
Accuracy and application of milk fatty acid estimation with diffuse
reflectance near-infrared spectroscopy

Andreas Melfsen1, Max Holstermann2, Angelika Haeussermann1*, Joachim Molkentin3,
Andreas Susenbeth2 and Eberhard Hartung1

1

Institute of Agricultural Engineering, Christian-Albrechts-University Kiel, 24098 Kiel, Germany
2

Institute of Animal Nutrition and Physiology, Christian-Albrechts-University Kiel, 24098 Kiel, Germany
3

Department of Safety and Quality of Milk and Fish Products, Max Rubner-Institute, 24103 Kiel, Germany

Received 14 October 2016; accepted for publication 5 March 2018

Near infrared spectroscopy (NIRS) has the potential to estimate contents of fatty acids (FA) in milk
frequently at-farm or during daily milking routine. In this study, a total of 738 raw milk spectra col-
lected from 33 Holstein cows over a period of 30 weeks were recorded. Reference data on FA com-
position in milk and in milk fat were analysed in laboratory. Calibration models were calculated for
single FA and groups of FA in milk and in milk fat. Validation resulted in sufficient Ratio of Prediction
to Deviation (RPD) values for some single FA and in higher RPD values for groups of FA when con-
centrations of FA in milk were predicted. Since the concentrations of most FA in milk are highly cor-
related with milk fat content, the prediction of FA contents in milk fat is more meaningful when
independent predictions are intended. The accuracy of predicting single FA concentrations in
milk fat is rather poor for most FA but still comparable to alternative analysing methods such as
MIR analysis. The estimation of different groups of FA in milk fat resulted in an improved accuracy
based on higher RPD values, which was sufficient to mirror the development in the different lacta-
tion phases. The course of cow individual long chain fatty acid (LCFA) concentration in the early
lactation stage can be an indicator for body fat mobilisation. The accurate estimation of the
extent and duration of body fat mobilisation in cow individuals was rather difficult with NIR pre-
dicted LCFA concentrations and would require a higher measuring frequency than applied in this
study.
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Milk fat as the most variable content in milk contains about
70% of saturated fatty acids (SFA) and 30% of unsaturated
fatty acids (UFA) (Grummer, 1991). Only 15 of the numer-
ous different fatty acids (FA) have concentrations of more
than 1% in milk fat (Jensen, 2002; MacGibbon & Taylor,
2006). The milk fatty acid profile is not part of routine DHI
analysis at farms today. So far the farm has no information
on the different groups of fatty acids nor on contents of
single fatty acids on a cow individual basis.

The nutritional and health effects of milk fatty acid com-
position are intensively discussed since increasing percen-
tages of UFA and especially the appearance of omega-3
fatty acids (e.g. ω3 18:3) and conjugated linoleic acid (CLA)
are considered to have positive health effects in human nutri-
tion. SFA in contrast are held responsible for cardiovascular

diseases (Parodi, 2006;Micha &Mozaffarian, 2010), depend-
ing on type of SFA (Iggman & Risérus, 2011). Raw milk
with specific concentrations of either desired or undesired
groups of fatty acids could be rewarded by the milk proces-
sors with an adapted payment system. Among others (e.g.
metabolic status of cow, stage of lactation, number of lacta-
tion, breed, genetics) milk fat concentration and compos-
ition are changeable by the feeding diet (Palmquist, 2006).
A technology which enables rapid analysis of milk fat com-
position could help to select milk with specific contents of
fatty acid groups. Furthermore, the time series of cow indi-
vidual long chain fatty acid (LCFA) concentration in milk
fat in the first weeks of lactation can mirror extent and dur-
ation of body fat mobilisation in early lactation stage
(Holstermann, 2012), so the same technology could assist
early lactation management.

The quantities of fatty acids in milk fat are analysed in
general by the highly accurate but also expensive capillary
gas chromatography (GC) (ISO, 15885, 2002; MacGibbon*For correspondence; e-mail: ahaeussermann@ilv.uni-kiel.de
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& Taylor, 2006). New approaches have been developed to
estimate milk fat composition along with routine analysis of
fat content with mid-infrared (MIR) spectral technology.
Soyeurt et al. (2006), Rutten et al. (2009) and Soyeurt
et al. (2011) presented results for predicting single FA and
groups of different FA with MIR in the wavenumber range
1000 to 5000/cm. Rico et al. (2014) took several subsamples
during the milking process, analysed them in laboratory,
and evaluated within milking fatty acids profiles during
the milking process. The subsamples showed increased con-
centrations of short chain fatty acids (SCFA) during the main
part of milking and less LCFA at the end of milking (Rico
et al. 2014). Since common analysing methods are intended
for laboratory purposes, a technology for rapid FA analysis
in milk dedicated as an off-line or in-line analysis on the
farm is still missing. An analytical tool based on near infra-
red spectroscopy (NIRS) with the possibility to analyse
milk at-farm or during daily milking routine could provide
information on composition of milk and milk fat. The robust-
ness of near-infrared (NIR) equipment makes this technology
in general suitable for at-farm applications, off-line after
milking or even in-line during the milking process. The ana-
lysis of raw milk with NIRS is challenging due to different
scattering effects on the NIR spectra besides the influences
from chemical bonds (Melfsen et al. 2012b; Aernouts
et al. 2015). However, estimating the raw milk contents of
fat, protein, lactose, urea and somatic cell count in milk
with NIRS was investigated in several studies either in off-
line measurement setups (Tsenkova et al. 1999; 2001;
2006; Schmilovitch et al. 2000; Chen et al. 2002;
Saranwong & Kawano, 2008; Melfsen et al. 2012a; b) or
in in-line applications (Kawasaki et al. 2008; Melfsen et al.
2012c; 2013).

Studies on NIR analysis of raw milk to predict milk fat
composition in milk are rather rare. In addition, the defin-
ition of the groups of fatty acids varies between studies.
Nguyen et al. (2011) presented NIR prediction results for
contents of UFA, SCFA (short chain fatty acids), MCFA
(medium chain fatty acids) and LCFA in milk. Coppa et al.
(2010) showed NIR validation results for different groups
of fatty acids (SFA, UFA, trans FA) but also for individual
milk FA in liquid milk and oven-dried milk samples.
Satisfactory results were achieved for NIR prediction
models for groups of fatty acids in liquid milk. The predic-
tion accuracy was strongly improved when analysis was
done on oven-dried milk samples. Aulrich & Molkentin
(2009) discriminated the origin of milk samples from
organic and conventional farms with NIRS by predicting
FA C18:2 c9, t11, C18:3 ω3 and C20:5 ω3 in milk fat.
Next to such preliminary studies, a full spectrum view on
the potential of NIRS to predict concentrations of different
FA in milk fat is still rare in literature.

The aim of this study was primarily to estimate the accur-
acy for predicting FA concentration in milk fat, considering
either different groups of FA or selected single FA, when
using diffuse reflectance NIRS, and secondly to evaluate if
the accuracy of this information is sufficient for predicting

duration and extent of body fat mobilisation in dairy cows
in early lactation stage.

Materials and methods

Milk sampling and reference analysis

Milk samples were collected over a period of 30 weeks at
the research dairy farm Karkendamm (University of Kiel,
Germany). In total, 2614 milk samples were collected
from 33 Holstein cows at four days a week, i.e., two
evening and two morning milkings per week (68–96
samples per cow). All 33 cows were in their first lactation
and between 4 and 180 d in milk.

Milk samples were taken from composite milk during the
milking process (Metatron MB, GEA Farm Technologies,
Bönen, Germany). A part of 150 ml of each milk sample
was refrigerated for transport directly after sampling and
used within the next 4 h for acquiring NIR spectra from
fresh samples. An aliquot of 45 ml from all milk samples
was conserved with bronopol after sampling and sent to
laboratory for analysis of fat content (Milkoscan FT+, Foss-
Electric A/S, Hillerød, Denmark). The fat content of these
samples was later used for recalculation of FA concentration
in milk.

An aliquot of 100 ml of each sample was deep-frozen
(−18° C) directly after sampling. These milk samples were
held for FA analysis by GC. The samples were later defrosted
in a waterbath (40 °C) and homogenised in a dispersion unit
(Miccra D-1, ART Prozess- & Labortechnik, Müllheim/
Baden, Germany) at 35 000 rpm over 1 min. For the GC
analysis, the four milk samples per week per cow were
merged to one sample. In case less than four milk samples
per week were available (e.g. DIM 4 or DIM 180 is
midweek, too little milk available for sampling, defrosting
not successful) the remaining samples per week were
merged to one sample. In average 3·54 samples per week
were merged. Milk fat was extracted from the milk
samples according to the Roese-Gottlieb reference method
(IDF Standard, 1D, 1996). FA concentrations in milk fat
samples (g FA/100 g fat) were determined with GC in the
Department of Safety and Quality of Milk and Fish
Products at the Max Rubner-Institute (Kiel, Germany). In
total, 738 merged samples were used for FA analysis.

FA Methyl Ester (FAME) were derived from milk fat
samples by transesterification with sodium methylate. A
mixture of 1200 µl n-Heptan, 300 µl of a 10% solution of
the milk fat sample in n-Heptan and 30 µl of a methanolic
potassium hydroxide solution (2 mol/l) was shaken vigor-
ously in a sample bottle (Vortex Shaker) for 1 min. The
sample rested for 5 min, 100 mg sodium hydrogen sulphate
were added, the sample was shaken again (1 min) and was
then centrifuged (3 min at 1000 g). Finally, 1 ml of the
supernatant (approximately 2% FAME in Heptan) was
injected with an Agilent 7683B autosampler into the gas
chromatograph. FAME analysis was done with an Agilent
7890A gas chromatograph (Agilent Technologies, Santa
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Clara, CA, USA). Carrier gas was hydrogen with a constant
flow rate of 1·35 ml/min. Injector and detector temperature
was 255 °C. Oven temperature started at 50 °C during
the first minute and was increased by 5 °C per minute to
225 °C, held constant for 3 min, and then was increased
by 1 °C per minute to 237 °C. Evaluation of chromatograms
was done by Agilent Software EZChrom Elite 3·3·2 (Agilent
Technologies, Santa Clara, CA, USA). Reference milk fat
CRM 164 (IRMM, Geel, Belgium) was used for calibration
of main fatty acids. Fatty acids from C4 to C24 were deter-
mined and percentage by weight of total FA was calculated.
The detailed procedure for the analysis of FA is described in
further detail in Molkentin (2009) and Holstermann (2012).
Groups of fatty acids were defined as followed:

SFA: C4:0-C23:0 + C13:0 iso + C13:0 anteiso + C14:0
iso + C15:0 iso + C15:0 anteiso + C16:0 iso +
C17:0 iso + C17:0 anteiso + C18:0 iso

UFA: C10:1 + C12:1 + C14:1 + C16:1 t9 + C16:1 c9 +
C17:1 + C18:1 t4 + C18:1 t5 + C18:1 t6-8 +
C18:1 t9 + C18:1 t10-11 + C18:1 t12-14 + C18:1
t15 + C18:1 t16 + C18:1 c11 + C18:1 c12 +
C18:1 c13 + C18:1 c14 + C18:1 c15 + C18:2 t8
c12 + C18:2 t8 c13 + C18:2 t9 t12 + C18:2 c9
t12 + C18:2 c9 t13 + C18:2 c9 t11 + C18:2 c9
c12 + C18:2 t11 c15 + ω6 C18:3 + ω3 C18:3 +
C19:1 + C19:2 + C20:2 + C20:3 + C20:4 + C20:5
+ C22:1 + C22:5 + C23:1

SMCFA: C6-C14 = C6:0 + C8:0 + C10:0 + C10:1 + C12:0
+ C12:1 + C14 iso + C14:0 + C14:1

LCFA: C18iso + C18:0 + C18:1 t4 + C18:1 t5 + C18:1
t6 + C18:1 t8 + C18:1 t9 + C18:1 t10 + C18:1
t11 + C18:1 t12 + C18:1 t14 + C18:1 t15 + C18:1
c11 + C18:1 c12 +C18:1 c13 + C18:1 c14 +
C18:1 c15 + C18:1 c16 + C18:2 t8 c12 + C18:2
t8 c13 + C18:2 t9 t12 + C18:2 c9 t12 + C18:2 c9
t13 + C18:2 c9 t11 + C18:2 c9 c12 + C18:2 t11
c15 + ω6 C18:3 + ω3 C18:3 + C19:0 + C19:1 +
C19:2 +C20:0 +C20:1 +C20:2 +C20:3 +C20:4 +
C20:5 +C21:0 +C22:0 +C22:1 +C22:5 +C23:0 +
C23:1

C16 (C16 iso + C16:0 + C16:1 t9 + C16:1 c9) were not
considered in the groups of FA due to indeterminate
origins from de novo-synthesis in the udder, body fat mobil-
isation, and feed.

Spectral analysis

Near spectra were obtained from fresh samples. All milk
samples were heated in a waterbath (40 °C) before NIR ana-
lysis. The whole sample (150 ml) was used to obtain spectra.
Layer thickness in the measurement cell was 30 mm. Milk
was stirred with nominal rotation speed of 102 rpm while
the spectra were acquired. Stirring was done to eliminate
additional scattering effects which can arise due to floccula-
tion of fat globules. Spectra were collected in diffuse reflect-
ance mode in the wavelength range of 851–1649 nm with

an increment of 2 nm. A diode array spectrometer with an
InGaAs detector was used (PSS-1720, Polytec GmbH,
Waldbronn, Germany). Three replica spectra were recorded
per sample with a time delay of 10 s resulting in one mean
spectrum for each milk sample. The dark current was
acquired before each measurement, and was subtracted
from the sample spectra. An automated white reference
spectrum was acquired every 30 min (approx. every 20
samples) for referencing the spectrometer system. Spectra
of milk samples were averaged per cow per week (zmean;
Eq. (1)) in order to acquire one raw milk spectrum for
each FA reference milk sample:

zmean ¼ ðzd1 þ zd2 þ zd3 þ zd4Þ × 4�1 ð1Þ
where: the reflection spectra z contain 400 datapoints of
consecutive wave length ranges (I = 1–400) with an incre-
ment (spectral resolution) of 2 nm (z(i=1–400) = (z1, z2, …,
z400)), zd1 to zd4 are the reflection spectra of up to four
milk samples per cow per week. In total 738 zmean spectra
were obtained (19–24 mean spectra per cow).

Pre-processing of NIR spectra, calibration and validation

Chemometric tools (SL Calibration Wizard v.1.1.0;
SensoLogic GmbH Norderstedt, Germany) were used for
calibration of different FA in milk and in milk fat and for val-
idation of results. Standard normal variate (SNV) and
detrend processes were used for pre-processing of spectral
data in order to reduce scattering effects and remove
linear and non-linear trends in the NIR spectra (Barnes
et al. 1989). The statistical PLS-1 method (partial least
squares) was applied for calibration of milk constituents.
Full cross-validation was used to estimate the number of
principle components for the calibration. For prediction of
fat content in milk and various single FA and groups of FA
in milk and in milk fat, zmean spectra were divided into
two random sample sets: a calibration set containing two-
thirds of all samples (n = 492) and a validation set containing
the remaining samples (n = 246). Validation criteria for each
PLS model were coefficient of determination (R2), Root
Mean Square Error of Prediction (RMSEP) and Ratio of
Prediction to Deviation (RPD) defined as ratio of standard
deviation of the validation set to RMSEP (Williams, 2001).
The calibration model was then validated in a cow-specific
arrangement with regard to the prediction of body fat mobil-
isation in early lactation as described next.

For evaluation of body fat mobilisation in early lactation
stage by NIR predicted LCFA concentrations, zmean spectra
were subdivided into two sample sets in a different way:
datasets of each cow were assigned either completely to
the calibration or the validation set. For this purpose, ten
cows with evident changes of long chain fatty acid concen-
tration in milk fat over the first 26 lactation weeks were
selected for the validation set. All remaining spectra were
part of the calibration set. Predicted concentrations of
LCFA in milk fat by NIRS were used for broken line regres-
sion model development.
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Broken line regression model

Duration of body fat mobilisation in cows in early lactation
stage was classified by means of a broken line regression
model (SAS Institute Inc., Cary, North Carolina, USA,
Version 9.1). The model was applied to the time series of
LCFA concentration in milk fat of each cow during the lac-
tation weeks 2 to 26 (Robbins et al. 2006; Holstermann,
2012).

Evaluated characteristics of the broken line regression
model were: slope (A); time duration D (lactation weeks)
until the break of slope occurs; and plateau (Pl).
Additionally, the area under the curve (AUC) was calculated
in order to evaluate the total degree of body fat mobilisation,
Eq. (2):

AUC ¼ ðD�AÞ�D�2�1 ð2Þ
The broken line regression model was created twice for
each of the ten cows in the NIR validation set, once for
NIR predicted LCFA and once for LCFA analysed by GC.

Results

The total range, mean and standard deviation of fat content,
content of single fatty acids, and groups of fatty acids in milk
and in milk fat of all 738 merged samples, analysed with
NIRS and GC, are listed in Table 1. Low contents and also
low standard deviations were observed for most of the FA
in milk. As to be expected, some of the FA were highly cor-
related with fat content in milk. This was especially
observed for the FA C4:0, C6:0, C16:0 and C18:0 and the

different groups of SFA, UFA, SMCFA (short and medium
chain fatty acids [<C18]) and LCFA (≥C18) (Table 1).

Milk fat composition was mainly dominated by SFA, and
SMCFA were more present than LCFA with regard to chain
length. Nevertheless, the ranges of all four groups of FA in
milk fat were rather high with a high standard deviation.

The NIR spectra from milk samples per cow per week are
shown in Fig. 1 (n = 738) in absorbance style (top). The
spectra featured characteristically absorption peaks at 970
and 1450 nm related to first and second overtone bond
vibrations of O-H. Additional absorption bands of numerous
different second overtone C-H bindings occurred at around
1195 nm. The spectral region was sufficient in exposing
third and second overtone absorption bands of the relevant
chemical bonds and is eligible for high light penetration in
water based fluids. After spectra pre-processing with SNV
and detrend, the scattering as well as linear and non-linear
trends were reduced as can be seen in Fig. 1 (bottom).

The statistical performances of model development (cali-
bration) and validation for fat content in milk and for single
FA and groups of FA in milk and in milk fat are presented in
Table 2. Excellent calibration results with regard to RMSEP
(0·05) and RPD (11·4) were achieved for the prediction of
fat content in milk. The coefficient of determination of the
validation (R2

val) demonstrated that 40 to 88% of the vari-
ation of single FA in milk was explained by the spectra of
the milk samples and concomitant chemometric analysis.
RPD values for predicting the concentration of these FA in
milk varied from 1·3 to 2·9 (Table 2). Naturally, the predic-
tion of FA in milk performed better than the prediction of FA
in milk fat, which is due to the high correlation of FA and fat

Table 1. Overview on range, mean and standard deviation of fat content, single FA and groups of FA in milk and in milk fat and correlation
between different FA in milk and fat content

(%) in milk (%) in milk fat

Correlation with milk fat content Range Mean SD Range Mean SD

Fat – 2·4–6·3 3·65 0·54 – – –
Fatty acids

C4:0 0·87 0·07–0·25 0·12 0·02 2·4–4·6 3·3 0·31
C6:0 0·77 0·04–0·14 0·08 0·01 1·2–2·9 2·3 0·22
C8:0 0·58 0·02–0·09 0·05 0·01 0·5–1·8 1·4 0·19
C10:0 0·40 0·04–0·2 0·11 0·02 0·8–4·2 3·0 0·57
C10:1 0·12 0·002–0·02 0·01 0·003 0·1–0·5 0·3 0·08
C12:0 0·33 0·04–0·23 0·12 0·03 0·9–5·0 3·4 0·71
C14:0 0·41 0·18–0·61 0·38 0·06 4·7–13·7 10·5 1·57
C15:0 0·29 0·02–0·08 0·04 0·01 0·5–2·1 1·2 0·25
C16:0 0·80 0·6–1·54 0·95 0·17 20·2–36·5 25·9 2·66
C18:0 0·78 0·17–0·82 0·38 0·10 4·8–15·9 10·3 1·78
C18:2 c9t11 (CLA) 0·54 0·01–0·05 0·02 0·005 0·4–1·2 0·6 0·12

Groups of fatty acids
SFA 0·90 1·44–3·71 2·35 0·35 49·6–71·5 64·4 3·89
UFA 0·82 0·84–3·0 1·26 0·27 27·5–49·7 34·5 3·93
SMCFA 0·78 1·31–3·31 2·07 0·32 41·6–70·1 56·7 5·22
LCFA 0·81 0·98–3·59 1·55 0·35 28·8–57·7 42·2 5·28

SD, standard deviation; CLA, conjugated linoleic acid; SFA, saturated fatty acids; UFA, unsaturated fatty acids; SMCFA, short and medium chain fatty acids;
LCFA, long chain fatty acids.
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content in milk. Chemometric analysis explained 15 to 76%
(R2

val) of the variation of FA content in milk fat. RPD values
varied from 1·0 to 2·0 (Table 2).

The prediction of SFA, UFA, SMCFA and LCFA contents
in milk resulted in R2

val of 0·90 to 0·95 and RPD values of
4·3, 3·4, 3·1 and 3·5, respectively. The same groups of FA
were predicted with R2

val of 0·72 to 0·81 and RPD values
of 1·9 to 2·3 if their content in milk fat was considered.
The relationship between actual FA contents, measured by
GC, and NIR-predicted contents of all four groups of FA in
milk and in milk fat in the samples of the validation set are
shown in the scatter plots in Figs. 2, 3, respectively.

Broken line regression model

Changes in LCFA concentrations in milk fat were deter-
mined by GC and NIR method. Both values, analysed and
predicted ones, were used separately for calculating a
broken line regression. The LCFA time series and the esti-
mated broken line regression function are shown exempla-
rily for two cows in Fig. 4. As expected, the concentration
of LCFA in milk fat decreased considerably during the first

lactation weeks. After the first lactation phase, the typical
body fat mobilisation ends, which led to a lower but con-
stant LCFA concentration with an individual level for each
cow. The broken line regression model described the char-
acteristic of the LCFA time series well with a clear break of
the slope.

Body fat mobilisation characteristics A, D, Pl and AUC of
the broken line regression model were calculated separately
for each cow in the validation set, both for LCFA data of GC
and NIR analysis (Table 3). Good agreement between values
estimated by GC and NIR were received for all cows, except
for cow No. 3. As all cows were in the beginning of their first
lactation, results of this model might look different for mul-
tiparous cows.

The percentage of LCFA in total milk fat in the period
without fat mobilisation (plateau) varied from 35·6% to
41·0% when predicted by NIR spectroscopy and hence
was comparable with the LCFA plateau from GC analysis
(Table 3).

The break of slope which indicates the duration of the
body fat mobilisation differed between cows and between
analysing methods. In the model with GC analysed LCFA,
D varied from lactation week 9·7 to 17·2 (with exception
of the results from cow No. 3). In the NIR based model D
was predicted in lactation week 10·9 to 22·0.

In average, the cows reached the period without body fat
mobilisation 3·3 weeks later in the NIR based model com-
pared to the GC based model. Partly large differences
were also observed when comparing the slope A calculated
by the NIR and the GC based model. These deviations add-
itionally affect the AUC values which describe the total
degree of body fat mobilisation. The rate of adaption of
body fat mobilisation, described by the slope, varied from
0·9 to 2·2 percentage points of LCFA per lactation week
for GC analysed LCFA. In the NIR based broken line
model the slope varied from 0·6 to 2·0 percentage points
of LCFA per week. The AUC describing the total degree of
body fat mobilisation varied for the GC based model from
89·3 to 149·7 (with exception of cow No. 3). The range of
the NIR based AUC resulted in values of 72·8 to 166·6. In
average, lower values for the slope (A) and higher values
for AUC were observed for the NIR based broken line
model.

Discussion

Only primiparous cows in the beginning of their first lacta-
tion were used in this study which might influence the
results with regard to milk composition, fatty acid concen-
tration and the period of negative energy balance in com-
parison to a herd with primiparous and multiparous cows.
The results of this study are therefore only valid for primipar-
ous cows. The range of fat content in the analysed milk
samples was slightly higher than the typical range but still
in compliance with observations from other authors
(MacGibbon & Taylor, 2006). Range, mean and standard

Fig. 1. (top) Weekly averaged cow individual near infrared
absorbance spectra (n = 738) in the wavelength range 851–1649
nm of raw milk samples from a static measurement setup in
reflectance mode; (bottom) Pre-processed near infrared reflectance
spectra (n = 738) with standard normal variate (SNV) and detrend
in the wavelength range 851–1649 nm.
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Table 2. Statistical performance of calibration and validation for fat content, single FA and groups of FA in milk and in milk fat

(%) in milk (%) in milk fat

Calibration (n = 492) Validation (n = 246) Calibration (n = 492) Validation (n = 246)

Factors RMSECV R2
cal RMSEP Bias RPD R2

val Factors RMSECV R2
cal RMSEP Bias RPD R2

val

Fat 12 0·04 0·996 0·05 0·0008 11·4 0·99 – – – – – –
Fatty acids
C4:0 8 0·01 0·83 0·01 0·0006 2·3 0·81 6 0·26 0·37 0·24 −0·0049 1·3 0·36
C6:0 19 0·01 0·84 0·01 0·0002 2·1 0·78 20 0·17 0·69 0·17 0·027 1·3 0·46
C8:0 19 0·01 0·82 0·01 0·0004 1·8 0·70 19 0·13 0·71 0·13 −0·0061 1·5 0·57
C10:0 19 0·01 0·80 0·01 −0·0004 1·7 0·68 20 0·38 0·74 0·33 0·0179 1·7 0·67
C10:1 20 0·002 0·84 0·002 0·0002 2·0 0·76 16 0·04 0·80 0·04 −0·001 2·0 0·76
C12:0 19 0·02 0·83 0·02 0·001 1·8 0·69 19 0·43 0·78 0·43 0·0314 1·6 0·63
C14:0 20 0·03 0·85 0·03 −0·001 1·9 0·72 20 0·85 0·83 0·89 0·0213 1·8 0·69
C15:0 17 0·01 0·68 0·01 0·0001 1·4 0·50 19 0·17 0·69 0·18 0·0023 1·4 0·53
C16:0 18 0·07 0·91 0·06 0·0006 2·9 0·88 19 1·66 0·77 1·73 0·0003 1·5 0·58
C18:0 11 0·04 0·88 0·04 0·0012 2·6 0·85 11 1·07 0·70 0·98 −0·0977 1·8 0·70
C18:2 c9t11 (CLA) 12 0·004 0·49 0·004 0·0001 1·3 0·40 16 0·11 0·43 0·11 −0·0062 1·0 0·15

Groups of fatty acids
SFA 20 0·08 0·97 0·08 0·013 4·3 0·95 20 2·00 0·85 2·00 0·0604 2·0 0·74
UFA 19 0·08 0·95 0·08 0·0024 3·4 0·91 20 2·01 0·85 2·08 0·104 1·9 0·72
SMCFA 20 0·09 0·95 0·10 0·0058 3·1 0·90 19 2·50 0·86 2·43 −0·1794 2·1 0·79
LCFA 19 0·10 0·96 0·10 0·0001 3·5 0·92 20 2·63 0·87 2·31 −0·2556 2·3 0·81

RMSECV, Root Mean Square Error of Cross-Validation; RMSEP, Root Mean Square Error of Prediction; RPD, Ratio of Prediction to Deviation; CLA, conjugated linoleic acid; SFA, saturated fatty acids; UFA,
unsaturated fatty acids; SMCFA, short and medium chain fatty acids; LCFA, long chain fatty acids.
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deviation of the concentration of single FA in milk fat
observed in this study were in accordance with results
from others authors (Creamer & MacGibbon, 1996;
Mansson, 2008). Information on the concentrations of
single FA in milk are rather rare in literature since

concentration of single FA in milk are rather small and
highly dependent on the fat content in milk. FA with high
concentrations in milk fat are highly correlated with the fat
content in milk (e.g. C4:0, C16:0 and C18:0). In this case,
information on the FA concentrations in milk fat have a
higher informative value for the validity of calibration
models. The relationship of FA and fat concentration in
milk is also expressed by the high correlation of different
groups of fatty acids with fat content in milk.

Accuracy of FA prediction

With regard to classification of RPD values (Williams,
2001), excellent calibration results were achieved when
fat content in milk was predicted with NIR technology
(RPD = 11·4). This is in accordance with own results from
previous studies (Melfsen et al. 2012a; c;, 2013) and with
studies from other authors (Tsenkova et al. 2001;
Saranwong & Kawano, 2008). According to the RPD classi-
fication by Manley (2014), RPD values greater than 3 and 5
are useful for screening and quality control, respectively,
and values above 8 are useful for any analysing application
(Manley, 2014).

The analysis of FA concentrations in milk or in milk fat is
rather difficult since concentrations of single FA are rather
small. Additionally, highly overlapping absorption bands
of different functional groups of FA can be observed in the
NIR specific wavelength range. Furthermore, a high sam-
pling error can be expected in the results of this study
since up to four milk samples per week were merged and
corresponding spectra were averaged.

The prediction of single FA in milk with NIR technology
resulted in RPD values that are mostly classified as poor
(Williams, 2001). Feasible calibrations with RPD values
above 2 were observed for the FA C4:0, C6:0, C16:0 and
C18:0 and for all four considered groups of FA in milk.
According to Manley (2014) only RPD values above 3 are
useful for screening. Comparable prediction accuracy
when predicting different groups of FA in milk such as
SFA, UFA and LCFA with NIR technology was also observed
by Nguyen et al. (2011). Since contents of single FA and
groups of FA in milk are highly correlated with fat content
in milk, it is most likely that prediction accuracy depends
highly on fat calibration. Increasing RPD values for FA
were found with rising correlation to the fat content in
milk. In this case, the prediction accuracy of FA in milk fat
is lower than the one in milk but much more reasonable.
The decrease in prediction accuracy when comparing FA
contents in milk fat and in milk was especially demonstrated
by these FA and groups of FA that were highest correlated
with the fat content in milk (FA: C4:0, C6:0, C16:0 and
C18:0; groups of FA: SFA, UFA, SMCFA and LCFA).
Feasible calibration were achieved for the FA decenoic
acid (C10:1) in milk fat and for all selected groups of fatty
acids in milk fat. Thereby, the rapid detection of enriched
levels of e.g. UFA in milk or milk fat by NIRS during
milking could enable either to select milk with higher UFA

Fig. 2. Relationship of actual and NIR-predicted concentrations of
the groups of FA SFA, UFA, SMCFA and LCFA in milk in the
validation samples.

Fig. 3. Relationship of actual and NIR-predicted concentrations of
the groups of FA SFA, UFA, SMCFA and LCFA in milk fat in the
validation samples.
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levels on-farm or to support management decisions on farm
such as feeding or breeding. However, selection of milk
with high levels of UFA might also affect subsequent pro-
cesses such as storage or manufacturing processes for
dairy products.

The prediction accuracy for single FA in milk fat was
similar to those obtained by Coppa et al. (2010) when ana-
lysing FA in liquid milk. Although, more latent factors were
used in this study compared to the equations in Coppa et al.
(2010). Results for analysing groups of saturated or

unsaturated FA showed slightly better SEP values in this
study while, due to a higher variation in the validation set,
RPD values were higher in the study of Coppa et al. (2010).

When comparing the accuracy for the prediction of FA in
milk and in milk fat in this study with studies using MIR tech-
nology (Soyeurt et al. 2006, 2011; Rutten et al. 2009), it is
noticeable that both technologies reach a similar accuracy
for most of the tested FA, the prediction accuracy with
NIRS was even better for some FA in milk (C4:0, C6:0,
C8:0, C10:1, C16:0 and C18:0) (Soyeurt et al. 2006;

Fig. 4. Comparative view on the chronological sequence of cow individual LCFA concentration (dots) in milk fat samples in early lactation
and estimated broken line regression function (line) for cows No. 2 and No. 10. Left: analysed by gas chromatography (GC); right: predicted
by near-infrared (NIR) spectroscopy.

Table 3. Characteristics of broken line model of the chronological sequence of LCFA analysed by gas chromatography (GC) and near-
infrared (NIR) spectroscopy

GC analysed LCFA NIR predicted LCFA

Cow
No.

Slope (A) ± SE

(% LCFA/LW)
Break of slope
(D) ± SE (LW)

Plateau (Pl) ± SE

(% LCFA) AUC
Slope (A) ± SE

(% LCFA/LW)
Break of slope
(D) ± SE (LW)

Plateau (Pl) ± SE

(% LCFA) AUC

1 1·9 ± 0·55 9·7 ± 0·93 42·3 ± 0·44 89·3 0·6 ± 0·09 22·0 ± 2·08 40·6 ± 0·73 137·6
2 1·7 ± 0·36 12·0 ± 1·12 40·4 ± 0·6 122 1·8 ± 0·37 10·9 ± 0·9 39·2 ± 0·48 108·5
3 1·5 ± – 2·9 ± – 42·9 ± 0·64 6·1 1·2 ± 0·3 11·0 ± 1·18 41·0 ± 0·4 72·8
4 1·1 ± 0·18 14·6 ± 1·46 38·3 ± 0·75 116·1 1·0 ± 0·16 16·6 ± 1·59 38·5 ± 0·89 141·7
5 0·9 ± 0·13 17·2 ± 1·6 37·7 ± 0·77 133 0·8 ± 0·11 19·8 ± 1·87 37·0 ± 0·97 166·6
6 1·3 ± 0·17 12·7 ± 0·91 36·0 ± 0·49 105·9 1·0 ± 0·16 17·1 ± 1·83 35·6 ± 1·05 142·7
7 2·2 ± 0·34 10·8 ± 0·88 34·7 ± 0·68 130·3 1·2 ± 0·17 15·6 ± 1·39 36·0 ± 0·82 141·9
8 1·9 ± 0·34 11·0 ± 1·08 39·8 ± 0·69 114·2 1·1 ± 0·2 15·7 ± 1·73 40·6 ± 0·85 138·6
9 1·3 ± 0·12 15·2 ± 0·86 35·7 ± 0·51 149·7 2·0 ± 0·24 11·0 ± 0·7 37·0 ± 0 123·1
10 1·8 ± 0·16 12·1 ± 0·6 38·1 ± 0·46 130·5 1·7 ± 0·27 11·0 ± 0·98 40·5 ± 0·55 100·7
mean 1·6 11·8 38·6 109·7 1·2 15·1 38·6 127·4

SE, standard error; AUC, area under the curve; Pl, level of the plateau which corresponds to the percentage of LCFA in total milk fat when mobilisation of body
fat abandons; A, slope; D, time duration (lactation week [LW]) until the break of slope occurs and mobilisation of body fat closes.
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Rutten et al. 2009). However, newer studies on the usage of
MIR to predict groups of FA in milk show significantly
improved accuracy (Soyeurt et al. 2011). On the other
hand, since NIR technology has the potential of analysing
FA concentrations in-line and in real time, it has an advan-
tage compared to MIR technology.

Prediction of LCFA course during lactation

The relationship between body fat mobilisation and concen-
tration of LCFA in milk fat was recently part of several
studies (Stoop et al. 2009; Gross et al. 2011; Holstermann,
2012). According to these studies, the shape of the curve
of the LFCA concentrations during early lactation stage
can well explain the mobilisation of body fat stores to com-
pensate negative energy balance. In the current study, the
potential of NIR based broken line models for predicting
extent and duration of body fat mobilisation in dairy cows
in early lactation stage were validated.

The change in LCFA concentration in milk fat during lac-
tation can well be illustrated by the analysis of milk samples
with NIRS. The prediction accuracy of LCFA in milk fat with
NIRS was comparable in both calibration methods, i.e. the
selectively created calibration and test set and the rando-
mised calibration and test set. Nevertheless, the characteris-
tics of body fat mobilisation of cows by LCFA concentrations
differed in some points comparing NIR and GC based
model. The value of the plateau (Pl) was significantly corre-
lated between the two analysing methods (r = 0·862, P =
0·001), which underlines the suitability of NIR prediction
with regard to mean values of consecutive samples. None
of the model characteristics brake of slope (D), slope (A),
plateau (Pl), and AUC were significantly different (t9;0,975)
when received from either of the two analysing methods.
Nevertheless, mean values of D, A and AUC showed con-
siderably large differences between both methods. In
average, the cows reached the period without body fat
mobilisation 3·3 weeks later in NIR based models than in
GC based models. This has additionally effects on predicted
A and AUC values. Assuming a random effect, a more fre-
quent analysis of LCFA concentrations with NIRS would
have a higher potential to achieve the same conclusion as
the more accurate GC method since fluctuations are dis-
played with a higher resolution. This is to some extent mir-
rored by the high correlation of Pl of both methods. Besides,
the off-line or in-line analysis with NIRS can well indicate
the course of LCFA during lactation as an additional
approach to characterise lactation stages with mobilisation
of body fat stores.

Conclusions

The concentration of fat, several single FA and different
groups of FA in milk can be well predicted with NIRS off-
line analysis but, since the concentrations of FA in milk
are highly correlated with milk fat content, the prediction

of FA contents in milk fat is more meaningful when
independent predictions are intended. The accuracy of the
prediction of single FA concentrations in milk fat is rather
poor for most FA but still comparable to alternative
analysing methods such as MIR analysis. The estimation of
different groups of FA in milk fat resulted in a suitable
accuracy, which was sufficient to mirror the development
in the different lactation phases. The accurate estimation
of extent and duration of body fat mobilisation in individual
cows was rather difficult with NIR predicted LCFA
concentrations. Assuming random deviation, the estimation
could be improved by a higher measuring frequency.
Additional pre-processing of cow individual spectra as
described in Melfsen et al. (2012b) could also improve
the general prediction accuracy especially when it comes
to the course of single constituents like the LCFA
concentration.
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