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ABSTRACT: Dairy goats are a potential source of animal 
protein that can address the future animal protein 
requirement. Milk and dairy foods are the main source of 
total fat and saturate fatty acids, risk factors of the coronary 
heart disease. Other important milk fatty acids, in particular 
linoleic acid and its conjugated showed anti-carcinogenic, 
immunological and anti-inflammatory effects. Candidate 
genes, quantitative trait loci and genome-wide association 
studies are trying to identify regions associated with milk 
fat composition in order to select individuals carrying the 
most favorable composition, but very few markers were 
identified. A preliminary study was conducted to verify if, 
using genomic data, the canonical discriminant analysis 
could be adopted to distinguish goats producing different 
levels of fatty acids. Further study is required to confirm the 
results suggesting that a 50 SNP panel could be useful. 
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Introduction 
 

According to FAO (2007), by 2050 the world's 
population will reach 9.1 billion, with a subsequent increase 
of the global demand for food and especially animal 
products (+25%). According to Haenlein (2004) goats are 
already the main supplier of animal protein (dairy and meat 
products) for rural populations. To adapt quickly and 
effectively to these changes, satisfy new markets and 
respond to climate change, genetic variations has to be 
exploited to obtain the required food quantity, quality and 
security. The first version of draft assembled goat genome 
is available from the end of 2011 and a commercial SNP 
array by Illumina is now available also for the goat specie 
(53,347 SNP), thanks to the International Goat Genome 
Consortium. 

Even though dairy goats are a potential source of 
animal protein that can address the new world challenges 
(Norris et al., 2011), milk and dairy foods are the main 
source of total fat and saturate fatty acids (FA) in many 
European countries. Epidemiological studies have shown 
that saturated and trans FA are the main risk factors of the 
coronary heart disease (Funaki, 2009; Kennedy et al., 
2009). On the contrary, polyunsaturated fatty acids, and in 
particular linoleic acid (C18:2c9c12) and its conjugated 
acids, play a role in the modulation of plasma lipid 
concentrations, showed anti-carcinogenic, immunological 
and anti-inflammatory effects (Haug et al., 2007). Since 
drastically reduce the dairy products consumption is not an 
option, an alternative is to act on the composition of the 
fatty acid profile. The biosynthesis of milk fat is a 
complicated process regulated by many genes belonging to 
several pathways (Bionaz and Loor, 2008). Especially in 

cattle candidate genes approaches, quantitative trait loci and 
genome-wide association studies are trying to identify 
regions and polymorphisms associated with milk fat 
composition (Schennink et al., 2009; Stoop et al., 2009; 
Bouwman et al., 2011 and 2012), but very few markers 
were identified. A preliminary study was conducted to 
verify if, using genomic data, the canonical discriminant 
analysis could be adopted to distinguish goats producing 
different levels of fatty acids. The approach was already 
successfully applied for bovine breed assignment and 
traceability purposes (Dimauro et al., 2013). 

 
Materials and Methods 

 
Biological samples collection and analysis. Milk 

and blood were collected on a total of 149 pluriparous 
Alpine goats reared at the same condition at the 
"Guidobono Cavalchini” experimental farm of the 
University of Milan, located in Borgo Adorno (AL), 
Northern Italy. Milk samples were collected once during 
morning milking, immediately refrigerated at 4°C without 
preservative, prepared for the following fatty acids 
composition analysis and stored at -20°C until fatty acids 
composition determination. Blood samples were collected 
in EDTA vacutainers (BD Vacutainer Systems, Plymouth, 
UK), immediately refrigerated at 4°C and stored at -20°C 
until analysis. 

The FA composition was determined by gas 
chromatography using a ThermoQuest gas chromatograph 
(Milan, Italy) as described in Conte et al. (2010). Data on 
milk yield, fat and protein percentage were also recorded. 
Days in milk were 150 ± 17. 

DNA was extracted from frozen whole blood 
samples using the NucleoSpin® Blood kit (Macherey-
Nagel, Düren, Germany) starting from 200 µl of blood. 
Extracted DNA was analyzed using a NanoDrop ND-1000 
UV-Vis Spectrophotometer (NanoDrop Technologies, Inc., 
Wilmington, DE, USA) to assess DNA concentration and 
purity, whereas DNA integrity was verified by 
electrophoresis in 1% agarose gel. Genotyping was 
performed with the 53.347 SNPs Illumina Infinium 
iSelectHD Custom Bead Chip on a subset of 68 goats. 
 

Statistical analyses. Basic statistical analyses 
were performed using R base. Mean and standard 
deviations of milk traits and the main fatty acids were 
calculated for the 149 goats in order to identify the highest 
number as possible of individual belonging to the tails of 
the distributions for the selected traits (Table 1). Each trait 
was then recoded as 1 or 3 if belonging to the negative or 
positive tail of the distribution respectively, and as 2 if not 
belonging to any tails, thus classifying the individual into 



low (1), medium (2) or high (3) level of production for each 
trait. 

 
Table 1. Summary statistics of milk traits and the main 
fatty acids. 

Trait  Mean STD 
Milk Yield (Kg) 1.22 0.25 
Fat (%) 4.39 0.61 
Protein (%) 3.71 0.33 
C10:0 Capric acid 12.75 1.84 
C14:0 Myristic acid 9.20 1.20 
C16:0 Palmitic acid 23.52 2.65 
C18:0 Stearic acid 6.51 1.31 
C18:1c9 Oleic acid 17.27 4.23 
C18:2c9-t11 Rumenic acid 0.37 0.09 

SFA Saturated fatty 
acids 73.23 5.25 

MUFA Mono-unsaturated 
fatty acids 24.51 4.67 

PUFA Poly-unsaturated 
fatty acids 4.01 0.58 

n-6/n-3  2.27 0.39 
 
Genotyping data were analyzed by PLINK. Only 

markers located on the 29 autosomes were considered. 
SNPs that were monomorphic, not in Hardy–Weinberg 
equilibrium, and with minor allele frequency lower than 5% 
were removed. Thus fixed SNP and potential genotyping 
mistakes were discarded. Aiming to detect a pool of highly 
discriminant markers, only SNP in linkage equilibrium 
were retained. Since canonical discriminant analysis 
required no missing data all the SNP with missing data 
were also excluded. Only 4,330 SNP were submitted to the 
following analysis. For these SNP genotypes were coded as 
0, 1 or 2 depending on the number of copies of the B allele 
carried by the individual. 

Correlation among the remaining SNP were 
calculated in order to further reduce the number of SNP to 
be analyzed by the canonical discriminant analysis. A final 
dataset of 50 SNP was used in the canonical discriminant 
analysis applied to discriminate animals whose milk had a 
high, medium or low content of each of the measured trait. 
MASS and Candisc R packages were used to perform the 
analysis. After differences among groups were assessed, the 
canonical functions were applied to each animal, producing 
the discriminant score and assigning an individual to a one 
of the three groups. 

 
Results and Discussion 

 
The general objective of canonical discriminat 

analysis is to distinguish among different populations using 
a particular set of variables (Mardia et al., 2000). Although 
within the present data set very few individuals were 
included in the two tails of the distribution for each trait, all 
CAN1 vs. CAN2 plots displayed a clear separation among 
groups, as can be seen in the examples shown in Fig. 1. The 
separation worked particularly well for SFA, whereas it was 
less efficient for capric acid (C10:0) and stearic acid 
(C18:0). All the individuals were actually correctly 

assigned to the three categories (high, medium or low 
content) except for 2 individuals: for the capric acid 
(C10:0) and stearic acid (C18:0) an individual with a low 
and a high production level respectively were assigned to 
the medium level production.  

 

 

 
 

Figure 1. Graphs of the two canonical functions (CAN1 
and CAN2) obtained for Stearic acid (C18:0) and 
Saturated fatty acids (SFA) using 50 SNP. Individual 
with a high, medium or low content of C18:0 and SFA 
are indicated with a triangle, a square and a circle 
respectively.  

 
Conclusion 

 
Although the present dataset was small and 

included very few individuals in the two tails of the 
distribution, results suggest that canonical discriminant 
analysis could be used on genomic data to differentiate 
individual producing different quantity of each fatty acids. 
Further work is required to confirm the obtained results and 
the selected SNP data set should be validated in 
independent populations before applying the proposed 
method for the selection of individuals producing the 
desired fatty acid composition.  
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