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ABSTRACT: The aim of this study was to test the 
effectiveness of mid-infrared spectroscopy (MIRS) to 
predict milk quality traits including free amino acids 
(FAA), milk protein fractions, and milk color. Milk samples 
were collected from a range of dairy breeds and individual 
milk proteins, FAA and color were quantified. Equations 
were developed to predict milk quality using a range of 
wavelengths of the MIR spectrum generated through 
routine milk recording as predictor variables. Prediction 
equations were tested using external validation. The 
correlation between true and predicted values (Rv) of 
protein fractions ranged from 0.27 (β-lactoglobulin A) to 
0.56 (α-s2-casein), the Rv of milk color ranged from 0.00 
(redness) to 0.71 (yellowness) while the Rv of FAA ranged 
from 0.12 (Threonine) to 0.72 (Valine).  
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Introduction 
 

Milk quality encompasses quality from a consumer, 
processor and producer perspective. For example, milk 
protein composition is of increasing importance to the dairy 
industry due to the global increase in cheese production and 
also is important for muscle synthesis stimulation. Similarly 
there are several health benefits associated with the free 
amino acids (FAA) found in milk, while milk color is 
important for human perception. However, despite the 
potential importance to the dairy industry of optimizing 
these quality traits, product quality is a suite of traits 
missing from the Irish national dairy breeding objective. 
Inclusion of product quality in Irish breeding objectives is 
hampered by current data collection methods which are 
expensive and laborious.  

 
Mid–infrared spectroscopy (MIRS) is a technique that 

studies the interactions between light and matter and is 
currently used by milk recording organizations worldwide 
to predict milk fat, protein, and lactose and has recently has 
been used to predict more detailed milk composition traits 
such as free fatty acids (De Marchi et al., 2011). The use of 
MIRS as a tool to predict detailed milk and animal 
measures is attractive since the MIR spectrum is available 
at no additional cost to routine milk recording.  

 
The aim of the present study was to test the 

effectiveness of MIRS to predict milk quality traits 
including twelve FAA, ten protein fractions and milk 
colour.  

 
 

Materials and Methods 
 

Data collection. Between August 2013 and February 
2014, 360 milk samples were collected from 4 breeds of 
cattle (Holstein Friesian, Jersey, Norwegian Red and 
Holstein-Jersey crossbreds) across 5 research farms in the 
south of Ireland and analysed using a Foss MilkoScan 
FT6000 (Foss Electronic A/S, Hillerød, DK). Within 24 
hours of sample collection all milk samples were preserved 
with Broad Spectrum Microtabs II (D&F Control Systems 
Inc., Norwood, MA, USA) and retained for further analysis. 

  
Milk sample analysis. Milk protein fractions were 

quantified using the Agilent 1200 reversed phase HPLC 
parashell column at 214 nm. Standard curves were 
developed by calculating peak areas at a range of known 
amounts of injected milk proteins.  

 
Free amino acids were quantified using a Jeol JLC-

500/V amino acid analyser (Jeol Ltd., Herts, UK) fitted 
with a Jeol Na+ high performance cation exchange column. 
Samples were de-proteinized and were then diluted 1 in 2 
with the internal standard, norleucine, to give a final 
concentration of 125 nm/ml.  Milk samples were put into a 
column packed with cation exchange resin and by flowing 
buffers at different pHs through the column, each amino 
acid component of the sample was separated and eluted 
from the column. Each FAA was quantified by monitoring 
the pigment created from the reaction with the ninhydrin 
reagent through flow colorimetry.  

 
 Milk color was measured using a Chroma Meter 

CR400 (Konica Minolta Sensing Europe, Edisonbaan 14-F, 
NE) and expressed according to the CIE-Lab colour space 
by reporting values for lightness (L*), redness (a*), and 
yellowness (b*) (CIE, 1978).  

 
All data were quality assessed and 2, 3 and 4 outliers 

were removed from the color, FAA and protein fractions 
analyses, respectively. Principal components analysis was 
carried out on MIRS data to identify spectral outliers that 
were subsequently removed from the data set (n = 3). Due 
to technical difficulties, up to 254, 308 and 317 milk 
samples had observations for protein fractions, FAA and 
color, respectively. Not all proteins or FAA were present in 
all samples (Table 1). 
 

 Prediction equations. Equations were developed 
to predict each milk quality parameter separately through 
partial least squares (PLS) regression (Proc PLS; SAS 
Institute Inc., Cary, NC) using regions of the mid-infrared 
spectrum as predictor variables. Prediction equations were 



tested through external validation whereby 30% of the 
validation data set (VD) was selected at random and 
removed from the development of the equation. The 
remaining 70% of the data (CD) were used to calibrate each 
prediction equation. Equations were also tested through 
one-at-a-time cross validation whereby one observation was 
removed and the equation calibrated using all remaining 
observations. The calibrated equation was subsequently 
tested on the single observation not included in the equation 
development. This process was iterated until all samples 
had been predicted once. Criteria used to determine the 
effectiveness of MIRS predictive models were the 
coefficient of correlation of cross validation (Rc) and 
external validation (Rv) and the root mean square error of 
cross validation (RMSEc) and external validation 
(RMSEv).  
 

Results and Discussion 
 
Milk samples analyzed ranged from 104 to 361 days 

in milk from animals of first to ninth parity. Mean fat and 
protein predicted from the MIR spectrum (through routine 
milk recording) were 4.58g/l and 3.86 g/l, respectively. 
Mean gold standard values are summarized in Table 1 and 
are consistent with previous studies. Caseins (CN) make up 
approximately 80% of milk proteins and consist of αs1-, 
αs2-, β-, and κ-CN fractions, in the ratio 3:1:3:1. The results 
of this study are consistent with these ratios; Mean values 
of 14.9, 3.9, 13.6 and 6.8 were observed for αs1-, αs2-, β-, 
and κ-CN respectively. Mean values of 1.14 and 5.91 
obtained for α-lactalbumin and β- lactoglobulin were not 
consistent with the expected 1:3 ratio.  

 
Results from the cross validation and external 

validation of equations to predict protein fractions, FAA, 
and milk color are summarized in Table 1. Cross validation 
accuracy of prediction of protein fractions ranged from 0.57 
(K-casein) to 0.76 (total β-lactoglobulin) and were 
consistent with those reported by Bonfatti et al. (2011) who 
used a large MIRS data set to predict milk protein fractions 
of Simmental cows. The Rc obtained for αs1-Casein, β-
Casein, K-Casein, and αs2-Casein are comparable to those 
described by De Marchi et al. (2009). The Rc of total 
proteins (i.e., total casein, total whey and total β-
lactoglobulin) were predicted with greater accuracy than 
their components since they were present in larger amounts 
in the milk. The greatest Rv values obtained for protein 
fractions were 0.56, 0.55 and 0.54 for α-s1-casein, α-
lactalbumin and total β-lactoglobulin respectively.  

 
The MIRS was a moderately accurate predictor of 

milk color, in particular yellowness (b*) with an Rc and Rv 
of 0.77 and 0.71, respectively. Less accurate predictions of 

color lightness and redness were obtained (Table 1). The 
yellow color of milk (b*) is associated with the level of β-
carotene and fat content present in the milk. (Tian et al., 
2010). The ability of the MIRS to accurately predict b* may 
therefore be associated with the moderate to high accuracies 
of predicting both the fat content (Soyeurt et al., 2011) and 
energy intake (McParland et al., 2012) of the grass fed cows 
used in this study.  

 
The present study provides the first estimates of the 

accuracy of MIRS to predict FAAs. Strong prediction 
accuracy of FAA were observed, particularly for Valine, 
Arginine and Glutamic Acid with an Rc as high as 0.85 
(Arginine) and an Rv as high as 0.72 (Valine) observed. 
Lower prediction accuracies were obtained for Threonine 
and Serine respectively, as these two amino acids were 
present in very small amounts in the milk (0.99 and1.6 µg/l 
respectively).  

 
Conclusion 

 
These results demonstrate the ability of MIRS to 

accurately predict milk protein fractions, FAAs and milk 
color. The present study is on-going to capture milk 
samples with additional variation to further strengthen the 
prediction equations of milk quality traits.  
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Table 1: Descriptive statistics of gold standard traits and fitting statistics* from cross and external validation of 
equations to predict protein composition, free amino acids and colour. 

 
   Cross Validation External Validation 
Trait Mean SD No.Recs RMSE R No.Recs RMSE R 
Protein fractions         
    α-s1-casein µg/l 14.93 5.26 192 0.19 0.59 62 0.18 0.51 
    α-s2-casein µg/l 3.94 0.66 176 0.25 0.63 78 0.24 0.56 
    β-casein µg/l 13.63 5.02 169 0.20 0.60 85 0.22 0.47 
    K-casein  µg/l 6.83 2.72 184 0.21 0.57 70 0.36 0.51 
    Total Casein µg/l 38.68 6.82 173 0.13 0.71 77 0.16 0.43 
    Total Whey Protein µg/l  7.12 2.28 186 0.23 0.69 68 0.29 0.52 
    Total β-lactoglobulin µg/l 5.91 1.94 180 0.18 0.76 71 0.40 0.54 
    β-lactoglobulin A µg/l 3.07 1.45 177 1.07 0.59 77 1.54 0.27 
    β-lactoglobulin B µg/l 3.15 1.78 177 1.53 0.60 73 1.74 0.43 
    α lactalbumin µg/l 1.14 0.34 177 0.22 0.72 73 1.15 0.55 
Free amino acids         
    Histidine µg/l 3.90 2.30 211 0.45 0.67 89 0.48 0.54 
    Lysine µg/l 8.30 11.8 222 0.94 0.72 85 1.16 0.62 
    Cysteic Acid µg/l 12.2 5.39 218 0.28 0.74 87 0.43 0.56 
    Valine µg/l 2.15 2.12  0.62 0.78  0.70 0.72 
    Glutamic Acid µg/l 25.67 14.24 215 0.35 0.76 90 0.46 0.54 
    Glycine µg/l 5.90 3.85 220 0.36 0.72 86 0.42 0.60 
    Aspartic Acid µg/l 1.97 1.23 172 0.55 0.58 63 0.52 0.30 
    Alanine µg/l 2.14 1.28 180 0.44 0.64 63 0.62 0.28 
    Arginine µg/l 4.52 3.14 204 0.27 0.85 96 1.36 0.69 
    Cysteine µg/l 2.80 1.56 191 0.34 0.57 101 0.40 0.25 
    Serine µg/l 1.60 1.14 194 0.62 0.45 88 0.75 0.23 
    Threonine µg/l 0.99 0.76 151 0.46 0.48 68 0.54 0.12 
CIE-Lab color indices         
    L* 81.46 1.53 218 0.02 0.54 99 0.02 0.32 
    b* 7.97 2.75 213 0.23 0.77 104 0.23 0.71 
    a* -3.88 0.73 218 0.66 0.00 99 0.91 0.00 
*RMSE=root mean square error of cross validation; R=correlation coefficient between true and predicted values    
 
 
 


