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1. INTRODUCTION

For a long time, the perception of consumers about 
fat from animal origin was linked to the increased risk 
of cardiovascular diseases, especially due to the large 
amounts of saturated fatty acids. The dairy products 
provide 15 to 25% of fat consumed by humans and 25 
to 35% of saturated fat (Chilliard et al., 2001). This 
statement of cognizance, even if the potential effects of 
saturated fatty acids are more nuanced (Chilliard et al., 
2001), has forced the dairy industry to consider new 
options to produce and promote healthy milk. A way 
of doing this, is to modify the milk fat composition to 
improve the nutritional quality of dairy products.

Bovine milk fat, with a percentage varying between 
3 and 5% (Jensen et al., 1990), is emulsified in the 
aqueous phase of milk. Milk fat globule is protected 
by a membrane partially derived from the plasma 
membrane of the lactating cell (Jensen et al., 1990; 
Danthine et al., 2000). The centre of this droplet 

is essentially composed by the lipids. The latter 
are complex both with the respect to lipids classes 
and to fatty acid components (Jensen et al., 1988). 
Triglycerides compose 98% of lipids present in bovine 
milk. The last 2% include small amounts of free fatty 
acids, mono- and diglycerides, phospholipids, sterols 
and hydrocarbons (Jenness, 1988). The analysis of fatty 
acids is difficult due to the volatile trend of short chain 
fatty acids and the large amounts of fatty acids present 
in milk (Jensen et al., 1988). Currently, 406 fatty acids 
are listed (Debry, 2001). However, few fatty acids 
represent the majority of fat present in bovine milk. 
Table 1 shows the contents of the principal fatty acids 
present in bovine milk based on the results obtained 
by Collomb et al. (2000). The 16 major fatty acids 
represented approximately 79% of milk fat content 
(Table 1). The fatty acids with the highest contents 
were C16:0 and C18:1 9-cis (Table 1). 

Typical milk fat from dairy cows contains 70% 
of saturated, 25% of monounsaturated and 5% of 
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polyunsaturated fatty acids (Grummer, 1991). Based 
on the previous results on the impacts of fatty acids on 
human health (e.g. Noakes et al., 1996; Hu et al., 1999; 
Parodi, 1999; Simopoulos, 2003), a composition of 
milk fat with potential positive effects on human health 
should be composed for 60% of monounsaturated 
(Pascal, 1996), 30% of saturated and 10% of 
polyunsaturated fatty acids (Hayes et al., 1992). Even 
if obtaining this particular fat composition is an utopia, 
fatty acid profile could be improved using different 
sources of variation. The interest to study the variation 
of fat composition in bovine milk is not recent. For 
instance, Smith et al. in 1916 discussed the effect of 
cottonseed oil on fat composition. Then, many studies 
focussed on feed supplementation with particular feeds 
to modify the fatty acid profile (e.g. Chilliard et al., 
2000 and 2001), especially to increase the fraction 
of unsaturated fatty acids in milk fat. Even if many 
results confirm the feeding impact, less information 
relate to genetic effect including breed differences and 
individual variability of the fatty acids. The aim of this 
paper is to review the impacts of genetic factors on the 
composition of bovine milk fat.

2. BREED DIFFERENCES

2.1. Fatty acids

Variation of milk fat content among dairy breeds has 
been known for a long time and is well described in 

the literature even if actual averages differ according 
to country and period. Table 2 gives an example of 
breed averages in the 1970s in the USA, representing 
lactation average fat content in milk produced by five 
dairy breeds (Gaunt, 1980). These data included over 
23,000 lactation records for cows milked twice a day 
for 305 days in 22 states in the United States. Highest 
and lowest milk fat contents were observed for milk 
from Jersey and Holstein cows, respectively (Table 2). 
As the fatty acids compose the milk fat, logically 
variability of fatty acid profiles due to breed differences 
should also exist.

Generally the breed influences on fatty acid profile 
were studied based on phenotypic differences observed 
for limited numbers of cows from various breeds fed 
with the same diet. Consequently although the obtained 
results did not represent exactly the breed differences, 
this type of research gives some indications. The first 
studies linked differences in milk fat composition to 
manufacturing properties. One of the oldest studies 
linked the technological properties of milk fat to the 
hardness of butterfat. Coulter et al. (1934) studied the 
variation of fatty acid contents among dairy breeds 
based on the estimation of iodine value. These authors 
observed that the butterfat produced by Channel Island 
cows was firmer than that produced by Holstein or 
Ayrshire cows.

Table 3 summarizes the results of breed differences 
obtained by several authors based on chromatographic 
data. All results are expressed in % of produced 
fatty acid content compared to that produced by 
Holstein breed. Majority of the studies focussed on 
the differences in fat composition between Jersey 
and other dairy breeds, especially to study the effect 
of a highest fat content on fatty acid profile. In 1964, 
Stull et al. reported that the composition of milk fat 
produced by Holstein breed was significantly different 
compared to that produced by Jersey and Guernsey 
for five individual fatty acids (C10:0, C12:0, C16:0, 
C16:1 cis and C18:1 cis) (Table 3). Higher contents 
of fatty acid with short and medium chain and a lower 
content of C18:1 9-cis were observed by Hermansen 

Table 1. Average contents of the main fatty acids 
present in bovine milk estimated from 35 milk 
samples — Concentrations moyennes des principaux 
acides gras du lait d’origine bovine estimées à partir de 
35 échantillons de laits (Collomb et al., 2000).

Fatty acids Mean (g of fatty acids/
 100 g of fat)

C4:0   3.23
C6:0   2.02
C8:0   1.19
C10:0   2.66
C10:1   0.29
C12:0   2.84
C14:0   9.51
C14:1 cis   0.83
C15:0   1.00
C16:0 23.90
C16:1 9-cis   1.25
C18:0   8.98
C18:1 9-cis 17.36
C18:2 9-cis,12-cis   1.21
C18:2 9-cis, 11-trans   1.44
C18:3 9-cis,12-cis, 15-cis   0.86

Table 2. Lactation average fat content of milks of five 
breeds — Pourcentage moyen en matière grasse estimé sur 
une lactation à partir d’échantillons de lait collectés chez 5 
races (Gaunt, 1980).

Breed Number of records Fat (g/100 g)
  Mean SD

Ayrshire 3,362 3.99 0.33
Brown-Swiss 2,621 4.16 0.35
Guernsey 6,956 4.87 0.45
Holstein 9,102 3.70 0.39
Jersey 6,354 5.13 0.54
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et al. (1990) in Jersey milk fat than in fat produced 
by heavier breeds. Palmquist et al. (1992) studied the 
differences of milk fat composition between Jersey 
and Holstein. These authors reported that the contents 
of C6:0 until C14:0 were 8 to 42% higher in Jersey 
compared to Holstein. Jersey fat contained a higher 
content of C18:0 (Palmquist et al., 1992). Few years 
later, these same authors confirmed that Jersey milk 
fat contained a higher proportion of short and medium 
chain fatty acids and lower proportions of C18:1 9-
cis than milk fat from Holstein cows (Beaulieu et al., 
1995) (Table 3). They found also that the content 
of C16:0 was lower in Jersey than in Holstein. This 
observation was not in agreement with Stull et al. 
(1964) but was also observed by DePeters et al. (1995) 
(Table 3). Beaulieu et al. (1995) indicated that the 
amount of fat yield stayed unchanged in function of 
the quantity of supplement food. Consequently, the 
observed changes in the fatty acid profile in milk fat 
reflected a modification in the amount of fatty acids 
synthesized by the mammary gland. These authors 
postulated that the de novo synthesis of fatty acids in 
Jersey cows was more inhibited than in Holstein breed 
at the first amount of added fat. The differences on 
fatty acids composition between Holstein, Jersey and 
Brown-Swiss cows were studied by DePeters et al. in 
1995. They reported that the content of short chain fatty 
acids did not change a lot between Jersey and Holstein 
milk fat (Table 3). Stull et al. (1964) and Beaulieu 

et al. (1995) reported that the proportion of medium 
chain fatty acids was higher and the content of C18:1 
9-cis was lower in Jersey than in Holstein milk fat. 
Higher proportions of C6:0 until C12:0 were produced 
by Jersey cows (Table 3). The total unsaturated fatty 
acids content was lower for Jersey than other studied 
cows. As for the previously reported results, White 
et al. (2001) showed that Jersey produced significantly 
higher concentrations of C6:0, C8:0, C12:0 and C14:0 
than Holstein. This last breed produced significantly 
higher contents of C16:1 and C18:1. Based on these 
results, Jersey cows seemed to produce more fatty 
acids with short and medium chain compared to 
Holstein. Consequently, the production of a highest 
content of fat in bovine milk seems to be linked to a 
lowest content of unsaturated fatty acids. So, this fat 
composition involves a production of a harder butter 
and milk with less interest for human health. Indeed, 
different studies based on the impact of fatty acids on 
human health (e.g. Bonanome et al., 1988; Grummer, 
1991; Hu et al., 1999) showed that the fatty acids with 
medium carbon chain, especially C14:0, increased 
more the risk of cardiovascular diseases compared 
to other fatty acids and especially unsaturated fatty 
acids.

Only one study was found to describe the differences 
between Brown-Swiss and Holstein. DePeters et al. 
(1995) showed that Brown-Swiss milk fat contained 
the lowest content of C18:3.

Table 3. Differences for the fatty acid profile across dairy breeds compared to Holstein breed. Significance level was added 
in brackets — Différences de profil en acides gras entre diverses races laitières comparées à la race Holstein. Le niveau de 
signification a été ajouté entre parenthèses.

 Differences of fatty acid contents compared to Holstein (in %)

 Guernsey Jersey   Brown-Swiss  Montbeliarde Normande

 Stull1 Stull1 Beaulieu2 DePeters3 DePeters3 Kelsey5 Lawless4 Lawless4

N 25 10 8 23 29 106 29 27

C4:0   -2.43 -4.90 -1.47 +12.36 -5.50 -2.75
C6:0 +20.73 +8.54 +16.67 (*) +3.32 (*) +2.21 +7.32 -2.54 +0.85
C8:0 +13.16 +15.79 +38.46 (**) +7.55 (**) +5.03 (**) +13.13 +1.02 +5.10
C10:0 +14.29 (**) +34.10 (**) +43.33 (***) +13.59 (**) +4.08 (**) +14.22 +6.98 +9.30
C10:1 +12.5 +70.83     -16.67 0.00
C12:0 +7.59 (**) +36.90 (**) +42.86 (***) +16.90 (**) +6.34 (**) +14.41 +6.46 +10.77
C14:0 +5.64 +9.26 +8.62 (*) +2.36 +2.14 +4.66 +2.61 +1.87
C14:1 cis -11.31 -4.76    -1.64 -28.09 -10.11
C15:0 -6.80 -2.04    -6.76  
C16:0 +7.20 (**) +5.63 (**) -6.79 (*) -1.24 -1.70 +0.96 -11.49 -8.15
C16:1 9-cis -7.14 (**) -16.67 (**)  -9.55 -1.51 -13.08    
C18:0 +4.64 +1.12 +12.50  +6.61 (**) -6.83 (**) -3.42 +10.89 +14.93
C18:1 9-cis -11.15 (**) -12.92 (**) -12.72 (**) -9.51 +3.91 -1.96 +5.37 (a) +1.37 (a)
C18:2  -4.92 -4.64 0.00 +1.58 -4.74 -5.80 +5.94 +3.96
CLA      -6.82 +13.07 -5.11
C18:3  -19.79 -32.29 -16.67 +15.50 (*) -6.98 -2.56 +1.22 -6.10

1 Stull et al., 1964; 2 Beaulieu and Palmquist, 1995; 3 DePeters et al., 1995; 4 Lawless et al., 1999 (compared to Dutch Holstein; P values 
not indicated); 5 Kelsey et al., 2003 (P values not indicated); (a) = total of C18:1 ; * = P < 0,05; ** = P < 0,01; *** = P < 0,001.
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The study of Lawless et al. (1999) focussed on 
the differences on fatty acid profile between Holstein, 
Montbeliarde and Normande. These authors showed 
that Dutch Holstein had higher C16:0 concentrations 
than the other studied breeds. Normande and 
Montbeliarde produced the milk fat with the highest 
C18:0 (Table 3).

Thanks to its potential positive effects on human 
health, a specific type of fatty acids, the conjugated 
linoleic acids (CLA), shows a large interest. CLA is a 
term representing a mixture of positional and geometric 
isomers of octadecadienoic acid with a conjugated 
double bond system (Kelsey et al., 2003). Rumenic 
acid, C18:2 9-cis, 11-trans is the major CLA isomer 
found in dairy products accounting for 75 to 90% of the 
total CLA in milk fat (Bauman et al., 1999). This isomer 
is known for its anti-carcinogenic properties showed 
on animal model (Parodi, 1999). Another isomer, 
C18:2 10-trans, 12-cis seems to be also interesting for 
its action on the lipid status (Chilliard, 2001; Pariza 
et al., 2001). Moreover, other effects of CLA were 
shown: anti-obesity (Park et al., 1997), suppression of 
carcinogenesis (Ip et al., 1994; Belury, 1995), immune 
modulation by increasing of IgA, IgG et IgM and by 
decreasing IgE (Cook et al., 1993; Debry, 2001), anti-
atherogen (Nicolosi et al., 1997; Debry, 2001) and 
effect on diabetes (Houseknecht et al., 1998). Due to 
these positive effects on human health, some studies 
are focussed on feed supplementation to increase 
CLA content in milk and more less studied the breed 
differences. However, Lawless et al. (1999) observed 
a variation of conjugated linoleic acid (CLA) between 
dairy breeds. These authors reported that breed had 
some influence on CLA content of milk and that a cow 
yielding high levels of milk fat CLA sustained this 
production over time. Montbeliarde milk fat contained 
the highest level of CLA and Normande the lowest 
content compared to Dutch Holstein (Lawless et al., 
1999) (Table 3). Lawless et al. (1999) were not the 
only authors to study the variation of CLA among dairy 
breeds. White et al. (2001) showed that Holstein breed 
produced significantly higher concentrations of CLA 
than Jersey. Kelsey et al. (2003) studied the variation 
of fatty acids, especially of CLA, among Holstein 
and Brown-Swiss cows. Holstein milk fat contained 
a higher content of CLA in milk. However, these 
authors mentioned that the difference among studied 
dairy breeds were not significant. Breed accounted 
for less than 0.1% of the total variation in the CLA 
concentration in milk fat.

Independently of the variation of fatty acids across 
dairy breeds, Lawless et al. (1999) showed also some 
significant differences, especially for C16:0, on the 
fatty acid profiles among Holstein cows from two 
separate origins, Irish and Dutch Holstein. These 
individual variations suggest that additional factors 

must affect the fat composition in bovine milk e.g. 
the rumen environment (pH, time of rumination, etc.), 
physiological differences (size of intestine, the activity 
of mammary gland, etc.).

2.2. δ-9 desaturase

The variation of milk fat composition observed 
among dairy breeds could be partially explained 
by the metabolic process of fatty acids synthesis. 
Aforementioned, Beaulieu et al. (1995) have used a 
metabolic interpretation based on the de novo synthesis 
to explain the differences in the response of Jersey 
and Holstein cows to the addition of fat in the animal 
ration.

By the introduction of a cis-double bond between 
carbons 9 and 10 in the carbon chain of fatty acids 
(Bauman et al., 1999), δ-9 desaturase is an important 
enzyme in the production of unsaturated fatty acids. 
The iron that composes the δ-9 desaturase enzyme, also 
named stearoyl-CoA desaturase (SCD), with the action 
of NADPH, cytochrome b5 reductase, cytochrome 
b5 and oxygen, catalyzes this desaturation (Ntambi, 
1995; Yahyaoui et al., 2002). As its activity permits 
the conversion of C18:1 11-trans into C18:2 9-cis, 
12-cis, this enzyme is responsible to the endogenous 
production of the major isomer of CLA in bovine milk, 
the rumenic acid (Kinsella, 1972; Bauman et al., 1999). 
The conversions of C18:0 into C18:1 9-cis, C16:0 into 
C16:1 9-cis, C14:0 into C14:1 9-cis and C10:0 into 
C10:1 9-cis in mammary cells are also regulated by this 
enzyme. Consequently, the variation of δ-9 desaturase 
activity could partially explain the fluctuation of the 
contents of monounsaturated fatty acids and CLA in 
bovine milk fat. Lock et al. (2003) estimated the ratio 
product/substrate (e.g. C14:1 9-cis/C14:0) to study 
the seasonal variation of the δ-9 desaturase. These 
authors suggested that a molecule contained in the 
grass could induce a higher δ-9 desaturase activity, 
and thus, explain the seasonal variation. Based on 
the ratio substrate/product (e.g. C14:0/C14:1 9-cis), 
Chouinard et al. (1999) showed that the δ-9 desaturase 
activity was influenced by dietary supplementation. 
In addition to these extrinsic factors, Peterson et al. 
(2002) suggested that the variation of CLA content in 
milk fat among individuals was related to the rumen 
biohydrogenation and δ-9 desaturase activity. If the 
variation of the δ-9 desaturase activity permitted to 
explain partially some phenotypic differences observed 
in the CLA content, the activity of this enzyme should 
vary genetically. In this sense, Kelsey et al. (2003) 
showed a δ-9 desaturase activity difference between 
Holstein and Brown-Swiss breeds from the estimation 
of the ratio substrate/(substrate + product) (e.g. 
C14:0/(C14:1 9-cis + C14:0). Holstein cows showed 
the highest δ-9 desaturase activity. The lowest contents 
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of monounsaturated fatty acids and CLA observed 
by Kelsey et al. (2003) for Holstein breed could be 
explained by this enzymatic activity (Table 3). As 
the ratio C18:1/C18:0 could reflect the δ-9 desaturase 
activity, the lowest value of this ratio observed for 
Jersey could also explain the lowest contents of 
monounsaturated fatty acids and CLA observed by 
DePeters et al. (1995) for this breed.

3. HERITABILITY

3.1. Fatty acids

Gibson (1995) mentioned that effective genetic 
improvement requires genetic variation, a mechanism 
of selection, and an economic incentive for the 
improvement. Economic incentives will not be 
discussed as evolution of milk price is yet uncertain; 
however several authors reported estimation of 
genetic parameters for the fatty acid profile in milk. 
Unfortunately even if already several feeding studies 
concluded towards a possible genetic effect, only 
a restricted number focussed on the estimation of 
genetic parameters of fatty acid contents. Most 
feeding studies, as for Beaulieu et al. (1995), observed 
differentiated reactions of cows from different breeds 
to dietary changes, a clear indication that the genetic 
factor might be important.

One of the first studies about the genetic variability 
of fatty acid profile was conducted by Edwards et al. in 
1973. Very high heritability estimates ranging between 
0.64 and 0.98 were obtained by these authors. In their 
research, the environmental variance was estimated as 
the sum of variances within monozygotic twins and 
half of the genetic variance added to the environmental 
variance was the sum of variances within dizygotic 
twins. This estimation method is today considered 
unreliable and these values were probably highly 
overestimated. Few years later, Renner et al. (1974a) 
reported heritability values equal to 0.26, 0.06 and 0.04 
for the contents of fatty acid with short and medium 
chain and for the C18 family in milk fat, respectively. 
Estimates of 0.26, 0.25 and 0.02 for the contents of 
fatty acids with short and medium carbon chain and for 
the C18 family in milk (% in milk), respectively, were 
also shown by these authors. From these estimates, 
fatty acid contents in milk seemed to be more heritable 
than the contents of fatty acid in milk fat (% in milk 
fat). Values of heritability estimated by Karijord et al. 
(1982) were different from those observed by Renner 
et al. (1974a). They were on average 0.13, 0.14 and 
0.10 for fatty acid contents with short and medium 
carbon chain and for the C18 family in milk fat, 
respectively.

3.2. δ-9 desaturase

Even if no articles about the estimation of genetic 
parameters for the δ-9 desaturase were found, some 
authors who focussed on the variation of this enzymatic 
activity concluded towards the existence of some 
genetic influences. For instance, Kelsey et al. (2003) 
showed that the average content of CLA in the studied 
animal population was 4.3 mg.g-1 of fatty acids but the 
range among individuals was approximately threefold 
(2.3 to 7.2 mg.g-1 of fatty acid). Even if the stage of 
lactation, the milk production level, and the diet were 
identical among cows, a substantial variation among 
individuals was still observed as reported by Kelly 
et al. (1998). However one abstract written by Royal 
et al. (2005) reported the variances components and 
heritability of δ-9 desaturase ratios estimated on 1,520 
Holstein-Friesian. These authors found heritability 
values equal to 0.30, 0.19 and 0.29 for C14:1/
(C14:0+C14:1), C18:1 9-cis/(C18:1 9-cis+C18:0) 
and C18:2 9-cis,11-trans/(C18:2 9-cis,11-trans+C18:1 
11-trans), respectively. Only C16:1/(C16:0+C16:1) 
showed a heritability equal to 0.01. These results 
confirmed an individual genetic variability of the  
δ-9 desaturase activity.

4. GENETIC CORRELATIONS

Another important type of genetic parameter besides 
heritability, are genetic correlations. In particular, the 
genetic correlations among fatty acids are important 
to investigate the potential effects of animal selection 
on the fatty acid profile in bovine milk. These effects 
depend on the relative interdependence of fatty acids. 
Only two studies were found.

The genetic correlations between traditional 
production traits (milk yield, fat and protein contents) 
and fatty acids with short and medium carbon chain 
and for the C18 family were estimated by Renner et al. 
(1974b). These authors observed that the relationships 
between milk yield and the studied group of fatty acids 
were relatively low. Only the content of fatty acids with 
short chain in milk seemed to be positively correlated 
with milk yield (0.24). Karijord et al. (1982) estimated 
the genetic correlations between the individual fatty 
acids and the traditional production traits. Their results 
were more diverse. Genetic correlations close to 0 
were observed between C16:1, C17:0, C18:1 and milk 
yield. Positive genetic correlations ranged between 
0.11 and 0.24 were obtained between the individual 
saturated fatty acids and milk yield, except for C15:0 
and C16:0 (-0.58 and -0.14, respectively). Negative 
genetic correlations ranging between -0.11 and -0.35 
were found between unsaturated fatty acids and milk 
yield, except for C18:2 (0.35).
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Renner et al. (1974b) indicated that the content 
of saturated fatty acids with medium chain became 
higher when the percentage of fat increased. As the 
percentage of fat in Jersey milk is high (Table 2), this 
observation could probably explain the higher contents 
of C12:0, C14:0 and C16:0 in Jersey fat compared to 
Holstein breed as observed by various authors (e.g. 
Beaulieu et al., 1995; DePeters et al., 1995). The 
genetic correlation between the content of fatty acids of 
the C18 family in fat and the fat percentage estimated 
by Renner could negative explain partially the lowest 
content of unsaturated fatty acids observed for Jersey 
breed. The same results were obtained by Karijord 
et al. (1982).

Table 4 describes the genetic correlations estimated 
by Karijord et al. (1982) between the contents of fatty 
acids in milk fat. The values of genetic correlation 
estimated among the contents for major fatty acids 
were extremely variable and ranged from -0.68 to 
0.97. Generally, positive genetic correlations were 
observed between the fatty acids belonging to the 
same class of fatty acids (saturated, monounsaturated 
or polyunsaturated fatty acids). On the other hand, 
the contents of monounsaturated or polyunsaturated 
fatty acids were negatively correlated with saturated 
fatty acids. High positive correlations between fatty 
acids with short and medium chain except C16:0 are 
shown in Table 4. The same observation can be made 
among the polyunsaturated fatty acids and among the 
monounsaturated fatty acids. C16:0 and C18:0 seemed 
to have a different behaviour. C16:0 was negatively 
correlated with all studied fatty acids except C14:1 
and C16:1. C18:0 was negatively correlated with 
C12:0, C14:0 and unsaturated C18 family. The genetic 
correlations between the individual monounsaturated 
fatty acids and C18:2 were positive except for C16:1. 
This observation could be explained by the effect of 
the δ-9 desaturase. However, the results have to be 

interpreted cautiously because some doubts may exist. 
As a matter of fact the values of heritability estimated 
for milk and fat content by Karijord et al. (1982) tended 
to be very low (0.09 for these 2 traits), indicating 
potential data quantity and quality problems.

5. CONCLUSION

Our literature review focussed on the genetic variability 
of fatty acids in bovine milk and showed a shortage 
of information concerning the genetic parameters of 
these traits. Available results showed the existence of 
breed effects. Especially the differences of fatty acids 
composition between Holstein and Jersey breeds. 
Jersey produced less unsaturated fatty acids in milk 
fat probably due in part to a lower δ-9 desaturase 
activity observed in this breed. Few studies reported 
genetic parameters showing the existence of a genetic 
variability of fatty acid profile in bovine milk. Globally 
the values of heritability were moderate. Heritabilities 
of saturated fatty acids were higher than those observed 
for unsaturated fatty acids. The variation in the δ-9 
desaturase activity could partially explain the variation 
observed in the contents of monounsaturated fatty 
acids and CLA in milk. Negative genetic correlations 
were observed between unsaturated fatty acids and fat 
content. It could explain why, in the available studies, 
the Holstein breed with the lowest fat percentage 
showed the highest contents of unsaturated fatty 
acids. The positive genetic correlations showed strong 
relationships between some fatty acids in bovine 
milk fat. Based on an unique study reporting genetic 
correlations among individual fatty acids, an animal 
selection based on the fatty acid content could target 
potential interesting groups of fatty acids and not 
exclusively a specific fatty acid. Based on these genetic 
parameters and in spite of the lack of accurate estimates, 

Table 4. Genetic correlations between the major fatty acids in milk estimated from 7,000 milk samples — Corrélations géné-
tiques entre les principaux acides gras du lait à partir de 7000 échantillons de lait (Karijord et al., 1982).

 C6:0 C8:0 C10:0 C12:0 C14:0 C14:1 C15:0 C16:0 C16:1 C17:0 C18:0 C18:1 C18:2

C8:0 0.89            
C10:0 0.70 0.93           
C12:0 0.59 0.88 0.97          
C14:0 0.48 0.71 0.80 0.84         
C14:1 -0.03 0.12 0.01 0.21 0.10        
C15:0 -0.20 -0.07 -0.05 0.01 0.06 0.11       
C16:0 -0.25 -0.38 -0.35 -0.30 -0.27 0.01 -0.22      
C16:1 -0.28 -0.29 -0.29 -0.21 -0.32 0.32 -0.49 0.46     
C17:0 0.08 0.17 0.15 0.17 0.28 0.11 0.77 -0.36 -0.60    
C18:0 0.22 0.10 0.10 -0.08 -0.01 -0.58 0.26 -0.49 -0.70 0.33   
C18:1 -0.57 -0.60 -0.68 -0.63 -0.65 0.12 0.04 -0.28 0.25 -0.08 -0.14  
C18:2 -0.02 -0.05 -0.19 -0.20 -0.38 0.11 -0.59 -0.30 -0.12 -0.13 -0.07 0.61 
C18:3 -0.38 -0.35 -0.48 -0.39 -0.52 0.39 0.25 -0.23 0.29 -0.09 -0.30 0.84 0.65
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the contents of monounsaturated fatty acids and CLA 
could increase simultaneously in bovine milk.
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