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ABSTRACT

The objective of this study was to assess the genetic
variability of the detailed fatty acid (FA) profiles of
Danish Holstein (DH) and Danish Jersey (DJ) cattle
populations. We estimated genetic parameters for 11
FA or groups of FA in milk samples from the Danish
milk control system between May 2015 and October
2016. Concentrations of different FA and FA groups in
milk samples were measured by mid-infrared spectros-
copy. Data used for parameter estimation were from
132,732 first-parity DH cows and 21,966 first-parity DJ
cows. We found the highest heritabilities for test day
measurements in both populations for short-chain FA
(DH = 0.16; DJ = 0.16) and C16:0 (DH = 0.14; DJ =
0.16). In DH, the highest heritabilities were also found
for saturated FA and monounsaturated FA (both popu-
lations: 0.15). Genetic correlations between the fatty
acid traits showed large differences between DH and DJ
for especially short-chain FA with the other FA traits
measured. Furthermore, genetic correlations of total fat
with monounsaturated FA, polyunsaturated FA, short-
chain FA, and C16:0 differed markedly between DH
and DJ populations. In conclusion, we found genetic
variation in the mid-infrared spectroscopy-predicted
FA and FA groups of the DH and DJ cattle popula-
tions. This finding opens the possibility of using genetic
selection to change the FA profiles of dairy cattle.
Key words: fatty acid profile, genetic parameter,
dairy cow, population

INTRODUCTION

Milk contains important nutrients for young animals
and humans. A major component in milk, fat consists
almost entirely (~98%) of triglycerides, which are com-
posed of a glycerol backbone and 3 fatty acids (FA).
More than 400 individual FA have been discovered in
milk (Jensen et al., 1991), which are typically divided
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into SFA (65-70% of total fat), MUFA (27-33%), and
PUFA (3-5%). From a human nutritional standpoint, it
would be beneficial to increase the unsaturated fat con-
tent of milk. Ingestion of unsaturated fats has a gener-
ally positive effect on serum cholesterol levels; however,
a direct negative effect of SFA is debatable (Lawrence,
2013; Bier, 2016; Parodi, 2016). Furthermore, C16:0 has
been associated with negative effects on cardiovascular
disease in humans (Mensink et al., 2003; Givens, 2010).

In Denmark, interest has increased regarding the
development of new dairy products with fat as an im-
portant component. The formation of FA in milk is
influenced by many factors, including lactation stage
(Craninx et al., 2008; Stoop et al., 2008), season (Heck
et al., 2009), management or feeding regimen (Moate
et al., 2007; Coppa et al., 2013), and genetics (Soyeurt
et al., 2006b; Stoop et al., 2008; Krag et al., 2013). For
changing the FA profile in milk by genetic selection, it is
important to clarify the genetics underlying milk FA in
different dairy cattle breeds. This clarification requires
large amounts of phenotypic data (i.e., FA measure-
ments). However, measuring the FA concentration in
milk has been a challenge, because the gold standard
for measuring FA is GC. Owing to its time-consuming
and costly nature, GC is not well suited for large-scale
screening. Alternatively, mid-infrared spectrometry
(MIRS) can be used for the high-throughput analysis
of milk samples (Soyeurt et al., 2006a; De Marchi et
al., 2014).

In the current study, we investigated the possibil-
ity of differentiating the milk FA profile by genetics.
For that purpose, the Danish dairy cattle population
was routinely screened for different FA groups by using
MIRS. We present the results of the genetic and phe-
notypic analyses of FA data from the Danish Holstein
(DH) and Danish Jersey (DJ) cattle populations.

MATERIALS AND METHODS
Data and Animals

Milk samples were collected during regular herd test-
ing from May 2015 to October 2016 from primiparous
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Table 1. Total number of fatty acid observations (8-305 DIM) and number of cows per breed and production
system after editing, based on data from May 2015 to October 2016
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Production system

Conventional Organic Total
Breed Cows Observations Cows Observations Cows Observations
Danish Holstein 121,337 558,198 11,394 54,123 132,731 612,321
Danish Jersey 20,155 88,023 1,812 7,897 21,967 95,920
Total 141,492 646,221 13,206 62,020 154,698 708,241

DH and DJ cows participating in the Danish herd test-
ing scheme. Samples were analyzed at a certified labo-
ratory (Eurofins, Vejen, Denmark) with a MilkoScan
FT+/FT6000 (Foss, Hillergd, Denmark) equipped with
special software (Foss Application Note 64, Foss) for
predicting 7 FA fractions, namely SFA, MUFA, PUFA,
short-chain FA (SCFA), medium-chain FA (MCFA),
long-chain FA (LCFA), and trans FA (TFA), as well
as 4 individual FA, namely C14:0, C16:0, C18:0, and
C18:1. Raw FA measurements, provided as grams of
FA per 100 g of milk, were stored in the Danish Cattle
Database (SEGES, Skejby, Denmark). In addition to
FA measurements, information about milk yield, total
fat content, calving date, parity, breed, and production
system was extracted from the Danish Cattle Database
(SEGES).

We applied numerous consecutive editing procedures
to ensure that we obtained high-quality FA observa-
tions. Observations were checked for the following
conditions and removed if any condition was met. (1)
One or more of the 11 FA fractions was missing from an
observation. (2) The PUFA concentration was greater
than or equal to the MUFA concentration. (3) The ra-
tio of the sum of the SFA, MUFA, and PUFA contents
to the total fat content was less than 0.825 or greater
than 1.075 (values chosen such that 5% of remaining
observations were removed). (4) The ratio of the sum
of the SCFA, MCFA, and LCFA contents to the sum
of the SFA, MUFA, and PUFA contents was less than
0.84 or greater than 1.04 (values chosen such that 1%
of remaining observations were removed). Finally, (5)
each FA fraction was checked for outliers. The size of
extreme values was chosen such that 1% of remaining
observations were removed. If more than 1 observation
per cow per herd test day was observed, then the mean
value of the observations was used. Moreover, an obser-
vation was removed if the daily milk yield was less than
2 kg or the total fat percentage was greater than 8 or
12% for DH and DJ, respectively, as these conditions
could indicate the presence of a metabolic disease (e.g.,
ketosis). The lactation period was defined as 8 to 305
DIM. This interval was chosen to avoid any interference
caused by colostrum production in the beginning of

lactation, and because 305 DIM defines the endpoint of
lactation when performing genetic evaluation of dairy
cattle in Nordic countries.

Three additional editing steps were performed. (1)
Daughters of a sire with fewer than 10 daughters were
removed from the data set. (2) Cows that changed herd
during the sampling period were removed from the data
set. (3) The last step was reduction of the number of
animals to enable both phenotypic and genetic analyses
of especially the large DH data. This was done by ran-
domly removing all records from every second cow from
the data set. Means and variances of the FA variables
were checked to ensure that data were unbiased after
reduction. The sizes of the final data sets are shown in
Table 1.

Definition of Traits

For each FA fraction, 2 trait groups were defined: (1)
total test day FA production in grams and (2) percent-
age of test-day FA, defined as the ratio of the content
of the FA fraction to the sum of the SFA, PUFA, and
MUFA contents. Total fat in grams was determined
across the lactation (8-305 DIM). Genetic parameters
were estimated based on test day measurements across
the lactation period. The average number of observa-
tions per cow across the lactation period was 4.6 (SD
= 2.7) for DH and 4.4 (SD = 2.5) for DJ. Minimum
number of observations per cow was 1 for both breeds.

Data Analysis

Descriptive statistical analysis was performed by us-
ing the HPMIXED procedure in SAS (version 9.3, SAS
Institute Inc., Cary, NC) to study the effects of breed
(2 levels; DH and DJ), production system (2 levels; or-
ganic and conventional), month x year (18 levels), 30-d
lactation interval (10 levels), and production system x
(month x year). The following linear mixed model was
used:

y = Xb + Qh + Za + e, [1]
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where y is a vector of test-day observations, b is a vec-
tor of fixed effects as described above, h is a vector of
random herd effects nested within production system, a
is a vector of random animal effects nested within herd
and breed, e is the vector of residual effects, and X, Q,
and Z are incidence matrices relating records to fixed,
herd, and animal effects, respectively. A significance
level of o = 0.05 was used to determine significant dif-
ferences between least squares means (LSM) using a
t-test. All estimates are shown LSM.

Estimation of Genetic Parameters

Estimation of variance components for estimation
of heritability and repeatability were estimated within
breed for each FA fraction and total fat using the fol-
lowing univariate repeatability linear animal model:

y = Xb + Qh + Za + Wpe + e, 2]

where y is the vector of test-day observations, b is the
vector of fixed effects, h is the vector of random herd
effects, a is the vector of random animal effects, pe
is the vector of permanent environmental effects, e is
the vector of residual effects, and X, Q, Z, and W are
incidence matrices relating records to fixed, herd, ani-
mal, and permanent environmental effects, respectively.
Fixed effects were the month x year of recording and
a fixed regression accounting for the variability in early
lactation, determined by fitting a lactation curve with
the following function (Wilmink, 1987):

Y= a+ be ™+ ct, (3]

where 3, is FA content in grams or percent at ¢ DIM,
and a, b, and c¢ are regression coefficients. The param-
eters jointly describe the curve shape: a sets the ampli-
tude of daily FA content, b is the acceleration in early
lactation, c is the linear decline after the peak, and k
affects the duration of the acceleration period (fixed at
k= 0.05) (Wilmink, 1987).

Genetic correlations between the FA percentage and
total fat and genetic correlations among all predicted
FA fractions and individual FA, both in percentage and
grams, were estimated by using bivariate models with
the same effects as model [1]. Relationships were traced
back for 3 generations, resulting in a total of 474,801
and 138,237 animals in the pedigrees for DH and DJ,
respectively.

The within-herd heritability was calculated as

2
ag

W= 4
U§+0;273+‘73 []
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where o> is the additive genetic variance, 012)6 is the

permanent environmental variance, and af is the resid-
ual variance. The genetic correlation (7,) was calculated
as

COV, 1112
r, = — [5]

Ua,tlaa,tQ

where t1 and #2 are trait 1 and trait 2, respectively, and
o.n and o, are the additive genetic standard devia-
tions of trait 1 and trait 2, respectively.

The (co)variance components were obtained by using
the AI-REML algorithm included in the DMU package
(Madsen and Jensen, 2007). Standard errors of heri-
tabilities, repeatabilities, and genetic correlations were
estimated by using Taylor series approximation.

RESULTS

It was necessary to reduce the amount of data to be
able to perform both descriptive and genetic analysis
with the chosen models. We collected data from 276,011
DH cows (~8.5% kept under organic conditions) and
45,316 DJ cows (~8% kept under organic conditions).
These numbers were approximately halved to be able
to run analyses with the chosen models. Data reduc-
tion was made to avoid creating biased data. This was
achieved as shown by the examples of the means and
standard deviation for SFA and C16:0 before and after
data reduction (Table 2); neither SFA nor C16:0 was
affected by the reduction step. Similar results were
achieved for the remaining FA groups (data not shown).

Factors Affecting FA Content

Table 3 presents the LSM results of the 11 FA groups.
In general, the DJ population had higher SFA content
and lower MUFA and PUFA contents than the DH
population. This result is consistent with the subtraits
of higher SCFA, MCFA, C16:0, and C14:0 contents for
DJ compared with DH. By contrast, the LCFA, TFA,
C18:0, and C18:1 contents were higher in DH compared
with DJ. Milk from organic cows had lower SFA content
and higher PUFA content compared with milk from
conventional cows (Table 3). The difference in MUFA
content between the 2 production systems was not sig-
nificant. Milk composition changed over the year, with
reduced SFA and increased MUFA and PUFA contents
in the summer for organic compared with conventional
milk (Figure 1A-1B). The SCFA content was generally
higher in the organic milk compared with the conven-
tional milk (Figure 1C). We noted lower C16:0 content
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Table 2. Comparison of means (percent of total fat with SD in parentheses) of selected fatty acid content
before and after data reduction in Danish Jersey (DJ) and Danish Holstein (DH)

DH DJ
Trait Before After Before After
SFA 67.99 (4.15) 67.98 (4.15) 72.07 (3.36) 72.06 (3.36)
C16:0 29.80 (3.10) 29.80 (3.10) 31.78 (2.68) 31.77 (2.69)

in the spring and summer months for the organic milk
compared with the conventional milk (Figure 1D).

Heritability

Heritability estimates for test-day measurements of
FA proportions as the percentage of total fat for the
different FA groups and individual FA are presented in
Table 4 and 5 for DH and DJ, respectively. In general,
heritability estimates across lactation (8-305 DIM)
were similar for DH and DJ. The highest heritability
was estimated for SCFA in both DH and DJ (0.16),
whereas the lowest heritability was estimated for TFA
in both DH and DJ (0.07).

Table 6 shows estimates of repeatability. The highest
repeatability was found for SCFA for both DH (0.35)
and DJ (0.31), whereas the lowest repeatability was
found for TFA (0.12 in both breeds). Standard errors
of the repeatabilities were in the range of 0.002 to 0.01,
with the largest values being obtained for DJ. Supple-
mental Table S1 (https://doi.org/10.3168/jds.2017
-13225) reports the heritability and repeatability values
for the same traits, expressed as total output (g). Ex-

Table 3. Breed and production system LSM for the 11 fatty acid
fractions across lactation (8-305 DIM), given as the percentage of the
sum of the SFA, MUFA, and PUFA content

Breed? Production system
Trait! DH DJ Conventional Organic
SFA 67.46 72.08" 69.96° 69.59¢
MUFA 28.48" 24.38" 26.35" 26.51"
PUFA 4.06 3.55" 3.70° 3.91°
SCFA 11.14° 12.13" 11.38¢ 11.89¢
LCFA 40.25" 37.34" 38.39° 39.21¢
MCFA 42.34" 47.55" 45.73¢ 44.15¢
TFA 3.67 2.98" 3.16° 3.49¢
C18:1 24.85" 21.60" 23.07° 23.37¢
C16:0 29.25° 31.45" 30.74° 29.96%
C14:0 11.07" 11.49" 11.42¢ 11.15¢
C18:0 11.23° 11.15° 11.12° 11.25"

*Values with different superscripts are significantly different (P <
0.05).

"Trait: SCFA = small-chain fatty acid; LCFA = long-chain fatty acid;
MCFA = medium-chain fatty acid; TFA = trans fatty acid.

*Breed: DH = Danish Holstein, DJ = Danish Jersey.

cept for MUFA and TFA in both breeds and SCFA and
C16:0 in DJ, the heritability and repeatability results
of the different FA or groups of FA were higher when
expressed as the total output than when expressed as
the percentage of total fat.

Correlations to Total Fat

Table 7 presents the genetic and phenotypic correla-
tions between the content of single FA, FA groups, and
total fat for both cattle populations. Genetic correla-
tions between the FA traits and total fat were gener-
ally stronger in DH than in DJ. Standard errors of the
genetic correlations were in the range of 0.03 to 0.09,
with the largest values being observed for DJ. Signs
of the correlations were the same in both populations.
However, for C18:0, DH expressed a negative low corre-
lation to total fat (—0.14), whereas the genetic correla-
tion for DJ was 0. The highest positive correlation was
found for the SFA group in both DH and DJ, whereas
PUFA and MUFA had strong negative correlations to
total fat in both DH and DJ. Phenotypic correlations
between the individual FA and FA groups to total fat
were much lower than the genetic correlations in both
DH and DJ.

Correlations Between FA Groups

The genetic and phenotypic correlations among the
FA traits are presented in Tables 4 and 5 for DH and
DJ, respectively. Several correlations could not be es-
timated because of part-whole relationships between
the response variables. Genetic correlations between
the FA traits showed large differences between DH and
DJ; for example, SCFA and MUFA (DH = —0.69; DJ
= —0.33), SCFA and PUFA (DH = 0.05; DJ = 0.52),
SCFA and MCFA (DH = 0.30; DJ = —0.27), SCFA and
TFA (DH = —0.19; DJ = 0.16), SCFA and C16:0 (DH
= 0.04; DJ = —0.29). Whereas the genetic correlations
between SFA and MUFA (DH and DJ = —0.99), SFA
and TFA (DH = —0.49 DJ = —0.47), SFA and C18:1
(DH = —0.95; DJ = —0.94), C18:0 and PUFA (DH =
0.06; DJ = 0.08), C18:0 and C16:0 (DH = —0.30; DJ
= —0.28), and C18:0 and C14:0 (DH and DJ = —0.67)
did not differ between the DH and DJ breed.

Journal of Dairy Science Vol. 101 No. 3, 2018
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DISCUSSION that were participating in the Danish milk recording

program. This approach resulted in very accurate ge-

We estimated genetic parameters for specific FA netic parameters (small SE) for the specific individual

and FA groups, which we determined by MIRS in DH FA and FA groups despite the necessity of reducing
and DJ cattle. Measurements were based on all cows data.
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Figure 1. Average concentrations of MUFA (A), PUFA (B), short-chain fatty acids, (C) and C16:0 (D) relative to the sum of the concentra-
tions of SFA, MUFA, and PUFA in milk obtained from cows raised in conventional and organic farms, respectively.
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Choice of Methods had to be made to facilitate the data analysis. Predic-
tions of FA content were heavily edited to have data

We had access to large amounts of FA from all Dan- as clean as possible. The model choice and the large
ish DH and DJ herds participating in the Danish milk amount of data put limitations on computer capacity;
recording program. This meant that some compromises thus, it was necessary to reduce the amount of data.
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Figure 1 (Continued). Average concentrations of MUFA (A), PUFA (B), short-chain fatty acids, (C) and C16:0 (D) relative to the sum of
the concentrations of SFA, MUFA, and PUFA in milk obtained from cows raised in conventional and organic farms, respectively.
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Table 4. Heritabilities' on diagonal, genetic (below diagonal), and phenotypic (above diagonal) correlations between content (% of total fat) of
4 individual fatty acids (FA) and 7 FA groups for Danish Holstein across lactation (8-305 DIM)?

Trait® SFA MUFA PUFA SCFA  LCFA  MCFA TFA C18:1 C16:0 C14:0 C18:0
SFA 0.1500,  —0.98 —0.55 — — — —0.43 —0.92 — — —
MUFA —0.99.901 01500  0.39 —0.70 — — — — —-0.73 —0.65 0.48
PUFA —0.73.02 0.61pp3  0.08.00 —0.04 — — — 0.39 —0.51 —0.38 0.34
SCFA — —0.690  0.05004 0.16p0, —0.52 0.32 —0.14 —0.54 0.24 0.29 —0.24
LCFA - — 042505  0.11p0 —0.81 — — —0.75 —0.71 —
MCFA — — 0.30003 —0.80001  0.1240; — ~0.80 - — ~0.56
TFA —0.49).03 — 01990 — — 0.07001 — ~0.49 —0.34 0.37
C18:1 —0.95_0.01 0.60p0  —0.560.0 — —0.814; - 01300, —0.71 —0.79 0.59
C16:0 — —0.64g  —0.6500 0.04000  —0.74g0 — 047505  —0.72y00 01400  0.58 —0.42
C14:0 — —0.59005  —0.24y 0, 0.27p03  —0.8000; — —0.130s  —0.6802  0.5600 0.09.001 —0.78
C18:0 — 0.27 03 0.060.00  —0.220 03 — —0.45¢ 03 0.29¢.04 0.28p03 —0.30005  —0.67p2 0.110.01

'SE in subscript.
2

— = correlation could not be estimated because of part-whole relationship between the response variables.

*Trait: SCFA = small-chain fatty acid; LCFA = long-chain fatty acid; MCFA = medium-chain fatty acid; TFA = trans fatty acid.

The DJ data were much less compared with DH data,
so initially the DJ analyses could be run using the full
data set. Analysis of the reduced data set confirmed
that reduction of data did not affect estimation of ei-
ther fixed effects or on the genetic parameters.
Narayana et al. (2017) showed that heritabilities
of predicted FA groups change according to lactation
stage. They applied a random regression model with
a Gibbs sampling approach for estimation of variance
components. In the initial analyses of the Danish FA
data we estimated variance components within 30-d
intervals across the lactation using FA means within
intervals (Hein et al., 2016). We also found variation in
heritabilities based on a sire model across the lactation;
for example, SCFA content varied between 0.27 and
0.32, which is higher, on average, but with less varia-
tion compared with Narayana et al. (2017). The next
step was to apply a more complex animal model tak-
ing repeated measurements into account to make sure
that it was possible to estimate variance components

with the amount of data available. Applying a random
regression model straight away was not possible given
the constraint of the current project. A next step may
be to apply a random regression model better suited for
this type of data.

Breed Differences

Clear differences in milk composition between DH
and DJ cattle were found. For example, DJ had higher
SFA and lower UFA contents than DH cattle. These
findings are consistent with previously reported differ-
ences between Holstein and Jersey breeds obtained af-
ter MIRS analysis (Soyeurt et al., 2006a; Maurice—van
Eijndhoven et al., 2013). The GC measurements also
showed that milk from DJ had higher SFA and lower
UFA contents than did milk from DH cattle (Poulsen et
al., 2012). Compared with Holstein cattle, Jersey cattle
showed higher de novo synthesis of milk FA (Beaulieu
and Palmquist, 1995). This greater synthesis may ex-

Table 5. Heritabilities' on diagonal, genetic (below diagonal) and phenotypic (above diagona12 correlations between content (% of total fat) of
4 individual fatty acids (FA) and 7 FA groups for Danish Jersey across lactation (8-305 DIM)*

Trait? SFA MUFA  PUFA SCFA LCFA  MCFA TFA C18:1 C16:0 C14:0 C18:0
SFA 0.100,  —0.99 —0.60 — — — —0.47 —0.92 — — —
MUFA =099, 0100, 045 —0.57 - - — - —0.75 —0.71 0.54
PUFA —0.640.05 0.5000r 0.1l  0.06 — - - 0.46 —0.59 —0.45 0.35
SCFA — —0.3300s 0520 01600 —0.47 0.18 —0.06 —0.40 0.13 0.23 ~0.23
LCFA — — — —021p0s  0.090 —0.77 — - —0.71 —0.72 —
MCFA - — —02700s —0.68005  0.1240 — —0.81 - — —0.54
TFA —0.47,0 - 0.160.00 — — 0.07_0.01 — ~0.50 —0.45 0.44
C18:1 —0.949, - 047000 —0.240.8 — —0.71q04 — 0.1000 —0.72 —0.83 0.63
C16:0 — 073000 —0.7T000  —0.2905  —0.7490 — —0.60005  —0.7501  0.1605  0.55 —0.37
C14:0 - —0.70005  —0.3300s  0.11g00  —0.83005 — —0.26009  —0.73001  0.6dges  0.0755  —0.80
C18:0 — 024000 0.0800  —0.160g - —04150  0.410 020009 —0.2800s —0.67p05  0.09)01

!SE in subscript.
2

— = correlation could not be estimated because of part-whole relationship between the response variables.

*Trait: SCFA = small-chain fatty acid; LCFA = long-chain fatty acid; MCFA = medium-chain fatty acid; TFA = trans fatty acid.

Journal of Dairy Science Vol. 101 No. 3, 2018



GENETIC ANALYSIS OF MILK FATTY ACIDS

Table 6. Repeatabilities' of 11 fatty acid test-day fractions (% of total
fat) in milk of Danish Holstein (DH) and Danish Jersey (DJ) cattle,
based on measurements across lactation (8-305 DIM)

Repeatability

Trait? DH DJ

SFA 0.330.01 0.24¢ .01
MUFA 0.330m 0.23.01
PUFA 0.16¢.01 0.21y.0;
SCFA 0.35-0.m 0.310.01
MCFA 0.24¢.0; 0.22).01
LCFA 0.220; 0.21,,
TFA 0.12_¢01 0.12).0
C14:0 0.14¢.4; 0.13.01
C16:0 0.26_¢.01 0.270.01
C18:0 0.18.01 0.16¢,0;
C18:1 0.270.01 0.21y.0;

!SE in subscript.

*Trait: SCFA = small-chain fatty acid; LCFA = long-chain fatty acid;
MCFA = medium-chain fatty acid; TFA = trans fatty acid.

plain the differences in FA composition for both breeds,
especially the difference in C16:0.

Influences of Season and Production Type

Season had strong effects on the PUFA and C16:0
contents, especially between April and June in organic
cows (Figure 1B and 1D). This result was due to the
fact that the cows on organic farms were put to pasture
and fed fresh grass, which has been shown to influence
the FA composition of the cow (Schwendel et al., 2015).
Although a proportion of the conventional cows were
also put to pasture, we unfortunately did not have ac-
cess to that information. Thus, the difference between
pasture-fed (organic) and barn-fed (conventional) cattle
may be even larger than shown here.

Table 7. Genetic (r,) and phenotypic (r,) correlations' between 11
fatty acid fractions (% of total fat) and total fat (g) in milk of Danish
Holstein (DH) and Danish Jersey (DJ) across lactation (8-305 DIM)

Iy Iy,
Trait? DH DJ DH DJ
SFA 0.340.03 0.26,0 0.09 0.05
MUFA —0.33003 —0.260 9 —0.08 —0.05
PUFA —0.26 04 —0.1109 —0.07 —0.02
SCFA 0.330.03 0.14,0 0.15 0.14
MCFA 0.250,04 0.10q,99 —0.02 —0.02
LCFA —0.1994 —0.13919 0.03 0.00
TFA —0.29) 04 —0.179 10 —0.07 —0.04
C14:0 0.060,04 0.070.10 —0.04 0.05
C16:0 0.170.04 0.10q,99 —0.05 —0.03
C18:0 —0.144 0.000.09 0.02 —0.06
C18:1 —0.26 04 —0.26 9 —0.04 —0.04

!SE in subscript.

*Trait: SCFA = small-chain fatty acid; LCFA = long-chain fatty acid;
MCFA = medium-chain fatty acid; TFA = trans fatty acid.
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Heritability

Most previous studies that estimated heritability
for milk FA using MIRS were based on Holstein cattle
(Bastin et al., 2011, 2013; Penasa et al., 2015). The
number of animals involved in the present study was
generally much higher than the number of animals
included in previous reports, resulting in much lower
standard errors for the estimates. Furthermore, the
definition of heritability could differ between studies,
which would make direct comparisons difficult. Many
estimates are for 305-d lactation yield, whereas our es-
timates were test day yield heritabilities and, therefore,
lower. Bastin et al. (2011, 2013) found much higher
heritability estimates for SFA (0.42; 0.49) MUFA (0.21;
0.26), PUFA (0.29; 0.31), and LCFA (0.24; 0.19) com-
pared with our estimates for DH and DJ. Penasa et
al. (2015), Petrini et al. (2016), and Narayana et al.
(2017) reported higher heritabilities for SFA than we
found for DH and DJ. However, some studies reported
heritability estimates for PUFA [0.082 (Penasa et al.,
2015), and 0.11 (Petrini et al., 2016), respectively] that
were similar to our results for DH and DJ.

We anticipated that the heritability for UFA would
be lower than the heritability for SFA (Bastin et al.,
2013; Penasa et al., 2015) because most of the de novo-
synthesized FA are saturated, due to the low activity
of the A’ desaturase enzyme on FA shorter than 18
carbons in length (Chilliard et al., 2000). However, in
our study, this heritability difference was not found for
DJ. For DH, only the PUFA group had a substantially
lower heritability compared with the SFA group. One
possible reason for our unexpected results is that we
estimated heritability from measurements across the
lactation period, whereas other studies focused on mea-
surements from a part of the lactation (e.g., Buitenhuis
et al., 2014). The effects of genes that influence milk
fat composition can change during lactation (Bovenhuis
et al., 2015); therefore, heritability could change over
lactation. We estimated heritability as an average gene
effect across the whole lactation period, which could
explain why our heritability estimate was lower than
estimates reported in other studies.

Correlation to Total Fat

Positive effects on human health have been reported
from MUFA, PUFA, and SCFA, whereas C16:0 has a
negative effect (Bhupathiraju and Tucker, 2011; Flock
and Kris-Etherton, 2013; Bier, 2016). The remaining FA
groups have overall neutral influences on human health
or are part of the previously mentioned FA groups.
We do not expect that changing the FA composition
would have a major effect on human health, given the
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low expected magnitude of such changes and the small
amounts of different FA that humans consume from
cow milk. Still, these results suggest a niche market for
milk with a healthier FA composition. Genetic correla-
tions between these FA groups and total fat were very
different between the DH and DJ populations. These
differences could help to explain why DH and DJ cows
produced milk with such different fat content and com-
position profiles.

Possibilities for Inplementation

Recording new phenotypes is always a costly endeavor.
Therefore, implementation of monitoring the detailed
FA on a routine basis depends on whether farmers
can use these new traits in a breeding or management
tool. Here, we found that the different FA groups are
heritable, suggesting the possibility of selecting for cow
milk with a specific FA profile. However, before we can
implement this possibility, we must first define a new
breeding goal, including the individual FA traits and
their weight estimates. We also must estimate the ge-
netic correlations between the individual FA traits and
breeding goal traits.

CONCLUSIONS

The detailed fat compositions of the DH and DJ cows
analyzed in this study showed genetic variations. Using
MIRS to perform measurements, we found moderate
heritabilities for 11 different FA and FA groups. Al-
though the heritabilities between DH and DJ were sim-
ilar, we found large differences in genetic correlations
between total fat and the MUFA, PUFA, SCFA, and
C16:0 contents between breeds. In Denmark, interest is
increasing for niche products with a more healthy milk
fat profile. The genetic variation found in milk FA com-
position suggests the possibility of changing milk fat
composition by genetic selection. An eventual genetic
change in the FA profile will, however, be dependent on
the inclusion of FA in the breeding goal instead of total
amount of fat, and on the economic weights given to
the different FA of FA groups.
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