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Introduction 

Genetic evaluation of dairy animals requires rather large datasets, possibly larger than what is 
feasible to observe directly through chemical analyses for milk composition and quality traits 
because they are costly and time consuming. An alternative and more convenient method – 
use of infrared (IR) spectra – has been proposed (Goulden, 1964). Fourier transformed 
Infrared (FTIR) spectrometry is among several vibration spectroscopy techniques applied in 
dairy analysis, which utilize mid infrared region of the light spectra.  
 
The usual practice today is that milk component phenotypes are predicted using FTIR spectra 
and they are then together with pedigree information used in best linear unbiased prediction 
(BLUP) for calculation of individual breeding values (EBV). Here this is referred to as the 
indirect prediction (IP) approach. An alternative approach – a direct prediction method (DP) 
– is proposed, where genetic analyses are directly conducted on the milk FTIR spectral 
variables. Breeding values of all derived milk traits (protein, fat, fatty acid composition, 
coagulation properties, etc.) can then be predicted as traits correlated only to the genetic 
information of the spectra. The proposed method involves genetic analysis of several 
hundreds of spectral variables and is expected to benefit from utilization of information richer 
spectral data. 
 
Materials and Methods 
FTIR spectra and phenotype data: the raw FTIR spectra used in the study were obtained 
from TINE database. In this study 27,927 spectral observations from 14,869 goats of 271 
herds were included. Phenotype measurements (i.e. fat, protein and lactose) were obtained 
from the Norwegian Dairy Goat Control. These phenotypes were predictions based on the 
spectra. We use these predicted phenotypes because there was no phenotype available from a 
chemical analysis. Two datasets were created, one for calibrating a model (calibration 

dataset) and other for testing model performance (validation dataset).  The sizes of the 
datasets were 19,927 and 8,000 for calibration and test datasets, respectively.  
 
Models 
Prediction of breeding values for fat, protein and lactose percentages were obtained using two 
alternative prediction approaches:  
  
Indirect prediction (IP) 

This is the common approach used today for genetic evaluation of dairy animals. Milk 
composition phenotypes are collected using FTIR spectra. The predicted phenotypes are then 
together with pedigree information, and variance component estimates used in BLUP for 
estimation of individual breeding values. In this study this approach is referred as IP approach 
– see Figure 1. 
 
Direct prediction (DP) 

In this approach, the additive genetic variance components of all spectral variables and their 
breeding values were calculated first. Then breeding values for fat, lactose and protein 
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percentages were predicted as traits correlated to the genetic component of the FTIR spectra. 
The genetic component of the FTIR spectra was estimated after reducing the spectral 
dimension using principal component analysis (PCA). See Figure 1. 

 
Figure 1: Schematic representation of the indirect (IP) and direct prediction (DP) approaches 

 
Model evaluation: performances of the two approaches for prediction of breeding values 
were tested on the validation dataset. The two vectors of breeding values ( iU

~  and *~
iU  – see 

Figure 1) are two different predictions of the same breeding values each with their associated 
prediction error variances (PEV). Prediction error variances were obtained from the inverse of 
the coefficient matrix of the respective mixed models. 
 
Results and Discussion 
 
FTIR spectra genetic component: the PCA yielded eight components (latent traits) 
explaining 99.05% of the total spectral variation. The genetic variance ratios (heritability) of 
the latent traits varied from 0.198 to 0.382. The permanent environment effect ratios were 
between 0.135 and 0.227 and the residual variance ratios ranged from 0.404 to 0.634. 
 

Prediction error variance and relative genetic gain: One approach to measure the 
approximate relative gain due to the use of DP instead IP approach for prediction of breeding 
values is through comparing prediction error variances (PEV; Schaeffer, 1984). Table 1 
presents summary of estimated breeding values under the two approaches, mean PEV and 
relative reductions in mean PEV. The Table shows the use of direct approach reduced the 
mean PEV by 3.73% for fat, 4.07% for lactose and 7.06% for protein. 
 
The main difference between the IP and DP approaches is that the genetic analysis is carried 
out on the spectral variables for the latter method. Thus DP utilizes more information to 
evaluate animals through genetic and environmental correlations among the spectral variables. 
The DP method could be thought of as a multi-trait analysis on several hundreds of spectral 
traits. Therefore, the observed reductions in mean PEV (Table 1) are due to the fact that it 
combines the genetic relationship among spectral traits. These results are in agreement with 
studies testing the power of multi-trait over single trait models (Schaeffer, 1984; Gengler and 
Coenraets, 1996). 
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Table 1: Average PEV and relative reduction in PEV due to use of DP instead of IP method for prediction 

breeding values for Fat %, lactose % and protein % 

 Indirect prediction (IP) Direct prediction (DP) 

Fat Lactose Protein Fat Lactose Protein 

Mean_bv  0.0128  -0.0027  -0.0001  0.0098  -0.0022  -0.0020  

Std_bv  0.2925  0.0844  0.0980  0.2923  0.0871  0.1025  

Mean PEV  0.0882  0.0062  0.0077  0.0853  0.0059  0.0072  

Reduction in mean PEV*     
3.73%  4.07%  7.06%  

Mean accuracy  0.627  0.649  0.647  0.645  0.667  0.679  
Relative genetic gain

‡
     2.99%  2.77%  4.85%  

Mean_bv = average breeding value; Std_bv = standard deviation of the breeding values; Mean PEV= average 

values of the prediction error variance. 

* The relative reduction in mean PEV for using DP instead of IP 
‡
 The relative genetic gains are calculated for using DP method instead of using IP 

 
Given the prediction error variances, one can also compare improvement in accuracy and 
genetic gain resulting from genetic evaluation by the DP approach. For both methods the 
accuracies were calculated using estimated additive genetic variances and PEV. The relative 
genetic gains were then determined as a proportion of accuracies. Table 1 presents the mean 
accuracies for prediction of breeding values for fat, lactose and protein under both 
approaches. The Table also presents the relative genetic gain obtained by the use of the DP 
approach instead of the IP for genetic evaluation. The result shows that DP gives a better 
accuracy for all traits studied. The DP approach also increased the genetic gain by 2.99% for 
fat, 2.77% for lactose and 4.85% for protein (Table 1). 
 
The superiority of the DP approach in estimation of EBV more accurately (Table 1) is not a 
surprise because it combines information from strongly correlated spectral traits for the 
genetic evaluation. Lynch and Walsh (1998) pointed out that use of information from 
correlated traits improves the accuracy of breeding value prediction. Several other studies also 
concluded that genetic evaluation of correlated trait simultaneously (i.e. multi-trait model) 
improves prediction accuracy, thus increases genetic gain (Schaeffer, 1984). 
 
Implementation of a breeding scheme that aim at improving milk quality require identification 
of superior individuals and keeping them for breeding. In this study, genetic evaluation of 
animals using the direct approach (DP) and the indirect approach (IP) were compared for fat, 
protein and lactose percentages. The results show that the DP method improves the accuracy 
of identifying best individuals for all traits tested in the study. Moreover, lowly heritable traits 
could benefit more from the DP approach as it utilizes information from strongly correlated 
spectral traits to evaluate animals. To this end, with more detailed milk composition 
information such as free fatty acids and protein composition are becoming available for 
breeding, the DP approach has strong potential in dairy animals breeding schemes. 
 
The application of the DP approach is not limited to milk composition traits obtained from 
milk infrared spectroscopy, but could also be extended to any trait predicted from any 
spectroscopy method. For instance, genetic evaluations in beef cattle breeding, pig breeding, 
and fish breeding utilize spectroscopy techniques for acquisition of phenotypes. The 
principles of the DP approach could also be implemented in these breeding programs for 
estimation of variance components and prediction of breeding values. 
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