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(57) Abstract: Apparatus (1) for monitoring and determining the milk quality category of milk in a milk storage tank (2) comprises
a plurality of milk quality sensors (19) located in the milk storage tank (2), and milk quality sensors (28) located in a milk delivery
pipeline (6) for delivering milk to the milk storage tank (2) from a milking system (5). A microprocessor (17) reads signals from the
milk quality sensors (19) for determining the quality of the milk in the milk storage tank (2), and determines the data indicative of
the milk quality category of the milk in the milk storage tank (2), which is stored in a memory (20) of the microprocessor (17). A
communications module (22) wirelessly transmits via the internet (25) the data indicative of the milk quality category of the milk in
the milk storage tank (2) to a central server (18), which in turn is stored in a memory (26) of the central server (18). A creamery is
permitted access to the data indicative of the milk quality category of the milk stored in memory (26) prior to collection of milk from
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the milk storage tank (2). By comparing signals read from the milk quality sensors (28) in the milk delivery pipeline (6) with signals
read from the milk quality sensors (19), it is possible to determine if the milk storage tank (2) is harbouring bacteria. Discharge rinse
water quality sensors (30) are located in an outlet port (10) from the milk storage tank (2) and in a rinse water delivery pipeline (14) to
the milk storage tank (2) for determining the cleanliness of the milk storage tank (2).
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“A method and apparatus for monitoring quality of milk’

The present invention relates to a method for monitoring milk quallty, and the invention also relates to -

apparatus for momtonng milk quality.

Dairy farms which comprise a plurality ofvmilking animals, in general, cows comprise a milking system,
which typically is housed in a milking parlour. The mifking system in general has the capacity to milk a
plurality of animals simultaneously. Typically, the animals are milked twice per day in two milking _
sessions, one milking session in the moming and the other milking session in the evening. Mik from dairy
farms in gener_al, is suppliedtoa creamery to be further processed and sold ae, for example, liquid milk,
powdered milk or as other products, for example, butter, cheese and the like. Creameries collect milk

- from dairy farms, in some cases every day, and in other cases at three or four day intervals, while some

creameries may collect milk from dairy farms at five day intervals. This, thus, requires that the milk from

-the milking sessions between milk coliections must be stored in a milk storage tank for subsequent

collection by the creamery. [n order to preserve the milk i the milk storage tank, the milk is chilled to a
temperature generally specified by the creamery, and typically, below 4°C. It is known that the quality of

the milk may vary from dairy farm to dairy farm..

n general, the capacity of milk collection trucks of creameries is such as to facilitate collection of the milk

from a number of dairy farms on a single milk collection run. It is therefore important that the milk
collected on each milk collection run from the various dairy farms should be of a substantially similar
quality. Otherwise, milk of a lesser quality from one of the dairy farms on the.rhilk collection run would
result in contamination of better quality milk collected from other dairy farms on that milk collection run.

In many cases, to ensure that as far as practicable the quality of milk being collected from the various
dairy farms on each milk cellectioin run is of similar quality, creameries tend to re'ly_ on historical qUaIity
data relating to the milk from the various dairy farms, and thus; the dairy farms supplying the creamery
may be grouped based on the historiCal quality deta of the milk supplied by those dairy farms to the
creamery. This, thus, in general allows creameries to select the daify farms from which milk is to be
collected on the same milk collection run, so that the milk collected by each milk collection truck is of

similar quality.

PCT/IE2018/000005
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However, it is not unknown for milk stored in the milk storage tank of a dairy farm to deteriorate quite
suddenly, this may result from an infected animal, a failure in the milking system, a failure of the power
supply to the milk storage tank or through other such causes, which may go undetected until the milk has
been collected and delivered to the creamery. In which case, the milk from one dairy farm which has
deteriorated may result in contamination of the milk collected from all the other dairy farms on that milk
collection run. This is undesirable, and there is therefore a need for a method and apparatus for

monitoring milk quality which addresses this problem.

The present invention is directed towards providing such a method and apparatus for monitoring milk

quality.

According to the invention there is provided a method for monitoring milk quality, the method comprising
locating a milk quality sensing means for monitoring at least one characteristic of milk indicative of the
quality of the milk in at least one of a milk storage tank in which the milk is stored and a delivery pipeline
through which the milk is defivered to the milk storage tank, configuring a signal processor to read signals
indicative of the at least one monitored characteristic of the milk from the milk quality sensing means,
configuring the signal processor to determine from the signal read from the milk quality sensing means
data indicative of the milk quality and to store the data indicative of the milk quality, and providing access

to at least one authorised user to the signal processor to read the data indicative of the milk quality.

" In one aspect of the invention the data indicative of the milk quality is stored in a storing means.

Preferably, data indicative of the monitored characteristics of the milk read from the milk quality sensing

means is stored in a storing means.

In another aspect of the invention the milk quality sensing means comprises one or more of the following

“SENSOrs:

. a total bacteria count sensor for detecting the total count of bacteria in the milk,

: a specific bacteria sensor for determining the count of a specific bacteria in the milk,

. a somatic cell count sensor for monitoring the somatic cell count in the milk,

. an antibody sensor for detecting a specific antibody in the milk,

. a milk composition sensor for determining the quantity of at least one component of the milk, as a

percentage of the milk,
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. a protein sensor for monitoring the quantity of protein in the milk as a percentage of the milk,

. a fat content sensor for monitoring the fat content in the milk as percentage of the milk,

. a sensor for detecting an operational parameter of the milk storage tank, such as the temperature
of the milk in the milk storage tank and/or the time taken to cool the milk to a predefined chilled
temperature, and _

. a sensor which would detect any other parameter or characteristic of the milk which would affect

the quality of the milk.

Preferably, the signal processor is configured to determine the data indicative of the milk quality as one of
a plurality of milk quality categories from the signals read from the milk quality sensing means indicative of
the characteristics of the milk. Advantageously, the signal processor is configured to determine the data
indicative of the milk quality as being one of a low milk quality category and a high milk quality category,
the quality of the milk of the high milk quality category being of higher quality than the milk of the low milk
quality category. Preferably, the signal processor is configured to determine the data indicative of the
milk quality as being one of the low milk quality catégory, the high milk quality category, and an
intermediate milk quality category, the quality of the milk of the intermediate milk quality category being
less than the quality of the milk of the high milk quality category, and being greater than the quality of the

tow milk quality category.

In one aspect of the invention the milk is delivered to the milk storage tank directly as it is being milked

from an animal.

In another aspect of the invention the milk storage tank forms a part of a milking system, whereby the milk
milked from one or more animals is delivered into the milk storage tank and stored therein. Preferably, the

milk storage tank is located in a milking parlour.

In one aspect of the invention the milk is cooled in the milk storage tank to a predefined chill temperature.
Preferably, the milk is cooled in the milk storage tank to the predefined chill temperature on the milk being
delivered into the milk storage tank. Advantageously, the milk is agitated in the milk storage tank during
cooling of the milk in the milk storage tank. Ideally, the milk in the milk storage tank is agitated until the

temperature of the milk in the milk storage tank has been cooled to the predefined chill temperature.
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In one aspect of the invention the predefined chill temperature lies in the range of 2.5°C to 4.5°C.
Preferably, the predefined chill temperature lies in the range of 3°C to 4°C. Ideally, the predefined chill
temperature lies in the range of 3.2°C t0 3.6°C.

In another aspect of the invention the milk stored in the milk storage tank is collected at predefined
intervals. Preferably, the predefined intervals at which the milk stored in the milk storage tank is collected

lie in the range of 1 day to 5 days.

In one aspect of the invention milk from at least one milking session per day is delivered to the milk
storage tank. Preferably, milk from at least two milking sessions per day is delivered to the storage tank.
Advantageously, one of the two milking sessions is a morning milking session and the other one of the

two milking sessions is an evening milking session.

In one aspect of the invention milk from a plurality of milking sessions is delivered to the milk storage tank,
and at the end of the predefined number of days the milk from the milking sessions during the predefined

number of days stored in the milk storage tank is collected therefrom.

In another aspect of the invention the milk quality sensing means comprises at least one tank milk quality
sensing means configured for locating in or adjacent the milk storage tank, and for monitoring at least one

characteristic of the milk in the milk storage tank.

1n another aspect of the invention the milk quality sensing means comprises at least one pipeline milk

quality sensing means configured for locating in or adjacent the milk delivery pipeline through which milk
is delivered into the milk storage tank for monitoring at least one characteristic of the milk flowing through

the milk delivery pipeline.

Preferably, at least one of the pipeline milk quality sensing means is configured to monitor at least one
characteristic of the milk similar to one of the characteristics of the milk which are monitored by at least

one of the tank milk quality sensing means. -

PCT/IE2018/000005
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Advantageously, the signals indicative of the characteristics of the milk in the milk storage tank are read
from the at least one tank milk quality sensing means by the signal processor when at least one

predefined condition prevails in the milk in the milk storage tank.

5  Preferably, the signals indicative of the characteristics of the milk in the milk storage tank are read from
* the at least one tank milk quality sensing means by the signal processor after the temperature of the milk

in the milk storage tank has been reduced to the predefined chill temperature.

In another aspect of the invention the signal processor is configured to compare signals read from at least
10 one of the pipeline milk quality sensing means with signals read from at least one of the tank milk quality
sensing means which are configured to monitor similar characteristics of the milk flowing through the milk
delivery pipeline and stored in the milk storage tank to determine if there is a discrepancy between the
quality of the milk in the milk storage tank and the quality of the milk flowing through the milk delivery
pipeline. ‘
15
In one aspect of the invention each milk quality sensing means is hardwired to the signal processor.

Alternatively, each milk quality sensing means is configured to communicate wirelessly with the signal
processor. Preferably, each milk quality sensing means is configured to communicate with the signal

20 processor through a near field communications protocol.

In another aspect of the invéntion a discharge rinse water quality sensing means is located adjécent a
rinse water outlet from the milk storage tank for monitoring at least one characteristic of rinse water
discharged from the milk storage tank indicative of the cleanliness of the milk storage tank.

25
Preferably, the signal processor is configured to read signals from the discharge rinse water quality

sensing means to determine the cleanliness of the milk storage tank.

In another aspect of the invention a pipeline rinse water quality sensing means is located in a rinse water
30 delivery pipeline through which wash and rinse water is delivered into the milk storage tank for monitoring
at least one characteristic of the rinse water delivered into the milk storage tank indicative of the

cleanliness of the rinse water.
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Preferably, the signal processor is configured to read signals from the pipeline rinse water quality sensing

means to determine the cleanliness of the rinse water.

5 Inanother aspect of the invention the signal processor is configured for comparing the signals read from
the pipeline rinse water quality sensing means with signals read from the discharge rinse water quality
sensing means for determining if there is a discrepancy between the cleanliness of the rinse water
discharged from the milk storage tank and the cleaniiness of the rinse water delivered into the milk

- storage tank through the rinse water delivery pipeline.

10 '
In another aspect of the invention the discharge rinse water quality sensing means comprises one or more
of a fotal bacteria count sensor for detecting the total bacteria count in the rinse water, a bacteria count
sensor for detecting the count of a specific bacteria in the rinse water, a detergent sensor for detecting
detergent residue in the rinse water, and a sanitising solution sensor for detecting sanitising solution

15 residue in the rinse water.

Preferably, the pipeline rinse water quality sensing means comprises one or more of a total bacteria count
sensor for detecting the total bacteria count in the rinse water, a bacteria count sensor for detecting the
count of a specific bacteria in the rinse water, a detergent sensor for detecting detergent residue in the

20  rinse water, and a sanitising solution sensor for detecting sanitising solution residue in the rinse water.

In one aspect of the invention each rinse water quality sensing means is hardwired to the signal
processor. Alternatively, each rinse water quality sensing means is configured to communicate wirelessly
with the signal processor.

25
In one aspect of the invention the signal processor is configured as a first signal processor and a second
signal processor, the first signal processor being configured to read signals from the milk quality sensing
means, and being configured to communicate with the second signal processor for communicating to the
second Signal processor one of the data indicative of the milk quality and the monitored characteristic-of

30 the mik.
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In another aspect of the invention access to the signal processor by the at least one authorised user is
provided to the second signal processor.

In a further aspect of the invention access to the signal processor by the at least one authorised user is
provided to the first signal processor.

Preferably, the first signal processor is configured to store data values of the signals indicative of the
monitored characteristics. Advantageously, the first signal processor is configured to determine the data
indicative of the milk quality. Ideally, the first signal processor is configured to store the data indicative of
the milk qualty. ' |

In one aspect of the invention the first signal processor is configured to determine the milk quality category
of the milk in the milk storage tank.

Preferably, the first signal processor is configured to store data indicative of the milk quality category of

the milk in the milk storage tank.

Advantageously, the first signal processor communicates data indicative of the determined milk quality

category to the second signal processor.

Preferably, the first signal processor is configured to read signals from the discharge rinse water quality

sensing means and from the pipeline rinse water quality sensing means.

Advantageously, the first signal processor is configured to determine the cleanliness of the milk storage
tank.

In another aspect of the invention the first signal processor is configured to determine the cleanliness of

*the rinse water delivered to the milk storage tank through the rinse water deliver pipeline.

Preferably, the first signal processor is configured to compare the signals read from the discharge rinse

water quality sensing means with the signals read from the pipeline rinse water quality sensing means.
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Advantageously, the first signal processor communicates with the second signal processor wirelessly.
Advantageously, the first signal processor communicates with the second signal processor via a

communications network.

In another aspect of the invention the first signal processor communicates with the second signal

processor via @ mobile phone network.
Preferably, the first signal processor communicates with the second signal processor via the internet.
In one aspect of the invention the second signal processor comprises a central server.

In another aspect of the invention one of the authorised users comprises a creamery to which milk in the
milk storage tank is to be supplied.

The invention also provides a method for monitoring the cleanliness of a milk storage tank, the method
comprising locating a discharge rinse water quality sensing means for monitoring at least one
characteristic of rinse water discharged from the milk storage tank indicative of the cleanliness of the milk
storage tank, configuring a signal processor to read signals from the discharge rinse water quality sensing
means indicative of the at least one monitored characteristic in the rinse water, and configuring the signal
processor to determine data indicative of the cleanliness of the milk storage tank from the signals read
from the discharge rinse water quality sensing means, and providing access to at least one authorised

user to the signal processor to read data indicative of the cleanliness of the milk storage tank.

In one aspect of the invention the signal processor stores the data indicative of the cleanliness of the mikk

storage tank.

 In another aspect of the invention the discharge rinse water quality sensing means is located in an outlet

of the milk storage tank through which rinse water is discharged from the milk storage tank.

In another aspect of the invention a pipeline rinse water quality sensing means focated in a rinse water
delivery pipeline through which wash and rinse water is delivered to the milk storage tank, and the signal

- pracessor is configured to read signals from the pipeline rinse water quality sensing means and to
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determine data indicative of the cleanliness of the rinse water delivered to the milk storage tank through
the delivery pipe line from the read signals.

Preferably, the signal processor is configured to compare signals read from the pipeline rinse water quality
sensing means with signals read from the discharge rinse water quality sensing means configured for
monitoring a similar one of the characteristics of the rinse water to that monitored by the pipeline rinse

water quality sensing means.

Advantageously, each rinse water quality sensing means comprises one or more of a total bacteria count
sensor for detecting the total bacteria count in the rinse water, a bacteria count sensor for detecting the
count of a specific bacteria in the rinse water, a detergent detecting means for detecting detergent residue
in the rinse water, and a sanitising solution detecting means for detecting sanitising solution residue in the
rinse water.

In one aspect of the invention the signal process is configured as a first signal processor and a second |
signal processor, the first signal processor being configured to communicate with the second signal
processor for communicating data indicative of the cleanliness of the milk storage tank. Preferably, the
first signal processor is configured to read signals from the discharge rinse water quality sensing means
indicative of the monitored characteristic of the rinse water. Advantageously, the first signal processor is.

configured to determine the data indicative of the cleanliness of the milk storage tank.

In one aspect of the invention the first signal processor is configured to determine the cleanliness of the

rinse water delivered to the milk storage tank through the rinse water delivery pipeline.

In another aspect of the invention the first signal processor is configured to communicate the data
indicative of the cleaniiness of the rinse water delivered to the milk storage tank through the rinse water

delivery pipeline.

Additionally, the invention provides apparatus for monitoring the quality of milk in a milk storage tank, the
apparatus comprising a milk quality sensing means for monitoring at least one characteristic of milk
indicative of the quality of the milk, the milk quality sensing means being located in or adjacent one of the
milk storage tank and a mitk delivery pipeline through which milk is delivered to the milk storage tank, a
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signal processor configured to read signals from the milk quality sensing means indicative of the at least
one monitored characteristic, the signal processor being configured to determine data indicative of the
milk quality of the milk in the milk storage tank from the signals read from the milk quality sensing means.

S Inone aspect of the invention a storing means is provided, and data indicative of the milk quality of the
milk in the milk storage tank is stored in the storing means.

In another aspect of the invention the signal processor is configured to provide access thereto by an
authorised user to read the data indicative of the milk quality of the milk in the milk storage tank therefrom.
10

In one aspect of the invention the milk quality sensing means comprises one or more of the following

SEnsors:

. a total bacteria count sensor for detecting the total bacteria count in the milk,

. a specific bacteria count sensor for detecting the specific bacteria count in the milk,

15 a somatic cell count sensor for detecting the somatic cell count in the milk,

. an antibody sensor for detecting an antibody in the milk, '

. a milk composition sensor for detecting the percentage content of at least one constituent of the
milk, '

. a protein sensor for detecting the percentage protein content in the milk, .

20 a fat content sensor for detecting the percentage fat content in the milk,

. a sensor for detecting an operational parameter of the milk storage tank, such as the temperature
of the milk in the milk storage tank and/for thé time taken to cool the milk to a predefined chilled
temperature, and

. a sensor which would detect any other parameter or characteristic of the milk which would affect

25 ~ the quality of the milk.

Preferably, the signal processor is configured for determining the quaiity of the milk in the milk storage
tank from the signals read from the milk quality sensing means as being one of a low milk quality category
and a high mitk qualiiy category.

30 ,
In another aspect of the invention the signal processor is configured for determining the quality of the milk
in the milk storage tank from the signals read from the milk quality sensing means as being one of the low
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milk quality category, the high milk quality category and an intermediate milk quality category, the quality
of the milk of the intermediate milk quality category being less than the quality of the milk of the high
quality milk category and being greater than the quality of the milk of the low quality milk category.

Preferably, the milk storage tank is configured for storing milk directly from a milking system.

Advantageously, the milk storage tank is located in or adjacent a milking-parlour. Preferably, the milk

storage tank is configured to store milk directly as it is being milked from an animal.

In one aspect of the invention a cooling means is provided for cooling the milk in the milk storage tank to a
predefined chill temperature and for maintaining the temperature of the milk in the milk storage tank at the

predefined chill temperature.

Preferably, the predefined chill temperature lies in the range of 2.5°C to 4.5°C. Advantageously, the
predefined chilled temperature lies in the range of 3°C to 4°C. Ideally, the predefine chilled temperature
lies in the range of 3.2°C o 3.6°C.

In one aspect of the invention the milk storage tank comprises an agitating means for agitating the milk in

 the milk storage tank during cooling of the milk in the milk storage tank. Preferably, the agitating means is

configured to agitate the milk in the milk storage tank until the milk in the milk storage tank has been

cooled to the predefined chill temperature.

In one aspect of the invention the signal processor is configured to read signals from the milk quality
sensing means indicative of the monitored characteristics of the milk in the milk storage tank when at least

one predefined condition prevails in the milk in the milk storage tank.

In another aspect of the invention the signal processor is configured to read signals from the milk quality
sensing means indicative of the quality of the milk in the milk storage tank in response to the temperature

of the milk in the milk storage tank having been cooled to the predefined chilled temperature.

In one aspect of the invention the milk quality sensing means comprises a tank milk quality sensing

means configured for locating in or adjacent the milk storage tank.
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In another aépect of the invention the milk quality sensing means comprises a pipeline milk quality
sensing means configured for locating in a milk delivery pipeline through which milk is delivered to the milk
storage tank.

In one aspect of the invention the signal processor is configured to compare signals read from the pipeline
milk quality sensing means with signals read from the tank milk quality sensing means which is configured
to monitor similar characteristics of the milk as those for which the pipeline milk quality sensing means is
configured to monitor for determining if the quality of the milk in the milk storage tank is different to the
quality of the milk being delivered to the milk storage tank through the milk delivery pipeline.

In another aspect of the invention the milk quality sensing means is hardwired to the signal processor.
Alternatively, the milk quality sensing means is configured to communicate wirelessly with the signal

Processor.

In one aspect of the invention a discharge rinse water quality sensing means is located in a rinse water
discharge outlet from the milk storage tank for monitoring at least one characteristic in the rinse water, and
the signal processor is configured to read signals from the discharge rinse water quality sensing means
indicative of the at least one monitored characteristic, and to determine from the read signals data |

indicative of the cleanliness of the milk storage tank.

In another aspect of the invention a pipeline rinse water quality sensing means is located in a rinse water

-delivery pipe through which wash and rinse water is delivered into the milk storage tank, and the signal

processor is configured to read signals from the pipeline rinse water quality sensing means indicative of
the monitored characteristics for determining from the read signals data indicative of the cleanliness of the

rinse water delivered to the milk storage tank through the rinse water delivery pipeline.

Preferably, the signal processor is configured for comparing signals read from the tank rinse water quality
sensing means and the pipeline rinse water quality sensing means for determining if there is a difference
between the quality of the rinse water delivered to the milk storage tank through the rinse water delivery

pipeline and the quality of the rinse water discharged from the milk storage tank.

PCT/IE2018/000005
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In one aspect of the invention the rinse water quality sensing means comprises one or more of the

following rinse water quality sensors:

. a total bacteria count sensor for detecting the total bacteria count in the rinse water,

. a specific bacteria count sensor for detecting the bacteria count of a specific bacteria in the rinse
water,

. one of a detergent sensor for detecting the level of detergent residue in the rinse water, and

. a sanitising solution sensor for detecting the level of sanitising solution residue in the rinse water.

Preferably, the rinse water quality sensing means are hardwired to the first signal processor.

Preferably, the rinse water quality sensing means are configured to communicate wirelessly with the first

signal processor.

In one aspect of the invention the signal processor is configured as a first signal processor and a second
signal processor, the first signal processor being configured to read signals from the milk quality sensing
means indicative of the monitored characteristic of the milk, and being configured to communicate with the
second signal processor for communicating data indicative of the miik quality to the second signal

Processor.

Preferably, the first signal proceésor is configured to determine the milk quality from the signals read from

milk quality sensing means, and to store data indicative of the milk quality.

Advantageously, the first signal processor is configured to communicate the data indicative of the milk .

quality to the second signal processor.

Preferably, the first signal processor is bonﬁgured to determine the milk quality category of the milk in the

milk storage tank. “

in one aspect of the invention the first signal processor is configured to communicate data indicative of the
determined quality milk category of the milk in the milk storage tank to the second signal processor.

Preferably, the second signal processor is configured to store the data indicative of the milk quality.
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In another aspect of the invention the first signal processor is configured to read signals frbm the
discharge rinse water quality sensing means and to determine the data indicative of the cleanliness of the
rinse water discharged from the milk storage tank. Preferably, the first signal processor is configured to
transmit to the second signal processor data indicative of the signals read from the discharge rinse water
quality sensing means and the data indicative of the cleanliness of the water discharged from the milk

storage tank.

Advantageously, the first signal processor is configured to read signals from the pipeline rinse water
quality sensing means and to determine the cleanliness of the rinse water in the rinse water delivery

pipeline.

In another aspect of the invention the first signal processor is configured to transmit data indicative of the
signals read from the pipeline rinse water quality sensing means and the data indicative of the cleanliness
of the rinse water in the rinse water delivery pipeline.

Preferably, the first signal processor is configured to communicate wirelessly with the second signal .

processor.

In one aspect of the invention the first signal processor is configured to communicate with the second

signal processor via a mobile phone network. Preferably, the first signal processor is configured to
communicate with the second signal processor via a wireless communications network. Advantageously,
the first signal processor is configured to communicate with the second signal processor via the internet.

In another aspect of the invention the second signal processor is configured to provide access by the at

least one authorised user to the data indicative of the quality of the milk.
In a further aspect of the invention the second signal processor comprises a central server.

The invention also provides a milking system comprising a milk storage tank and apparatus according to

the invention for monitoring the quality of milk in the milk storage tank.

PCT/IE2018/000005
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Further the invention provides apparatus for determining the cleanfiness of a milk storage tank, the
apparatus comprising a rinse water quality sensing means configured for monitoring at least one
characteristic in the rinse water indicative of the cleanliness of the milk storage tank, a signal processor
configured to read signals from the rinse water quality sensing means indicative of the at least one
monitored characteristic, the signal processor being configured to determine data indicative of the

cleanliness of the milk storage tank from the signals read from the rinse water quality sensing means.
Preferably, the data indicative of the cleanliness of the milk storage tank is stored in a storing means.

Advantageously, the rinse water quality sensing means is configured for locating in an outlet of the milk
storage tank through which rinse water is discharged from the milk storage tank.

. In one aspect of the invention the signal processor is configured to permit access thereto by an authorised

user for reading the data indicative of the cleanliness of the milk storage tank.

The invention further provides a method for monitoring quality of milk in a milk storage tank, the method
comprising locating a milk quality sensing means for monitoring at least one characteristic of milk

indicative of the quality of the milk in the milk storage tank in which the milk is stored, configuring a signal
processor to read signals indicative of the at least one monitored characteristic of the milk from the milk
quality sensing means when at least one predefined condition prevails in the milk in the milk storage tank,
configuring the signal processor to determine from the signal read from the milk quality sensing means

data indicative of the milk quality and to store the data indicative of the milk quality. '

Preferably, the data indicative of the milk quality is stored in a storing means.

Advantageously, data indicative of the monitored characteristics of the milk read from the milk quality

sensing means is stored in a storing means.

In one aspect of the invention the milk quality sensing means comprises one or more of the following
Sensors:
. a total bacteria count sensor for detecting the total count of bacteria in the milk,

. a specific bacteria sensor for determining the count of a specific bacteria in the milk,
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. a somatic cell count sensor for monitoring the somatic cell count in the milk,

. an antibody sensor for detecting a specific antibody in the milk,

’ a milk composition sensor for determining the quantity of at least one component of the milk, as a
percentage of the milk,

. a protein sensor for monitoring the quantity of protein in the milk as a percentage of the milk,

+  afatcontent sensor for monitoring the fat content in the milk as percentage of the milk,

. a sensor for detecting an operational parameter of the milk storage tank, such as the temperature
of the milk in the milk storage tank and/or the time taken to cool the milk to a predefined chilled
temperature, and

. a sensor which would detect any other parameter or characteristic of the milk which would affect
the quality of the milk.

Preferably, the signal processor is configured to determine the data indicative of the milk quality as one of
a plurality of milk quality categories from the signals read from the milk quality sensing means indicative of

the characteristics of the milk.

-Advantageously, the signal processor is configured to determine the data indicative of the milk quality as

being one of a low milk quality category and a high milk quality category, the quality of the milk of the high
milk quality category being of higher quality than the milk of the low milk quality category.

Preferably, the signal processor is configured to determine the data indicative of the milk quality as being'
one of the low milk quality category, the high milk quality category, and an intermediate milk quality
category, the quality of the milk of the intermediate milk quality category being less than the quality of the
milk of the high milk quality category, and being greater than the quality of the low milk quality category.

Advantageously, the milk is cooled in the milk storage tank to a predefined chill temperature.

In another aspect of the invention the milk is cooled in the milk storage tank to the predefined chill

temperature on the milk being delivered into the milk storage tank.

Preferably, the milk is agitated in the milk storage tank during cooling of the milk in the milk storage tank.
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Preferably, the milk in the milk storage tank is agitated until the milk in the milk storage tank is

homogeneous.

In one aspect of the invention the milk in the milk storage tank is agitated until the temperature of the milk
in the milk storage tank has been cooled to the predefined chill temperature. Preferably, the predefined
chill temperature lies in the range of 2.5°C to 4.5°C. Advantageously, the predefined chill temperature lies
in the range of 3°C to 4°C. Ideally, the predefined chill temperature fies in the range of 3.2°C to 3.6°C.

In one aspect of the invention the at least one predefined condition prevailing in the milk in the milk

storage tank comprises the temperature of the milk in the milk storage tank.

In another aspect of the invention the at least one predefined condition prevailing in the milk in the milk

storage tank comprises the homogeneity of the milk in the milk storage tank.

Preferably, the predefined temperature condition of the milk comprises the temperature of the milk in the
milk storage tank being at the predefined chill temperature.

Advantageously, the predefined conditions of the milk in the milk storage tank prevail when the milk in the

milk storage tank is homogeneous and at the predefined chill temperature.

Preferably, milk from at least one milking session per day is delivered to the milk storage tank.
Advantageously, milk from at least two milking sessions per day is delivered to the storage tank.
Preferably, one of the two milking sessions is a morning milking session and the other one of the two

milking sessions is an evening milking session.

In one aspect of the invention milk from a plurality of-hiilking sessions is delivered to the milk storage tank,
and at the end of the predefined number of days the milk from the milking sessions during the predefined

number of days.stored in the milk storage tank is collected therefrom.

Preferably, the signals indicative of the characteristics of the milk in the milk storage tank are read from
the milk quality sensing means by the signal processor after the temperature of the milk in the milk

storage tank has been reduced to the predefined chill temperature.

PCT/IE2018/000005
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In one aspect of the invention the milk quality sensing means is hardwired to the signal processor.
Alternatively, the milk quality sensing means is configured to communicate wirelessly with the signal
Processor.

Preferably, access to the signal processor by at least one authorised usér is provided.

Advantageously, one of the authorised users comprises a creamery to which milk in the milk storage tank
is to be supplied. ’

The advantages of the invention are mahy. A particular important advantage of the invention is that it
provides advance notice to the authorised user, for example, a creamery of the milk quality category the
milk stored in a milk storage tank of a dairy farm prior to collection of the milk from the milk storage tank
by the creamery. This advantage, therefore allows the creamery to assign a milk collection truck to collect
the milk from the milk storage tank so that the milk collected from other dairy farms by the same milk
collection truck on the milk collection run are all of substantially similar milk quality category to the milk
quality category of the milk in that milk storage tank. Thus, in the event of the milk in the milk storage tank
which normally would be of a relatively high milk quality category being of a lower milk quality category
than normal, the creamery can ensure that the milk from that milk storage tank is collected by a milk
collection truck which is collecting milk of substantially similar milk quality category. Another advantage of
the invention is that by providing advance notice of the milk quality category of the milk in the milk storage
tank to the creamery, the creamery can select the most appropriate production stream through which the

milk of that milk storage tank is to be processed.

A further advantage of the invention is achieved when the creamery has real time access to the milk
quality category data of the milk in the milk storage tank, in that if it appears that the milk quality category
of the milk is deteriorating, and that any delay in the collection of the milk would result in further
deterioration in the quality of the milk, and indeed deterioration of the quality of the milk to the extent that it
would be unusable, the creamery may take appropriate action by bringing forward the collection date for

collecting the milk from the milk storage tank.

PCT/IE2018/000005
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A further advantage of the invention is achieved when the apparatus is provided with rinse water quality
sensors, in that the cleanliness of the milk storage tank can be readily determined and its freedom from
detergent and sanitising solution residues after the milk storage tank has been subjected to a wash and
rinse water cycle or cycles, and also if the milk storage tank has been subjected to a sanitising cycle, can
also be readily determined, and if necessary corrective‘action can be taken prior to delivery of the first
batch of milk from the first of the milking sessions to the milk storage tank.

An additional advantage of the invention is that the quality of the rinse water can also be readily

determined.

The invention will be more clearly understood from the folIoWing description of a preferred embodiment
thereof which is given by way of example only with reference to the accompanying drawings, in which:

Fig. 1s a block representation of apparatus for monitoring the quality of milk stored in a milk

storage tank, and

Fig. 2 is a plot of the volume of milk stored in the milk storage tank and a plot of the temperature of
the milk stored in the milk storage tank, both plotted against time in days.

Referring to the drawings and initially to Fig. 1 thereof, there is illustrated apparatus according to the
invention indicated generally by the reference numeral 1 for monitoring the quality of milk in a milk storage
tank 2 of a milking system also according to the invention and indicated generally by the reference
numeral 5. The milking system 5 and the milk storage tank 2 are located in a milking parlour 3, and the
milk storage tank 2 is connected directly to the milking system 5 for receiving milk directly from the milking
system 5 as animals are being milked by the milking system 5 and for storing the milk therein. Thev
apparatus 1 is illustrated in block representation in Fig. 1, while the milking system 5 is illustrated in

diagrammatic form in Fig. 1.

The milking system 5 comprises a milk delivery pipeline 6 through which milk is delivered from the milking
system 5 to the milk storage tank 2 through a first inlet port 7 in the milk storage tank 2. Milk is drawn
from the teats of the animals through milking clusters 8 under vacuum by the milking system 5, and the
milk is then delivered to the milk storage tank 2 through the milk delivery pipefine 6. Although only two
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milking clusters 8 are illustrated in Fig. 1, as will be understood by those skilled in the art, the number of
mitking clusters 8 in the milking system 5 will be dependent on the size of the milking parlour 3 and the
number of animals to be milked simultaneously. An outlet port 10 is provided from the milk storage tank 2
through which milk is discharged from the milk storage tank 2, for example, to a milk collection truck for
delivery o a creamery where the milk is further processed. A manually operated or a pneumatically
operated isolating valve 11 closes the outlet port 10. A wash and rinse water system (not shown), which

will be well known to those skilled in the art is provided for washing and rinsing the milking system.

A wash and rinse water system 12 is connected to the milk storage tank 2 through a rinse water delivery
pipeline 14 for washing and rinsing the milk storage tank 2, and for sanitising the milk storage tank 2 if
desired, after the milk has been collected from the milk storage tank 2. The rinse water delivery pipeline
14 connects the wash and rinse water system 12 to a second inlet port 13 of the milk storage tank 2 for
accommodating wash and rinse water from the wash and rinse water system 12 to the milk storage tank
2. Wash and rinse water is returned to the wash and rinse water system 12 from the milk storage tank 2
or to a water treatment plant through the outlet port 10 for further treatment, as will be understood by
those skilled in the art. The wash and rinse water system 12 is configured to subject the milk storage tank
2 to a wash cycle by delivering wash water which typically contains a detergent and may also contain a
sanitising solution to and through the milk storage tank 2 for washing thereof. After washing of the milk
storage tank 2 the wash and rinse water system 12 delivers clean rinse water to and through the milk
storage tank 2 for two or three rinse cycles, in order to rinse any remaining detergent residue and
sanitising solution residue from the milk storage tank 2. A typical wash and rinse water cycle to which the
milk storage tank 2 is subjected includes initially subjecting the milk storage tank 2 to two pre-rinse cycles
during which the milk storage tank 2 is rinsed with water. On completion of the two pre-rinse cycles, the

milk storage tank 2 is then subjected to a detergent wash cycle, which typically comprises delivering a hot

© water detergent wash to the milk storage tank 2. On completion of the wash cycle, the milk storage tank 2

is subjected to two or three post-rinse cycles, typically three post-rinse cycles in order to rinse any
remaining detergent residue and sanitising solution residue from the milk storage tank 2. During the post-
rinse cycles rinse water is delivered to the milk storage tank 2. The washing, sanitising and rinsing of
such milk storage tanks as the milk storage tank 2 will be well known to those skilled in the art and further

description should not be required.
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The milk storage tank 2 comprises a chilling system 16 which will be well known to those skilled in the art
for cooling the milk in the milk storage tank 2 to a predefined chill temperature, and for maintaining the
milk in the milk storage tank 2 at the predefined chill temperature. The predefined chill temperature
typically lies in the range of 3°C to 4°C, and in general lies between 3.2°C and 3.7°C, and in general, the
predefined chill temperature is specified by a creémery to which the milk from the milk storage tank 2 is
being supplied. in this embodiment of the invention the predefined chill temperature is approximately
3.5°C. Temperature sensors 21 in the milk storage tank 2 monitor the temperature of the milk in the milk
storage tank 2, and the chilling system 16 is operated in response to signals read from the temperature
sensors 21 for cooling the milk and maintaining the milk in the milk storage tank 2 at the predefined chill

temperature, as will be described below.

The milk storage tank 2 comprises an agitating means, namely, a paddle mixer 15 mounted therein, which
in this embodiment of the invention is operated continuously while the chilling system 16 is activated and

~ actively cooling the milk in the milk storage tank 2. Additionally, periodically the paddle mixer 15 is

activated, typically, for two minute periods for circulating the milk within the milk storage tank 2 to
homogenise the milk prior to reading signals from the temperature sensors 21 for determining the
temperature of the milk in the milk storage tank 2, so that the signals read from the temperature sensors
21 provide an accurate reading of the temperature of the milk in the milk storage tank 2.

The chilling of milk in such a milk storage tank and the agitating of milk in such a milk storage tank as the

milk storage tank 2 will be well known to those skilled in the art.

Returning now to the apparatus 1 for monitoring the quality of the milk in the milk storage tank 2, the
apparatus 1 comprises a signal processor, which in this embodiment of the invention is provided in the
form of a first signal processor, in this embodiment of the invention a microprocessor 17, and a second
signal processor, in this embodiment of the invention a central server 18, which is described below. The
microprocessor 17 is configured to read signals from a milk quality sensing means comprising a tank milk
quality sensing means, namely, tank milk quality sensars 19 for monitoring different characteristic of the

milk relating to the quality of the milk in the milk storage tank 2.

In this embodiment of the invention éix tank mitk quality sensors 19a to 19f are provided for monitoring six

different characteristics relating to the quality of the milk. The first tank milk quality sensor 19a is a total
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bacteria count sensor for determining the total bacteria count of the milk. The second tank milk quality
sensor 19b is a bacteria count sensor for determining the bacteria count of a specific bacteria in the milk.
The third tank milk quality sensor 19¢ is a somatic cell count sensor for detecting if any of the animals
being mitked are suffering from mastitis. The fourth tank milk quality sensor 19d comprises a milk
composition sensor for determining the composition of the milk, or for determining the percentage content
of specific components in the milk. The fifth tank milk quality sensor 19e comprises a protein sensor for
determining the percentage protein content of the milk. The sixth tank milk quality sensor 19f comprises a
fat content sensor for determining the percentage fat content of the milk.

The tank milk quality sensors 19 may be located within the milk storage tank 2 or externally of the milk
storage tank 2 and when located externally of the milk storage tank 2, would be provided with probes
extending into the milk storage tank 2 to interface with the milk, or to extract samples of the milk from the
milk storage tank 2 for delivery to the corresponding tank milk quality sensor 19. The tank milk quality
sensors 19 may be of the type which give an instant value of the characteristic of the milk being sensed,
or may be of the type which require time, for example, up to a number of hours to produce a value of the
characteristic being monitored. The tank milk quality sensors 19 are configured to produce an electronic
signal indicative of the value of the respective characteristic of the milk being monitored. The electronic
signals may be analogue signals or digital signals. The tank milk quality sensors 19 in this embodiment of
the invention are hardwired to the microprocessor 17. However, it is envisaged that in other embodiments
of the invention the microprocessor 17 may communicate with the milk quality sensors 19 wirelessly,
through, for example, a Bluetooth protocol or any other suitable near field communications protocol.

The microprocessor 17 is programmed to read and process the signals from the tank milk quality sensors
19 and to determine and store the values of the monitored characteristics of the milk in a memory 20. The
microprocessor 17 is also progranﬁmed to determine from the values of the monitored characteristics the
quality of the milk in one of three milk quality categories, namely, a high milk quality category, a low milk
quality category, and an intermediate milk quality category. The quality of the milk categorised as being in
the intermediate milk quality category is of quality less than that of milk in the high milk quality category,
but is of quality greater than that of milk in the low milk quality category. Data indicative of the milk quality
category of the milk in the milk storage tank 2 is then stored in the memory 20. ~ All data indicative of the
monitored characteristics of the milk in the milk storage tank 2 as well as data indicative of the milk quality
category of the milk in the milk storage fank 2 stored in the memory 20 is time and date stamped as of the
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time and date at which the signals indicative of the characteristics of the milk in the milk storage tank 2 are

read by the microprocessor 17 from the milk quality sensors 19.

A communicating means for wireless communicating the data stored in the memory 20 of the
microprocessor 17 indicative of the monitored characteristics of the milk in the milk storage tank 2 and the
determihed milk quality category of the milk in the milk storage tank 2 to the central server 18 comprises a
communications module 22 operated under the control of the microprocessor 17 for transmitting the
stored data indicative of the monitored characteristics and of the milk quality category of the milk in the -
milk storage tank 2 to the central server 18 over the internet 25. The data indicative of the monitored
characteristics and of the milk quality category of the milk in the milk vsvtorage tank 2 is stored in a memory
26 of the central server 18.

The central server 18 is configured to provide access by the farmer whose animals are being milked by
the milking system 5 to the data indicative of the monitored characteristics of the milk in the milk storage
tank 2 and of the milk quality category of the milk in the milk storage tank 2. As well as being configured
to permit access by the farmer to the data stored in the memory 26 of the central server 18, the central
server 18 is also configured to permit access by an authorised user, for example, a creamery which is
being supplied with the milk from the milk storage tank 2 to the stored data stored in the memory 26
indicative of the milk quality category of the milk stored in the milk storage tank 2, so that the creamery
can access the data indicative of the milk quality category of the milk stored in the milk storage tank 2
prior to designating a milk coilection truck to collect the milk from the milk storage tank 2. The creamery

“may also be permitted to access the stored data stored in the memory 26 of the central server 18

indicative of the values of the monitored characteristics of the milk stored in the milk storage tank 2.

By providing such access to this data stored in the memory 26 of the central server 18 by the créaniery,
the creamery cén determine the production stream for which the milk stored in the milk storage tank 2 is
suitable. For example, the creamery can determine whether the milk stored in the milk storage tank 2 is
suitable for producing as fiquid milk, or is suitable for producing high quality formula baby powdered milk,
oris sui{able for producing lower quality milk powder. This enables the creamery to determine the most 7
appropriate milk collection truck to be used for collecting the milk from the milk storage tank 2. This, thus,
allows the creamery to collect milk of similar quality from milk storage tanks of a number of farmers
equipped with‘similar apparatus to that of the apparatus 1 in the same milk collection truck, thereby

PCT/IE2018/000005



WO 2018/198103

10

15 -

20

25

30

24

avoiding the danger of milk of low milk quality category from one farmer contaminating milk of high milk

quality category collected from a number of farmers on a collection run by a milk collection truck.

~ ltis also envisaged that the apparatus similar to the apparatus 1, with which the milk storage tanks of the

other farmers are equipped, will communicate with the central server 18 or other central servers of the
respective farmers, so that the creamery which is collecting milk from milk storage tanks of these farmers
will be able to read from the central server 18 or the other central servers of the apparatus of the
respective farmers the milk quality category of the milk in the milk storage tanks of the respective farmers,
as well as the other stored data indicative of the values of the monitored characteristics of the milk in the
milk storage tanks of the respective farmers, so that the appropriate milk collection truck will collect milk of

similar quality from the various farmers.

Additionally, in this embodiment of the invention the milk quality sensing means also comprises a pipeline
milk quality sensing means, namely, a plurality of pipeline milk quality sensors 28 located in the milk
delivery pipeline 6 adjacent the inlet port 7 of the milk storage tank 2 for monitoring characteristics
indicative of the quality of the milk delivered to the milk storage tank 2 through the milk delivery pipefine 6.
In this embodiment of the invention two pipeline milk quality sensors 28 are located in the milk delivery
pipeline 6, namely, a first pipeline milk quality sensor 28a which is a total bacteria count sensor for
detecting the total bacteria count in the milk being delivered through the milk delivery pipeline 6, and a
second pipeline milk quality sensor 28b which is a bacteria count sensor for determining the bacteria
count of a specific bacteria in the milk being delivered through the milk delivery pipeline 6. The total
bacteria count sensor 28a is similar to the total bacteria count sensor 19a, and the bacteria count sensor
28b is similar to the bacteria count sensor 19b and is configured to determine the bacteria count of a
bacteria similar to that for which the second tank milk-quality sensor 19b is configured to determine. The
pipeline milk quality sensors 28 are hardwired to the microprocessor 17, but may communicate wirelessly -
with the microprocessor 17 through, for example, a Bluetooth protocol or any other suitable near field

communications protocol.

The microprocessor 17 is programmed to read signals which are indicative of the values of the monitored
characteristics from the pipeline milk quality sensors 28, and to determine from the read signals the total
bacteria count of the milk being delivered through the milk delivery pipeline 6 and the bacteria count of a
specific bacteria in the milk being delivered through the milk delivery pipeline 6 from the signals read from
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the pipeline milk quality sensors 28a and 28b, respectively. The determined values of the total bacteria
count and the bacteria count of the specific bacteria in the milk being delivered through the milk delivery
pipeline 6 are stored by the microprocessor 17 in the memory 20. The microprocessor 17 is programmed
to compare the total bacteria count of the milk read from the pipeline milk quality sensor 28a in the milk
delivery pipeline 6 with the total bacteria count of the milk in the milkk storage tank 2 read from the tank
milk quality sensor 19a. If the result of this comparison by the microprocessor 17 is indicative of a higher
total bacteria count in the milk in the milk storage tank 2 than the total bacteria count in the milk being
delivered through the milk delivery pipeline 6 to the milk storage tank 2, the microprocessor 17 determines
that the milk storage tank 2 is harbouring bacteria, and the microprocessor 17 is programmed to subject
the milk storage tank 2 to appropriate wash and rinse cycles in order to decontaminate the milk storage
tank 2 after the next collection of the milk from the milk storage tank 2.

The microprocessor 17 is programmed to carry out a similar comparison between the value of the signals
read from the second pipeline milk quality sensor 28b with the value of the signals read from the second
tank milk quality sensor 19b for similarly determining if the milk storage tank 2 is contaminated with the
specific bacteria, the count of which is detected by the second tank and pipeline milk quality sensors 19b
and 28b. If the milk storage tank 2 is deemed to be harbouring the bacteria, the count of which is
detected by the second tank and pipeline milk quality sensors 19b and 28b, the milk storage tank 2 will be
similarly subjected to appropriate wash and rinse cycles after the next collection of milk from the milk

storage tank 2.

.In this embodiment of the invention rinse water quality sensing means comprising a plurality of discharge

rinse water quality.sensors 30 are located in the outlet port 10 from the milk storage tank 2 for monitoring
respective characteristics indicative of the quality of the rinse water being discharged from the milk

- storage tank 2 during the final rinse of the milk storage tank 2 at the end of a wash and rinse cycle. In

this embodiment of the invention four discharge rinse water quality sensors 30 are provided, namely, a ‘
first discharge rinse water quality sensor 30a which comprises a total bacteria count sensor for
determining the total bacteria count in the rinse water, a second discharge rinse water quality sensor 30b
which comprises a bacteria count sensor for determining the bacteria count of a specific bacteria in the
rinse water, a third discharge rinse water quality sensor 30c which comprises a detergent sensor for
detecting any detergent residue in the rinse water, and a fourth discharge rinse water quality sensor 30d
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which comprises a sanitising solution detector for detecting any residue of sanitising solution in the rinse
water.

The microprocessor 17 is hardwired to the discharge rinse water quality sensors 30 in the outlet port 10 of
the milk storage tank 2, although the microprocessor 17 may communicate wirelessly through, for
example, a Bluetooth protocol or other suitable near field communications protocol with the discharge

rinse water quality sensors 30.

The microprocessor 17 is programmed to read the signals indicative of the values of the sensed
characteristics of the rinse water from the discharge rinse water quality sensors 30 and fo determine the
total bacteria count in the rinse water, the bacteria count of a specific bacteria in the rinse water, the
percentage residue of détergent in the rinse water, if any, and the percentage residue of any sanitising
solution in the rinse water, if any. The values of these characteristics are stored in the memory 20 by the

microprocessor 17.

The microprocessor 17 is programmed to determine from the signals read from the discharge rinse water
quality sensors 30 data indicative of the cleanliness of the milk storage tank 2 and to store the data
indicative of the cleanliness of the milk storage tank 2 in the memory 20 of the microprocessor 17. The
microprocessor 17 determines from the stored data indicative of the cleanliness of the milk storage tank 2

- if the milk storage tank 2 has been adequately cleaned and rinsed, and is free of deterg.ent and sanitising

solution residue. The microprocessor 17 is programmed to operate the wash and rinse water system 12
to subject the milk storage tank 2 to a second wash and rinse cycle, or a number of rinse cycles, if the milk
storage tank has not been adequately cleaned by the previous wash and rinse cycle, or contains
detergent residue or sanitising solution residue from the previous wash and rinse cycle, as the case may
be. Atthe end of the second wash and rinse cycle, or the additional rinse cycles, as the case may be, the
microprocessor 17 again reads signals from the discharge rinse water quality sensors 30 to determine if
the milk_storage tank 2 has been adequately washed and rinsed. If at this stage the microprocessor 17 -
determines from the signals read from the dis_charge rinse water quality sensors 30 that the milk storage
tank 2 has not been adequately cleaned and disinfected or is not free from detergent or santtising solution
residue, the microprobessor 17 is programmed to transmit through the communications module 22 an
alert signal to the central server 18. The central server 18 in tuim outputs an alert signal in order to alert
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the farmer to the fact that the milk storage tank 2 requires further attention before it is suitable for storing

‘mitk.

Alternatively, instead of the microprocessor 17 being programmed to activate the wash and rinse water
system 12 to carry out a second wash and rinse cycle and/or additional rinsing cycles, as the case may
be, the microprocessor 17 may be programmed to transmit through the communications module 22 an
alert signal to the central server 18, which in turn would also alert the farmer to the fact that the milk
storage tank 2 requires further attention before it is suitable for storing milk. V

In this embodiment of the invention the rinse water sensing means also comprises pipeline rinse water

quality sensing means, namely, pipeline rinse water quality sensors 32 located in the rinse water delivery

pipeline 14 to the milk storage tank 2 adiacént the inlet port 13 thereof for monitoring the quality of the
rinse water beihg delivered through the rinse water delivery pipeline 14 into the milk storage tank 2. In
this embodiment of the invention four pipeline rinse water quality sensors 32 aré provided, namely, a first
pipeline rinse water quality sensor 32a comprising a total bacteria count sensor for detecting the total
bacteria count in the rinse water in the rinse water delivery pipeline 14, a second pipeline rinse water
quality sensor 32b comprising a bacteria count sensor for detecting the bacteria count of a specific
bacteria in the rinse water, a third pipeline rinse water quality sensor 32¢ comprising a detergent sensorb
for detecting the pércentage detergent residue if any in the rinse water, and a fourth pipeline rinse water
quality sensor 32d comprising a sanitising solution sensor for detecting the percentage sanitising solution
residue if any in fhe rinse water. The pipeline rinse water quality sensors 32a to 32d are similar to the
discharge rinse water quality sensors 30a to 30d, respectively. The pipeline rinse water quality Sensors
32 are hardwired to the microprocessor 17, although the miéroprocessor 17 may cohwmunicate with the
pipeline rinse water quality sensors 32 wirelessly, for example, through a Bluetooth protocol or any other

- suitable near field communications protocol.

The microprocessor 17 is programmed to read the signals from the pipeline rinse water quality sensors 32
which are indicative of the values of the monitored characteristics of the rinse water flowing through the

rinse water delivery pipeline 14. The microprocessor 17 is programmed to determine from the signals

read from the pipeline rinse water quality sensors 32, the values of the monitored characteristics of the
rinse water flowing through the rinse water delivery pipeline 14. The determined values of the monitored

characteristics of the rinse water are time and date stamped and stored in the memory 20.
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The microprocessor 17 is programmed to compare the stored values of the monitored characteristics
monitored by the pipeline rinse water quality sensors 32 with the stored values of the monitored
characteristics of the rinse water discharged from the milk storage tank 2 monitored by the corresponding
discharge rinse water quality sensors 30. If the comparison between the monitored characteristics of the
rinse water flowing through the pipeline 6 and the monitored characteristics of the rinse water discharged
from the milk storage tank 2 is indicative of the total bacteria count of the rinse water monitored by the
discharge rinse water quality sensor 30a being greater than the total bacteria count monitored by the
pipeline rinse water quality sensor 32a, which would indicate that the milk storage tank 2 had not been
adequately washed during the previous wash and rinse cycles, the microprocessor 17 is programmed to ‘
operate the wash and rinse water system 12 to subject the milk storage tank 2 to a further wash and rinse
cycle and to an appropriate number of rinse cycles. Similarly, if the bacteria count of the specific bacteria
in the rinse water discharged from the milk storage tank 2 monitored by the discharge rinse water quality
sensor 30b is greater than the bacterié count of the specific bacteria in the rinse water flowing through the
rinse water delivery pipeline 14 monitbred by the pipeline rinse water quality sensor 32b, the
microprocessor 17 is programmed to likewise subject the milk storagé tank 2 to further wash and rinse

cycleé, and to a further appropriate number of rinse cycles.

In the event that detergent residue is detected by either of the discharge or pipeline rinse water quality
sensors 30c or 32¢, or in the event that sanitising solution residue is detected by either of the discharge
and pipeline rinse water quality sensors 30d and 30e, the microprocessor 17 is programmed to operate
the wash and rinse water system 12 to subject the milk storage tank 2 to a further number of rinse water

cycles.

Alternatively, instead of operating the wash and rinse water system 12 in the event of the signals read
from the discharge and pipeline rinse water quality sensors 30 and 32 indicating that the milk storage tank
2 is not yet ready to store milk, the microprocessor 17 may be programmed to transmit an alarm signal
through the communications module 22 to the central server 18, which in turn would output an alert signal

in order to alert the farmer to the problem with the milk storage tank 2.

The microprocessor 17 ié programmed that at the end of each milking session when the data indicative of
the milk quality category of the milk in the milk storage tank 2 has been determ_ined and stored in the

PCT/IE2018/000005



WO 2018/198103

10

15

20

25

30

29

memory 20, to operate the communications module 22 to transmit to the central server 18 the data
indicative of the milk quality category and the data indicative of the monitored characteristics of the milk in
the milk storage tank 2. Additionally, the microprocessor 17 is programmed at appropriate times, typically
on completion of each wash and rinse cycle to which the milk storage tank 2 is subjected, to operate the
communications module 22 to tranlsmit to the central server 18 data stored in the memory 20 relating to
values of the monitored characteristics read and determined from the discharge and pipeline rinse water

quality sensors 30 and 32, which may be downloaded by the farmer as desired.

Additionally, in this embodiment of the invention the microprocessor 17 is programmed to operate and
control the chilling system 16 and the paddie mixer 15 of the milk storage tank 2 in response to the
temperature of the milk in the milk storage tank 2, which is read by the microprocessor 17 from the
temperature sensors 21, and a temperature sensor 35 in the milk delivery pipeline 6, in order to cool the
milk in the milk storage tank 2 to the predefined chill temperature during delivery of milk into the milk
storage tank 2 during a milking session, and for maintaining the milk in the milk storage tank 2 at the
predefined chill temperature. The microprocessor 17 also logs and stores the temperature values read
from the temperature sensors 21 and 35 time and date stamped in the memory 20, and determines the
length of the time taken to cool the milk in the milk étorage tank to the predefined chilled temperature
during each milking session. Thé data relating to the time taken to cool the milk to the predefined chilled
temperature during each milking session is time and date stamped and stored in the memory 20. All the
stored data relating to the temperature of the milk in the milk storage tank 2 and in the milk delivery
pipeline 6 as well as the times taken to cool the milk in the milk storage tank 2 during each milking session
is transmitted to the central server 18 after each milking session, when the temperature of the milk in the

-milk storage tank 2 has been cooled to the predefined chilled temperature. Additionally, all data stored in

the memory 20 of the microprocessor 17 may be transmitted under the control of the microprocessor 17 to

a smart mobile phone of a farmer.

In use, animals are typically milked twice per day by the milking system 5, once in the morning and once
in the evening. On each milking session, the milk from the animals is delivered through the milk delivery
pipeline 6 into the milk storage tank 2, where it is stored for subsequent collection by the creamery. In

this case the milk is collected from the milk storage tank 2 by the creamery at four day intervals.
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Reference is now made to Fig. 2 which illustrated two graphs, namely, graph A and graph B. GraphAis a
graph of the temperature of the milk in the milk storage tank 2 which is plotted on the vertical Y-axis on the
left-hand side of Fig. 2 in °C against time in days plotted on the horizontal X-axis of Fig. 2. GraphBis a
graph of the total volume of milk stored in the milk storage tank 2 plotted in litres on the vertical Y-axis on
the right-hand side of Fig. 2 against time which is plotted in days on the horizontal X-axis. As can be seen
from Fig. 2, at the beginning of day one, the milk storage tank 2 is empty, the milk from the previous four
days having been collected by the creamery after the morning milking session of day one. After collection
of the milk from the milk storage tank 2, the milk storage tank 2 is subjected to one or more wash and
rinse cycles as described above, and passed by the apparatus 1 as being ready to receive milk from the
evening milking session on day one. ‘

As the milk from the evening milking session on day one is delivered into the milk storage tank 2, signals
from the pipeline milk quality sensors 28 in the milk delivery pipeline 6 are read by the microprocessor 17
which determines the values of the monitored characteristics of the milk flowing through the pipeline 8,
and the determined values of the characteristics of the milk flowing through the milk delivery pipeline are
time and date stamped and stored in the memory 20 for subsequent comparison as already described
with the values of the characteristics determined by the microprocessor 17 from the signals which are
read from the tank milk quality sensors 19. As the milk is being delivered into the milk storage tank 2, the
temperature of the milk is relatively high, and is reduced by the chilling system 16 under the control of the
microprocessor 17, so that after a time period after the evening milking session has been completed, the
temperature of the milk is reduced to a steady state temperature, namely, the predefined chill temperature
of approximately 3.5°C. |

On activation of the chilling system 16 to cool the milk in the milk storage tank 2, the paddie mixer 15is
simultaneously activated to agitate the milk in the milk storage tank 2. The paddle mixer 15 is
continuously operated while the chil'ling system 16 is activated for cooling the milk in the milk storage tank
2. On the milk in the milk storage tank 2 being chilled to the predefined chill temperature, the chilling
system 16 and the paddle mixer 15 are deactivated. At the end of the cooling of the milk in the milk
storage tank 2 when steady state conditions prevail throughout the milk in the milk storage tank 2, and the
temperature of the milk has been reduced to the predefined chill temperature of 3.5°C, the microprocessor
17 commences to read the signaIAs from the tank milk quality sensors 19a to 19f. The steady state

conditions are deemed to prevail throughout the milk in the milk storage tank 2 just after the temperature
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of the milk therein has been reduced to the predefined temperature of 3.5°C and when the chilling system
16 and the paddle mixer 15 have been deactivated at point a; of graph A of Fig. 2. When the signals
indicative of the monitored characteristics have all been read by the microprocessor 17 from the tank milk

.quality sensor 19a to 19f, the values of the signals indicative of the monitored characteristics are stored,

time and date stamped in the memory 20. The microprocessor 17 then determines the data indicative of
the milk quality category of the milk in the milk storage tank 2 from the stored values of the monitored
characteristics. The data indicative of the milk quality category of the milk is aiso stored in the memory 20
time and date stamped. On completion of the determination of the data indicative of the milk quality
category of the milk, the microprocessor 17 activates the communications module 22 to transmit the data

indicative of the milk quality category of the milk to the central server 18.

Additionally, the microprocessor 17 compares the values of the monitored characteristics of the milk in the
milk storage tank 2 read from the tank milk quality sensors 19a and 19b with the values of the monitored
characteristics of the milk when flowing in the milk delivery pipeline 6 from the pipeline milk quality
sensors 28a and 28b in order to ascertain if the bacteria counts read from the tank milk quality sensors
19a and 19b are higher than the bacteria counts read from the pipeline milk quality sensors 28a and 28b,
which would be an indication that the milk storage tank 2 is harbouring bacteria, and would therefore
require appropriate attention when next being subjected to wash and rinse cycles after collection of the
milk from the milk storage tank 2. The data indicative of the comparisons is time and date stamped and

stored in the memory 20 and then transmitted to the central server 18.

“On the morning of déy two at points 1 and-2 on the araphs A and B respectively, the morning milking

session commences, and the microprocessor 17 commences to read signals from the pipeline milk quality
sensors 28 located in the milk delivery pipeline 6 from which the monitored characteristics of the milk are
determined and time and date stamped and stdred in the memory 20. As the milk from the morning
milking session is delivered into the milk storage tank 2 the temperature of the milk in the milk storage
tank 2 commences to rise due to the higher temperature of the milk being delivered into the milk storage
tank. The chilling system 16 and the paddle mixer 15 are bperated by the microprocessor 17 to agitate
and to mix the incoming warm milk with the milk already stored in the milk storage tank 2, and fo reduce
the temperature of the milk in the milk storage tank to the predefined chilled temperature of approximatély
35°C. On completion of the mbrning milking session when the temperature of the milk in the milk storage
tank 2 has been reduced to and stabilised at the predefined chill température of 3.5°C, and steady state
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conditions prevail in the milk in the milk storage tank 2, namely, at point a; on graph A, the microbrocessor
17 commences to read the signals from the tank milk quality sensors 19 and determines the values of the
monitored characteristics from the signals read, which are time and date stamped and stored in the
memory 20. The microprocessor 17 then determines the data indicative of the milk quality category of the
milk in the milk storage tank 2 from the signals read from the tank milk quality sensors 19, which is then
time and date stamped and stored in the memory 20 and transmitted to the central server 18 along with
the vaIue; of the monitored characteristics monitored by the tank and pipeline milk quality sensors 19 and

28 as already described.

The microprocessor 17 then also compares the values of the monitored characteristics read from the tank

and pipeline milk quality sensors 19a and 19b and 28a and 28b, respectively, and transmits data

* indicative of the comparisons to the ceniral server 18 as already described. And 0 on in day two mitk

from the evening session is delivered to the milk storage tank 2, and on day three milk from thie morning
and evening sessions are delivered to the milk storage tank 2, and on day four milk from the morning

session is delivered to the milk storage tank 2.

After the morning milking session on day four the milk from the milk storage tank 2 is coliected by the

creamery.

On completion of each of the milking sessions on days two to four, the milk is chilled and agitated until the
iemperature of the milk in the milk storage tank 2 haé been reduced to the predefined chill temperature of
3.5°C. Atthat stage, namely, at points a; to as on graph A, the signals from the tank milk quality sensors
19 are read, and as already described the milk quality category of the milk in the milk storage tank'2 is
determined. Additionally, during each milking session, the signals from the pipeline milk quality sensors
28 are also read as already described, and at the end of each milking session, the signals from the
pipeline milk quality sensors 28a and 28b are compared with the signals read from the tank milk quality
sensors 19a and 19b as already described, and the data relating to the milk quality category and the milk
quality characteristics is transmitted by the microprocessor 17 to the central server 18 as already

described.

Additionally, during the periods between each milking session, the paddle mixer 15 is activated
periodically for two minute periods in order to homogenise the milk in the milk storage tank 2, and on
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completion of each two minute agitation of the milk, the temperature of the milk in the milk storage tank 2
is read from the temperature sensors 21. For so long as the temperature of the milk in the milk storage

tank 2 remains at the predefined chill temperature of approximately 3.5°C, no action is required.

-However, on the temperature of the milk in the milk storage tank 2 being determined as exceeding the

predefined chil temperature of 3.5°C, the chilling system 16 and the paddle mixer 15 are activated until
the temperature of the milk in the milk storage tank 2 has been reduced to the predefined chill
temperature of 3.5°C. At that stage the chilling system 16 and the paddie mixer 15 are deact_ivated.

Additionally, during the periods between the milking sessions, it may be desired to détermine the milk

- quality category of the milk in the milk storage tank 2, and at such intervals at which the milk quality

category of the milk in the milk storage tank 2 is to be determined, the paddle mixer 15 is activated for a

~ two minute agitating period in order to homogenise the milk. On completion of the two minute agitating

period, the paddie mixer 15 is deactivated, and provided the temperature of the milk in the milk storage
tank 2 is at the predefined chill temperature of 3.5°C, signals are read from the tank milk quality sensors
19a to 19f, and the milk quality category of the milk is determined from the values of the signals read from
the tank milk quality sensors 19. The data indicative of the milk quality category of the milk just
determined is then transmitted by the microprocessor 17 through the communications module 22 to the
central server 15 along with the values of the milk quality characteristics read from the tank milk quality

sensors 19.

‘ “AAfter cpmpletion of the milking session of the morning of day four, when the temperature of the milk in the
" ik storage tank 2 has been reduced to approximately 3.5°C and has been stabilised at approximately

3.5°C, the microprocessor 17 commences to read signals from the tank quality sensors 19 and
determines the values of the monitored characteristics from the signals read from the tank milk quality
sensors 19. The microprocessor 17 then determines the data indicative of the milk quality category of the
milk in the milk storage tank 2 from the values of the characteristics of the milk read from the tank milk
quality sensors 19. The data indicative of the milk quality category of the milk in the milk storage tank 2 is
then stored in the memory 20 and is transmitted to the central server 18, where it can be accessed by the

~ Creamery.

Once the creamery has read the data indicative of the milk quality category bf the milk in the milk storage
tank 2, the creamery then determines the appropriate milk collection truck for collecting milk from the milk
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storage tank 2, so that the milk in the milk storage tank 2 will be of substantially similar milk quality

category to that being collected by the milk collection truck of the creamery.

On collection of the milk by the creamery from the milk storage tank 2, the milk storage tank 2 is then -
subjected to wash and rinse cycles by the wash and rinse water system 12.. The extent of the wash and
rinse cycles is determined by the state of the milk storage tank 2, in other words whether or not it has
been determined as harbouring bacteria. On the last rinse of the rinse cycles the microprocessor 17
reads the signals from the discharge rinse water quality sensors 30 and the pipeline rinse water quality
sensors 32 and processes'the signals read from the tank and pipeline milk quality sensors 30 and 32 as
already described and transmits the data indicative of the cleanliness of the milk storage tank 2 or an
alarm signal as the case may be to the central server 18. If further washing and rinsing of the milk storage
tank 2 is required, this is éarried out under the control of the microprocessor 17 as already described.

In this embodiment of the invention the signal from the tank milk quality sensors 19 are read under
predefined conditions of the milk, which in this embodiment of the invention are when the milk in the milk

storage tank 2 has been homogenised, and the temperature of the milk in the milk storage tank is at the

- predefined chill temperature.

In this embodiment of the invention the bacteria count sensors 19b, 28b, 30b and 32b for detecting the
bacteria count of a specific bacteria may be configured for detecting the bacteria count of bacteria such as
thermoduric, psychotropic bacteria, streptococcus, streptococcus agalactiae, staphylococcus aureus,
mycoplasma-species, coliform bacteria, other streptococci and/or bacillus. Although, needless to say, the
specific bacteria count sensors may be configured to detect any other bacteria.

While the apparatus 1 has been described as comprising a plurality of milk quality sensors and rinse water -
quality sensors, in certain cases, it is envisaged that only one or two milk quality sensors and one or two
rinse water quality sensors may be provided. For example, it is envisaged that in some embodiments of
the invention only a total bacteria count sensor 19a and a somatic cell count sensor 19¢ would be
provided while only a total bacteria count sensor 28a would be provided. It is also envisaged that in

certain embodiments of the invention only a total bacteria count sensor 30a may be provided and only a
total bacteria count sensor 32a may be provided for detecting the corresponding éharacteristics of the

rinse water. It is also envisaged that, in general, at least the detergent sensor 30¢ would be provided, -
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although the sanitising solution sensor 30d may be omitted if the milk storage tank is not subjected to a
sanitising solution. Needless to say, it will be appreciated that all the pipeline milk quality sensors 28 and
the pipeline rinse water quality sensors 32 may be omitted in certain embodiments of the invention.

Itis envisaged that the total bacteria count sensor 30a and the bacteria count sensor 30b may be similar
to the total bacteria count 19a and the bacteria count 19b, respectively. Indeed, in certain cases, it is
envisaged that the total bacteria count sensor 19a and the bacteria count 19b may also be configured for
determining the total bacteria count and the specific bacteria count in the rinse water in the milk storage
tank 2.

Any suitable detergent and sanitising solution sensors may be provided, and typically, the detergent and

sanitising solution sensors may be conductivity sensors, although it will be readily apparent to those

skilled in the art that any other suitable detergent and sanitising solution sensors may be provided.

While the signal processor of the apparatus 1 according to the invention has been described as
comprising the microprocessor 17 and the central server 18, it will be readily apparent to those skilled in
the art that any suitable signal processing system may be provided. Indeed, it is envisaged that a single
computer may be provided, for example, it is envisaged that the central server may be configured to read
the signals directly from the milk and rinse water quality sensors, either wirelessly or through a hard wiring
system. It will also be appreciated that instead of providing a specific microprocessor or signal processor
for reading the signals from the milk quality sensors and the rinse water quahty sensors, and programming
such a dedicated srgnal processor or microprocessor to determine the values of the sensed
characteristics of the milk and rinse water and to determine the milk quality category of the milk, the signal
processor or microprocessor operating the milking system could be programmed to take the pIaoe of the
microprocessor 17 as well as the central server 18, and carry out the method of the invention.
Furthermore, it is envisaged that a microprocessor for controlling the operation of the agitating and chilling
of the milk in the milk storage tank and other aspects of the milk storage tank may be programmed to
carry out the functions of the microprocessor 17, and in which case the microprocessor 17 would be

dispensed with.
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While the milk storage tank although illustrated in block representation has been illustrated as a
horizontally oriented milk tank, it will be readily apparent to those skilled in the art that the milk storage

tank may be of any suitable construction, and could also be a vertically oriented milk storage tank.

While the microprocessor 17 has been described as being configured to categorise the milk into three milk
quality categories, the microprocessor 17 could be programmed to categorise the milk into only two milk
quality categories, for example, a high milk quality category and a low milk quality category, or the
microprocessor may be configured to categorise the milk into more than three milk quality categories.

- While the first signal processor has been described as comprising a microprocessor, the signal processor

may be provided as any suitable signal processor, for example, a microcontroller, a programmable logic
controller or the fike. It is also envisaged that the first signal processor may be configured as a data
collection device which would collect data from the milk and rinse water'quality sensors and would
transmit the collected data to the central server, and the computations instead of being carried out in the
first signal processdr, would be carried out in the central server. It is also envisaged that instead of or as
well as providing access by an authorised user to the central server, it is envisaged that access by an

authorised user, for example, a creamery could be provided directly to the first signal processor.

Although not described, it is envisaged that one of the milk quality sensors and possibly one of the rinse
water quality sensors may be a sensor configured to detect antibiotic residue in the milk and/or in the rinse
water, and such an antibiotic residue sensor may be located in the milk storage tank, in the outlet port

from the milk storage tank, in the rinse water delivery pipeline and/or in the milk delivery pipefine.

Additionally, the milk quality sensing means could comprise a sensor for detecting an operational
parameter of the milk storage tank, such as the temperature of the milk in thé milk storage tank and/or the
time taken to cool the milk to the predefined chilled temperature, and/or a sensor which would detect any
other parameter or characteristic of the milk which would affect the quality of the milk.

While the milk storage tank has been described as comprising a chilling unit, it is.envisaged in certain

* cases, that the milk storage tank may be provided without such a chilling unit.
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Itis also envisaged that instead of the creamery having to access the central server in order to obtain the
data indicative of the milk quality category of the milk, it is envisaged that the central server on receiving
the data indicative of the milk quality category of the milk in the milk storage tank, the data indicative of the
milk quality category of the milk in the milk storage tank could be transmitted directly to the creamery, or
the data indicative of the milk quality category of the milk could be transmitted directly to the creamery
from the microprocessor 17. The advantage of transmitting the data indicative of the milk quality category
of the milk to the creamery is that if it appeared that the milk in the milk storage tank was in a state likely
to deteriorate relatively quickly, the creamery could expedite the collection of the milk from the milk
storage tank, and knowing the milk quality category of the milk would then be in a position to stream the
milk to the production process appropriate to milk of the milk quality category of the milk.

Itis envisaged that while specific milk quality sensing means which produce signals which are indicative of
milk quality characteristics have been described, other sensors which would also produce a signal
indicative of a characteristic of the milk which would give an indication of the quality of the milk may be
provided, for example, sensors which would measure the impedance and/or conductivity of the milk, or
which would measure the impedance and/or the conductivity of the milk at a plurality of predefinéd
frequencies may also be provided, which could be configured to produce signals indicative of specific
aspects of the milk, which would give an indication of the quality of the milk. It is also envisaged that the
data regarding the tempe:rature values of the milk at specific times, and the length of time it took to cool
the milk to the predefined chilled temperature dur‘ing each milking session which are stored by the
microprocessor (not shown) of the milk storage tank 2 may also be transmitted to the central server, and
would be accessible to the creamery in real time anng with all other data transmitted to the central server.

" This data would allow the creamery to make a decision as to the appropriate production stream for which

the milk in the milk storage tank 2 would be suitable. This data would also allow the creamery to
designate a suitable milk collection truck to collect the milk from the milk storage tank 2, which would be
collecting milk of similar quality from other farmers. Additionally or alternatively, this data would also allow
the creamery to make a decision as to whether the milk should be collected immediately from the milk
storage tank, and if so to dispatch an appropriate milk collection truck fbr collecting the milk from the milk
storage tank 2. Needless to say, the data immediately upon being transmitted to the central server would

be available in real time to the authorised user or users, be it a creamery or any other authorised user, so

- that the creamery or other authorised user could monitor the quality and/or other parameters of the milk in

the milk storage tank as well as other operational parameters of the milk storage tank in real time, and
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decisions regarding when to collect the milk could be made in real time in the event of any problem with

the milk stored in the milk storage tank.

For example, in the event that the cooling period during which the milk was cooled to the predefined
chilled temperature during any of the milking sessions was excessive, or during the just completed milking
session was excessive, and could result in a relatively rapid deterioration of the milk, the creamery could
make a decision to collect the milk immediately in order to avoid further deterioration of the milk, and thus
dispatch a milk collection truck immediately to collect the milk from the milk storage tank 2. Alternatively,
the creamery could continue to monitor the quality of the milk in real time, and defer collecting the milk
until the monitored data indicated that the milk was beginning to deteriorate, and collection thereof would
be necessary. Additionally, if at any stage a power failure occurred while milk was stored in the milk -
storage tank 2, data relating to such a power failure would be immediately available in real ime and would
be accessible to the creamery in real time, which could make a decision as to whether the milk in the milk
storage tank should be collected immediately, in order to avoid further deterioration of the milk, and also to

carry out further tests on the milk when received by the creamery.

While in the specific embodiment of the invention the use of the apparatus 1'according to the invention
has been described for use in which the animals are milked twice per day, it will be readily apparent to
those skilled in the art that the apparatus 1 may be used in milking systems in which the animals are

milked less than or more than twice per day, for example, once per day, three times per day, four times

_per day and the like. It will also be appreciated that the apparatus may be used in conjunction with a

robotic milking system, where milk could in many cases be delivered to the milk storage tank substantially
continuously throughout the day. In which case, the microprocessor could be configured to read the
signals from the milk quality sensors at predefined time intervals throughout the day, and/or at night, when
steady state conditions would prevail in the milk in the vmilk storage tank.- Needless to say prior to reading .
the éignals from the milk quality sensors during the day at the predetermined time intervals, the |
microprocessor would be configured to ensure that steady state conditions prevailed in the milk in the milk

 storage tank and that the temperature of the milk in the milk storage tank would be at the predefined chill

temperature before the signals were read from the milk quality sensors.

- While the apparatus has been described for monitoring both the quality of the milk and the quality of the

rinse water, in certain embodiments of the invention, it is envisaged that the apparatus according tothe . -
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invention may be provided for monitoring only the quality of the milk, and would not be provided for

- monitoring the quality of the rinse water.

While the microprocessor 17 has been described as being configured for controlling and operating the
chilling system of the milk storage tank and for controlling and operating the paddle mixer of the milk
storage tank, it is ehvisaged that the chilling system, the paddle mixer and other aspects of the milk
storage tank may be operated and controlled by a dedicated signal processor dedicated to control the
operation of the milk storage tank. In which case, the microprocessor 17 would only be concerned with
reading signals from the milk quality sensors and the rinse water quality sensors and determining data
indicative of the milk quality category and the cleanliness of the milk storage tank and the rinse water.
Add'itionally, in this case the microprocessor 17 would be configured to communicate with the dedicated
signal processor of the milk storage tank in order to determine when steady state conditions prevailed in
the milk in the milk storage tank and to determine when the temperature of the milk in the milk storage

tank was at the predefined chill temperature.

While the paddle mixer has been described as being activated for an agitating ;;eriod of two minutes in |
order to homogenise the milk in the milk storage tank prior to reading signals from the temperature
sensors and from the milk quality sensors in order to ensure that the predefined conditions prevail in the
mitk priof to reading signals from the temperature sensors and the milk quality sensors, any predefined
agitating period may be set during which the paddie mixer would be operated to produce a homogenous

‘mixture of the milk in the milk storage tank prior to reading the signals from the temperature sensors 21.

Indeed, it is envisaged that the predefined agitating period may range from one minute to five minutes,
and in general would be selected to optimise between providing a homogenous mixture of the milk, and

avoiding over agitating of the milk, which could lead to deterioration of the milk.
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1. A method for monitoring mitk quality, the method comprising locating a milk quality sensing
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means for monitoring at least one characteristic of milk indicative of the quality of the milk in at least one

of a milk storage tank in which the milk is stored and a delivery pipeline through which the milk is delivered
to the milk storage tank, configuring a signal processor to read signals indicative of the at least one
monitored characteristic of the milk from the milk quality sensing means, configuring the signal processor
to determine from the signal read from the mitk quality sensing means data indicative of the milk quality "
and to store the data indicative of the milk quality, and providing access to at least one authorised user to
the signal processor to read the data indicative of the milk quality.

2, A method as claimed in Claim 1 in which the data indicative of the milk quality is stored in a

storing means,

3 A method as claimed in Claim 1 or 2 in which data indicative of the monitored characterbistics of
the milk read from the milk quality sensing means is stored in a storing means.

4, A method as claimed in any preceding claim in which the milk quality sensing means comprises

one or more of the following sensors:

. a total bacteria count sensor for detecting the total count of bacteria in the milk,

J a specific bacteria sensor for determining ’;he count of a specific bacteria in the milk,

. a somatic cell count sensor for monitoring the somatic cell count in the milk,

J an antibody sensor for detecting a specific antibody in the milk,

« . amik composition sensor for determining the quantity of at least one component of the milk, as a
percentage of the milk,

. a protein sensor for monitoring the quantity of protein in the milk as a percentage of the milk,

. a fat content sensor for monitoring the fat content in the milk as percentage of the milk,

. a sensor for detecting an operational parameter of the milk storage tank, such as the temperature

| of the milk in the milk storage tank and/or the time taken to cool the milk to a predefined chilled

temperature, and ’

. a sensor which would detect any other parameter or characteristic of the milk which would affect

the quality of the milk.
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5. A method as claimed in any preceding claim in which the signal processor is configured to
determine the data indicative of the milk quality as one of a plurality of milk quality categories from the
signals read from the milk qua_lity sensing means indicative of the characteristics of the milk.

8. A method as claimed in any preceding claim in which the signal processor is configured to
determine the data indicative of the milk quality as being one of a low milk quality category and a high milk
quality category, the quality of the milk of the h'igh milk quality category being of higher quality than the
milk of the low milk quality category. |

1. A method as claimed in any preceding claim in which the signal processor is configured to
determine the data indicative of the milk quality as being one of the low milk quality category, the high milk

- quality category, and an intermediate milk quality category, the quality of the milk of the intermediate milk

quality category being less than the quality of the milk of the high milk quality category, and being greater
than the quality of the low milk quality category.

8. A method as claimed in any preceding claim in which the milk is delivered to the milk storage

tank directly as it is being milked from an animal.

9. A method as claimed in any preceding claim in which the milk storage tank forms a part of a
milking system, whereby the milk milked from one or more animals is delivered into the milk storage tank

and stored therein.

10.  Amethod as claimed in any preceding claim in which the milk storag.e tank is located in a milking

parlour.

1. A method as claimed in any preceding claim in which the milk is cooled in the milk storage tank

to a predefined chill temperature.

12. A method as claimed in any preceding claim in which the milk is cooled in the milk storage tank

to the predefined chill temperature on the milk being delivered into the milk storage tank.

13. A method as claimed in any preceding claim in which the milk is agitated in the milk storage tank
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during cooling of the milk in the milk storage tank.

14, A method as claimed in any preceding claim in which the milk in the milk storage tank is agitated

until the temperature of the milk in the milk storage tank has been cooled to the predefined chill

temperature.

18, A method as claimed in any preceding claim in which the predefined chill temperature lies in the -
range of 2.5°C t0 4.5°C.

16. A method as claimed in any preceding claim in which the predefined chill temperature lies in the
range of 3°C to 4°C.

17. A method as claimed in any preceding claim in which the predeﬁnéd chill temperature lies in the
range of 3.2°C 0 3.6°C.

18. A method as claimed in any preceding claim in which the milk stored in the milk storage tank is

collected at predefined intervals.

19. A method as claimed in any preceding claim in which the predefined intervals at which the milk

stored in the milk storage tank is collected lie in the range of 1 day to 5 days.

20. A method as claimed in any preceding claim in which milk from at least one milking session per

- day is delivered to the milk storage tank.

21, A method as claimed in any preceding claim in which milk from at least two milking sessions per

day is delivered to the storage tank.

22, A method as claimed in any preceding claim in which one of the two milking sessions is a

morning milking session and the other one of the two milking sessions is an evening milking session.

23, A method as claimed in any preceding claim in which milk from a plurality of milking sessions is
delivered to the milk storage tank, and at the end of the predefined number of days the milk from the
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milking sessions during the predefined number of days stored in the milk storage tank is collected
therefrom. ' '

24, A method as claimed in any preceding claim in which the milk quality sensing means comprises
at least one tank milk quality sensing means configured for locating in or adjacent the milk storage tank,
and for monitoring at least one characteristic of the milk in the milk storage tank.

25. A method as claimed in any preceding claim in which the milk quality sensing means comprises
at least one pipeline milk quality sénsing means configured for locating in or adjacent the milk delivery
pipeline through which milk is delivered into the milk storage tank for monitoring at least one characteristic
of the milk flowing through the milk delivery pipeline. -

26. A method as claimed in any preceding claim in which at least one of the pipeline milk quality
sensing means is configured to monitor at least one characteristic of the milk similar to ane of the
characteriétics of the milk which are monitored by at least one of the tank milk quality sensing means.

27. A method as claimed in any preceding claim in which the signals indicative of the characteristics
of the milk in the milk storage tank are read from the at least one tank milk quality sensing means by the -
signal processor when at least one predefined condition prevails in the milk in the milk storage tank.

28, A method as claimed in any preceding claim in which the signals indicative of the characteristics
of the milk in the milk storage tank are read from the at least one tank milk quality sensing means by the

signal processor after the temperature of the milk in the milk storage tank has been reduced to the

-predefined chill temperature.

29. A method as claimed in any preceding claim in which the signal processor is configured to
compare signals read from at least one of the pipeline milk quality sensing.means with signals read from
at least one of the tank milk quality sensing means which are configured to monitor similar characteristics
of the milk flowing through the milk delivery pipeline and stored in the milk storage tank to determine if
there is a discrepancy between the quality of the milk in the milk storage tank and the quality of the milk

| flowing through the milk delivery pipeline.
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30. A method as claimed in any preceding claim in which each milk quality sensing means is
hardwired to the signal processor.

31. A method as claimed in any preceding claim in which each milk quality sensing means is

configured to communicate wirelessly with the signal processor.

32. A method as claimed in any preceding claim in which each milk quality sensing means is
configured to communicate with the signal processor through a near field communications protocol.

33, A method as claimed in any preceding claim in which a discharge rinse water quality sensing
means is located adjacent a rinse water outlet from the milk storage tank for monitoring at least one
characteristic of rinse water discharged from the milk storage tank indicative of the cleanliness of the milk

storage tank.

34. A method as claimed in Claim 33 in which the signal processor is configured to read signals from

the discharge rinse water quality sensing means to determine the cleanliness of the milk storage tank.

35. A method as claimed in any preceding claim in which a pipeline rinse water quality sensing

“means is located in a rinse water delivery pipeline through which wash and rinse water is delivered into

the milk storage tank for monitoring at least one characteristic of the rinse water delivered into the milk

storége tank indicative of the cleanliness of the rinse water.

36. A method as claimed in Claim 35 in which the signal processor is configured to read signals from

the pipeline rinse water quality sensing means to determine the cleanliness of the rinse water.

3. A method as claimed in any preceding claim in which the signél processor is configured for

comparing the signals read from the pipeline rinse water quality sensing means with signals read from the -

- discharge rinse water quality sensing means for determining if there is a discrepancy between the

cleanliness of the rinse water discharged from the milk storage tank and the cleanliness of the rinse water -

 delivered into the milk storage tank through the rinse water delivery pipeline.

38. A method as claimed in any préceding claim in which the discharge rinse water quality sensing
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means comprises one or more of a total bacteria count sensor for detecting the total bacteria count in the
rinse water, a bacteria count sensor for detecting the count of a specific bacteria in the rinse water, a
detergent sensor for detecting detergent residue in the rinse water, and a sanitising solution sensor for

detecting sanitising solution residue in the rinse water.

- 30 A method as claimed in any preceding claim in which the pipeline rinse water quality sensing

means comprises one or more of a total bacteria count sensor for detecting the total bacteria count in the
rinse water, a bacteria count sensor for detecting the count of a specific bacteria in the rinse water, a
detergent sensor for detecting detergent residue in the rinse water, and a sanitising solution sensor for

detecting sanitising solution residue in the rinse water.

40. A method as claimed in any preceding claim in which each rinse water quality sensing means is

hardwired to the signal processor.

4. A method as claimed in any preceding claim in which each rinse water quality sensing means is

configured to communicate wirelessly with the signal processor.

42. A method as claimed in any preceding claim in which the signal processor is configured as a first

signal processor and a second signal processor, the first signal processor being configured to read signals

from the milk quality sensing means, and being configured to communicate with the second signal
processor for communicating to the second signal processor one of the data indicative of the milk quality

and the monitored characteristic of the milk.

43. A method as claimed in Claim 42 in which access to the signal processor by the at least one

authorised user is provided to the second signal processor.

44, A method as claimed in any of Claims 42 or 43 in which access to the signal processor by the at

least one authorised user is provided to the first signal processor.

45. A method as claimed in any of Claims 42 to 44 in which the first signal processor is configured to

store data values of the signals indicative of the monitored characteristics.
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48 A method as claimed in any of Claims 42 to 45 in which the first signal processor is configured to
determine the data indicative of the milk quality. '

47, A method as claimed in any of Claims 42 to 46 in which the first signal processor is configured to
store the data indicative of the milk quality.

48, A method as claimed in any of Claims 42 to 47 in which the first signal processor is configured to
determine the milk quality category of the milk in the milk storage tank.

49, A method as claimed in any of Claims 42 to 48 in which the first signal processor is configured to

store data indicative of the milk quality category of the milk in the milk storage tank.

50. A method as claimed in any of Claims 36 to 44 in which the first signal processor communicates

data indicative of the determined milk quality category to the second signal processor.

51. A method as claimed in any of Claims 42 to 48 in which the first signal processor is configured to
read signals from the discharge rinse water quality sensing means and from the pipeline rinse water

quality sensing means.

52. A method as claimed in any of Claims 42 to 51 in which the first signal processor is configured to

determine the cleanliness of the milk storage tank.

53, Amethod as claimed in any of Claims 42 to 52 in which the first signal processor is configured to

determine the cleanliness of the rinse water delivered to the milk stbrage tank through the rinse water

deliver pipeline.

54, A method as claimed in any of Claims 42 to 53 in which the first signal processor is configured to

corﬁpare the signals read from the discharge rinse water qUaIity sensing means with the signals read from

~ the pipeline rinse water quality sensing means.

55. A method as claimed in any of Claims 42 to 54 in which the first signal processor communicates

with the second signal processor wirelessly.

PCT/IE2018/000005
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56. A method as claimed in any of Claims 42 to 55 in which the first signal processor communicates

with the second signal processor via a communications network.

57. A method as claimed in any of Claims 42 to 56 in which the first signal processor communicates

with the second signal processor via a mobile bphone network.

58, A method as claimed in any of Claims 42 to 57 in which the first signal processor communicates

with the second signal processor via the internet.

59. A method as claimed in any preceding claim in which the second signal processor comprises a

central server.

60. A method as claimed in any preceding claim in which one of the authorised users comprises a

creamery to which milk in the milk storage tank is to be supplied.

61. A method for monitoring the cleanliness of a milk storage tank, the method comprising locating a
discharge rinse water quality sensing means for monitoring at least one characteristic of rinse water
discharged from the milk storage tank indicative of the cleanliness of the milk storage tank, configuring a
signal prOCessor to read signals from the discharge rinse water quality sensing means indicative of the at
least one monitored characteristic in the rinse water, and configuring the signal processor to determine
data indicative of the cleanliness of the milk stbrage tank from the signals read from the discharge rinse
water quality sensing meahs, and providing access to at least one authorised user to the signa!\processor

to read data indicative of the cleanliness of the milk storage tank.

62. A method as claimed in Claim 61 in which the signal processor stores the data indicative of the

cleanliness of the milk storage tank.

63. A method as claimed in C'laim 61 or 62 in which the discharge rinse water quality sensing means
is located in an outlet of the milk storage tank through which rinse water is discharged from the milk

- storage tank.

PCT/IE2018/000005



WO 2018/198103

10

15

20

25

30

48

64. A method as claimed in any of Claims 61 to 63 in which a pipeline rinse water quality sensing
means located in a rinse water delivery pipeline through which wash and rinse water is delivered to the
milk storage tank, and the signal processor is configured to read signals from the pipeline rinse water
quality sensing means and to determine data indicative of the cleanliness of the rinse water delivered to

the milk storage tank through the delivery pipe line from the read signals.

65. A method as claimed in any of Claims 61 to 64 in which the signal processor is configured to
compare signals read from the pipeline rinse water quality sensing means with signals read from the
discharge rinse water quality sensing means configured for monitoring a similar one of the characteristics

of the rinse water to that monitored by the pipeline rinse water quality sensing means.

66. A method as claimed in any of Claims 61 to 65 in which each rinse water quality sensing means
comprises one or more of a total bacteria count sensor for detecting the total bacteria count in the rinse
water, a bacteria count sensor for detécting the count of a specific bacteria in the rihse water, a detergent
detecting means for detecting detergent residue in the rinse water, and a sanitising solution detecting

means for detecting sanitising solution residue in the rinse water.

67. A method as claimed in any of Claims 61 to 66 in which the signal process is configured as a first
signal processor and a second signal processor, the first signal processor being configured to
communicate with the second signal processor for communicating data indicative of the cleanliness of the

- milk storage tank.

68. ‘A method as claimed in Claim 67 in which the first signal processor is conﬁ‘gured to read signals
from the discharge rinse water quality sensing means indicative of the monitored characteristic of the rinse

water.

69. A method as claimed in Claim 67 or 68in which the first signal processor is configured to

determine the data indicative of the cleanliness of the milk storage tank.

70. | A method as claimed in any of Claims 67 to 69 in which the first signal processor is conﬂgufed to
determine the cleanliness of the rinse water delivered to the milk storage tank through the rinse water

delivery pipeline.

PCT/IE2018/000005
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1. A method as claimed in any of Claims 67 to 70 in which the first signaf processor is configured to
communicate the data indicative of the cleanliness of the rinse water delivered to the milk stoiage tank

through the rinse water delivery pipéline.

72. Apparatus for monitoring the quality of milk in a milk storage tank, the apparatus comprising a
milk quality sensing means for monitoring at least one characteristic of milk indicative of the quality of the

~ milk, the milk quality sensing means being located in or adjacent one of the milk storage tank and a milk

delivery pipeline through which milk is delivered to the milk storage tank, a signal processor configured to

. read signals from the milk quality sensing means indicative of the at least one monitored characteristic,

the signal processor being configured to determine data indicative of the milk quality of the milk in the milk
storage tank from the signals read from the milk quality sensing means.

73. Apparatus as claimed in Claim 72 in which a storing means is provided, and data indicative of

the milk quality of the milk in the milk storage tank is stored in the storing means.

74, Apparatus as claimed in Claim 72 or 73 in which the signal processor is configured to provide
access thereto by an authorised user to read the data indicative of the milk quality of the milk in the milk

storage tank therefrom.

75. Apparatus as claimed in any of Claims 72 to 74 in which the milk quality sensing means

comprises one or more of the following sensors:

o a total bacteria count sehsor for detecting the total bacteria count in the milk,

. a specific bacteria count sensor for detecting the specific bacteria count in the milk,

. a somatic cell count sensor for detecting the somatic cell count in the milk,

. an antibody sensor for detecting an anﬁbody in the milk,

.. a milk composition sensor for detecting the percéntage content of at least one constituent of the
milk,

. a protein sensor for detecting the percentage protein content in the milk,

. a fat content sensor for detecting the percentage fat content in the milk,
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. a sensor for detecting an operational parameter of the milk storage tahk, such as the temperature
of the milk in the milk storage tank and/or the time taken to cool the milk to a predefined chilled
temperature, and ,

. a sensor which would detect any other parameter or characteristic of the milk which would affect
the quality of the milk.

76. Apparatus as claimed in any of Claims 72 to 75 in which the signal processor is configured for
determining the quality of the milk in the milk storage tank from the signals read from the milk quality

sensing means as being one of a low milk quality category and a high milk quaﬁty category.

77.  Apparatus as claimed in any of Claims 72 to 76 in which the signal processor is configured for
determining the quality of the milk in the milk storage tank from the signals read from the milk quality
sensing means as being one of the low milk quality category, the high milk quality category and an
intermediate milk quality category, the quality of the milk of the intermediate milk quality category being
less than the quality of the milk of the high quality milk category and being greater than the quality of the

milk of the low. quality milk category.

78, Apparatus as claimed in any of Claims 72 to 77 in which the milk storage tank is configured for

storing milk directly from a milking system.

79. Apparatus as claimed in any of Claims 72 to 78 in which the milk storage tank is located in or

adjacent a milking parlour.

80. Apparatus as claimed in any of Claims 72 to 79 in which the milk storage tank is configured to

store milk directly as it is being milked from an animal.

81. Apparétus as clai‘r‘ned in any of Claims 72 to 80 in which a cooling means is provided for cooling

‘the milk in the milk storage tank to a predefined chill temperature and for maintaining the temperature of

the milk in the milk storage tank at the predefined chill temperature.

82. Apparatus as claimed in any of Claims 72 to 81 in which the predefined chill temperature lies in
the range of 2.5°C to 4.5°C.

PCT/IE2018/000005
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83. Apparatus as claimed in any of Claims 72 to 82 in which the predefined chilled temperature lies

~ inthe range of 3°C to 4°C.

84. Apparatus as claimed in any of Claims 72 to 83 in which the predefine chilled temperature lies in
the range of 3.2°C to 3.6°C.

85. Apparatus as claimed in any of Claims 72 to 84 in which the milk storage tank comprises an
agitating means for agitating the milk in the milk storage tank during cooling of the milk in the milk storage
tank.

86. Apparatus as claimed in any of Claims 72 to 85 in which the agitating means is configured to
agitate the milk in the milk storage tank until the milk in the milk storage tank has been cooled to the

predefined chill temperature.

8. Apparatus as claimed in any of Claims 72 to 86 in which the signal processor is configured to

read signals from the milk quality sensing means indicative of the monitored characteristics of the milk in
the milk storage tank when at least one predefined condition prevails in the milk in the milk storage tank.

88. ‘Apparatus as claimed in any of Claims 72 to 87 in which the signal processor is configured to

read signals from the milk quality sensing means indicative of the quality of the milk in the milk storage -

_tank in response to the temperature of the milk in the milk storage tank having been cooled to the

p_rédeﬁned chilled temperature.

89. Apparatus as claimed in any of Claims 72 to 88 in which the milk quality sensing means

comprises a tank milk quality sensing means cbnﬁgured for locating in or adjacent the milk storage tank.
90. Apparatus as claimed in any of Claims 72 to 8 in which the milk quality sensing means
comprises a pipeline milk quality sensing means configured for locating in a milk delivery pipeline through

which milk is delivered to the milk storage tank.

91. . Apparatus as claimed in any of Claims 72 to 90 in which the signal processor is configured to

PCT/IE2018/000005
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compare signals read from the pipeline milk quality sensing means with signals read from the tank milk

quality sensing means which is configured to monitor similar characteristics of the milk as those for which
the pipeline milk quality sensing means is configured to monitor for determining if the quality of the milk in
the milk storage tank is different to the quality of the milk being delivered to the milk storage tank through

the milk delivery pipeline.

92.  Apparatus as claimed in any of Claims 72 to 91 in which the milk quality sensing means is

hardwired to the signal processor.

93. Apparatus as claimed in any of Claims 72 to 92 in which the milk quality sehsing means is

configured to communicate wirelessly with the signal processor.

94. Apparatus as claimed in'any of Claims 72 to 93 in which a discharge rinse water quality sensing
means is located in a rinse water discharge outlet from the milk storage tank for monitoring at least one

characteristic in the rinse water, and the signal processor is configured to read signals from the discharge
rinse water quality Sensing means indicative of the at least one monitored characteristic, and to determine

from the read signals data indicative of the cleanliness of the milk storage tank.

95. Apparatus as claimed in any of Claims 72 to 94 in which a pipeline rinse water quality sensing
means is located in a rinse watér delivery pipe through which wash and rinse water is delivered into the
milk storage tank, and the signal processor. isﬁ-édnf'igured to read signals from the pipeline rinse water
quality sensing means indicative of the monitored characteristics for determining' from the read signals
data indicative of the cleanliness of the rinse water delivered to the milk storage tank through the rinse

water delivery pipeline.

98. -Apparatus as claimed in any of Claims 72 to 95 in which the signal processor is configured for
comparing signals read from the tank rinse water qUality sensing means énd the pipeline rinse water
quality sensing means for determining if there is a difference between the quality of the rinse water
delivered to the milk storage tank through the rinse water delivery pipeline and the quality of the rinse

water discharged from the milk storage tank.

97. Apparatus as claimed in any of Claims 72 to 96 in which the rinse water quality sensing means
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comprises one or more of the following rinse water quality sensors:

. a total bacteria count sensor for detecting the total bacteria count in the rinse water,

. a specific bacteria count sensor for detecting the bacteria count of a specific bacteria in the rinse
water,

. one of a detergent sensor for detecting the leve! of detergent residue in the rinse water, and

. a sanitising solution sensor for detecting the leve! of sanitising solution residue in the rinse water.

98. Apparatus as claimed in any of Claims 72 to 87 in which the rinse water quality sensing means

are hardwired to the first signal processor.

99. Apparatus as claimed in any of Claims 72 to 98 in which the rinse water quality sensing means

are configured to communicate wirelessly'with the first signal processor.

100.  Apparatus as claimed in Claims 72 to 99 in which the signal processor is configured as a first

signal processor and a second signal processor, the first signal processor being configured to read signais

from the milk quality sensing means indicative of the monitored characteristic of the milk, and being

configured to communicate with the second signal processor for communicating data indicative of the milk

guality to the second signal processor.

101, Apparatus as claimed in Claim 100 in which the first signal processor is configured to determine
the milk quality from the signals read from milk quality sensing means, and to store data indicative of the

milk quality.

102.  Apparatus as claimed in Claim 100 or 101 in which the first signal processor is configured to -

communicate the data indicative of the milk quality to the second signal processor.

103.  Apparatus as claimed in any of Claims 100 fo 102 in which the first signal processor is
configured to determine the milk quality category of the milk in the milk storage tank.

104, Apparatus as claimed in any of Claims 100 to 103 in which the first signal processor is
configured to communicate data indicative of the determined quality milk category of the milk in the milk

storage tank to the second signal processor.
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105.  Apparatus as claimed in any of Claims 100 to 104 in which the second signal processor is
configured to store the data indicative of the milk quality.

5 106.  Apparatus as claimed in any of Claims 100 to 105 in which the first signal processor is
configured to read signals from the discharge rinse water quality sensing means and to determine the
data indicative of the cleanliness of the rinse water discharged from the milk storage tank.

107.  Apparatus as claimed in any of Claims 100 to 106 in which the first signal processor is
10 configured to transmit to the second signal processor data indicative of the signals read from the
discharge rinse water quality sensing means and the data indicative of the cleanliness of the water

discharged from the milk storage tank.

108.  Apparatus as claimed in any of Claims 100 to 107 in which the first signal processor is
15 configured to read signals from the pipeline rinse water quality sensing means and to determine the

cleanliness of the rinse water in the rinse water delivery pipeline.

100.  Apparatus as claimed in any of Claims 100 to 108 in which the first signal processor is
 configured to transmit data indicative of the signals read from the pipeline rinse water quality sensing
20 means and the data indicative of the cleanliness of the rinse water in the rinse water delivery pipeline.

110.  Apparatus as claimed in any of Claims 100 to 109 in which the first signal processor is

configured to communicate wirelessly with the second signal processor.

25 111, Apparatus as claimed in any of Claims 100 to 110 in which the first sighal processor is

configured to communicate with the second signal processor via a mobile phone network.

112, Apparatus as claimed in any of Claims 100 to 111 in which the first signal processor is

'conﬂgured to communicate with the second signal processor via a wireless communications network.
30 | o

113. - Apparatus as claimed in any of Claims 100 to 112 in which the first signal processor is -

configured to communicate with the second signal processor via the internet.
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114 Apparatus as claimed in any of Claims 100 to 113 in which the second signal processor is
configured to provide access by the at least one authorised user to the data indicative of the quality of the
milk.

115, Apparatus as claimed in any of Claims 100 to 114 in which the second signal processor

comprises a central server.

116. A milking system comprising a milk storage tank and,apparatus as claimed in any of Claims 68

to 111 for monitoring the quality of milk in the milk storage tank.

117. Apparatus for determining the cleanliness of a milk storage tank, the apparatus comprising a
rinse water quality sensing means configured for monitoring at least one characteristic in the rinse water

*indicative of the cleanliness of the milk storage tank, a signal processor configured to read signals from

the rinse water quality sensing means indicative of the at least one monitored characteristic, the signal
processor being configured to determine data indicative of the cleanliness of the milk storage tank from

vthe signals read from the rinse water quality sensing means.

118.  Apparatus as claimed in Claim 117 in which the data indicative of the cleanliness of the milk

storage tank is stored in a storing means.

119, | Apparatus as claimed in Claim 117 or 118 in which the rinse water quality sensing means is
configured for locating in an outlet of the milk storage tank through which rinse water is discharged from

the milk sforage tank.

120.  Apparatus as claimed in any of Claims 117 to 119 in which the signal processor is configured to

permit access thereto by an authorised user for reading the data indicative of the cleanliness of the milk

storage tank.

121. A method for monitoring quality of milk in a milk storage tank, the method comprising locating a
milk quality' sensing means for monitoring at least one characteristic of milk indicative of the quality of the

milk in the milk storage tank in which the milk is stored, configuring a signal processor to read signals

PCT/IE2018/000005
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indicative of the at least one monitored characteristic of the milk from the milk quality sensing means when
at least one predefined condition prevails in the milk in the milk storage tank, configuring the signal
processor to determine from the signal read from the milk quality sensing means data indicative of the

milk quality and to store the data indicative of the milk quality.

122, Amethod as claimed in Ciaim 121 in which the data indicative of the milk quality is stored in a

storing means.

123. A method as claimed in Claim 121 or 122 in which data indicative of the monitored

characteristics of the milk read from the milk quality sensing means is stored ina storing means.

124, A method as claimed in any of Claims 121 to 123 in which the milk quality sensing means

comprises one or more of the following sensors:

: a total bacteria count sensor for detecting the total count of bacteria in the milk,

. a specific bacteria sensor for determining the count of a specific bacteria in fhe milk,

. a somatic cell count sensor for monitoring the somatic cell count in the milk,

’ an antibody sensor for detecting a specific antibody in the milk,

. a milk composition sensor for determining the quantity of at least one component of the milk, as a
percentage of the milk,

’ a protein sensor for monitoring the quantity of protein in the milk as a percentage of the milk,

. a fat content sensor for monitoring the fat content in the milk as percentage of the milk,

. -a sensor for detecting an operational parameter of the milk storagé tank, such as the temperature
of the milk in the milk storage tank and/or the time taken to cool the milk to a predefined chilled
temperature, and | o

. a sensor which would detect any other parameter or characteristic of the milk which would affect

the quality of the milk.

125. A method as claimed in any of Claims 121 to 124 in which the signal processor is configured to
determine the data indicative of the milk quality as one of a plurality of milk quality categories from the
signals read from the milk quality sensing means indicative of the characteristics of the milk.

~.126. A method as claimed in any of Claims 121 to 125 in which the signal processor is configured to
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determine the data indicative of the milk quality as being one of a low milk quality category and a high milk
quality category, the quality of the milk of the high milk quality category being of higher quality than the
milk of the low milk quality category.

127. A method as claimed in any of Claims 121 to 126 in which the signal processor is configured to
determiné the data indicative of the milk quality as being one of the low milk quality category, the high milk
quality category, and an intermediate milk quality category, the quality of the milk of the intermediate milk
quality category being less than the quality of the milk of the high milk quality categofy, and being greater
than the quality of the low milk quality category.

128. A method as claimed in any of Claims 121 to 127 in which the milk is cooled in the milk storage

tank to a predefined chill temperature.

120, Amethod as claimed in any of Claims 121 to 128 in which the milk is cooled in the milk storage

tank to the predefined chill temperature on the milk being delivered into the milk storage tank.

130.  Amethod as élaimed'in any of Claims 121 to 129 in which the milk is agitated in the milk storage
tank during cooling of the milk in the milk storage'tank.

~131. . Amethod as claimed in any of Claims 121 to 130 in~which the milk in the milk storage tank is

agitated until the milk in the milk storage tank is homogeneous.
132. . A method as claimed in any of Claims 121 to 131 in which the milk in the mik storage tank is
agitated until the temperature of the milk in the milk storage tank has been cooled to the predefined chill

temperature.

133, Amethod as claimed in any of Claims 121 to 132 in which the predefined chill temperature lies in

“the range of 2.5°C to 4.5°C.

134: A method as claimed in any of Claims 121 to 133 in which the vpredefined chill temperature lies in
the range of 3°C to 4°C.

PCT/IE2018/000005
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135.  Amethod as claimed in any of Claims 121 to 134 in which the predefined chill temperature lies in

~ the range of 3.2°C to 3.6°C.

136. A method as claimed in any of Claims 121 to 135 in which the at least one predefined condition
prevailing in the milk in the milk storage tank comprises the temperature of the milk in the milk storage
tank. ‘

137. A method as claimed in any of Claims 121 to 136 in which the at least one predeﬁbned condition
prevailing in the milk in the milk storage tank comprises the homogeneity of the milk in the milk storage
tank. ‘

138. A method as claimed in any of Claims 121 to 1 37 in which the predefined temperature condition
of the milk comprises the temperature of the milk in the milk storage tank being at the predefined chill

temperature.
139. A method as claimed in any of Claims 121 to 138 in which the predefined conditions of the milk
in the milk storage tank prevail when the milk in the milk storage tank is homogeneous and at the

predefined chill temperature.

140.  Amethod as claimed in any of Claims 121 to 139 in which milk from at least one milking session.

~ per day is delivered to the milk storage tank.

141, A method as claimed in any of Claims 121 to 140 in which milk from at least two milking sessions

per day is delivered to the storage tank.

142. A method as claimed in any of Claims 121 to 141 in which one of the two milking sessions is a |

morning milking session and the other one of the two milking sessions is an evening milking session.

143, A method as claimed in any of Claims 121 to 142 in which milk from a plurality of milking
sessions is delivered to the milk storage tank, and at the end of the predefined number of days the milk

- from the milking sessions during the predefined number of days stored in the milk storage tank is collected

therefrom.

PCT/IE2018/000005
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144, Amethod as claimed in any of Claims 121 to 143 in which the signals indicative of the
characteristics of the milk in the milk storage tank are read from the milk quality sensing means by the
signal processor after the temperature of the milk in the milk storage tank has been reduced to the

5  predefined chill temperature.

145. A method as claimed in any of Claims 121 to 144 in which the milk quality sensing means is

hardwired to the signal processor.

10 146,  Amethod as claimed in any of Claims 121 to 145 in which the milk quality sensing means is -

configured to communicate wirelessly with the signal processor.

147. A method as claimed in any of Claims 121 to 146 in which access to the signal processor by at
least one authorised user is provided.

15 )

148. A method as claimed in any of Claims 121 to 147> in Which one of the authorised users comprises

a creamery to which milk in the milk storage tank is to be supplied.

20
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