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Abstract

The increased development of international trade in animal genetic has made worldwide comparability
and equivalence recognition forf animal performance measurement a topical issue. This is especially the
case for milk recording where milk analysis is a major issue.

To assure a harmonised analytical quality among member organisations, ICAR has built up si nce 1996 a
international reference system based on an international network of dairy reference laboratories. Beside a
number of r ecommendation set in guidelines, ICAR or ganises annually international proficiency testing
schemes to help | aboratory member s of the net work to eval uate thei r anal ytical performance an d,
through continuous improving, upgrade the overall analytical precision in the ICAR world and lead to form
a consistent group of expert laboratories capable to establish trusty reference values.

Proficiency testing studies are organised twice a year for cow milk and involve reference methods for fat,
protein, any methods lactose, urea and somatic cell counting.

A first review of laboratory performances and preci sion figures for fat, protein and somatic cell counting
between 1 996 and 2 003 were pre sentedi n IC AR S ession 2004 (S ousse, Tuni sia) and showed
unsatisfactory precision p erformances for the group as not co nforming to IDF-ISO standard pr ecision
values, with inequal individual laboratory performances.

The compar ed revi ew for the si x last year (until | 2009) i llustrates a significant improvement wi th
precision figures of the group converging onto or below standard precision values. The number of regular
good performing laboratories appears significantly increasing compared to the picture made in 2004.

Nevertheless particular care must ma intain and es pecially be gi ven to somati c cell counting where | ast
trials show a trend to higher precision values.

This work undertaken within ICAR serves as a basis for further undergoing development in the joint IDF-
ICAR project “Reference system for somati c cell counting” where qual ifying and sel ecting exper t
laboratories has become a major issue.
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1.0 Introduction

For the two last decades, the i ncreased development of international trade in animal genetic has made
worldwide comparability a nd e quivalence o f animal p erfformance me asurement a topical issue. This is
especially th e case for milk recording, bei ng for geneti c trade (ani mals, semen, e mbryo) or the
international evaluation of animal genetic index (Interbull).

To cope with that issue, ICAR set up in 1996 an international network of dairy reference laboratories so
as to implement progressively a harmonised international q uality assurance system for milk recording
analysis worldwide. The reference | aboratories are expe cted to acquire a high experti se in the anal ytical
methods, ei ther standar dised or vali dated, used i n milk r ecording s o t hat t hey c an pr ovide r outine
laboratories with good reference values through adequate monitoring, anchoring (reference material) and
good analytical practices. Harmonising analytical performances within the network is the first major step.

From 1996, I CAR h as o rganised t wice a ye ar in ternational p roficiency s tudies for t he b enefit o f t he
laboratory n etwork members. Those studi es were carri ed out mainly for cow milk an d the referenc e
methods for fat, protein, lactose, urea and routine methods for somatic cell counting.

Page 263



Leray

A first review of laboratory performances and the precision figures shown for the methods by the gro up
of laboratories was mad e in ICAR Session 2004 in Sousse (Tunisia) covering the peri od from 19 96 to
2003 (13 trials). It was the occasion to illustrate how collaborative trials like proficiency studies could be
used to strengthen analytical system through measuring analytical performance quality.

Six years | ater a new revi ew appears necessary to update th e knowledge on | aboratory performance
precision. Indeed, from 2004 and the exp erience acquired in ICAR, the c oncept of r eference system,
including the various uses of laboratory networks, was developed and evolved into the joint IDF-ICAR
project “"Refe rence syste m for somati c cell counting”. Q ualifying a nd se lecting e xpert la boratories to
provide suitable reference values for somatic cell counting has become a major issue whereas need is still
to evaluate the current state of the Art for the main milk components, fat and protein.

2.0 Material and methods

2.1 Protocol of the PT scheme organisation

At every end of year the programm e of ICA R proficiency testing scheme for the forthcoming year is
addressed to the members of the ICAR Reference Laboratory Network and national member organisations
of ICAR. The yearly scheme is organised in two rounds, the first in March and the second i n September
and is applied on cow milk for the component of interest for milk recording and dairy herd management.
They are fat and protein by the rel evant reference methods, somatic cell counting, lactose and urea by
any validated methods excluding infrared. Indeed infrared is marked by significant interferences related
to milk composition that makes so-obtained results irrelevant to assess lab performance quality.

Only results for fat, protein and somatic cell counting are reported here as main components used for the
genetic evaluation.

2.1.1 Samples

Sets of samp les used are made of 10 samples preserved with bronopol at a concentration of 0. 02% in
milk, covering evenly the range of concentration usually met in routine testing that is

10 whole milk samples regularly ranging from 1.5 % to 4.9 % fat.

10 whole milk samples regularly ranging from 2.5 % to 4.0 % crude protein.
10 whole milk samples regularly ranging from 4.6 % to 5.1 % lactose.

10 whole milk samples regularly ranging from 50 to 1600 x103 cells/ml.

10 whole milk samples regularly ranging from 10 to 70 mg urea /100 ml.

Sample containers are 6 5 ml or 35 ml pol yethylene screw-capped vials with airtight joints to prev ent
breaking and | eakage, and sampl e t emperature before and duri ng shi pment to | aboratories is +4°C.
Possible storage prior analysis is required to be + 4°C whereas analysis is to be performed within 5 days
for somatic cell counting and 10 days for chemical analysis after the dispatch date.

2.1.2 Milk testing, statistical analysis and assessment parameters

Milk testing is required to be performed in duplicate and according to the current version of the relevant
international s tandard. Ca utions for s ample p reparation before anal ysis are remi nded in an advi sory
technical note ap pended to samples. The order of analysis is to be better that one i ndicated in the
numbering in order to avoid errors and reporting is made through adequate tables.

Statistical analysis is performed according to the model developed by the Institut de I'Elevage then used
by Cecalait as described in the IDF Bulletin n°342:1999, annexe 3. Assighed values used as reference are
calculated according to ISO 13528.

Each sample corresponds to a different concentration level. Assessment is made through dedicated tables
allowing the evaluation of lab performance in lines and group performance in columns, for repeatability
(ranges of duplicates and standard deviation of labs or samples, accuracy (means of duplicates, assigned
reference per level, differences to assi gned reference values, lab scores ma de of the mean, d, and the
standard deviation of the di fferences, sd. A synthesis table with | ab ranking according to the Eucl idian
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distance D (as the geomet ric mean of the two latter parameters, D= ( d?+sd?) ) provides indications of
the range o f a nalytical p erformances and a figures illustrates t he related lo cation of each lab vs an
indicative conformity target (Figure 1).

For somatic cell counting an table for calibration equation estimates is given as an additional information.

2.2 Meta-analysis for a global evaluation

2.2.1 Meta-analysis and group performance evaluation

Meta-analysis consists in gathering individual lab p erformances in a single large table p er criterion -
repeatability, mean of bias, standard deviation of difference, distance D - and to present such results in
figures in a form of control chart with values in ordinate and trial number in abscissis.

This is done at fi rst with raw data as i ncluding all the methods and abnor mal scores for a fi rst visual
scrutiny and eval uation of the evol ution of perfor mance thro ughout ti me, then after discarding not
expected methods (e.g. Gerber, infrared methods) and outlier laboratories.

If the sourc e of outl iers are evi dent and refl ects only a basi c error of u nit or di sorder than can be
repaired, correction and r ecalculation of scores are made si nce they would be det ected in lab situation
when calibrating routine analysers. Otherwise outlier are detected then discarded through a Cochran test
applied on the di stance D with a risk of error of 1% and in the limit of 20% max which was attained or
passed but occasionally.

As well the geometric averaging per trials of all the participant values serve to eval uate the pre cision
figures for each trial and the similar integration of the individual trial precision figures for a defined period
of time allow to measure the overall precision improvement of the group of laboratories (Table 1).

2.2.2 Meta-analysis and lab performance evaluation

Individual lab control chart can be built up to assess each lab over a period of time and the calculation of
an average score for the defined period (for i nstance the four last trials) becomes possible for a defined
period of time to appl vy a sui table selection of laboratories for a defi ned purpose a ccording to thei r
performances (Table 2). Additional selection criterion can be the frequency of each lab participation.

Similarly as well as shown i n Sousse (2004), such i ndividual score mergi ng allow to ca Iculate a robu st
true individual uncertainty for the measurement applied for a given representative period.

3.0 Results

3.1 Overall scrutiny of individual scores

Compared to the period of 1996 to 2003, the control charts have shown i n general a lower frequency of
outliers with lower upper values for the peri od of 2004 to 2009, can thi s be for re peatability standard
deviation, mean bias, standard deviation of bias or Euclidian distance D.

The outlier discarding suppressed less scores and rarely reached the percentage limit for deletion of 20%.

3.2 Repeatability and reproducibility figures (precision)

3.2.1 Fat measurement

Repeatability standard deviation va lues, sr, were high er tha n 0.10 g/kg from 1996 to 1999 th en
decreased to keep almost stable from 2000 to 2006 just above the standard limit of 0.07 g/kg of IDF 1 /
ISO 1211. From 2007, in conjuncti on with the implementation of ICA R Quality Certifi cate, the val ues
dropped below the limit. Referring to new standard value 0.15 g/kg implemented with the recent revision
of IDF 1 / ISO 1211 the group shows good compliance from 1996.

A similar trend is observed for repro ducibility standard devi ation, sR, although the grou p never pass ed
through the standard r eproducibility limit of 0. 14 g/kg. Refer ring to new standard v alue 0. 20 g/ kg
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implemented with the recent revision of IDF 1 / ISO 1211 the group shows however frequent compliance
from 2000 (Figure 2).

3.2.2 Protein measurement

From 1996 to 1999 repeatability standard deviation values are mostly lower than the standard limit of
0.14 g/kg of IDF 20 / ISO 8968 with only two trials outside. However stabilization around 0.10 g/kg from
2006 is observed.

Reproducibility standard deviation was significantly higher than the standard limit of 0.18 g/kg of IDF
20 / ISO 8968 but from 2003 have decreased to a regular fitting onto the limit (Figure 3).

3.2.3 Somatic cell counting

From 1996 to 1999 repeat ability standard deviation va lues a re mostly s ignificantly lo wer than the
standard limit of 20 000 cells/ml of IDF 148-2 / ISO 13366-2 with only one trial outside in 2000. However
after a optimal performance period between 2005 and 2007 irregular discrepancy is observed.

Besides, whereas reproducibility standard deviation was at the level or higher than the standard limit of
45 000 cells/ml of IDF 148-2 / IS O 13366-2 until 2003, they ha ve been reduced significantly around a
level of 30 000 cells/ml from 2004 to 2008. Since a deterioration of the gl obal performance is observed
and the limit is passed through in 2009 (Figure 4).

3.3 Individual lab performances and reference lab group selection

Individual performances whatever the component - fat, protein or somatic cells - have shown significant
progress as illustrate through the improvement of the overall precision of the group of participants.

Selection of group of reference lab for a defined purpose such as assigning reference values for reference
material should be made from the more recent lab performances measured hence to define the last
necessary period. Then to rank laboratories according to the overall precision shown by a significant
statistical parameter, for instance sRL which covers all the sources of errors of the laboratory.

Table shows a case example dealing with fat for the four last trials (2008-2009) and yellow highlighting
indicates prior defined limits are passed. On such a basis, as an example, one could assumed to retain 19
labs of 21 for fat, 17 of 20 for protein and 12 of 18 in somatic cell counting.

Nevertheless not all participated at the same time in the same trials and the observed participation
frequency (re Total% in Table 2) indicates regularity of the feedback information and possible corrective
actions. So ranking according to the frequency can be associated to the ranking on scores thus
introduced a weighting.

4. Conclusion

Findings of the first review and their presentation in Sousse 2004 permitted to inform laboratory network
for the need to improve testing practices and invited them to review own ways of work. This has resulted
in a effective improvement at individual lab levels and consequently at the level of the whole group of
participants. The efficiency of the ICAR reference system is demonstrated there.

Year 2006 saw the i mplementation of the ICA R Quality Certifi cate to repl ace the S pecial Stamps and
broaden the scope of ICAR quality assurance system to all the parts of its expertise and among them milk
analysis. Correlatively tighter regularity and compliance took place for fat a nd protein, at a | ower extent
for somatic cell count, demonstrating the efficiency of ICAR quality policy.
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ICAR Interlaboratory Proficiency Study - March 2008 2 LabosOUT OF THE TARGET (10 %)
Trial of : 03/03/2008 S| 12
225 ¢ " 20
21 laboratories
10 samples
Student 5% Student 5%
150 +
75 1
0 : | : : d
-150 -75 - 0 75 150
Target limits :d =+/- 35.103 cells/ m of mlk
sd = 3510° cells/ mi of milk

Figure 1. Statistical parameters for individual lab performance evaluation - Example of ICAR trial
of March 2008
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ICAR PTs 1996-2009 - FAT measurements - REPEATABILITY measured thr. sr (g/kg)
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Figure 2. Precision figures in ICAR trials in fat analysis between 1996 and 2009
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ICAR PTs 1996-2009 - PROTEIN measurements - REPEATABILITY measured thr. Sr (g/kg)
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Figure 3. Precision figures in ICAR trials in protein analysis between 1996 and 2009
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Figure 4. Precision figures in ICAR trials in somatic cell counting between 1996 and 2009

Table 1. Robust estimates of precision and accuracy parameters in fat by meta-analysis for the
group of participant in ICAR trials

Fat (g/kg)

N° ICAR 1996 - 2009 | 1996 - 2003 | 2004 - 2009 | 2008 - 2009 Limits Standard
Mean SL 0,09 0,09 0,08 0,07 0,10 0,07
Mean d -0,01 -0,01 -0,01 0,00 0,20
Mean Sd 0,16 0,18 0,13 0,13 0,30
Mean D 0,20 0,23 0,18 0,18 0,36
Mean SR 0,21 0,24 0,20 0,19 0,37 0,14
Number N 387 203 184 60
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Table 2. Example of laboratory ranking according to reproducibility (srL) performances in

ICAR trials (last four trials in fat)

Fat : Ranking to select lab candidate pool to assign reference value (4 last trials)

RANK Lab ID TOTAL % Mean SL Mean d S mean d Mean Sd Mean D Mean SRL
1 100% 0,04 0,02 0,09 0,05 0,06 0,07
2 75% 0,04 0,05 0,06 0,04 0,06 0,07
3 75% 0,04 0,02 0,08 0,06 0,07 0,07
4 100% 0,04 0,04 0,07 0,05 0,07 0,07
5 50% 0,07 0,01 0,12 0,06 0,07 0,08
6 50% 0,04 0,04 0,05 0,07 0,10 0,10
7 100% 0,07 -0,03 0,06 0,07 0,09 0,10
8 100% 0,07 -0,01 0,06 0,06 0,09 0,10
9 100% 0,05 0,07 0,31 0,08 0,12 0,12
10 50% 0,04 0,11 0,05 0,08 0,14 0,14
11 100% 0,07 -0,11 0,18 0,08 0,15 0,15
12 100% 0,06 -0,05 0,61 0,14 0,16 0,17
13 100% 0,06 0,01 0,18 0,09 0,17 0,18
14 100% 0,12 0,01 0,19 0,16 0,17 0,19
15 25% 0,16 0,18 0,14 0,06 0,19 0,22
16 50% 0,07 -0,09 0,08 0,21 0,23 0,23
17 100% 0,07 -0,16 0,10 0,16 0,24 0,24
18 75% 0,09 0,01 0,18 0,28 0,35 0,36
19 50% 0,11 0,04 0,21 0,35 0,36 0,37
20 100% 0,05 -0,13 0,24 0,12 0,38 0,38
21 25% 2,28 -1,16 0,78 1,81 2,15 2,69
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