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EVALUATION OF THE LACTOSCOPE INFRARED ANALYSER

Developped by Delta Instruments, the Lactoscope is a mid-infrared Fourier transform analyser for the
determination of fat, protein and lactose content in milk, as well as other criteria such as urea content
equivalent (FNCV) and determination of freezing point (FP) equivalent.

The phase 1 assay took place from July to September 2001. CECALAIT evaluated the analytical and
instrumental characteristics of the Lactoscope for the determination of fat and protein content, and FP. Its
basic characteristics, stability and carry-over effect, appear to be very satisfactory. Over a range of "usual"
levels, it is also satisfactory for the adjustment of linearity proposed by the developper. Finally, the
repeatability and accuracy values, for individual or herd milk, appear to comply with the regulations and
standardization requirements. 

PRINCIPLE AND DESCRIPTION

The Lactoscope uses a mono-beam infrared system
based on the Fourier transform technic and it  includes an
interferometer. It is coupled with a micro-computer which
deals with running and signal processing, calibration and
samples. 

The calibration of the apparatus is carried out using a
multiple linear regression calculation, from absorbances
obtained at various wavelengths (usually 3 wavelengths for
fat and 4 for protein, according to the IDF standard 141).
This calibration is suitable for the prediction of the "usual"
parameters : fat, protein and lactose, but also for the
prediction of the "urea content" equivalent or for the
"freezing point" equivalent.

TESTS PERFORMED

CECALAIT physico-chemistry laboratory conducted all
the evaluation tests, which concerned the reference and
infrared analyses for fat and protein content and FP.

At a rate of 360 determinations / h, the tests delt with  the
evaluation of stability, carry-over effect, linearity,
repeatability and accuracy of the apparatus. 

The evaluation criteria of estimated parameters were
taken from the IDF standard 141 C : 2000 - Whole milk -
Determination of milkfat, protein and lactose content
(guidance for the operation of mid-infrared instruments) or
from the "CNIEL - Manuel d'utilisation des appareils
infrarouge dans le cadre du paiement du lait en France " (=
User's guide to infrared analysers for milk payment in France).

STABILITY

The evaluation of stability was performed by analysis of
three milk samples covering a range of normal
measurements for fat and protein content. The milk
samples were analysed automatically, in duplicate, every
15 minutes over half a day (representing 14 measurement
cycles) 

according to the actual working conditions of a milk
payment laboratory.

In order to evaluate the apparatus’ repeatability and
reproducibility, parameters were calaculated for each
analytical criterion. The more important results are shown
below.

Table 1 - Summary of the reproducibility values obtained
when evaluating the stability of the Lactoscope

Levels Fat
SR (g/l)

Protein
SR (g/l)

FPD
R-(m°c)

1 0.08 0.06 3.87
2 0.09 0.05 3.04
3 0.10 0.06 2.95

SR  : absolute standard deviation of reproducibility
R : maximum reproducibility difference in 95 % of
occurences

Results

Concerning the fat and protein criteria, the mean daily
values of the standard deviation of reproducilbility
observed, comply with those deduced from the "Manuel
d'utilisation des appareils infrarouge dans le cadre du
paiement du lait en France " (SR< L / 2,58 ; L : control card
limit at 99 % equals 0,7 g/l).

Concerning the FP equivalent, in the absence of
standardized values, the IDF 108 B reproducibility value
was used (R= 5 m°C). The reproducibility values obtained
here are all lower than the IDF value.

CARRY-OVER EFFECT

The carry-over effect was evaluated by analysing
automatically one batch of milk and distilled water, 20 times
in the following sequence : MILK (M1) - MILK (M2) -MILK
(M3). 
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The measurements concerned fat and protein content, at 3
levels for each criterion, respectively (20, 20) for milk 1;
(40,30 ) for milk 2; (60, 40) for milk 3.

NB : In order to permit the start the analysis, NaCl was
added to the water sample to give a final concentration of
0,5 %.

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

Tc (%) = [Σ (water1) - Σ (water2)) / (Σ (milk1) - Σ (milk2)) ]
x 100

Results

Contamination between successive samples appears to
be from 0,53 % to 0,70 %, whatever the constituant and the
level tested. 

These levels comply with the 1 % acceptability limit,
applyied to methods used for the rapid detemination of milk
quality, in the context of milk payment and milk control.

LINEARITY

For fat content, the linearity was evaluated using a set of
14 evenly distributed milk samples, from 0 to 128 g/l,
elaborated using a mixture of cream and skimmed milk.

For protein content, the linearity was evaluated using a
set of 14 evenly distributed milk samples, from 0 to 83 g/l
elaborated using a mixture of proteinic retentate and filtrate
obtained by tangential ultrafiltration (cut off level : 10 KD).

The results showed that the adjustment proposed by the
manufacturer is satisfactory : 
▪ in the range corresponding to the protein criterion
▪ in the range corresponding to the calibration of the

apparatus, (22 to 56 g/l). 
However, it is possible to widen the usable area, by using

a 3rd order polynomial equation to correct the results.

REPEATABILITY

For fat and protein content, the repeatability was
evaluated using 131 individual milk samples from 7
breeding farms in the Jura county and 58 herd milks. 

Milk samples covered a range of values which were from
17 to 85 g/l for fat content and from 25 to 43 g/l for protein
content.

For the FP equivalent, the repeatability was evaluated
using 58 herd milk samples. 

Samples contained bronopol (0.02 %). Measurements
were performed in consecutive duplicates analysing

automatically each set of samples in the following
sequence :

Set 1 rep 1 - Set 1 rep 2 - Set 2 rep 1 - Set 2 rep 2 - …
Set n rep 1 - Set n rep 2. 

Tables 2 and 3 show the results obtained.

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

Table 2 : Evaluation of repeatability for individual milk

INDIVIDUAL MILK
Criterion n M Sr Sr (%) r

Fat 131 41.37 0.08 0.20 0.23
Protein 131 33.79 0.07 0.22 0.20

Table 3 - Evaluation of repeatability for herd milk

HERD MILK

Criterion
(g/l)

n M Sx Sr Sr
(%)

r

Fat 58 37.89 1.94. 0.09 0.24 0.25
Protein 58 32.95 1.26 0.07 0.20 0.19
FPD (m)C x - 1) 58 504 10.0 1.6 0.31 4.4

Results

Tables 2 and 3 show that for fat and protein matter, the
analyser offers a repeatability that complies with the
requirements of the IDF standard 141 C : 2000 (Sr = 0.14
g/l and r =0.4 g/l).

Concerning the FP equivalent, the repeatability value
obtained is close to the repeatablity of the Thermistor
cryoscope reference method (Sr = 1.4 m°C).

ACCURACY

The accuracy was evaluated using two types of sample: 

▪ 100 individual milk samples (out of 131) from 7 breeding
farms in the Jura county, to which bronopol was added
(0.02 %), for the evaluation of fat and protein content,

▪ 58 herd milk samples from the Franche-Comté region, to
which bronopol was added (0.02 %), for the evaluation of
fat, protein and FP equivalent.
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The reference methods used are tjose used in the
context of milk payment : 

▪ Fat - GERBER method (NF V 04 210 AFNOR standard),
single analysis but with confirmation when residues are too
important. 

▪ Protein - Amido Black method (NF V 04 216 AFNOR
standard), with duplicate analyses.
▪ FP equivalent : plateau seeking method with use of a
thermistor (NF V 04 205 AFNOR standard).

Results

Tables 4 and 5 show the results obtained, respectively for
fat and protein content, using individual milk and herd milk
samples. Table 6 shows results corresponding to FP
equivalent measurement, using herd milk samples only.
(see below)

Table 4 - Accuracy of the Lactoscope for fat

INDIVIDUAL MILKS HERD MILKS
n 100 58
Y (g/l) 38.82 37.71
X 38.85 37.89
Sy 8.40 1.93
d 0.03 0.18
Sd 0.46 0.34
Sy,x 0.433 0.344
b 0.981 0.980
a 0.72 0.56

Table 5 - Accuracy of the Lactoscope for protein

INDIVIDUAL MILKS HERD MILKS
n 100 58
Y (g/l) 33.16 33.11
X 32.72 32.95
Sy 2.61 1.28
d - 0.44 - 0.16
Sd 0.38 0.21
Sy,x 0.382 0.207
b 0.991 1.007
a 0.75 - 0.08

Table 6 - Accuracy of Lactoscope for FPD equivalent

HERD MILKS
n 55
Y (g/l) 516
X 504
Sy 10
d - 13
Sd 3
Sy,x 2.8
b 0.927
a 49

Keys for tables 4, 5 and 6

n : number of samples
Y : mean of the results using the reference method
X : mean of the results using the Lactoscope
Sy : standard deviation of the results using the
reference method
d : mean of the differences Lactoscope - reference
method
Sd : standard deviation of the difference
Sy,x : residual standard deviation
b : slope of the linear regression equation
a : point 0 ordinate = intercept?

CONCLUSION

Stability and carry-over effect appear very satisfactory. For
the range of "usual" levels, it is also satisfactory for the
adjustment of linearity proposed by the manufacturer.
Finally, the repeatability and accuracy values, for individual
or herd milk, appear to comply with the regulations and
standardization requirements.
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Abbreviations

AFNOR = French body for standardization
CNIEL : Centre National Interprofessionnel de l'Economie

Laitière = Interprofessional Centre for the Dairy
Economy

IDF : International Dairy Federation
FNCV : Feed Nitrogen Conversion Value
FPD : Freezing Point Determination
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