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ÅDual energy instrument with x-ray camera
ÅA low energy (LE) and high energy (HE) signal, i.e. only 

two values (not a full spectrum as in e.g. NIR)

ÅVgejpqnqi{"kpjgtkvgf"htqo"Ǎdciicig"uecpǎ"crrnkecvkqpu"
where main objectives is to detect illegal substances, 
weapons and explosives

ÅHowever: Difference between lean meat (muscle) and fat 
is very very small
Å One per mille change in absorbance is ~ 1-2% absolute 

change in fat
ÅUq"yg"ctg"qrgtcvkpi"qp"vjg"vjktf"vq"hqwtvj"fgekocnǓ

ÅThus, extreme care must be taken in the calculation flow 
htqo"Ǎtcyǎ"vq"Ǎcduqtdcpegǎ"cu"gxgp"uocnn"Ǎgttqtuǎ"ecp"
have a huge effect on the predicted fat value Very small difference 

between lean muscle 
and fat in Zeff value

Easy to distinguish explosives and 
drugs from each other and from 

other substances (very different Zeff
values)



ÅThe LE and HE output is highly non-linear with meat height
ÅThis clashes with the customers need for a solution that is robust and works on varying meat heights and/or applications

ÅThis is solved on MMII with one global fat and weight model based on 
constructed samples (samples with fixed height and fat content)

ÅSo the model is NOTdcugf"qp"ǎtgcnǎ"ucorngu"cpf"kv"ku"NOTupdated on a regular 
basis, i.e. unwanted variation can NOT be fixed by just including more samples  
- very different from the usual spectroscopic (FT-IR, NIR setup)

ÅSo drift and hardware variation must be handled outside the model

ÅDwv"qpg"oqfgn"ku"eqxgtkpi"cnn"crrnkecvkqpu"uq"kpuvtwogpv"ku"xgt{"enqug"vq"Ǎrnwi-
and-rnc{ǎ"ǈcurrent models is from 2014!
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Up to 38 tons 
per hour of 

fresh, frozen or 
packedmeat



ÅCheck samples are part of the instrument diagnostics and adjustment of MeatMaster II
ÅLow fat (~9% fat) and high fat (~40% fat) check sample available (plastic phantoms)
ÅLow fat check sample also contains bone and metal phantoms for check of FOD (foreign object detection)

ÅUsage of the check samples
ÅDaily verification : Check samples are advised to be run daily to verify that instrument is well-performing
Å Instrument adjustment: Check samples are used to adjust the instrument after repair and maintenance (e.g. x-ray 
uqwteg"gzejcpig+."k0g0"vjg"wug"qh"ejgem"ucorngu"ocmgu"kv"gcukgt"vq"dtkpi"vjg"kpuvtwogpv"dcem"vq"Ǎpqtocnǎ

Low fat CS
Low fat check sample across one month



Instrument requirements:

Å Reference measurement on MMII requires an 
empty conveyer, i.e. breaks in production 
needed

Å A new reference is usually required at every 30-
60 min on a stable system but more frequent 
during warm up (morning hours after 
washing/cleaning)

Customer requirements/wishes:

Å An instrument that can run for a as long as 
possible without having to pause production for 
doing a reference measurement

Å Notification when actions are needed

Solution:

Å The MeatMaster II has a built -in drift surveillance and correction, i.e. the system is automatically corrected eliminating 
the need for a too frequent reference measurement 

Å The system notifies when a new reference is required, i.e. when the drift is too large to be corrected



ÅThe drift correction on MeatMaster II ensures 
that the instrument can usually operate hours 
without having to stop for a reference 
measurement

ÅThe surveillance of drift ensures that the user 
is prompted for a new reference when it is 
needed



Measurements 
within one day

ÅC"ewuvqogt"ykvj"vjtgg"OOKKǋu"eqornckpu"cdqwv"
drift over the day on Instrument B

Å Instrument B showed a much larger drift that  
turned out to be caused by large temperature 
variations around the instrument (verified by 
temperature loggers)

ÅSo Instrument B needed more frequent reference 
measurements than A and C, but as these were 
not performed the customer experienced drift on 
predictions

ÅFix was to explain the situation to the customer 
and emphasize that a request of a new reference 
measurement should be followed in order to 
maintain good performance



ÅCustomers need reassurance that the MeatMaster II measures correct, i.e. according to the reference
Å Correct labelling of fat content is extremely important for profit ǈif labelling is off then profit can be lost and claims can be made that 

delivered product is not acceptable according to fat content

Å In many cases the reference is a Foodscan/Foodscan2 (NIR) instrument placed as an at-line solution in the production
Å Foodscan/Foodscan2 operates with a global robust fat model on meat (plug-and-play solution)
Å Foodscan/Foodscan2 operates on minced meat, i.e. measuring on a bigger volume without no additional treatment  
­uocnngt"gttqt"vjcp"htqo"Ǎygv"ejgokuvt{ǎ"cpcn{uku"*hcv"gzvtcevkqp+

Sampling 
procedure!

MeatMaster II Foodscan2
N samples in 

3 repeats

Acceptance test

Slope and 
intercept



ÅOn MeatMaster II the prediction of fat and weight is based on the total volume of meat passing through the analyzer, i.e. 
the sampling error is eliminated 

ÅHowever, to carry out a validation, sampling is necessary, and requires representative samples to be taken for the reference 
analysis

MeatMaster II
Foodscan2

Sampling/ mincing Procedure
1. Mince the total sample using a 3-mm hole plate
2. Mix the minced meat for 6 minutes
3. Take 10 random sub-samples from this mixture, adding 

up to a total weight of 1300 g
4. Mix and mince these sub-samples using a 2-mm hole 

plate
5. Take one or several sub-samples from this sample for 

reference analysis

ÅHqt"kpkvkcn"xcnkfcvkqp"ǎvqvcn"ucorngǎ"tghgtu"vq"ukping"ogcv"ewvu."uocnngt"dcvejgu"*>"322"mi+"cpf"yjqng"dqzgu
ÅFor on-going batch validation it is recommended to take out smaller samples throughout the whole batch and then go to 

mincing

N samples in 
3 repeats



ÅSampling from larger batches is 
problematic and can be the main cause 
for discrepancies between the MMII 
and the Foodscan

Å In the case shown a customer has two 
procedures for sampling
Å Sampling done by operators
Å Sampling done by QA

ÅError between the two sampling 
procedures is only slightly lower than 
between MMII and Foodscan

ÅSo sampling can be the limiting factor 
for proving MMII performance !



ÅThe x-ray solution (MeatMaster II) is the optimal choice for high 
throughput applications in the meat production
ÅPqv"cp"gcu{"vgejpqnqi{"dwv"kv"ogcuwtgu"gxgt{vjkpi"vjcv"eqogu"vjtqwijǓ

ÅModel building is very different from NIR, but one global model 
dtkpiu"vjg"kpuvtwogpv"xgt{"enqug"vq"Ǎrnwi-and-rnc{ǎ

ÅCheck samples are important in terms of performance verification 
and instrument adjustment ǈa tool for bringing the instrument back 
vq"Ǎpqtocnǎ

ÅBuild-in drift correction and surveillance is key features for providing 
stable predictions ǈthough instruction must be followed

ÅVerification of performance against a reference method is needed to 
convince customer that output is correct
Å Choice of reliable reference method (Foodscan) and sampling procedure 

is crucial for proving performance
Å Bad sampling can ruin everything!


