
EVALUATION OF YORK INFRARED ANALYSER

ON FAT AND PROTEIN CONTENT

YORK mid-infrared spectrophotometer permits to
determine fat content, protein matter and lactose, in milk
and dairy products. CECALAIT physico-chemincal
laboratory conducted evaluation assays on apparatus
stability, contamination between samples, linearity,
repeatability and accuracy. This study concerned fat and
protein criteria. The results obtained pertaining to stability,
contamination, linearity, calibration, repeatability and
accuracy, comply with the IDF standard 141C:2000
"Whole milk – determination of milk fat, protein and
lactose content (Guidance for the operation of mid-infrared
instruments)", and the CNIEL "Manuel d'utilisation des
analyseurs infrarouges pour les laboratoires
interprofessionnels et de contrôle laitier" requirements (=
User's guide to infrared analysers for interprofessional
and milk control laboratories).

The York mid-infrared spectrophotometer (2-10 µm) is a
manual apparatus (without conveyor) with an analytical
rate of 120 samples/h. It is designed for the determination
of the composition of certain constituants in milk and dairy
products. It is manufactured by On-Line Instrumentation
(GB) and marketed by Swantech.

The apparatus works using a filter mono-beam infrared
system. It is also equipped with a sample re-heating
system. From a MLR* calibration, it determines the
common constituants (fat, protein and lactose). It is
coupled with a micro-computer which deals with running
and signal processing. 

TESTS 

CECALAIT physico-chemical laboratory conducted the
evaluation tests. They were concerned with reference and
infrared analyses for fat and protein. The tests took place
from December 2002 to June 2003 and delt with
evaluating the apparatus stability. Then, after calibration of
the device, the following characteristics were evaluated :
contamination between samples, linearity, repeatability
and accuracy.

While being evaluated, certain improvements were carried
out on the apparatus. Among others, an on-line reheater
was fitted. The evaluation criteria of estimated parameters
were taken from IDF 141C:2000 "Whole milk –
determination of milk fat, protein and lactose content
(guidance for the operation of mid-infrared instruments)
and from the CNIEL's Guide.

STABILITY

The evaluation of stability was performed by analysis of
duplicate milk samples every 20 minutes for half a day

(representing 7 measurement cycles) according to the
actual working conditions of a milk payment laboratory.

In order to evaluate the apparatus stability, repeatability
and reproductibility parameters were calculated for each
analytical criterion.

Criterio
n

M
(g/l)

Sr
(g/l)

SR
(g/l)

Sr
(%)

SR
(%)

r
(g/l)

R
(g/l)

Fat 37.78 0.09 0.25 0.25 0.75 0.26 0.78
Protein 32.09 0.11 0.19 0.40 0.63 0.36 0.56

M : mean
Sr and SR : standard deviation of repeatability and
reproductibility
Sr% and SR% : relative deviation of repeatability and
reproductibility
r and R : maximal difference of repeatability and
reproductibility within 95% of cases

Concerning the fat and protein criteria, the standard
deviation of repeatability and reproductibility (SR)
observed with the control session complies with those
deduced from the IDF standard 141C:2000 (SR ≤ L / 2,58
soit 0.27 ; L = control card limit at 99 % equals 0,7 g/l).

CARRY-OVER EFFECT

The carry-over effect was evaluated by analysing one
batch of milk and distilled water, 20 times for fat and
protein content, in the following sequence : MILK (L1) –
MILK (L2) – WATER (W1) – WATER (W2). The volume
pumped was 12 ml.

The carry-over effect was estimated with the following
formula :

Tc(%) = 100 x [∑W1 - ∑W2] / [∑M1 - ∑M2]

Criterion Mean level (g/l) Carry-over (%)
Fat 37.88 0.00

Protein 31.83 0.00

The carry-over effect between successive samples is lower
than 1% for each criterion tested (acceptability limit
according to the IDF standard 141C:2000 and CNIEL
Guide).

LINEARITY

In every case, volume/volume dilutions were performed by
correxted weighing of the volumic mass. This corresponds
to the infrared spectrophotometry dosage and to the French
reference measurements which are equally volumic.



* Fat : a set of 14 evenly distributed milks set, from 0 to
120 g/l, was elaborated using a mixture of cream and
skimmed milk.

* Protein : a set of 14 evenly distributed milks set, from 0
to 80 g/l, was elaborated using a mixture of proteinic
retentate and filtrate obtained by tangential ultrafiltration
(cut off level : 10 KD).

Each set was evaluated in duplicate, following increasing,
then decreasing levels of fat or protein matter.

* Fat :

Figure 1 : Linearity deviation distribution (whole range)

(see at the end of this article)

Figure 2 : Linearity deviation distribution (adjusted range
from 22 to 56 g/l)

(see at the end of this article)

The above graphs represent the deviation distribution of
linearity according to the different levels obtained from
dilutions of cream in skimmed milk over the whole range
(figure 1) or after digital adjustment (figure 2) on the
apparatus calibration range (from sampl 3 to sample 7 or
from 22 to 56 g/l)

The residual standard deviations of regression are :

Type of
regression

Whole range
(g/l)

Calibration range
(g/l)

1st order 0.51 0.15
2nd order 0.23 /
3rd order 0.15 /

It can be noted that the apparatus is not linear over the
whole range tested : after adjustment between 22 and 56
g/l, the residual deviation is about –0.8 g/l to 70 g/l and
from –2.4 g/l to 100 g/l. However, it is possible to observe
two areas of linearity (between 20 and 60 g/l and between
60 to 100 g/l). 
It is also possible to improve the linearity of the apparatus
by applying a correction usinging a 3rd order polynomial.

* Protein content :

Figure 3 : Linearity deviation distribution

(see at the end of this article)

Figure 4 : Linearity deviation distribution (adjusted range
from 25 to 40 g/l)

(see at the end of this article)

The above graphs represent the deviation distribution of
linearity according to the different levels obtained with
ultrafiltration retentate and filtrate dilutions over the whole
range (figure 3) or after digital adjustment (figure 4) on the

apparatus calibration range (from sample 4 to sample 7 or
from 25 to 40 g/l).

The residual standard deviations of regression are :

Regression type Whole range
(g/l)

Calibration range
(g/l)

1st order 0.32 0.03
2nd order 0.07 /
3rd order 0.07 /

The results showed a minor linearity defect of the
instrument over the whole range tested. After adjustment
between 25 and 40 g/l, the residual deviation is about 0.5
g/l to 50 g/l and 1.9 g/l to 80 g/l. Two areas of linearity can
also be observed (between 0 and 40 g/l and between 40 to
80 g/l).
It is also possible to improve the linearity of the apparatus
by applying a correction uqing a 2nd polynomial.

For fat and protein contents, the linearity of the instrument
is satisfactory in the range corresponding to mean contents
(FM : 20 to 55 g/l ; PM : 20 to 40 g/l). However, it is
possible to widen the usable area, by using an equation to
correct the results ; either a 3rd order (FM) or a 2nd order
polynomial (PM).

CALIBRATION

Calibration was evaluated using a range of 13 recombined
milk samples in an orthogonal matrix of fat and protein
contents complying with the IDF standard 141C:2000
requirements. Each sample was analysed in successive
duplicates from 1 to 13. A control was set at the beginning
and at the end in order to ensure stability. Calibration was
performed on 03/06/2003.

The table below recapitulates the results obtained using
simple and multiple linear regression.

Criterion Y=b.x + a
Fat b a Sd (g/l) Sy,x (g/l)

Protein 1.002 -0.14 0.19 0.19
1.005 -0.17 0.09 0.09

Criterion Y=a.C1 + b.C2 + c.C3 +d
Fat c b z d Sy,x (g/l)

Protein -0.01 0.00 1.00 0.57 0.21
0.01 0.00 1.00 -0.45 0.10

b and a : slope and bias of the simple linear regression
Sd : standard deviation
Sy,x : standard residual deviation
c,b,a,d : multiple linear regression factors
(FM : REF = a.FM + b.PM + c.LA + d;
PM : REF = a.PM + b.FM + c.LA + d)

Results of the simple linear regression are satisfactory
since the residual standard deviations are lower than the
acceptability limits set by the CNIEL Guide. (FM 20 g/l :
PM 0.15 g/l). There are no significant interactions between
components.



REPEATABILITY

The repeatability was evaluated using 87 herd milk
samples from the Jura county. Samples contained bronopol
(0.02 %).

Dosages were preformed in consecutive duplicates for
each sample on 04/06/2003.

Criterion n Min
(g/l)

Max
(g/l)

M
(g/l)

Sx
(g/l)

Sr
(g/l)

Sr
(%)

R
(g/l)

Fat 87 33.18 40.64 36.92 1.89 0.07 0.19 0.20
Protein 87 30.16 37.16 32.74 1.17 0.06 0.19 0.17

n : number of results
min and max : minimum and maximum values
M : mean results
Sx : standard deviation of results
Sr et Sr (%) : relative and absolute standard deviation of
repeatability
r : maximal deviation of repeatability in 95% of cases

For fat matter and protein matter, the analyser shows a
repeatability that complies with the requirements of the
IDF standard 141C:2000 and with the CNIEL Guide (r ≤
0.4 g/l or Sr ≤ 0.14 g/l).

ACCURACY

Samples were identical to those used in the evaluation of
repeatability. Infrared analyses were performed using
successive duplicates (means of duplicates were used for
statistical treatments), a control milk was set every 20
samples in order to check the signal stability. The
evaluation concerned values obtained after calibration.
Analyses were performed on 04/06/2003.

Reference analyses : 

* Fat content : (Gerber method) ; single test performed but
confirmed in the case of too much residue)
NF standard V 04-210:2000 – Lait – Détermination de la
teneur en matière grasse – Méthode acido-butyrométrique.
= Milk – Determination of fat content – Gerber method –
(This standard is not equivalent to ISO 2446:1976 though it deals with
the same topic).

* Protein content : (in duplicate)
IDF standard 98A:1985 – Milk – Determination of protein
content – Amido black dye-binding method (routine
method)

FM PM
n 86 87

Min (g/l) 33.00 29.87
Max (g/l) 40.00 37.12

Y (g/l) 36.69 32.29
X (g/l) 36.91 32.74
Sy (g/l) 1.74 1.26
d (g/l) 0.22 0.44

Sd (g/l) 0.40 0.22
Sy,x (g/l) 0.35 0.21

b 0.901 1.056
a 3.42 -2.26

n, min, max : number of results, minimum and maximum
values
Y, X : mean results obtained by reference and intrumental
method
Sy : standard deviation of results obtained by the reference
method
d, Sd : mean and standard deviation of deviations
Sy,x : residual standard deviation
b, a : slope and bias of the simple linear regression

The table and graphs above show the results obtained :

(see at the end of this article)

* for fat matter, the mean result of deviations obtained is
0.22 g/l and the residual standard deviation of linear
regression is equal to 0.35 g/l. The slope (0.901) and bias
(3.42) are different from 1 and 0 (P=1%), respectively.

* for protein matter, the mean result of deviations obtained
is 0.44 g/l and the residual standard deviation of linear
regression is equal to 0.21 g/l. The slope (1.056) and bias
(-2.26) are respectively different from 1 and 0 (P=1%).

For fat and protein matter, the slope and bias deviations
are particularly high and could be explained by : 
- the sample composition for calibration (they came

from a different geographic area)
- the gap between the age of the calibration range (June

2003 performed on 07/05/2003) and herd milk
analysis (04/06/2003)

- the low amplitude of FM and PM rate

Instability of the analyser is excluded, as the results
obtained from the control milk used are similar (the
control milk was identical during calibration and
evaluation of accuracy).

However, regarding stability, carry-over effect, linearity,
calibration, repeatability and accuracy, the analyser
complies with the requirements of IDF 141C:2000 set at
0.7 g/l for herd milk, the residual standard deviation of
regression values.

CONCLUSION

The results regarding stability, carry-over effect, linearity,
calibration, repeatability and accuracy, comply with the
requirements of IDF 141C:2000 and with the CNIEL
"Manuel d'utilisation des analyseurs infrarouges pour les
laboratoires interprofessionnels et de contrôle laitier" (=
User's guide to infrared analysers for interprofessional
and milk control laboratories)

X. QUERVEL, Ph. TROSSAT

ABREVIATIONS

CNIEL : Centre National Interprofessionnel de l'Economie
Laitière = Interprofessional Centre for the Dairy Economy
FM, PM : Fat matter, protein matter
LA : Lactose
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