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ABSTRACT

Interest in changing the milk fatty acid profile is
growing. However, little is known about the genetic
variability of milk fatty acids in the US Holstein popula-
tion. Therefore, genetic parameters for milk fatty acids
were estimated using a single-trait, mixed, linear ani-
mal model on 592 individual milk samples from 233
daughters of 53 sires in a cow herd genetically represen-
tative of the US Holstein population. Heritability (h2)
and repeatability (r) estimates ± standard errors for
yields of individual fatty acids ranged from 0.00 ± 0.08
(C4:0) to 0.43 ± 0.13 (C12:0) for heritabilities and from
0.21 ± 0.05 (C18:1) to 0.43 ± 0.05 (C12:0) for repeatabilit-
ies. Saturated (h2 = 0.23 ± 0.12; r = 0.36 ± 0.05) and de
novo synthesized fatty acids (C6:0 to C14:0; h2 = 0.30
± 0.13; r = 0.40 ± 0.05) had numerically higher estimates
than did monounsaturated (h2 = 0.09 ± 0.09; r = 0.22
± 0.05) and polyunsaturated fatty acids (h2 = 0.08 ±
0.09; r = 0.27 ± 0.05). For relative proportions of individ-
ual fatty acids, the greatest heritability and repeatabil-
ity estimates were obtained for C8:0 (h2 = 0.18 ± 0.12;
r = 0.36 ± 0.05), C10:0 (h2 = 0.22 ± 0.13; r = 0.46 ± 0.05),
C12:0 (h2 = 0.18 ± 0.12; r = 0.46 ± 0.05), C16:0 (h2 =
0.09 ± 0.12; r = 0.48 ± 0.05), C16:1 (h2 = 0.49 ± 0.13;
r = 0.49 ± 0.05), and C18:0 (h2 = 0.24 ± 0.11; r = 0.39
± 0.05). Our results suggest the existence of genetic
variability of milk fatty acids, in particular of medium-
and long-chain fatty acids (C8:0 to C18:0), which could
be used to improve the nutritional and textural proper-
ties of milk fat by selective breeding.
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Typical milk fat of cows comprises 70% saturated,
25% monounsaturated, and 5% polyunsaturated fatty
acids (Grummer, 1991). A concern to consumers of dairy
products is the high ratio of saturated to unsaturated
fatty acids because of the linkage between intake of
saturated fatty acids and various biological markers
for cardiovascular disease risk in humans, including
elevated blood pressure, insulin resistance, and hyper-
lipidemia, particularly of low-density lipoprotein cho-
lesterol (Vessby et al., 2001; Sacks and Katan, 2002;
Mensink et al., 2003; Rasmussen et al., 2006). Cow
nutrition has been used primarily to alter milk fatty
acid composition (Palmquist et al., 1993; Henning et
al., 2006). Feeding cows rumen-protected unsaturated
lipids decreases the proportion of saturated fatty acids,
specifically myristic (C14:0) and palmitic acid (C16:0),
in dairy products, which results in decreased serum
total and low-density lipoprotein cholesterol in humans
consuming the modified dairy products (Noakes et al.,
1996; Poppitt et al., 2002).

Genetic selection has been proposed to alter milk
fatty acid composition (Palmquist et al., 1993; Soyeurt
et al., 2006). Differences in milk fatty acid profiles
within and across cattle breeds have been reported
(DePeters et al., 1995; Kelsey et al., 2003; Auldist et
al., 2004; Soyeurt et al., 2006). Less is known about the
genetic variability of milk fatty acids within breeds.
Studies that estimated sources of genetic variation of
milk fatty acids were conducted in Europe several de-
cades ago, and none of the studies used an animal model
(Edwards et al., 1973; Renner and Kosmack, 1974; Kari-
jord et al., 1982; Syrstad et al., 1982). Thus, the objec-
tive of this study was to estimate sources of genetic
variation of milk fatty acids in US Holstein cows by
using a single-trait, linear animal model. We hypothe-
sized that fatty acids that are synthesized de novo in
the mammary gland (C6:0 to C14:0 and partly C16:0;
Palmquist et al., 1993) have significant genetic varia-
tion and, therefore, have the potential to be altered by
genetic selection.

Monthly (from August 1993 to July 1994), milk sam-
ples (each sample consisted of milk taken from one
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morning and one evening milking in equal amounts)
were collected from each lactating Holstein cow (24 to
144 mo of age, 1 to 10 lactations) at the Iowa State
University Dairy Breeding Research Facility (Ankeny,
IA). For fatty acid analysis, a representative subset
of milk samples was selected (Bobe et al., 2007). The
sampled herd comprised 2 genetic lines (high and aver-
age milk PTA), and sires are genetically representative
of the US population (Bobe et al., 2007). Details about
cow management and chemical analyses of milk sam-
ples have been described previously (Bobe et al., 2007).

Raw means for yields, concentrations, and relative
proportions of milk fatty acids were obtained using
PROC MEANS of SAS (version 9.1.3; SAS Institute,
2002). The phenotypic and genetic variation for yields,
concentrations, and relative proportions of milk fatty
acids were estimated by using a single-trait, mixed lin-
ear animal model:

Yijklmno = Parityi + SCj + LSk + SMl + Dietm

+ SCCGn + Z1ao + Z2peo + eijklmno,

where Yijklmno = vector of 592 daily milk records (e.g.,
milk fatty acid yield expressed in g/d, milk fatty acid
concentration expressed in g/L, and relative proportion
of a milk fatty acid expressed as weight % of an individ-
ual milk fatty acid to total milk fatty acids). The depen-
dent variables were distributed normally. The indepen-
dent fixed effects were: 3 parity groups (i = 1, 2 and
3, and >3); SC was 7 season of calving groups (j = winter
1992, spring 1993, ..., summer 1994); LS was lactation
stage (k = 1, 2, ..., 10, and >10 mo postpartum); SM
was year-month of sampling (l = August 1993, Septem-
ber 1993, ..., July 1994); 3 diet groups (m = high, me-
dium, and low lactational performance level); and
SCCG was SCC group (n = <250,000, 250,000–
1,000,000, and >1,000,000 cells/mL SCC). The matrices
Z1 and Z2 were incidence matrices for the random addi-
tive genetic (a) and permanent environmental (pe) ef-
fects of the cow o, respectively. The random residual
effect for each milk record is eijklmno. In addition to
animals with records, 53 sires, 132 dams, 92 grandsires,
and 206 granddams without production records were
included in the relationship matrix as well. All fixed
effects and their classifications contributed signifi-
cantly to the model.

The additive genetic, permanent environmental, and
residual variances for yields, concentrations, and rela-
tive proportions of milk fatty acids were estimated iter-
atively via derivative-free REML in MTDFREML
(Boldman et al., 1995). The convergence criterion for the
variance component estimates was 10−9. Heritabilities
were estimated from the ratio of σ2

a to the sum of σ2
a,
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σ2
pe, and σ2

e. Repeatabilities were estimated from the
ratio of the sum of σ2

a and σ2
pe to the sum of σ2

a, σ2
pe, and

σ2
e. Standard errors were estimated by the delta method

(Dodenhoff et al., 1998). Variances were assumed to be
the same for the various stages of lactation.

The estimates of phenotypic variation for yields, con-
centrations, and relative proportions of individual milk
fatty acids and groups of milk fatty acids were large
(Table 1), which is consistent with literature values
(Kelsey et al., 2003; Auldist et al., 2004; Soyeurt et al.,
2006). The relative proportions of saturated fatty acids
ranged from 47.15 to 77.90%, the relative proportions
of monounsaturated fatty acids ranged from 18.67 to
48.56%, and the relative proportion of polyunsaturated
fatty acids ranged from 1.73 to 4.91%. According to the
Wisconsin Milk Marketing Board Milk Fat Roundtable
(1988), the ideal nutritional milk fat would contain up
to 8% saturated fatty acids and less than 10% polyun-
saturated fatty acids, with the remaining fatty acids
being monounsaturated fatty acids (O’Donnell, 1989).
Although the difference between the least saturated
milk fat in this study and the ideal milk fat is large,
the results indicate that some cows produce milk fat
with a more desirable (nutritionally) fatty acid profile.

The heritability and repeatability estimates for daily
yields of individual milk fatty acids were low to moder-
ate and ranged from 0.00 (C4:0) to 0.43 (C12:0) for
heritability estimates (h2) and from 0.21 (C18:1) to 0.43
(C12:0) for repeatability estimates (r) (Table 2). Moder-
ate heritability and repeatability estimates were also
obtained for C8:0 (h2 = 0.27; r = 0.38), C10:0 (h2 = 0.42;
r = 0.42), C12:0 (h2 = 0.43; r = 0.43), and C14:0 (h2 =
0.26; r = 0.40). These are the first reported heritability
and repeatability estimates for daily yields of individual
fatty acids in cows. Heritability and repeatability esti-
mates for daily yields of saturated fatty acids (h2 = 0.23;
r = 0.36) and fatty acids synthesized de novo in the
mammary gland (C6:0 to C14:0; h2 = 0.30; r = 0.40)
were numerically higher than were the estimates for
monounsaturated fatty acids (h2 = 0.09; r = 0.22) and
polyunsaturated fatty acids (h2 = 0.08; r = 0.27; Table
2). This result is consistent with our hypothesis that
milk fatty acids that are primarily synthesized de novo
in the mammary gland (C6:0 to C14:0; Palmquist et
al., 1993) have significant genetic variation. Milk fatty
acids that are derived primarily from the diet (C4:0,
unsaturated fatty acids; Palmquist et al., 1993) had
nonsignificant, low heritability estimates (Table 2). Our
results are similar to the only reported heritability esti-
mates for daily yield of milk fatty acid groups, which
are 0.34 for C4:0 to C8:0, 0.22 for C10:0 to C16:0, and
0.03 for C18:0 to C18:3 (Renner and Kosmack, 1974).
In summary, our results suggest that daily yields of
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Table 1. Mean, SD, and range (minimum and maximum) for yield, concentration, and relative proportion of milk fatty acids (FA) in US
Holstein cows1

Yield (g/d)2 Concentration in milk (g/L) Proportion of total FA (wt %)

Mean SD Min Max Mean SD Min Max Mean SD Min Max

Milk 27.82 9.71 3.36 55.01 — — — — — — — —
Total fat 925.0 330.5 201.4 3,518.0 34.22 7.21 15 86 — — — —
Saturated FA 586.1 211.1 99.2 2,305.1 21.77 5.05 8.50 56.35 67.18 4.20 47.15 77.90
Monounsaturated FA 259.4 101.5 56.2 898.6 9.51 2.22 4.80 24.13 29.67 3.96 18.67 48.56
Polyunsaturated FA 25.6 10.0 5.6 115.0 0.94 0.24 0.36 2.81 2.95 0.50 1.73 4.91
C6:0–C14:0 169.6 64.6 13.5 662.0 6.34 1.84 1.84 16.18 19.55 3.45 4.83 29.07
C4:0 35.1 15.6 4.1 104.0 1.28 0.40 0.12 2.83 3.98 0.95 0.81 7.20
C6:0 17.8 7.5 1.6 59.8 0.66 0.19 0.07 1.46 2.03 0.40 0.43 3.29
C8:0 10.0 4.2 0.6 38.9 0.37 0.12 0.04 0.95 1.14 0.24 0.17 1.89
C10:0 23.1 10.2 1.3 99.0 0.86 0.30 0.14 2.42 2.65 0.65 0.38 4.84
C12:0 24.6 10.4 1.5 102.7 0.93 0.34 0.21 2.51 2.84 0.72 0.46 5.61
C14:0 90.2 32.7 8.3 348.0 3.37 0.90 1.18 8.51 10.43 1.67 3.32 15.19
C16:0 252.4 90.2 49.5 1,008.7 9.40 2.33 4.38 24.66 29.01 2.76 22.11 54.39
C16:1 12.1 5.1 2.2 39.5 0.46 0.20 0.17 3.16 1.41 0.42 0.76 7.31
C18:0 108.6 49.5 9.7 466.6 3.98 1.26 0.79 11.41 12.24 2.48 1.83 19.70
C18:1 231.8 94.0 46.9 804.6 8.47 2.05 4.03 21.56 26.44 4.00 11.32 44.93
C18:2 24.0 9.4 4.8 105.4 0.88 0.22 0.35 2.62 2.76 0.47 1.64 4.62

1592 daily samples from 233 cows of 53 sires.
2Units of measure of all variables were g/d, except for milk measured in kg/d.

most individual milk fatty acids that are synthesized in
the mammary gland have moderate genetic variation.

The heritability and repeatability estimates for daily
yield and concentrations of milk fatty acids followed
similar trends (Table 2). For heritabilities, our esti-
mates were similar to those reported by Renner and
Kosmack (1974) in German cattle and Syrstad et al.
(1982) in Norwegian cattle. For repeatabilities, our esti-
mates were similar to those reported by Soyeurt et al.

Table 2. Genetic parameter estimates (mean ± SE) for yield, concentration, and relative proportion of milk fatty acids (FA) in US Holstein
cows1

Yield (g/d)2 Concentration in milk (g/L) Proportion of total FA (wt%)

Heritability Repeatability Heritability Repeatability Heritability Repeatability

Milk 0.11 ± 0.12 0.58 ± 0.04** — — — —
Total fat 0.19 ± 0.11 0.32 ± 0.05** 0.25 ± 0.11* 0.34 ± 0.05** — —
Saturated FA 0.23 ± 0.12 0.36 ± 0.05** 0.27 ± 0.12* 0.44 ± 0.05** 0.05 ± 0.10 0.43 ± 0.05**
Monounsaturated FA 0.09 ± 0.09 0.22 ± 0.05** 0.09 ± 0.08 0.09 ± 0.05 0.08 ± 0.10 0.39 ± 0.05**
Polyunsaturated FA 0.08 ± 0.09 0.27 ± 0.05** 0.25 ± 0.11* 0.25 ± 0.06** 0.00 ± 0.11 0.49 ± 0.05**
C6:0–C14:0 0.30 ± 0.13* 0.41 ± 0.05** 0.28 ± 0.13* 0.51 ± 0.05** 0.04 ± 0.09 0.35 ± 0.05**
C4:0 0.00 ± 0.08 0.24 ± 0.05** 0.01 ± 0.07 0.17 ± 0.05** 0.00 ± 0.06 0.07 ± 0.05
C6:0 0.12 ± 0.11 0.33 ± 0.05** 0.19 ± 0.12 0.38 ± 0.05** 0.00 ± 0.08 0.16 ± 0.05**
C8:0 0.27 ± 0.13* 0.38 ± 0.05** 0.37 ± 0.14** 0.51 ± 0.05** 0.18 ± 0.12 0.36 ± 0.05**
C10:0 0.42 ± 0.13** 0.42 ± 0.05** 0.40 ± 0.14** 0.55 ± 0.05** 0.22 ± 0.13 0.46 ± 0.05**
C12:0 0.43 ± 0.13** 0.43 ± 0.05** 0.36 ± 0.13** 0.55 ± 0.05** 0.18 ± 0.12 0.46 ± 0.05**
C14:0 0.26 ± 0.13* 0.40 ± 0.05** 0.18 ± 0.12 0.47 ± 0.05** 0.00 ± 0.08 0.29 ± 0.05**
C16:0 0.22 ± 0.12 0.38 ± 0.05** 0.20 ± 0.12 0.44 ± 0.05** 0.09 ± 0.12 0.48 ± 0.05**
C16:1 0.23 ± 0.11* 0.32 ± 0.05** 0.34 ± 0.13** 0.34 ± 0.06** 0.49 ± 0.13** 0.49 ± 0.05**
C18:0 0.14 ± 0.09 0.24 ± 0.06** — 0.29 ± 0.06** 0.24 ± 0.11* 0.39 ± 0.05**
C18:1 0.06 ± 0.09 0.21 ± 0.05** 0.25 ± 0.11* 0.07 ± 0.05 0.06 ± 0.10 0.40 ± 0.05**
C18:2 0.08 ± 0.09 0.28 ± 0.05** 0.27 ± 0.12* 0.25 ± 0.06** 0.00 ± 0.11 0.49 ± 0.05**

1592 daily samples from 233 cows of 53 sires.
2Units of measure were g/d, except for milk measured in kg/d.
*P ≤ 0.05; **P ≤ 0.01.
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(2006) in Belgian cattle and higher than those reported
by Syrstad et al. (1982).

For relative proportions of fatty acids, the heritability
estimates for individual fatty acids were small to mod-
erate (Table 2). Low estimates were obtained for C4:0
(h2 = 0.00), C6:0 (h2 = 0.00), C14:0 (h2 = 0.00), C18:1
(h2 = 0.06), and C18:2 (h2 = 0.00), and moderate esti-
mates were obtained for C12:0 (h2 = 0.18), C16:1 (h2 =
0.49), and C18:0 (h2 = 0.24). Edwards et al. (1973) ob-
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tained heritability estimates between 0.64 (C12:0) and
0.95 (C18:0) in an Ayrshire twin cow study in the United
Kingdom, but those results were subject to overestima-
tion because of the study design. Our estimates are
similar in magnitude to those obtained by Renner and
Kosmack (1974) and Karijord et al. (1982). Therefore,
we conclude that there is additive genetic variability for
milk fatty acid composition between US Holstein cows.

The repeatability estimates for the relative propor-
tions of most individual fatty acids are more than twice
as high as the heritability estimates and range from
0.07 (C4:0) to 0.49 (C16:1) with most being between 0.35
and 0.49, which is close to those obtained by Soyeurt et
al. (2006). Again, Karijord et al. (1982) reported repeat-
ability estimates slightly lower than ours. The coeffi-
cients of variation (CV) of individual milk fatty acids
ranged from 9.5% (C16:0) and 29.8% (C16:1) with C16:0
being the only fatty acid with a CV below 15% (Table
1). Other milk fatty acids with high CV were C10:0
(CV = 24.5%) and C12:0 (CV = 25.4%). Given the consid-
erable phenotypic and genetic variation in milk fatty
acid composition, our results suggest that it might be
feasible to alter the milk fatty acid profile by genetic se-
lection.

There are several potential limitations to our genetic
estimates. Multiparous cows were included in the anal-
ysis, which could introduce bias because culling based
on milk yield might affect milk fatty acid composition.
However, we reported, for the same data set, that selec-
tion for milk yield had little effect on milk fatty acid
composition (Bobe et al., 2007). One has to take into
consideration that this study was based on a limited
number of cows with a relationship matrix based on 2
generations, and, thus, genetic estimates have large
standard errors (Tables 2), which limits reaching defi-
nite conclusions about the genetic potential to alter
milk fatty acid composition in the US Holstein popula-
tion. Genetic estimates for milk fatty acids in US Hol-
stein cows, however, are not available.

In conclusion, this study demonstrated differences
in yields, concentrations, and relative proportions of
individual milk fatty acids between US Holstein cows.
The genetic parameter estimates partially infer genetic
variability in yields, concentrations, and relative pro-
portions of individual milk fatty acids, in particular in
medium- and long-chain fatty acids (C8:0 to C18:0).
Genetic variability in yields and relative proportions of
individual milk fatty acids would provide an opportu-
nity to alter milk fatty acid composition by selective
breeding for individual or groups of fatty acids.
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