cuvette are flushed by high flow rates with a part of the
new sample to clean the cuvette. The measurement cuvette has strong windows, preferably diamond windows to stand a high pressure and
high flow rates. The on-ling system is arranged to carry out e.g. 120 measurements per hour.
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TITLE OF INVENTION:

A METHOD AND FLOW SYSTEM FOR SPECTROMETRY ANb A CUVETTE FOR THE FLOW
SYSTEM

TECHNICAL FIELD

The present invention relates to a method and a flow system for carrying out spectrometry for analysis
of a liquid food product, possibly containing dissolved gases, in a process line in a liquid food proguct
processing plant, especialiy milk and milk products in a dairy, and comprising the following steps: 1)
providing a liquid food sample from the process line to a measuring branch, 2} thermostating the
liquid food sample,  3) passing the thermostated liguid food sample to a sample cuvette, 4)
measuring at least part of the absorbance spectrum of the liquid food sample in the sample cuvette,
The invention aiso relates to a measurement cuvette for the flow system. The present invention is
specifically intended for IR-measurements, e.g. MID-IR and/or NIR-measurements for a
determination of the quantities of specified components in the liquid food product.

BACKGROUND ART

A presently used method includes providing a mik sample from the process plant in an open sample
container or cup from which dissolved gases may escape, passing part of the degassed milk sample
from the container through a measurement branch into a measurement cuvette, performing the test
and passing the tested milk sample to a waste outlet.

The presently used test instrument includes generally a flow system, an IR spectrophotometer, and a
computer comprising a PC with harddisc, floppy disc drive, menitor and keyboard.

Instead of the above mentioned method it would be preferable to perform the test on-line and in-line
in the process plant, and preferably in such a way that it also would be possible to let the tested milk
sample be returned into the process line, to avoid the waste.

US 5,137,738 discloses a systemand a method for controlling the butterfat content of milk. The entire
product strearn is monitored continuously by the use of optical density sensors. The preferred sensors
have stainless steel bodies and housings med Pyrex windows and mount directly on the product
output lines and operate at full flow and pressure. US 4,144,804 discloses a photoelectric monitoring
system for continuously measuring the butterfat content of a sample of homogenized milk as the latter
flows continuously through the pracessing system under the pressure of the homogenizer in the
system. The known on-line sensors far milk products do not apply spectrometric analysis of the
content.
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On-line spectrum measurement for determining a property of a product is known, e.g. as described
in US PS 5,452,232 for a hydrocarbon product. GB-A-2 104 681 describes an apparatus for the
continuous investigation of chemical reactions by infrared absorption by use of an IR
spectrophotometer having a through flow cell through which flows a continuous sample stream
branched off from the reaction container. US PS 4,910,403 describes a flow cell utilized on-line in the
analysis of molten polymer. The flow cell includes diamond windows for passing mid to far infrared
radiation through the molten polymer flowing through the flow cell.

Testing milk in-line in a process piant in a dairy presents several problems. One problem is due to
dissolved air, which is normally present in the raw milk, If air bubbles are released and enter the
measuring cuvatte, the measurement result will obviously not show a correct analysis of the milk
product itself. A further problem is that milk incluties several components and specifically the fat
globuies can give reason to failures. According to the known art the temperature of the milk sample
should be raised to about 35 - 42 °C, and preferably homogenized to make reliable, reproducible
measurements possible in an IR cuvette. Obviously, the milk in the process plant is generally kept at
a low temperature to avoid the milk to be spoiled by some unwanted reactions, such as growing
bacteria's.

A further problem is that thin layers of milk tend to adhere to the IR-windows of the cuvette. The
measurements may be seriously deteriorated due to such milk coatings. Therefore, an IR cuvette
needs regular thorough cleaning.

An in-line and on-line system must be able to measure reliably and normally without needing any
regular calibrations and adjusting. Spectrometric measurements require the utmost stability of the
components of the optical system. It is very important that the cuvette is extremely stable and not
liable to suffer from wear. In fact the cuvette is highty exposed to wear as the liquid product and
rinsing and cleaning solutions pass through the cuvette under high pressure and flow rates.

It has therefore until now not been possible to perform the desired testing procedures on milk in an in-
line system. To the applibants best knowledge there does not on the market exist any reliable
apparatus able to perform accurate and reliable indine determinations of the gquantities of the
components in raw milk or in a milk product, e.g. fat, protein, lactose, urea and casein.

SUMMARY OF THE INVENTION

According to the invention the method as defined in the preamble comprises exiracting the liguid food
sample directly from the procass line into the measuring branch, providing and maintaining a pressure
that is at least as high as the pressure in the said process line, and before each measurement
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flushing the cuvette with part of the recently (latest) extracted liquid food
sample, further having provided that the cuvette having windows of a
pressure and wear resistant material, being especially resistant to mechanical
and chemical influences of the kind appearing in dairies. The flushing is
performed under a pressure of from 50 - 200 bars, preferably from 90 - 180
bars and most preferably from 110 - 150 bars across the cuvette, so the
flushing rate will be high enough to ensure a thorough removal of the old
sample including a cleaning of the cuvette.

The high pressure ensures that dissolved air will stay dissolved in the
liquid food. The pressure and wear resistant materials, preferably diamond
windows, allow the cuvette to stand high pressures and high flow rates.
Other window materials might break or move causing the cuvette to widen
and thereby causing the IR transmission loss through the cuvette to raise,
thereby influencing the measurement result. Accordingly the pressure in the
measurement branch should preferably be kept high, at least as high as the
pressure in the process line at the location on which the sample is extracted,
and during measurements the pressure shall be kept constant in the cuvette.
Preferably, the pressure in the measuring branch exceeds the pressure in the
process plant to ensure that dissolved air stéys dissolved in the liquid food.

The method is specifically fitted for liquid fcod products such as raw
milk or processed milk and other dairy products.

In one embodiment the measuring branch forms a closed system
together with the process line. This means that the measuring branch only
receives liquids flowing in the process conduit to which the measuring
branch is connected.

Preferably, a regular (e.g. daily) cleaning of the measuring branch
including the cuvette is performed when the dairy plant is subjected to the
regular cleaning process and/or by flushing the branch with the same
cleaning solutions used for cleaning the dairy plant. In an advantageous
embodiment of the present invention at least one of the cleaning or rinsing
liquids of the dairy may be used in the measuring branch for an adjustment,
such as a standardisation based on characteristics originating from the
appearance of jons belonging to the group comprising NOy-ions and PO,%,
(By "standardisation” is meant an adjustment of the instrument, (e.g.
performed in the instrument software) made in order to make a plurality of
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spectrum measuring instruments performing in the same way so that copies
of the same calibration software can be used on all the instruments and
whereby all instruments will provide the same result when measuring the
same sample.)

Preferably, the spectrometry is performed in the IR spectral range, e.g.
in the MID-IR and/or the NIR spectral range, these ranges being specifically
favourable for the analysis of milk.




In an acvantageous methed the liquid food sample is thermostated white it is manizined insice the
cylinder of 2 singie sircke pump wherety 2 separate preneater possicly cante discansed with.
A homegenizer mav ce included in the mezsuring branch. A thorough hemegenizaiicn is preferred in
order o ottain a regreseniative sampie inside the very thin cuvene. If the measurement sysiam s
5 locates 2t 5 position in a dairy where the milk product passing the sampie intake aiways is adequaiely
! homogenized, a furher homeogenizing can be deleted, and the measurement branch may te set up
without homogenizer. As it will appear ciearly from the detailed descripuen the methcd accaraing to

the invensicn allow ztout 120 on-line IR specirometry measurements per nour.

The present invention further provides a flow system for extraction of a sampie strgzm from 2 liquid
10 focd processing plant such as a dairy processing miik and milk products, and for carrving out the
method according o ciaim 1. Accerding (o the invention the flow svsiem is direcily connecied 0 the
liquid food processing plant, the flow system including a measurement cuvette ior speciremetric
measurements for detarmination of the quantities of the known compﬁnems n 2 licud focd grecuc:

1 vaive means to maintain a predetermined prassure inside the cuvette, said prassure osing at!

EX]

hugn zs the pressure in the orocess plant, and ihe cuveite having winccws of 2 maienai. wien s

resisiant (0 pressure and wear and aspecizily (o mechanical and chemicai inii
appeanng in a diary. Freferabiy. the measurement cuvette has diamenc windews. 28 Ziamene s &0

axtremeiy wear and pressure resistant material.

20 Preferably the liquid fcad sample is axtracted irom the procass ling by 3 purmp provicing a nigh ftow
rate in the measunng branch, said flow rate inside the cuvette at least for 2 snort pered excesaing 3
m/s, preferably exceeding 20 m/s and mare preferably rezaching abour 25-3C¢ mws. to fusn the
measuring branch anc specificatly the cuvelte {0 avoid the building up of a coating of liguid fcoc on the

IR-windows. In a preferrad embodiment lhe pump means is a single siroke pump. The single siroke

2§ pumo s specifically acvantzgeous in that ine suction siroke can be slow in orgsr i vaid cawitation
when sycking in a new samcle, still allowing a fast pump stroka in order (o oravice :he high flow rate
of the sample when the cuvetta is ushed with a new sample in order to remave aif rasis of r2mMNants
from the former samaple.

The present invention further provides a mezsurement cuvette for a fiow system accoraing (o ciam 9,

20 the cuvette comprising: a first and a seccnd steel member enclosing an IR measurement chameer
between two IR windows, the first stee! memter having bore hales ior inlet and outls: af a licuid {low
0 and from the IR measursment champer, one af the steel members having an opemng fof
arrangement of an ogtical detecter, the other member having an opening provigea for an iR-Hght
beam corning from an IR-source, 23ch opening being sealingly closed by a diamond aisc, formung one

x5 of e windows. and ihe two sieel memcers with diamond windows being aghtly sacurad to each othar
oy fastening means. Thereby & siable. wesr resisiant cuvelie is grovidsd. This cuvens s well attad for

a flow sysiem and measurement system wheren regular calibrations and zciusiments ¢an @

ciscensed with
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Preferably, a spacer is arranged between the diamond windows and along the periphery of the
measurement chamber, in order to define the correct distance (path length) between the windows as
well as to support and stabilize the windows, when the chamber is flushed and filled with the liquid
food. Preferably the opening in the spacer defining the light penetrating part of the windows has a
diameter of less than 2.5 mm and preferably about 2 mm. it is preferred to have small windows
because this will reduce the deflection when the chamber is exposed 1o high pressures. In an
advantagecus embodiment the spacer has 2 wedge form providing a change in width/haight of spacer
(equat ta light path in chamber) of about 3 - 10 ym, e.g. about 6 pm across the 2 mm opening. Such
wedge form will reduce or eliminate the tendency to the occurrence of internal reflections of the light
beam inside the chamber.

Utility of the Invention

The improved methed and the measurement cell therefore are intended for use In liquid food
processing plants and more specifically dairieé‘ in the following description the term milk includes raw
milk and food products derived from that, and may include other kinds of liquid food preducts.

Advantages obtained by the invention:

The measurement takes piace at normal process line pressure or even higher, Therefore, dissolved
gases will not be released and accordingly, no air bubkles are produced. The measuring system is
chemical resistant to all substances which stainless steel is resistant to. (This feature is an advantage
during a regular cleaning of the food product processing system) The diamond windows ensure that
the mechanicat dimensions of the optical system are not subject to changes due to mechanical wear.
The measuring system can operate in a pracess environment for a long time without any need for
attended operators to perform zero adjustment, re-calibration, separate cleaning or other kind of
maintenance operation on the flow systermn and IR measurement equipment. The measurement is an
on-line measurement, always available to maintain an optimal production. Regularly, during normal
operation, the flow system is "cleaned” by the samples themseives. Preferably, in a preferred
embodiment, the normal process line cleaning procedure includes the measuring branch, i.e. the
above mentioned fiow system. Further, in the preferred embodiments, no "foreign” substances are
introduced, i.e. na special ¢leaning or ealibration agents are neaded besides the cleaning and rinsing

agents generally used in dairies. Therefore, a possible oplion comprises the retum of the sample to the
process line after the measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of an example of & measurement system and flow systemn according
to the present invention.

Figure 2 is a schematic diagram of an example of a modified fiow system according to the present
invention.

Figure 3'is a schematic diagram of a third example of a flow sysiem according to the present invention.
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Figure 4 is a schematic diagram of an optical system in a measurement system according to the"
present invention. 7

Figure 5A is a schematic sectional view along line A-Ain Fig. 8 of an example of an embodiment of
an IR cuvette according 1o the invention and in an enlarged scale.

Figure 5B same along line B-B in Fig. 8.

Figure BA is an oblique sectional view of a preferred embodiment of an IR cuvette according to the
present invention, seen from above and in an enlarged scale.

Figure 6B same as Fig. A, also showing the front half of the lower part.

Figure 7 is a sectional view along line C-C in Fig. 8 of the embodiment shown in Fig.' 6Aand B inan
enlarged scale.

Figure 8 a schematic top view of an IR cuvette in an enlarged scale.

Figure 9 a sectional elevation of a centre portion of the cuvetie including the inner cuvette space in a
further enlarged scale,

Figure 10 a vertical projection of the centre portion of Figure 8, and

Figure 11 is a schematic diagram of a further example of a flow system according to the present
invention.

DETAILED DESCRIPTION OF THE BEST MODE FOR CARRYING OUT THE INVENTION

A preferred embodiment of a system for carrying out the method according to the invention comprises
the following major components: A flow system 100, an optical MID-IR spectrometry system 200 and
a contrel system 300 as indicated in fig.1.

The flow system may comprise the following components as shown in the three examples Fig. 1- 3:

Sample intake means, comprising a tube 20 and a pump and valve means, e.g. a piston pump 40
having at least one one-way valve 21, 22 at the pump inlet and at least one one-way valve 23, 45 at the
pump outlet. The sample intake means 20 is connected to a section of a process conduit 10 from
which the samples are taken through a filter 15 and through a detachable connection e.g. mini clamps
13 comprising two flange parts and a gasket. Preferably all such connections are made according to
the hygienic standards for food processing plants. The process conduit 10 is part of a food processing
piant such as a dairy, which is not shown.

Thermostatizing means 30, preferably comprising: a preheater or cogler, e.g. a coiled steel tube
embedded in or wound around an electrically heated copper cylinder, providing e.g. from 1 to 5 ml,
preferably 1.5 ml of heated milk or a heated copper cylinder having an inner volume of about 1.5 mi
and assignad temperature sensoring means {not shown) connected to control means 300 for control-
ling the preheater or cooler. The heating means 30 are designed to heat e.g. 1.5 ml milk from 1°C to
a temperature about 40°C - 50°C in about 25 seconds.




A high pressure pump 40, (e.g. a LPA/MSC30-h-pump as used in a FOSS
ELECTRIC MILKOSCAN 50 or a single stroke pump providing a whole
sample volume - e.g. 1.5 ml in one single stroke) provides the high pressure
(e.g. about 400-500 bar). Typically at least a pressure of 200 bars is needed
5 for homogenising. Further the pump yield 40 will ensure a high flow rate

through the IR-cuvette during a flushing period, so that the cuvette is cleaned
by means of the flow rate of the milk, making further cleaning unnecessary
for a number of hours. During the flushing period the pressure across the
cuvette may reach 50 - 200 bars, preferably 90 - 180 bars and most preferably

10 110-150 bars. To avoid degassing in the measurement period, the pressure of
the measuring branch is maintained at at least the same pressure as the
pressure at the location on which the sample is extracted from the process
plant. Preferably the pressure in the measuring branch exceeds the pressure
in the process plant. During a measurement the pressure is maintained at a

15 substantially constant level by the use of a back pressure valve 88 as
explained later.

In the embodiment shown in Fig. 1 an in-line filter 35 provides a
filtered milk passing through the measurement branch comprising the
cuvette 70. Optionally a valve 45 [Fig. 1) allows the milk to bypass the filter,

20 the milk running directly towards waste 80. The high flow rate of milk along
the inside of the filter 35 will provide a cleaning of the filter 35 when the
valve 45 is open. To this end the valve 45 can be controlled by the contrel
means 300. Preferably, the valve 45 also act as a safety valve which is set to

] open if the pressure exceeds e.g, 400 bars.
S 3s A homogeniser 50 (e.g. a $4000 as used in FOSS ELECTRIC

.. MILKOSCAN 4000). A thorough homogenisation of the liquid food product
e is needed in order to obtain a representative sample [a sample containing all
'" components in the liquid food product] inside the very thin cuvette (typically
having a width of 37-50 pm). A further reason for including homogenisation

130 is that the scattering of the infra red light passing through the cuvette

cone depends on the particle size of the liquid sample. Accordingly a uniform

:::;-: homogenisation is essential in order to have reproducible measurement

conditions. The pressure drop across the homogeniser is about 200 bars. In
el the embodiments shown if Fig. 2 and 3 a safety valve also functioning as a

35 contra valve 51 follows immediately after the homogeniser.
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A further preheater or cocler 60, e.g. a coiled tube preferably wound on
the periphery of a temperature stabilised [R cuvette, having an electrical
resistor soldered to a copper body thermostatising the milk sample to a
predelermined temperature, e.g. to about 40°C and preferably to 50°C before

5 entering the cuvette, and preferably comprising assigned temperature
sensoring means connected to the control means 300 for controlling the
temperature of the preheater or cooler. These controls and assignments are
illustrated by phantom lines in Figure 1.

An IR cuvette 70, comprising a milk flow path and an IR light path

10 crossing the milk flow path. The IR cuvette is part of an IR spectro-photo-
meter allowing the analysis and/or quantitative determination of specific
components of the milk in the IR cuvette. Preferably the IR cuvette structure
includes a bypass milk flow path 83 (Fig. 9) for the auxiliary milk, which is
unable t¢ pass through the very thin
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measurement chamber in the 'R cuvette; A presently preferred embediment of the cuvette 70 is shown
in Figure 6 - 8 and described in detail later in this speciiication.

A back pressure valve 88 maintains a predetermined pressure at the cuvette 70 during the
measurement, typically 12 bars, and at least as high as the pressure in the process conduit 10. This
pressure wili ensure that dissolved gases remain dissolved in the milk in order to avoid air bubbles in
the cuveite. Further, in stationary periods (i.e. no flow) the back pressure valve will ensure that the
pressure do not exceed 12 bars. A substantially constant pressure in the cuvette is necessary to obtain
reliable and reproducible spectrometric measurements.

An outiet 90 for waste and means (not shown) for collecting or evacuating the waste. Optionally the
sample may be returned to the milk processing plant. This possibility is available because no foreign
means or agents have been added to the sample.

In a second embodiment shown in figure 2 the flow system comprises:
a fast-loop, i.e. an U-formed tube 12 having an inlet 14 and an outlet 16 arranged inside a process

- conduit 10 which is part of a process piant such as a dairy, which is not shown in the drawings. The

fast-loop tube 12 is small compared to the process conduit 10. Typically the inner diameter of the fast
loop is about 10 mm in a process conduit 10 having an inner diameter of about 70 mm. The drawing
does not show the true dimensions.

The inlet 14 opens towards the direction of the process flow in the conduit 10, in such a way that a
fraction of the process flow is diverted through the fast-loop. At the outlet 16 the process flow will
generate suction, forcing the diverted flow to return into the process conduit 10,

A sample intake is provided by a tiny flexible tube 20, having an inlet opening with filter communicating
with the fast-loop through a detachable connection e.g. so-called mini clamps 19 comprising two
flange parts and a gasket. Preferably all such connections are made according to the hygienic
standards for focd processing plants. Similar to the system in fig. 1 a2 pump 40 transfers the sample
to a preheater 30, followed'by a homogeniser 50, a further preheater 60, an IR-cuvette 70 and a back
pressure valve 88. The sample may be returned to the fast-loop through a further tiny tube 91, e.g. é
plastic tube or hose. Alternatively it may be released as waste.

In a third preferred embodiment shown in Figure 3 the flow system comprises a fast loop 12,
connected to a process conduit 10. An inlegrated unit comprising a single stroke pump 40,
surrounded by a heater, e.g. a heating coil, forming the first preheater 30, and two one way valves 21,
23 providing that the single stroke pump during a suction stroke takes in milk from the fast toop, and
during the pressure stroke sends the milk directly into the homogeniser 50. The homogeniser 50 is at
the outlet provided with a valve 51 acting as a safety valve or pressure release valve, in orderto
release an extraordinary high pressure which otherwise might destroy the cuvette. A tiny tube 52
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carries the homogenised milk 1o a further preheater 60, the cuvette 70 and the back pressure velve 88
in the same way as in the other embodiments. In a modification of the embodiments shown in Fig. 1 -
3 the one way valve 23 is deleted as the one way function is inherently incorporated in the preferred
homogenizer 50.

The optical system

The optical system 200 for measuring the IR absorption, preferably the MID-IR absorption, can be
chosen between several known MID-IR spectrometric systems, and realised in several ways. Prefe-
rably a scanning interferometer, i.e. a FT-IR instrument is used, e.g. an |R-unit és used in FOSS
ELECTRIC MILKOSCAN 120 . However, the optical system may instead include a fitter wheel, com-
prising @ plurality of IR filters appropriate for the desired measurements, e.g. as used in a FOSS
ELECTRIC MILKOSCAN 50 or MILKOSCAN 102-104 and as described in GB-B-2 028 488, EP 0 012
492 and EP 0 629 290.

A simplified diagram of a suitable aptical arrangement appears from Fig. 1 and Fig. 4. The Box 120 is
an IR-source and scanning interferometer, 140 is a detector, and 160 is a computer. Scanning inter-
ferometers can be realised in several ways, cf., e.qg. "Fourier Transform Infrared Spectrometry", Peter
R. Griffiths and James A. de Haseth, John Wiley & Sons, 1986, and shall not be the topic of this
application. The calculaticns for the determination of the quantities of the components in the milk are
performed in the computer 160, and they are also well known to people in the art, e.g. as described in
the above reference.

The IR cuvette

In the following the IR cuvette is described in detail. The IR-cuvette is designed for an optical path
tength of e.g. 37- 50 pm, The IR-cuvette must be made of strong materials, which are resistant to
wear and pressure and resistant to mechanical and chemical influences, e.g. materials as used for
the process plant itself. Preferably the IR cuvette is made from a stainless steel and diamond.
Accordingly, the IR cuvette can be cleaned by the same liquid means which are used for the milk
processing plant anyway in the dairy. Milk processing plants in dairies are regularly, e.g. daily/every 24
hours, flushed with several cleaning liquids, e.g. strong bases and/or acids.

The diamond and steel materials ensure that the cuvette will not be subjected to any noticeable wear.
The physical dimensions and properties of the IR Fight path should be kept constant, preferably for the
whole lifetime of the cuvette. Only the milk sample to be tested is changing. This is extremely impor-
tant to the accuracy and reproducibility of the IR measurements.

An enlarged view of a first example of an embodiment of a cuvette is shown is Figure 5A and Figure
§B. An alternative embodiment of the IR cuvette is shown as a secand example in Figures BA, 6B,
and 7. Figure 8 is a schematic top view which applies to both examples. Therefore the sections
applied in Figures 5A, 5B are shown en the schematic Figure 8 as well as the section G-C applied in
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Figure 7. In both embodiments the cuvette comprises two steel rhembers 71, 72, e.g. two circular
dises. The first steel member 71 has a recess for mounting a diamond window 73, and two stepped
poreholes 74 (flow channels) for the milk flow. The second steel member 72 has a recess for moun-
ting a second diamond window 76. The two steel members 71, 72 are tightly secured to each other by

fastening means, e.q. four recessed screws (not shown) in threaded bores 79.

As shown in the embodiment of Fig. 5A, 5B one of the steet members 71 may have a recessed central
area in which a protruding porticn 69 of the other steet member 72 can intrude or visa versa.

As shown in Fig. 5A the cuvette is preferably connected in the fiow system by tiny tubes 78 which are
inserted in each borehole 74. For the sake of clarity only one tube 78 is shown.

In the embodiment of Fig. 5A, 5B the first steel member 71 has an upper stepped opening 77 pro-
vided for an IR light beam 121 from the optical system 200 in Figure 4, and the second steel member
72 has alower stepped opening 75 provided for a detector 140 in the optical system. An alternative
arrangement is shown in the embodiment of Figures 6A, 6B and 7. InFigures 6A 6Band7 th‘e—ﬁrst
steel member 71 has the stepped opening 75 provided for the detector 140 in the optical system, and
the second steel member 72 has the stepped opening 77 provided for an IR light beam 121 from the
optical system.

When designing the cuvette enclosing the very thin measurement chamber between the twe diamond
windows it was found appropriate to design the cuvette so that the milk sample is letin through a first
bore hole 74, which is made from the outer periphery of the cuvette, and a second bore hole 84, which
is made from that side of the steel member, which will abut the second steel member when they are
assembled. Therefore, the two bore holes form a mutual angle of about 100° - 140°, preferably 120° -
125°. Further it may be an édvanlage to let the bore hole 74 be inclined to form an angle o {not shown
in the drawings) with the interface between the two steel members 71, 72, where o is between 0° and
30°, preferably between 5° and 15°, and most preferably about 10°. The adjacent bore (84 in Figure
9) forms an angle B (not shown in the drawings) with the interface between the two steel members 71,
72, where B is between about 40° and B5°, preferably between 55° and 80°, and most preferably
between 60°and 75°.

Preferably, a thin spacer 81 is used to support the peripheral rims of the diamond windows thereby
ensuring the desired height (equal to the optical path length, e.g. 37 - 50pm ) of the inner
measurement chamber 80 of the cuvette, when the two steel members are assembled. The spacer
81 can be a thin circular disc having a circular opening forming the measurement chamber 80, two
slots 89, connecting the chamber 80 to the thin bore holes 84, and a pair of guide holes 87' for guide
pins 87, used to heip positioning the spacer 81 when the cuvette is assembied. The bore holes 85,
86 appearing in the secticnal view of Figure 7 are used for mounting the cuvette on holding means (not
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shown). The item 82 is an O-ring ensuring that no mitk can intrude in the interface between the two
cuvette parts.

In the preferred embodiment of the cuvette structure the bore holes 74 and openings 75, 77 are
stepped, having stepwise or gradually decreasing diameters, in order to accomodate the inlet and
outlet of liquid and IR light to the small measurement chamber 80 in the center of the cuvette.

Even in the enlarged scale view of Figures 5A, 6B, 6A, 6B and 7 the measurement chamber 80
containing the milk sample to be measured is hardly visible. The measurement chamber can be, eg.
about 2 - 3 mm In diameter and about 30 - 50 pm in width (equal to the optical path length). The
actual dimensions in a cuvetle in an apparatus according to the invention may depend on the milk or
food product to be measured and the parameters wanted.

Figure 9 shows a section through the centre of the cuvette further enlarged in a large scale view, in
order to show the inner details of a presently preferred embodiment.  Milk flowing through the
measuring branch enters the cuvette 70 through the tiny tube 78 at the bare 74 (Fig.5A) passing the
adjacent bore 84 (Fig. 5A and Fig. 9), flows through the slot 89 into the measurement chamber 80
and exits from the cuvette through the opposite slot 89 and the bores 84, 74. Inside the cuvette this
flow is forced into a thin (e.g. 30-50 ym thick) and relatively wide (e.g. 0.5 - 2 mm) flow passing the
thin circular measurement chamber 80 between the diamond windows 73, 76. An optional bypass
flow path 83 may be provided along the periphery of the windows 73, 76. If the track 83 is provided,
preferably it can be restricted and possibly obstructed in order to ensure the measurement chamber
is flushed thoroughly with the fiquid to be measured. Figure 10 shows the spacer 81 and the adjacent
track 83 and inlet and cutlet bores 84. However in the presently preferred embodiment the cuvette has
no bypass track 83.

However, the use of diamond windows may cause a serious problem. Due to the dielectic properties
of diamond strong internal reflections of the IR-light beam may occur inside the cuvette. Such
reflections will strongly influence the obtained spectrometric measurements and should preferably be
avoided. Therefore, in an advantageous embodiment the spacer has a wedge form. i.e. having
slighlly inclined surfaces, providing a difference in light path of from 3 to 10 um, preferably from 4 to
& pm and most preferred about 6 pm, across the window apening for the IR light, thereby providing
a light path varying e.g. from about 34 to 40 um across the 2 mm opening. By this feature internal
reflections may be eliminated or at least reduced. For sake of simplicity the wedge form is not
ilustrated in the drawings.

The control system
As it will be well known to pecple in the art such an optical system is delicate and has to be kept very
stable, in temperature, as well as humidity and protected against vibrations. Therefore a control system
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300, preferably including a computer, e.g. 2 PC with adequate sdﬁware, monitors and adjusts thé
temperature at the cuvette. Preferably, the humidity of the optical system 200 is monitored, and
connected to an visual or audial alarm function to inform attendant personal that the system need
altention, e.g. purging by a suitable gas in order to remove any humidity, as water vapour in the optical
path will cause a detericration of the measurements. Typically means for removing humidity can be
included in the optical system. Further, the control systemis connected to the pump 40 and valves 23,
45 for control of their operation. The above mentioned rmonitoring and controliing connections are
indicated by dotted and dashed iines 301-305 in Fig. 1. The control system is not shown in details. It
may be realized in several known ways. Preferably, the temperature control means comprise a
sensor located at a copper member enclosing the cuvette and a heat resistor able to heat the copper
mempber in order to temperature stabiiise the cuvette.

The best way for carrying out the method according to the invention.

When the pump 40 is of a type using several pump strokes to provide a sample the method according
to the invention is carried out as follows: During a first step of a few seconds duration, e.g. two
seconds, the pump 40 is activated by the control means 300. A milk sample is extracted from the
process conduit 10 through the fast loop 12 towards the measuring system by the pump. During a
second step the milk sample (e.g. 1,5 ml milk) is temperature stabilised {heated or cooled) by the
means 30. The milk sample stays in the preheater 30 for a period of time, e.g. 25 sec's to attain a
predetermined temperature, e.g. 50°C which is suitable for the homogenizer 50.

During the following third step the pump starts working again, providing a high pressure pushing the
heated milk sample through the homogenizer, in which the fat globules of the milk are crunched.

From the homogenizer the milk sample flows through the further preheater 60 located upstream the
IR cuvette to ensure the sample has the correct temperature for the measurement in the IR cuvette 70.

In the embodiment shown in Fig. 2 the pump is active for about two seconds and preferably less to
displace about 1.5 mi through a thin steel tube preferably having a diameter of less than 1 mm 2
€.9. 0,7 mm, connected to the inlet of the cuvette and through the cuvette, through a further thin stee!
tube connected to the outlet of the cuvette, to the back pressure valve 88 and out of the measuring
branch, either to a waste autlet or returned to the fast loop. The major part of the 1.5 ml is flushed
through the cuvette with a high flow rate. Assuming a spacer thickness of 50 pm, the sectional area
of the cuvette inlet i.e. the slot 89 is 0.050 mm x 0.7 mm = 0.035 mm®. When the 1,5 ml are forced
through the cuvette inlet in a short period of preferably less then 2 seconds, the flow rate will
exceed, e.g. 45000 mm/2sec = 22.5 m/sec. in the inlet 89 to the chamber 80. Thereby, the incoming
Jet will lush the chamber cleaning it. By adapting. e.g. rounding the transition fram the stots 89 to the
chamber 80 a laminar flow may be promoted. In the opposite way a sharp transition as shown in
Figure 10 may promote a tubulent flow, which is belisved to have a cleaning effect on the cuvette
windows. The steel tube leading 1o the cuvette has an inner area of about 0.4 mm? providing a fliow
rate of about 1.8 m/s.
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When the pump stops, a fraction of the new preheated sample is present in the cuvette. The pressure
inside the cuvette will stay at a constant level, of about 10 - 20 Vbars preferably 12 bar, due to the
back pressure valve 88. Preferably, the following step is about 25 sec’s long. In this step the sample
is analysed by the IR-spectrometer. In a further step a new sample is extracted from the fast loop.
Preferably, the new sample is heated during the following about 25 sec’s long step while a portion of
the already heated (preceding) sample is measured in the cuvette. And so on. Accordingly, a new

sample can be introduced approximately every 30 seconds, corresponding to about 120
measurements per hour.

By the embodiment shown in Fig.3 the pump 40 is a single stroke pump surrounded by heating
means, £.g. a coil. The method is carried out as follows: In a first step of about two sec's a sample is
sucked into the pump cylinder by one suction stroke of the: piston. Then in a second step the sample
is heated inside the pump cylinder for about 25 secs. In a third preferably short step of abeut 0.5-1.0
sec. duration the piston stroke is reversed, pushing the new sample through the homogenizer and
partly through the cuvette and the back pressure valve. Thereby the old sample is flushed away either
into a waste outlet 90 or returned into the fast loop and the process conduit. If the third stEp is
performed in 0.5 sec. the flushing rate through the cuvette will be about 10 - 30 nvs with a displaced
milk volume of about 1.5 ml. This flushing rate will ensure a thorough cleaning of the cuvette windows
between each measurement. The advantage of the third embodiment is that the suction stroke may
be slow (to avoid cavitation) and the reverse pumping stroke can be fast, thereby providing a high
flushing rate and a better cleaning of the cuvette. Also in this embodiment a measurement rate of
about 120 samples per hour is possible.

Due to the very stable and wear resistant properties of the cuvette calibrations and zero adjustments
will normally only be necessary in the very first upstart of the equipment. However a routine check of
the performance of the equipment may be carried out as follows. The measurement apparatus can be
checked either

1) by application of a known calibration sample. The known sample is entered in the measurement
branch by separating the flexible hose from the sample inlet at the fast loop and by dipping the flexible
hose into a cup (110 in Fig. 2-3) filled with the known sample. A measuring cycle is executed and the
result is noted and compared to the known sample data; andior

2) by taking out a sample from the process stream at a point close to the measuring branch, e.g. at the
fast-loop, possibly by saparating the fiexible hose from the pump 40, and collecting a sample in a cup,
{110 in Fig. 2-3), bringing the sample to a reference instrument, e.g. a MilkoScan 50, 120 or system
4000 from Foss Electric A/S, and measuring the sample on the refersnce instrument.

3) by taking out a number (at lsast one) samples from the flow of already measured samples leaving
the waste outlet 90 in Figure 1, bringing the sample 1o a reference instrument, e.g. a MilkoScan 50,
120 or systern 4000 from Foss Electric A’S, and measuring the sample on the reference instrument.
In order be able to compare the measured waste milk results to the test results from the cuvette the
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last mentioned procedure has to be carried out in a period of stable production, wherein the samples
do not vary noticeably.

In a presently preferred embodiment shown in Figure 11 a pressure transducer 95 and optionally a
flow meter 94 is included, preferably between the cuvette 70 and the back pressure valve 88. The
pressure transducer provides a monitoring of the flow system. It will reveal any leakage in the flow
system during the measurement. During the measurement stable conditions are essential to ensure
reproducibility of the measurements. A further advantage is that by measuring the pressure increase
(and optionally the flow rate) during fiughing the pressure transducer {and optionally the flow meter)
provides means for indicating whether the flushing of the cuvette has been sufficient.

Further the preferred emboediment includes an optional arrangement for the intake of a pilot sample in
order to monitor the performance of the instrument. A pipette 86 can be arranged to aspirate a pilot
sample from a cup (which is not shown). Such a pilot sample has a known specific composition,
providing a specific measurement result. In case the actually cbtained result differs from the expected
values, this indicates that the instrument needs adjustment.

To ensure a thorough cleaning of the pilot sample pipette the pipette 96 is arranged to be placed in a
holder 97 through which it is included in the flow path from a rinsing/cleaning liquid reservoir 100 1o the
pump 40 when it is not in use for aspiration of a pilot sample.

The provision of the reservoirs 99, 100 for rinsing/cleaning liquid and zero liquid provides for the
possibility to arrange a fast cleaning of the cuvette 70 whenever needed. In a presently preferred
embodiment a regular cleaning every two hours is recommended. Preferably the liquids are preheated
in heaters 98 to the same temperature as the milk samples before entering the measuring branch and
the cuveite. Thereby the cleaning can be carried out fast as the heating step (about 25 sec) in the
single stroke pump 40 can be dispensed with. | advantagecus way the sample pipetie 96 is applied
for introducing the rinsing/cleaning liquid from the rinsing/cleaning liquid reservoir 100 andfor a zero
liquid from a zero liquid reservoir 99. In Figure 11 the intake is shown through a valve 101 (e.g. 2 3/2
way valve) located after (downstream) the sample heater/cocler 30, but the intake may aiso be
located before (upstream) the heater/cooler. Two 2/2 way valves 102, 103 are provided adjacent to
the heaters 98 for control of the supply of zero liquid and rinsing/cleaning liquid. Also shown in Figure
11is a linear actuator 104 and a motor 105 for driving the single stroke pump 40. 106 indicate an in-
line monitering of the temperature in the process line 10. All components in Figure 11 having
reference numbers used in the previous Figures 1-3 are similar to and act the same way as already
described with reference to said Figures.

In all the described embodiments of the flow system according to the invention the flow system, i.e. the
measuring branch, is capable to withstand standard cleaning procedures for mitk plants. Slow build
up of deposits on the IR windows of the cuvette is avoided by exposing the cuvette to the standard
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cleaning procedures of the plant. This may be a so-calied "CIP" (Cleén In Place") procedure that uses
heated acid and base solutions. During cleaning the typical flow rate will be below 10 m/s in the
condulits of the milk plant but much higher in the cuvette. In an specifically advantageous embodiment
of the present invention a number of the cleaning or rinsing liquids of the dairy are used as a
cafibration liquid for an  adjustment or calibration of the optical part and specifically for an adjustrnent
of the calculation and calibration software used for the calculation of the amounts of the tested
components. A spectrum measured on a liquid containing, e.g. NOyions andier PO, -ions, may be
used for an adjustment or calibration of the frequency/wavelength - axe.

As it appears from the foregoing pages a new reliable measurament method, flow system and cuvette
has been provided, allowing almaost continuous measurements on-line and in-line in diaries with the
capacity of about 120 measurements pr. hour. It is obvious to people in the art that the different
embodiments of the invention as described in the specification and shown in the drawings may be
modified in several ways within the scope of the invention and accordingly the scope of protection is
defined by the patent claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for carrying out spectrometry for analysis of a liquid food
product, possibly containing dissolved gases, in a process line in a liquid food
processing plant, (such as a dairy processing milk and milk products), and
comprising the following steps:

- providing a liquid sample from the process line to a measuring
branch,

- thermostating the liquid sample,

- passing the thermostated liquid food sample into a measurement
cuvette,

- measuring at least a portion of the absorbance spectrum of the
liquid food sample in the measurement cuvette.
characterised in that the method further comprises

extracting the liquid food sample directly from the process line

into the measuring branch,

- providing and maintaining a pressure that is at least as high as the
pressure in the said process line,

- before each measurement flushing the cuvette with a portion of
the extracted liquid food sample, the flushing being performed under a
pressure of from 50-200 bars, and

- further having provided that the cuvette has windows of a

pressure and wear resistant material.

2. A method according to claim 1, characterised in that a regular (e.g.
daily) cleaning of the measuring branch including the cuvette is performed
when the dairy plant is subjected to the regular cleaning process and/or by
flushing the measurement branch with the same cleaning solutions used for

cleaning the dairy plant.
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3. A method according to claim 1, characterised in that a regular cleaning
of the measuring branch including the cuvette is performed (e.g. every two
hours) by flushing the measurement branch with a preheated cleaning liquid
provided from a reserveir arranged to be connected in fluid communication

with the measuring branch.

4 Amethod according to claim 2 or 3, characterised in that at least one of
the cleaning and/or rinsing solutions in the measuring branch is applied for a
standardization and/or adjustment based on characteristics in the measured
spectrun or spectra of the cleaning and/er rinsing solutions especially
characteristics originating from the appearance of ions belonging to the group

comprising NO,-ions and P0*,.

3. A method according te claim 1. characterised in that the spectrometry
is performed in the IR spectral range, preferably in the MID-IR and/or the NIR

spectral range.

6. A method according to claim 1, characterised in that the liquid food
sample is thermostated while it is maintained inside the cylinder of a single

stroke pump .

7. A method according to any one of the preceding claims. characterised

in that the flushing is performed under a pressure of from 90-180 bars.

8. A method according to any one of the preceding claims characterised

in that the flushing is performed under a pressure of from 110-150 bars.

g. A flow system for in-line extraction of a sample stream from a liquid
food processing plant, such as a dairy processing milk and milk products. and

when used in the method according to any of the claims 1-8, characterised in
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the flow system being directly connected to the liquid food
pracessing plant,

- the flow system including a measurement cuvette for
spectrometric measurements for analysis of a liquid food product in the
liquid food processing plant,

- the flow system further comprising pump means and back
pressure valve means to maintain a predetermined pressure inside the
cuvette, said pressure being at least as high as the pressure inside the process
line. and

- the pump means being able to provide a flushing being performed
under a pressure of from 50-200 bars, , and

- the cuvette having windows of a pressure resistant material.

10, A flow system according to claim 9. characterised in that the

measurement cuvette has diamond windows .

11 A flow system according to claim 9 or 10, characterised in that the
pump means is able to induce a liquid by a flow rate of at least 10 and
preferably 20 - 30 /s into the cuvette for a short period of at least 0.5 sec.
said cuvette having a through flow area which is less than 0,5 mm®, and

preferably less than 0,10 mm® and most preferably less than 0,05 mm?®.

12. A flow system accoerding to claim 9,10 or 11. characterised in that the

pump means is a single stroke pump.

13. A flow system éccording to claim 9. characterised in that the measuring
branch of the flow system comprises a homogenizer located upstream the
cuvette. and at least one preheater located upstream the cuvette and/or the
homogenizer

14. A flow system according to claim 9, characterised in that the measuring
branch of the flow system comprises a fast loop for in-line extraction of the
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liquid food sample from the process tube of the liquid foad process plant,
and that the measuring branch of the flow system comprises an in-line filter

on the fast loop .

15. A flow system according to claim 9, characterised in that the preheater
is a through flow heater/cooler and that the measuring branch of the flow
system comprises an in-line filter located downstream the preheater and the

pump and upstream the homogenizer and the cuvette.

16. A flow system according to claim 9. characterised in that the measuring
branch of the flow system comprises a safety valve located upstream the
homogenizer and the cuvette said safety valve further being able to open

under the control of control means .

17. A flow system according to claim 12. characterised in that the cylinder

of the single stroke pump is provided with thermostating means .

18. A flow system according to any of the claims 9-17, characterised in that
a pilot sample pipette is provided. said pipette being connectable to the

intake of the pump through valve means .

19. A flow system according to claim 18 , characterised in that a holder is
provided for the pilot sample pipette to be arranged in the holder when it is
not immersed in a pilot sample cup. and that the pilot sample pipette when
located in the holder is included in a fluid path from a reservoir fora
rinsing/cleaning liquid and/or a reservoir for a zero liquid through valve

means .

20. A flow systeni according to any one of claims 7-19 characterised in that
the pump means provides a flushing performed under a pressure of from 90-

180 bars.
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21 Aflow system according to any one of claims 7-20 characterised in that
the pump means provides a flushing performed under a pressure of from

110-150 bars.

¢2. A measurement cuvette when used in a flow system according to any
of the claims 9-21 and when used in the method according to any one of
claims 1-8, the cuvette comprising: a first and a second steel member .
enclosing an IR measurement chamber between two IR windows
characterised by the first steel member having bore holes for inlet and outlet
of a liquid flow to and from the IR measurement chamber . one of the
members having an opening for arrangement of an optical detector . the
other member having an opening provided for an IR light beam coming from
an IR-source , each opening being sealingly closed by a diamond disc,
forming one of the windows,

a metal spacer being arranged between the diamond windows , and
along the periphery of the measurement chamber

and the two steel members with diamond windows and spacer being

tightly secured to each other by fastening means .

23. Cuvette according to claim 22, characterised in that at least one of the
bore holes is inclined, forming an angle o with the interface between the
two steel members . and « being between 0° and 30° preferably between 5°

and 15° and most preferably approximately 10°.

24.  Cuvelte according to claim 22 or 23. characterised in that the adjacent
bore is inclined. forming an angle § with the interface between the two steel
members , and f being between 40° and 85°, preferably between 55° and 80°

and most preferably between 60° and 75°.
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5. Cuvette according to any of the claims 22-24. characterised in that a by
pass flow path is provided along the periphery of the measurement-chamber

and/or along the periphery of the diamond windows or the spacer .

26.  Cuvette according to any of the claims 22-25, characterised in that an
O-ring is arranged along the periphery of the spacer, outside the spacer

and/or along the outer periphery of the by pass flow path .

27. Cuvette according to claim 22, characterised in that the spacer is made

of steel.

28.  Cuvette according to claims 25. 26 or 27, characterised in that the
spacer has a wedge form, i.e. having slightly inclined surfaces, providing a
difference in light path of from 3 to 10 um, preferably from 4 to 8 um and

most preferred about 6 um, across the window opening for the IR light.

29. Cuvette according tc any of the claim 25-28, characterised in that the
spacer 1s provided with slots for the flow of liquid to and from the
measurement chamber between the diamond windows in the centre of the

cuvette.

30.  Cuvette according to any of the claims 22-29, characterised in that at
least one of the bore holes is stepped, i.e. having stepwise decreasing

diameter from the outside towards the centre of the cuvette.

31, A method for carrying out spectrometry for analysis of a liquid food
product substantially as described herein with reference to the

accompanying drawings.
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32. Aflow system for in-line extraction of a sample stream from a liquid
food processing plant as claimed in claim 9 and substantially as described

herein with reference to the accompanying drawings.

33, A measurement cuvstte as claimed in claim 22 and substantially as

described herein with reference to Figures 5 to 10 of the drawings.
Dated this ninth day of February 2001
FOSS ELECTRIC A/S

F B RICE & CO
Patent Attorneys for the Applicant
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