
Solutions for the Dairy Industry
Henrik Lyder

Presenter
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Hello, a pleasure to be invited to speak before you – I believe last time was in Montreal.  My name is Henrik Lyder and I am a longtime member of the Bentley team, dating back over 30 years. I was fortunate to be part of development of the Bentley 2000, and has continued providing input on instrument development and software to this day. My day-day functions jump between corporate management to research and development.
First order of business today, I would like to thank all of you that have placed you trust in Bentley Instruments over the years, it has been our pleasure to help you build your business. I would also like to thank in advance those of you that plan to become part of the Bentley Family in the future.



• Who, What, Where
• Lab/LIMS data automation
• Qualitative monitoring
• Standardizing instrument
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I have prepared for you a small sampling of information that I though would catch your interest and be relevant to your operation. I will start with a short overview on who we are and what we do, just in case you are new to this forum. Next I will talk about a few things that I have more directly involved in recently. 

Moving data from the instrument to central storage or even could based storage.

A brief talk of spectra used for qualitative evaluation on the instrument output.

A talk about saving/storing spectra would be amiss if I did not emphasize the importance of standardizing the instrument output – in times past we used reference samples to make sure fat was fat and protein was protein, lab to lab – in these days of FTIR this is a bit more complicated and we need to do more.



Mission Statement

Bentley Instruments is committed to providing quality, state-of-the-
art analytical instruments for the dairy industry.  
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Bentley Instrument – our mission is to serve the dairy instrument with the best possible instrumentation. We strive to improve all aspects of our operation from the parts we acquire or manufacture to the service and follow-up we do. Bentley Instrument has always been 100% focused on the Dairy instrument, it is no longer so much about what hardware you bring, but about the process and application knowledge you possess. Just having the hardware does not make the day.



Bentley Instruments: Global Distribution
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Being a worldwide organization has its own challenges and benefits, we get to interact with organizations that develop the technologies and field knowledge that we need in order to move forward. What we learn in EU we apply in US.



Founded in 1983 Present in 50+ Countries

1500+ Machines Installed 
Worldwide
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Bentley Instruments is now a 35year+ organization with over 100 employees in over 50 countries, we started small in the backyard of Minnesota and grew over the years to a deployed base of over 1500 instruments in central laboratories. Started in 1983 by Bent Lyder, we are now in the situation of having 3 generations working for Bentley.

http://www.bentleyinstruments.com/


Bentley Combi Systems

Available in two models

Combi FTS DairySpec Combi
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The most recognizable systems relevant to the DHI industry is the combi systems where we test both components like fat and protein, plus routinely add somatic cells. The systems are generally referred to as combi systems. Bentley Instruments has 2 basic combi system differing mostly by their throughput measured by samples per hour.



Features of Bentley Combi
• Sample throughput 100 – 600 /hr

• FTIR, fully open system

• Critical system functions logged

• Programmable auto-standby / auto-ready

• Internet ready/remote access

• Same software across all platforms

• Customizable data output

• Solid state laser

• Sample and water-bath temp. monitored

• Sealed optical deck reduces desiccant maintenance (annual)
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The general feature set for these combi systems are that they are fully open systems, no secret sauce required to access data. The systems are as automated as possible with automatic standby functions, making ownership a bit easier.
In these times, routine service is often done via a web connection, troubleshooting can in many cases be completed in a combination of online access and direct communication with the user about a given problem, this gives us possibility to act quickly and keep cost down on service calls.




• Traditional Components
• Fat, Protein, Lactose, Solids (SNF, Total, Other), MUN, FPD

• Traditional Fatty Acids
• Saturated, Unsaturated, Mono & Polyunsaturated, Oleic (C18:1), Palmitic (C16:0) and 

Stearic(C18:0)
• Other Applications

• Citric Acid, Casein, pH, Omega 3, Omega 6, BHB, Acetone, Blood BHB, Lactoferrin
• Under evaluation

• De Novo/Short Chain fatty Acids
• C4:0, C6:0, C8:0, C10:0, C12:0, C14:0, C14:1

• Preformed / Long Chain Fatty Acids
• C18:1, C18:2

• Mixed/Medium Chain Fatty Acids
• C16:1

Applications
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Applications on the FTIR bench systems is a continually developing field and Bentley Instruments is fully engaged in delivering a number of new component parameters, bus is researching a number of additional components. There is much work done in the field of fatty acid analysis, and thus far a few of these has already found field acceptance in routine use.
Bentley instruments is also engaged in several research projects in which non-milk related conditions are measured. Example is the blood related BHB measurement.
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Of course we make many other things but I choose to limit my initial presentation to the most relevant material – if you have any questions about measurements other than what is routinely done by the combi systems, please talk to me after the session.



Lab/LIMS data automation
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Moving data from the instruments into centrally located storage, is a function as old as the industry of herd recording. Recording fat and protein is old news by now and everyone does it. A challenge has been to make the data accessible and to avoid data entry errors – thus instruments has for long had abilities to interface to corporate computer system and deliver data as needed. 
In todays world we talk about “the cloud”, but few has yet embraced this medium for storing the instrument data, and making the results immediately accessible to connected partners in research as well as end use farmers.



Store data centrally, share globally

• LIMS Local server
Microsoft Azure (MS-SQL)
Google (MySQL, ,MS-SQL)
Amazon AWS 
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Bentley Instruments has successfully develop a platform for LIM interfacing that goes directly to third party databases which can even be located in the cloud – examples that we have tested include Microsoft Azure, Google and Amazon cloud offerings. We have done this is a way that can be beneficial for several uses – in one implementation it allowed several instruments and laboratories to report data into a central server location – from here administrators manage data security and allow outside partners to access data, potentially in real time – a result generated at the instrument could be at the farm in a matter of seconds.  To the operator of the instrument this is completely transparent.
This kind of data sharing from the instrument can even find its use in monitoring the instruments for proper operation by receiving pilot results, zero results and others. Allowing a centrally located experienced technician to easily assist in case of problems.



• Share data between dispersed laboratories
• Centrally located quality control and reporting.
• Research access
• Customer real-time access to results.

Share globally
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Animated 



Qualitative monitoring
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Once the spectral data is created there are a few extra opportunities that lend them selves – we have likely all see the “normal spectra” of a raw milk sample, they tend to look similar to the human eye. But there are many subtleties that the computer may be better at discovering. 



Bentley FTIR

The qualitative approach to quality
Each sample has a unique fingerprint.
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Observing the basic results from a milk sample has been standard routine of an observant operator, and immediate outliers or abnormal results are easily spotted by looking at the actual results compared to expected results – so if we see a sample with a 3% lactose we immediately know that something is up with that sample.



Bentley FTIR

The qualitative approach to quality
Qualitative analysis can be used to :

• Detect abnormal samples 
• Detect adulterated samples
• Detect instrument abnormal behavior
• Inconsistent sample handling
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We have deployed a technique in which we collect a number of samples directly from the routine lab to represent “normal” samples. From this we run a series of analysis algorithms to look for abnormalities – these out of normal events or samples may be caused by adulteration of the sample, instrument problems, sample handling problems and in some cases sick animals.




Bentley FTIR

Trust your samples
Comparing to trusted samples :
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It works in a simplistic manner by graphically comparing a normal spectra to the currently unknown spectra. One test simply looks for spectra above or below the normal samples. 



Bentley FTIR

Trust your samples
Comparing to trusted samples :
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In another case the system runs a classification algorithm to statistically point out problems – this becomes important when only a holistic view of the data can spot the outlier.



Standardize your instrument
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The previous talk about spectra and its use leads directly to the importance of ensuring that spectra are comparable. We know of the techniques used when reference samples are used to standardize instruments by calibration – to make sure fat measure by different laboratories are comparable. Spectra standardization is simply the next step in this process, only we do not have easily available reference samples that we could use on a complete spectra of literally 1000+ of pieces of information.



• Calibration stability (reduces need for slope/bias changes).
• Calibration transfer between instruments.
• Worldwide equivalence of spectra and analytical results.
• Reduce calibration development costs.
• Implementation of Qualitative Analysis.

Spectra Standardization
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Standardizing at the spectra level has many advantages 



• Wave axis changes caused by changing spectrometer conditions 
especially laser wavelength shifts.

• Path length of the sample interrogation area, changes caused by 
normal use of system. Shift in the absorbance axis.

What – 2 major causes
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Animated 



• Interferometer laser frequency can change over time leading to 
wave-axis shift.

• Calibrated during Initial instrument setup and during service visits if 
necessary. Using an internationally recognized NIST polystyrene film

• Process can be automated to improve quality in operation.

Wave-axis shift: Normal wear
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Establishing the wave axis is an operation which I believe that is universally performed by all manufacturers of spectrometers at some point in the manufacture – it is a well recognized method for setting the relationship between the laser and the spectra. The lasers used in instruments today are quite stable and normally this operation is a factory operation, however in an abundance of care and to ensure that an instrument continues its proper operation, we routinely reset this axis when performing yearly pm visits. The operation can even be automated if a lab wanted to issue this guarantee of operation at regular intervals.
We have not yet experience an instrument that suffered from serious waveaxis problems.



• Cell path length can change over time leading to spectrum Y-axis 
shift.

• Cell path length is standardized using a fringe technique in which the 
standardization coefficient is calculated and applied to the stored value to 
compensate for any deviations in the cell path length.

Absorbance-Axis: Normal wear
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Beer Lambert tells us that there is a direct relationship between the absorbance of energy and the pathlength in the sample interogation area. This is a well recognized problema and takes place on all systems using the type of cells deployed in routine Mid-infrared testing – the cell changes and recorded changes of up to 10% in a year has been detected, 10% or close to 0.8% per month – a 4.00 becomes a 4.04 in that time if we do not either calibrate routinely, or calculate the accurate cell path length. 



• No liquid 
consumables. –
works on air.

• Easy and quick –
10 minutes.

Absorbance-Axis: Normal wear
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The Bentley method utilizes an optical reality or fenomenon which has obvious advantages – bullet points. We now have laboratories who has adapted a procedure where they execute the procedure for standardizing the cell every day – perhaps a bit excessive, but with no cost involved. 



Absorbance-Axis: Normal wear

• In a fielded instrument the cell standardization method employed by 
Bentley is significantly more accurate than required for the method 
use.

• Example: cell thickness using the cell fringe method can typically be 
as determined with a 99% confidence interval of less than 0.05%.

• On a typical 4.00 milk sample, the error on correction performed is 
less than ±0.002. Which is greatly superior to any other method 
currently deployed.
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When doing any kind of change to a systems calculation from sensor output to component results there exists the risk that we do more harm than good when changing things – if a bad calibration result is accepted the machine changes fundamentally and from that point we get bad results, a bad result can be caused by many factors outside the instrument – sample handling, mixing, heating, transport or even evaporation. The Bentley method using air is mostly independent of laboratory conditions – plus the accuracy and repeatability of the method is greater that the accuracy of the components measured, the risk that the Bentley method causes ‘damage’ to the system is very low because of its accuracy – bullet points.



Absorbance-Axis: Normal wear

12 months – no adjustment to calibration coefficients. 
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Fielded experience from a system operating over a period of 12 months showing no significant change in calibration – the laboratory did not change slope or bias on the component. This lab has since continued to operate using this approach in routine. 



Absorbance-Axis: Normal wear

Samples on 4 standardized systems using reference samples
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This shows the same technique applied to 4 separate laboratories – showing that the approach is equal in use.

Summarizing this – the use of standardized ftir systems moves the dependence on the system of reference samples from being used to set calibration – to being used to validate that the instrument is continuing in proper operation.  



Thank you
hlyder@Bentleyinstruments.com
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