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ABSTRACT

Persistency of changes in milk fatty acid (FA) com-
position to 4 different oilseed supplements rich in cis-
9 18:1 or 18:3n-3 was determined over 2 consecutive
lactations in 58 and 35 Holstein cows during the first
and second years, respectively. During the initial 5 wk
of the study, all experimental cows were fed the same
diet. Thereafter, cows received 1 of 5 treatments for 2
consecutive lactations, including the prepartum period.
Treatments comprised the basal diet with no additional
lipid, or supplements of extruded linseeds (EL), ex-
truded rapeseeds (ER), cold-pressed fat-rich rapeseed
meal (FRM), or whole unprocessed rapeseeds (WR).
Oilseeds were offered to provide between 2.5 to 3.0% of
additional oil in diet dry matter. During indoor periods,
cows received a mixture (3:1, wt/wt) of grass silage and
grass hay, whereas cows were at pasture during outdoor
periods. Over the entire study, oilseed supplements
decreased the concentration of milk FA synthesized de
novo and increased 18:0 and ¢is-9 18:1 content, with a
ranking of treatment responses (highest to lowest) of
FRM, EL, ER, and WR. Irrespective of period, both
EL and FRM increased total milk trans FA content,
whereas WR resulted in lower concentrations in milk
from grazing cows. Relative to rapeseed, EL resulted
in higher increases in milk cis-12,¢is-15,trans-12 to -16
18:1, nonconjugated trans 18:2 (especially A11,15), and
18:3n-3. In contrast, rapeseed supplements resulted in
a greater enrichment of cis-11 18:1, trans-4 to -9 18:1,
and cis 20:1 than EL. Changes in milk FA composition
to oilseeds were of greater magnitude during indoor
than outdoor periods, where oilseed supplements often
decreased cis-9,trans-11 conjugated linoleic acid con-
tent. During the second indoor period, both EL and
ER resulted in higher total trans FA content, trans-10
18:1 in particular, than during the first indoor period,
consistent with an interaction between dietary starch
content and oilseed supplement. Overall, the extent of
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changes in milk FA composition were related to the na-
ture (rapeseed or linseed) and form of oilseed (extruded,
cold-pressed fat-rich meal or whole unprocessed), and
their interactions with the composition of the basal diet
(grass silage and hay or pasture; or dietary starch con-
tent). Milk FA responses were stable within each period
and repeatable over both outdoor feeding periods, with
extent of changes being comparable to reports from
relatively short-term (1- to 3-mo) studies.

Key words: bovine milk fatty acid, processed rape-
seed, extruded linseed, long-term effect

INTRODUCTION

Dietary oilseed supplements decrease the concentra-
tion of 4- to 16-carbon SFA, increase 18:0, cis-9 18:1,
cis-9,trans-11 conjugated linoleic acid (CLA), and may
also enrich the 18:3n-3 content of bovine milk (Chilliard
et al., 2007; Glasser et al., 2008a). Such effects can be
considered as an improvement of the nutritional quality
of milk, based on evidence from clinical studies indicat-
ing that excessive consumption of the medium-chain
SFA 12:0, 14:0, and 16:0 FA elevates plasma low-density
lipoprotein cholesterol, a known risk factor for cardio-
vascular disease, whereas 18:0 is considered neutral,
and c¢is-9 18:1 and 18:3n-3 lower low-density lipoprotein
cholesterol, contributing to a decrease in the incidence
of human chronic disease (Shingfield et al., 2008). How-
ever, dietary oilseed supplements generally increase the
concentration of trans FA in bovine milk (Glasser et al.,
2008a), which, depending on the position and number
of double bonds, may have detrimental effects on hu-
man health (Shingfield et al., 2008). Limited evidence
exists to confirm putative adverse or neutral effects of
trans 18:1 isomers from ruminant products relative to
partially hydrogenated vegetable oils (Brouwer et al.,
2010). Nevertheless, cis-9,trans-11 CLA exhibits potent
antiinflammatory and anticarcinogenic activities, and
is reported to improve biomarkers of cardiovascular
health in animal models or studies with human cell
lines (Shingfield et al., 2008). The effects of dietary
oilseed supplements on bovine milk FA composition
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have been examined extensively in relatively short-term
experiments of 1 to 3 mo in duration. Such studies have
established that changes in milk FA composition vary
according to the nature and form of oilseed supplement,
as well as the composition of the basal diet (Chilliard
et al., 2007; Glasser et al., 2008a). Among the different
oilseeds used in dairy cow diets, linseeds enhance milk
18:3n-3 concentration, whereas increases in trans 18:1
due to dietary rapeseed supplements are lower com-
pared with other oilseeds containing higher amounts
of PUFA (Glasser et al., 2008a). Even though several
studies have characterized milk FA responses to dietary
supplements of extruded linseeds (EL) or ground rape-
seeds (Chilliard et al., 2007), fewer studies have exam-
ined the effects of extruded rapeseeds (ER; Bayourthe
et al., 2000; Neves et al., 2009) or cold-pressed fat-rich
rapeseed meal (FRM; Mihhejev et al., 2007; Hristov
et al., 2011). Furthermore, direct comparisons between
rapeseed and linseed supplements, including a detailed
description of changes in trans and cis isomers of un-
saturated FA in cows fed grass-based diets are limited.

To develop production systems for the production of
milk with altered FA composition, prior knowledge on
the effect of dietary oilseed supplements on milk FA
responses over an extended period is required. Rela-
tively few experiments have reported the changes in
milk FA to long-term dietary oilseed supplementation.
Milk FA composition responses to ground or pelleted
rapeseeds providing 2 to 4% additional oil of diet DM
were considered to be stable and persistent in cows
fed grass-based diets during 20 to 36 wk of lactation
(Murphy et al., 1995; Moss, 2002; Fearon et al., 2004).
However, conclusions on the changes in milk FA were
based on milk iodine value (Fearon et al., 2004), or
from the analysis of relatively few FA (Murphy et al.,
1995; Moss, 2002) using GC techniques that do not
allow specific trans and cis isomers to be resolved.

The objective of this study was to characterize milk
FA composition responses to different natures of dietary
oilseed supplements (EL or ER) or the form of rape-
seed supplements (extruded seeds, cold-pressed fat-rich
meal, or whole unprocessed seeds) over 2 consecutive
lactations in cows fed diets based on grass silage and
grass hay in the winter or at pasture in the summer.
Furthermore, milk FA composition was determined us-
ing complimentary GC and GC-MS, allowing changes
in the occurrence of minor FA to be characterized.

MATERIALS AND METHODS
Animals and Diets

Details of the design of the experiment have been
reported previously (Lerch et al., 2012). In brief, the
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study was carried out on the experimental farm of
Orcival from the Institut National de la Recherche
Agronomique (INRA), located in a mountainous
(1,000 m above sea level) region of Auvergne (Puy-de-
Doéme, France). The experiment was conducted over 2
consecutive lactations. For each lactation, cows were
housed indoors over winter and fed diets based on a
mixture of grass silage and grass hay, or maintained
outdoors on summer pasture during the second half of
lactation.

Experiment Yr 1. Fifty-eight Holstein cows were
used (calving dates between October 13, 2007 and
January 14, 2008). During the indoor period, cows were
fed a mixture (3:1 on a DM basis) of conserved for-
ages comprising grass silage and grass hay (Dactylis
glomerata). For the outdoor period, cows were gradu-
ally turned out to pasture over a period of 1 wk, and
then grazed for 20 h/d from May 5, 2008 to October
27, 2008.

From calving until the end of the fifth week of lacta-
tion, all cows received a basal diet containing no oil-
seed supplements. Thereafter, cows were allocated to
1 of 5 groups according to calving date, parity, milk
yield, and milk fat and protein content. Experimental
concentrates were gradually introduced into the diet
over a period of 4 wk from the sixth week of lactation.
A control concentrate contained pelleted wheat and
solvent-extracted rapeseed meal (control, CTL), which
was substituted for, in part, with EL [extruded blend
(70:30, wt/wt) of linseeds and wheat; the mixture was
extruded for 15 s at 100°C and then dried for 20 min at
125 to 145°C; INZO°®, Argentan, France|, ER [extruded
blend (59:29:12, wt/wt) of rapeseeds, wheat, and wheat
bran; the mixture was extruded for 15 s at 100°C and
then dried for 20 min at 125 to 145°C; INZO°], FRM (a
byproduct of cold pressure oil extraction; Dock Mou-
lin SA, Marneffe, Belgium) or unprocessed, full-fat,
uncrushed, whole rapeseeds (WR; INZO®). From the
sixth week of lactation to the end of the indoor period,
the amount of concentrate offered was adjusted weekly
for each cow to maintain a 70:30 forage-to-concentrate
ratio (on a DM basis). At pasture, each cow received
4.5 kg of experimental concentrate DM/d. During the
dry period, cows received 4.5 kg of experimental con-
centrate DM of the same composition as fed during the
outdoor grazing period.

Experiment Yr 2. Thirty-five cows (calving dates
between October 10, 2008 and February 13, 2009)
continued in the trial for the second year. Cows were
housed indoors and fed a mixture (80:20, on a DM ba-
sis) of grass silage and grass hay (D. glomerata) from
October 27, 2008 to May 4, 2009. Thereafter, cows were
turned out to pasture (142 + 35 DIM; mean + SD) over
a 1-wk transition period until November 3, 2009.
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After calving, the amount of concentrate offered was
progressively increased during the first 5 wk. From the
sixth week of lactation to the end of the second indoor
period, the amount of concentrate offered was adjusted
weekly to maintain a 60:40 (on a DM basis) forage-to-
concentrate ratio. At pasture each cow received 4.5 kg
of experimental concentrate DM.

Throughout the entire experimentation, the amounts
of oilseed supplements were included in the diet to sup-
ply 3.0 and 2.5% of oil in diet DM during the indoor
and outdoor periods, respectively. During indoor peri-
ods, forages were mixed daily and offered at 1000 h in
amounts resulting in 10% refusals. Concentrates were
prepared daily and offered in equal amounts at 1000
and 1730 h during indoor periods, and at 0700 and
1530 h during outdoor periods. Cows were milked at
0630 and 1600 h in a milking parlor. During indoor pe-
riods, cows were maintained in a freestall barn. Ingredi-
ent and chemical composition of concentrate mixtures
fed throughout the experiment are reported elsewhere
(Lerch et al., 2012).

Sampling, Measurements, and Chemical Analyses

Feeds. Individual forage and concentrate intakes
were measured for each cow, during the last week of the
preexperimental period (fifth week of lactation of the
first year), twice during the first indoor period (72 +
17.0 and 141 + 23.1 DIM; mean + SD), and twice dur-
ing the second indoor period (84 + 13.3 and 129 + 35.0
DIM; mean + SD), as described elsewhere (Lerch et al.,
2012). On the same dates during the preexperimental
and 2 indoor periods, twice during the first outdoor
period (197 + 23.1 and 288 + 23.1 DIM; mean + SD)
and 3 times during the second outdoor period (171 =+
35.0, 199 + 35.0 and 262 + 35.0 DIM; mean + SD),
representative samples of forages and concentrates were
collected (9 samples per feedstuff), stored at —20°C,
lyophilized (Thermovac TM-20; Froilabo SA, Ozoir-la-
Ferriere, France), and analyzed for NDF, ADF, starch
(only for samples of pelleted wheat, and EL and ER
concentrates) and ether extract (Lerch et al., 2012),
and for the determination of FA composition.

M:ilk. During the same weeks when samples of feeds
were collected, 1 subsample of unpreserved milk (60
mL) was collected at morning milking. After storage
for 28 h at 4°C, milk FFA content was determined
(Galilait, Theix, France) using the copper soap method
(Jellema et al., 1991). At the same time, as well as
for 1 additional week during the first outdoor period
(232 + 23.1 DIM; mean + SD), daily milk yield was
recorded for each cow and subsamples of milk (30 mL)
were collected over 4 consecutive milkings, preserved
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with bronopol B-2 (Trillaud, Surgeres, France), stored
at 4°C, and analyzed for fat content (Galilait) by mid-
infrared spectrometry (AOAC, 1997; Milkoscan 4000;
Foss Electric A/S; Hillersd, Denmark). Additional
samples of unpreserved milk (3 mL) were collected over
2 consecutive milkings, stored at —20°C, lyophilized
(Thermovac TM-20; Froilabo S.A.), and submitted for
the determination of FA composition.

Lipid Analysis. Fatty acid methyl esters (FAME)
were prepared from samples of ground lyophilized feeds
using a one-step extraction and methylation procedure
(Sukhija and Palmquist, 1988). The FAME recovered
were analyzed by GC using a Trace-GC 2000 Series
gas chromatograph equipped with a flame ionization
detector (Thermo Finnigan, Les Ulis, France) and 100-
m fused silica capillary column (i.d. 0.25 mm) coated
with a 0.2-pm film of cyanopropyl polysiloxane (CP-Sil
88; Chrompack Nederland BV, Middelburg, the Neth-
erlands) and temperature gradient (Loor et al., 2004).

Lyophilized morning and evening milks were pooled
(60 and 40 mg of morning and evening samples, respec-
tively) to provide a daily composite sample for each
cow. Fatty acid methyl esters in 100-mg samples of
lyophilized milk were prepared by direct methylation
according to Ferlay et al. (2010) with modifications.
In brief, samples were incubated with 2 mL of 0.5 M
sodium methoxide in anhydrous methanol plus 1 mL of
hexane at 50°C for 15 min, which, after cooling, was fol-
lowed by the addition of 1 mL methanol/HCI (95:5 vol/
vol) and incubation at 50°C for 15 min. Methyl esters
were recovered in 1.5 mL of hexane, washed with 3 mL
of aqueous (6% wt/wt) K,CO3, and analyzed by GC.
The total profile of FAME in a 0.6-pL sample at a split
ratio of 1:50 was determined using the same chromato-
graph equipped with the same column used for feed FA
analysis. The injector temperature was maintained at
250°C and the detector temperature at 255°C. Methyl
esters were separated using a gradient program (initial
oven temperature of 70°C held for 1 min, increased to
100°C at a rate of 5°C/min, maintained for 2 min, in-
creased to 175°C at a rate of 10°C/min, held for 42 min,
and then increased by 5°C/min to a final temperature
of 225°C that was maintained for 22 min). Hydrogen
was used as the carrier and fuel gas. The injector
pressure was held constant at 158.6 kPa. Peaks were
routinely identified by retention time comparisons with
commercial authentic standards containing a mixture
of FAME (NCP #463, Nu-Chek Prep Inc., Elysian,
MN; Supelco #37, Supelco Inc., Bellefonte, PA), in ad-
dition to methyl esters of geometric isomers of A9,12
18:2 (L8404; Sigma, Steinheim, Germany), and posi-
tional and geometric isomers of CLA (05632; Sigma).
Correction factors to account for the carbon deficiency
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in the flame ionization detector response for FAME
containing 4- to 10-carbon atoms were estimated using
a reference butter oil of known composition (CRM 164;
Commission of the European Communities, Commu-
nity Bureau of Reference, Brussels, Belgium).

Methyl esters not available as commercial authentic
standards, including cis-9 10:1, cis-9 12:1, trans-9 12:1,
trans-5 15:1, c¢is-10,-13 16:1, trans-6,-7,-8,-11,-12,-14
16:1, ¢is-7,-8,-9 17:1, ¢is-10,-12,-13,-14,-15,-16 18:1, tra
ns-4,-5-6,-7,-8,-10,-12,-13,-14,-15 18:1, cis-9,cis-15 18:2,
c1s-12,c1s-15 18:2, cis-9,trans-13 18:2, cis-9,trans-14
18:2, trans-11,cis-15 18:2, trans-12,cis-15 18:2, trans-
11,trans-15 18:2, c¢is-9,-11 19:1, and 11-cyclohexyl 11:0
were identified based on electron impact ionization
spectra of FAME and 4,4-dimethyloxazoline (DMOX)
derivatives obtained by GC-MS. Preparation of DMOX
derivatives, parameters used for GC-MS analysis, and
interpretation mass spectra were in accordance with
earlier reports (Halmemies-Beauchet-Filleau et al.,
2011), with the exception that the temperature pro-
gram applied during GC-MS analysis was identical to
that used for the analysis of FAME by GC.

Sensory Analysis. From the beginning of the
second outdoor period, milk samples collected on May
18, 25, 27, and June 3, 2009, from each group of cows
were submitted to a trained 12-member taste panel,
with comparisons between samples being made accord-
ing to standardized triangle tests. Raw milk subjected
to sensory analysis was collected from the afternoon
milking from each cow, pooled, and mixed to provide
bulk composite samples for each treatment group. Once
composited, 10-L. subsamples were cooled and stored
overnight at 4°C before being transported to the senso-
rial analysis laboratory of Aurillac (France) and ana-
lyzed using standard procedures (AFNOR, 1983). Once
delivered, milk samples were heated to 32°C, with 3 (2
identical, 1 unique) being dispensed into plastic glasses
and evaluated under red light. Each panel member
was requested to identify the unique samples and to
describe perceived differences. Four comparisons were
made (CTL vs. EL, CTL vs. ER, CTL vs. FRM, and
CTL vs. WR) in each of the 4 sensorial test dates.
Samples were allocated to taste panel members in a
random sequence. For day of testing, 12 answers for
each comparison were recorded.

Calculations and Statistical Analyses

Individual cow measurements of nutrient intake, milk
yield, and milk composition were analyzed using the
Mixed procedure for repeated measures of SAS (SAS
Institute Inc., Cary, NC; 2003 version). A covariate
term was calculated as the deviation between each in-
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dividual cow and the mean of its respective parity using
data recorded during the fifth week of lactation of yr 1.
Experimental measurements were expressed as continu-
ous variables relative to the average of lactation week
for all the cows of the experimental herd at the time
of sampling. Data recorded during indoor and outdoor
periods were analyzed independently by ANOVA for re-
peated measures using a statistical model that included
covariate, treatment, year, sampling date (defined as
week within year), parity in the first year of experi-
mentation within year, treatment by year, treatment
by sampling within year, and parity in the first year
by sampling within year interactions as fixed effects,
and cow as a random effect. Because the interaction
between parity in the first year and sampling within
year was not significant, this term was removed from
the model. To test the significance of interactions be-
tween treatment with indoor or outdoor periods, data
from the first and second years of study were analyzed
separately by ANOVA for repeated measures using a
model that included covariate, treatment, period (in-
door vs. outdoor), sampling within period, parity in
the first year of experimentation, treatment by period,
treatment by sampling within period and parity in the
first year by sampling within period interactions as the
fixed effects, and cow as a random effect. In all cases,
a spatial power covariance structure was used. Least
squares means are reported with pooled standard er-
ror of the mean derived from the model within period
(indoor and outdoor). To comply with the assumptions
of normality and homoscedasticity of residuals, statisti-
cal analysis of milk FFA concentrations was performed
after logarithmic transformation. Least squares means
and standard error of the mean were estimated from
untransformed values, whereas P-values for treatment
comparisons are based on the statistical analysis of
transformed data.

Sensorial triangular test evaluations from each of
the 12-member taste panel related to unique sample
identification for all 4 preplanned comparisons on each
test date were assigned as either correct or incorrect.
Results were expressed as a percentage of correct re-
sponses and differences were tested statistically based
on comparisons with values from the binomial law pa-
rameter P = 1/3 with n repetitions (AFNOR, 1983).

Owing to the extensive amount of data generated in
the present study, P-values for treatment effects are
not stated in the following text. Changes in response to
treatment (i.e., an increase or decrease) are described,
when significant, at P < 0.05, or as a trend toward
significance at 0.05 < P < 0.10. The significance of
treatment effects on all measured parameters are re-
ported in the tables.
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RESULTS

Intake, Milk Yield, and Composition

Chemical composition of feed ingredients and nutri-
ent intakes are reported in Tables 1 and 2, respectively.
During the first indoor period, the 3% target oil level
in diet DM from all oilseed treatments was achieved,
but for the second indoor period, the amount of ad-
ditional oil in the diet from oilseed supplements was
higher than intended (Table 2). On average, oilseed
supplements supplied 440, 410, 550, and 460 g of oil/d
during the first outdoor period and 490, 520, 430, and
650 g of oil/d during the second outdoor period for EL,
ER, FRM, and WR, respectively. Decreases in forage
DMI and total DMI were observed for EL, compared
with ER and WR during the first indoor period, and
compared with ER, FRM, and WR during the second
indoor period (Table 2). During the second indoor
period, forage and total DMI was lower for the CTL
than FRM and WR. The proportion of concentrates in
the diet increased, on average, from 30 to 41% of diet
DM between the first and second indoor periods. As
a result, mean dietary starch concentration increased
from 6.8 to 16.8% in diet DM, whereas ADF concentra-
tion decreased from 26.1 to 23.3% in diet DM for the
second compared with the first indoor period. Starch
concentration in the diet increased more between the
2 indoor periods for EL, ER, and WR relative to the
CTL and FRM (mean increases of +14.9, 10.2, 11.1,
7.8, and 5.9 g/100 g, respectively; Table 2).

During the second indoor period, ER and FRM in-
creased milk yield compared with CTL, EL, and WR.
Milk fat content was lower for EL. and ER than FRM
and WR, whereas milk fat yield was higher for FRM
compared with other treatments during the second
indoor period (Table 3). During both outdoor periods,
milk fat content was higher for WR relative to other
treatments (Table 5).

Milk FA Composition

Treatment effects on milk FA composition during
both indoor periods are presented in Tables 3 and 4,
and for both outdoor periods in Tables 5 and 6, respec-
tively. Changes in milk odd- and branched-chain FA
(OBCFA) and minor isomers of 16:1 to treatments
during the indoor and outdoor periods are reported
in Supplementary Tables 1 and 2, respectively (avail-
able online at http://www.journalofdairyscience.org).
Temporal changes in the concentrations of specific FA
in milk or groups of FA over the course of the 2-yr
experiment for all treatments are reported in Figures
1 to 3.
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Indoor Period (Tables 3 and 4; Figures 1, 2,
and 3; Supplementary Table 1). Compared with
the CTL, EL and ER resulted in similar decreases in
milk total SFA and OBCFA, and comparable increases
in total cis 18:1 and trans 18:1 concentrations. How-
ever, total PUFA and trans FA concentrations in milk
were increased more by EL than ER, whereas only EL
increased total nonconjugated 18:2. Both EL and ER
lowered the concentration of 6- to 17-carbon SFA. Con-
versely, EL. and ER resulted in comparable increases in
18:0, whereas only ER increased 20:0 and 22:0. Milk
concentrations of 10- to 17-carbon cis-9 MUFA were
decreased, and cis-9 18:1 and c¢is-9 20:1 were elevated
by EL and ER. Increase in milk cis-9 20:1 content was
higher for ER than EL, with ER also causing an en-
richment of cis-11 20:1. Supplements of EL, and ER
to a lesser extent, increased 18:3n-3 and 20:4n-3, and
decreased 18:2n-6 and 20:4n-6 concentrations.

Milk concentrations of numerous ruminal biohydroge-
nation (RBH) intermediates were increased by EL and
ER. Concentrations of trans-11,-12 16:1, cis-12,-15,-16
18:1, trans-12,-13,-14,-16 18:1, all 18:2 isomers other
than 18:2n-6, and cis-9,trans-11 CLA in milk were in-
creased more by EL than ER. Conversely, trans-6,-7,-8
16:1, cis-11 18:1, and trans-4,-5,-6,-7,-8,-9 18:1 were
increased to a greater extent by ER than EL. However,
trans-10 18:1 was not affected, whereas cis-13 18:1 and
trans-11 18:1 were increased to the same extent by both
EL and ER.

Outdoor Period (Tables 5 and 6; Figures 1, 2,
and 3; Supplementary Table 2). In comparison with
the CTL, both EL and ER induced similar changes in
milk FA composition, as measured during the indoor
period, but the magnitude of decreases in total concen-
trations of SFA, cis 18:1, and MUFA concentrations
(mean responses —5.2, +4.4, and +4.6 g/100 g of FA,
respectively) were lower compared with the responses
during the indoor period (corresponding values —10.0,
+7.7, and +8.9 g/100 g of FA, respectively). However,
milk total PUFA and trans FA concentrations were
only increased by EL. All milk OBCFA concentrations
(except 13:0 iso and 18:0 iso) were decreased by EL and
ER. Milk ¢is-9 20:1 and cis-11 20:1 concentrations were
increased by ER, whereas EL increased milk 18:3n-3,
20:4n-3, and 20:51-3 content.

With the exception of trans-11 18:1, A11,15 18:2, and
cis-9,trans-11 CLA, both EL and ER induced similar
alterations in the abundance of RBH intermediates as
measured during the indoor period. However, the extent
of changes in milk ¢is-11,-12,-15,-16 18:1, trans-16 18:1,
and cis-12,c¢is-15 18:2 concentrations to both treatments
were lower than observed during the indoor period. In
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Table 1. Chemical composition of forages and concentrates
% of DM g/100 g of total FA
Ether cis-9 cis-11 18:2 18:3 cis-9
Ttem NDF Starch extract 16:0 18:0 18:1 18:1 n-6 n-3 20:0 20:1
yr 1 indoor period'
Grass silage 44.3 ND? 4.8 15.6 1.55 3.7 0.44 20.1 46.6 0.71 ND
Hay 63.2 ND 1.6 274 2.99 4.2 1.08 14.5 31.7 1.80 ND
Concentrates®
CTL 13.0 46.9 3.8 13.2 2.23 22.5 3.18 49.6 6.1 0.28 0.33
EL 23.0 15.0 12.2 6.8 3.45 214 1.98 194 44.9 0.18 0.06
ER 24.6 14.6 11.5 6.4 1.54 48.6 4.51 23.6 11.5 0.46 0.98
FRM 18.8 16.3 13.3 6.5 1.52 48.7 5.23 25.0 9.1 0.50 1.06
WR 23.5 6.9 13.2 5.8 1.43 52.1 4.75 22.5 9.6 0.48 1.00
yr 1 outdoor period®
June pasture 41.6 ND 3.6 14.2 1.64 2.0 0.35 13.4 61.7 0.43 ND
September pasture 43.0 ND 4.3 13.9 1.36 1.1 0.46 12.8 60.7 1.02 ND
Concentrates®
CTL 13.0 43.7 3.8 12.3 2.08 25.6 4.63 45.4 6.3 0.31 0.36
EL 23.0 13.6 12.8 6.8 3.36 224 2.44 19.3 43.5 0.19 0.08
ER 24.8 15.2 12.1 6.4 1.52 48.4 4.90 234 11.4 0.46 0.96
FRM 18.7 16.2 13.2 6.4 1.51 49.0 5.27 24.7 9.1 0.50 1.07
WR 23.7" 6.6 13.3 6.0 1.43 51.3 5.27 22.6 9.4 0.48 0.96
yr 2 indoor period'
Grass silage 57.8 ND 2.6 19.6 1.93 3.3 0.70 21.6 41.0 1.35 ND
Hay 56.1 ND 1.8 22.8 2.13 2.2 0.47 12.9 46.6 1.25 ND
Concentrates®
CTL 12.0 53.9 4.1 14.1 2.52 20.9 2.12 52.5 5.9 0.27 0.31
EL 13.8 49.4 11.1 8.3 3.20 19.3 0.85 26.6 40.2 0.16 0.08
ER 17.9 36.7 11.3 7.6 1.69 45.1 3.26 27.9 11.7 0.39 0.92
FRM 18.2 26.4 10.6 7.8 1.58 44.3 4.60 28.5 10.0 0.42 0.99
WR 15.4* 32.9 14.7 6.9 1.74 50.2 3.51 25.0 10.0 0.48 0.96
yr 2 outdoor period®
June pasture 49.6 ND 2.0 17.9 1.57 2.6 0.39 13.5 55.9 0.53 ND
July pasture 41.8 ND 2.9 16.0 1.24 1.6 0.23 13.4 59.9 0.47 ND
September pasture 56.1 ND 3.0 14.4 1.18 1.5 0.37 10.9 65.0 0.47 ND
Concentrates®
CTL 14.9 44.7 3.9 13.3 2.32 23.3 4.26 48.0 5.9 0.29 0.35
EL 24.0 14.6 13.2 6.8 3.16 20.8 2.18 19.2 45.7 0.16 0.06
ER 24.3 16.1 12.8 6.6 1.52 48.9 4.23 23.3 124 0.41 1.00
FRM 18.8 24.5 11.1 74 1.53 45.7 4.78 27.1 10.3 0.43 1.03
WR 23.6* 5.5 17.0 6.1 1.60 53.4 4.48 21.0 10.4 0.51 1.03

!Cows received diets based on grass silage and grass hay supplemented with experimental concentrates (forage:concentrate ratio on a DM basis,

70:30 and 60:40, for yr 1 and 2, respectively).
’ND = not determined.

3Concentrate mixtures contained pelleted wheat and solvent-extracted rapeseed meal (control, CTL), substituted for, in part, with an extruded
blend of linseeds and wheat (70:30% wt/wt; EL); extruded blend of rapeseeds, wheat, and wheat bran (59:29:12% wt/wt; ER), cold-pressed fat-
rich rapeseed meal (FRM); or whole unprocessed rapeseeds (WR). The chemical composition of individual feed ingredients is reported elsewhere

(Lerch et al., 2012).
‘Estimated, based on published values (INRA, 2007).

Cows were offered free access to pasture and 4.5 kg of experimental concentrate DM/d; yr 1 = 2007/2008; yr 2 = 2008,/2009.

contrast to the effects during the indoor period, ER
decreased milk trans-11 18:1 and A11,15 18:2 content,
whereas the occurrence of trans-11 18:1 was not altered
by EL. Furthermore, cis-9,trans-11 CLA was decreased
by EL, and substantially lowered in response to ER.

Effects of Rapeseed Form (ER vs. FRM vs. WR)
During yr 1

Indoor Period (Tables 3 and 4; Figures 1, 2,
and 3; Supplementary Table 1). During the first
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indoor period, FRM decreased to a greater extent 6- to
17-carbon SFA and cis-9 MUFA, total SFA and OB-
CFA, and resulted in higher increases in total cis 18:1,
total MUFA, 18- to 22-carbon SFA, and cis-9 MUFA
than ER. Treatment ER resulted in larger changes
in milk FA composition compared with WR. Both
FRM, and to a lesser extent ER, increased total trans
18:1, trans FA, and PUFA concentrations. Treatment
FRM increased total milk nonconjugated 18:2 content,
whereas WR. decreased the concentrations of these FA.
Only WR decreased 18:2n-6 in milk, whereas FRM



x week
0.71
0.04
0.75
0.41

X year
<0.001
<0.001
<0.001

Week Treatment Treatment
<0.01

P-value
(year)

<0.001
<0.001
<0.001

<0.01

Year
<0.001
<0.001
<0.001
<0.001

<0.001
<0.01

<0.001
<0.001

SEM Treatment

0.23
0.16
0.43
0.018

WR

9.0"
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1.11%

12.7*

FRM
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0.76"

12.9°

ER
S.Gah
21.1&“)
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Treatment?
12,50

10.9¢
7.7

18.4¢
0.66°

yr 2 (2008/2009; n = 35)"
EL

CTL

11.7"
8.3b

20.0
0.00¢

WR

6.2
20.5"

0.67"

14.3"

58)!
FRM
13.4bc

5.6
19.2bc
0.69"

Treatment’
ER
13. gab
5.9
19. Sab
0.55°

yr 1 (2007/2008; n
EL
13.0°
5.7
18.6°
0.61°

CTL

1 3 Sabc
6.0

19‘ 7abc
0.00¢

Table 2. Effect of oilseeds in dairy cow diets on intake and nutrient composition of diets over 2 consecutive indoor periods

Intake (kg of DM/d)
Forage
Concentrate
Total DM
Fat from oilseeds

Nutrient content

Ttem
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was the only treatment to lower 20:3n-6 and 20:5n-3.
Both ER and FRM resulted in comparable increases in
18:3n-3 and similar decreases in 20:4n-6 concentrations.

Concentrations of almost all RBH intermediates were
increased by ER and FRM. In general, increases were
of greater magnitude for FRM than ER, whereas the
increase in milk trans-6,-7,-8 16:1, cis-11,-12,-13 18:1,
trans-11 18:1, trans-11,trans-15 18:2, and c¢is-9,trans-11
CLA content were similar for ER and FRM. Neverthe-
less, only FRM increased trans-10 18:1, whereas ER
was the only rapeseed treatment to enrich cis-12,cis-15
18:2 and trans-11,cis-15 18:2. Both ER and FRM de-
creased trans-12,cis-15 18:2. In contrast, WR resulted

<0.001

<0.001
0.40

<0.001

<0.001
<0.001
<0.001
<0.001

<0.001

<0.001
0.39
0.15

<0.001
<0.001
<0.001
<0.001

B0 =
L Tg
B 2
Sze
TS E
L= <
R
g &
[o=js
¥
254
=}
FEE
= O~
g 9 4
3¢%
=
=£7
SEE
Bg A
8EZZ
2888 = 55 % in marginal increases in trans-6,-7,-8 16:1, cis-11 18:1,
SSSS 2 Nf;% trans-6,-7,-8,-9,-16 18:1, and trans-11,trans-15 18:2.
VvV £ g R Outdoor Period (Tables 5 and 6; Figures 1, 2,
£ 5% and 3; Supplementary Table 2). Consistent with
0 < e - a9 . . .
2222 o ‘%ggé the changes during the indoor period, FRM, and to
2845 a lesser extent ER, decreased concentrations of 8- to
IR - %%}f 17-carbon SFA and cis-9 MUFA, total SFA and OB-
Shulcs ;%;é CFA, and increased total cis 18:1 and total MUFA
= é ii concentrations. However, the magnitude of changes in
% %o%n B % £ milk fat to FRM and ER were lower than during the
SO TR 5o indoor period. All rapeseed treatments increased milk
S gﬁ% 18:0, cis-9 18:1, and 20:0 concentrations to a similar
P S a EZ extent. During the outdoor period, only FRM increased
FET© i3 :’j %3 - total trans 18:1 and trans FA concentrations, whereas
.. | Sg- gé WR had no effect on total SFA and total MUFA, but
on2z :\: g 852 decreased total trans 18:1, trans FA, and nonconjugat-
= 5o %Ej: ed 18:2. All rapeseed treatments lowered 20:4n-6. Both
R j :@E FRM and WR decreased 18:2n-6, whereas decreases in
< MmO — h= £ 3 .
woicm| T o §E~ 20:3n-6, 20:4n-3, and 20:5n-3 were exclusive to FRM.
o E 2 8 % 2 Milk 18:3n-3 content was not altered by rapeseed treat-
5283y ments during outdoor period.
i, fg E gyeE Treatment FRM, and ER to a lesser extent, increased
LRl A ﬁg“% trans-6,-7,-8,-11,-12 16:1, all 18:1 isomers (other than
é% T g trans-11 18:1), cis-9,trans-13 18:2, and c¢is-9,trans-14
= ; &l E 3 3 18:2. Overall, when compared with the indoor period,
/reer CR those changes to ER and FRM were of lower and higher
R 2 _;D; g magnitude, respectively. Treatment WR resulted in
ZEGE| = B %Eé marginal increases in cis-11 18:1 and trans-16 18:1, and
- =2 %fﬁ decreased cis-12 18:1, cis-13 18:1, and trans-10 18:1.
P % NI B In contrast to the indoor period, trans-11,trans-15 18:2
[xp] a1 00 wn @
Sweo| EAHZ ER was decreased by ER and FRM, whereas trans-11 18:1
g = o= i and cis-9,trans-11 CLA were not affected by FRM but
PR ’g j% ,; ’é E decreased by ER and WR.
0 H O <A S K —~=
e £ 2=
i g 2 ﬁ £7%  Effects of Oilseed Supplements During yr 2

% = xyllge

E TP egE . .

E E g 558 Indoor Period (Tables 3 and 4; Figures 1, 2,
=) s - % o %S ;? and 3; Supplementary Table 1). In general, milk
A < 5| £ 2 =< Za«  produced during the second indoor period contained
g% 52| 2 § %%f:‘% lower concentrations of total SFA and OBCFA and
—seEE| T 20525 higher total trans FA and PUFA content compared with

Journal of Dairy Science Vol. 95 No. 9, 2012



LERCH ETAL.

5228

panuuo,)

100°0> 110 €00 €00  T000> 690  (@F9  ,£9¢ ,6'86 29CG L TL9 JFE9 F9S 86G  ,98G L1769 ViS X
v
780 L0°0 200 T000> 100> €200 (610 (20 920 080 (ST eT0 Zro 11°0 LT0 €10 Ppeynuepun X
€v0 reall €00 TO00> €00 2000 a0°0 €00 @000 @000 (@00 GO0 00 JFO0 JFO0 (€00 072
€8°0 900 T00°0> T000>  T00> 000  F00 €00 €0°0 €00 €00 G070 JOO L F00 P00 @S0°0 T:€C P1-510
050 v o G0'0  TO00>  TO0> G000 €10 110 zr0 zT0 €10 910 L0 LFT0 ,8T0 @910 0:92+€-UG:gg
g-ug:0g+
€6°0 1000> 100> 800 100> €000 (£0°0 €00 €0°0 LS00 (€00 €00 00 GO0 (800 (£0°0 1:3T €1-519
6£°0 L0 T00°0> 1000>  T000> €000 500 290°0 2700 00,800 LO0 L2000 900 (S00 (SO0 0:22
600 100> T00°0> T000> T000> €000 (S0°0 4S0°0 49070 00 (S0°0 800 900 LO0 800 800 €-uG:0g
100> 100> S00 00  1000> €000 (800 ,90°0 ,L0°0 J00 010 800 900 LO00 900 600 9-UF:0¢
¥20 FO'0  T00°0> T000> T000> €000 ,€00 €00 00 900 L€0°0 4900 8000 900 L00 ,80°0 €-Upi0g
80°0 90°0 100> 100>  1000> €000 900 4800 4800 00,900 000 800 900 (SO0 900 9-Ug:0g
050 890 T000> 8€0  T000> F000 (900 010 .80°0 JO0 b0 900  LITO 800  ,F00 700 T:0g T1-510
180 €00 10°0> 100°0>  T1000> 000 £T°0 FT0 JT0 800 4600 LT0 610 LT0 L8100 LIT0 1:0g 652
760 87°0 T00°0> T00°0> T000> 2000 (9T0 120 HOT°0 800 010 &0 .GT0 @80 LSTO0 BT 0:02
1000>  T00°0> T00°0> 960  T000> 9200 ,0S0 890 890 09T LL80 90 9L0  (LL0 GETT ,0L0 ¢-ugigT
GVID
200 100> 100°0> T00°0> 1000> 2€00 (S50 8670 J60 00T (990 880 IS0 280 860 TT-5UDLY 6510
100°0>  T00°0> T00°0> T00°0> T000> 800  .0C 9T 9% 07 Reld LT ratd 8T 0T ST X
100> 1000> T00°0> 100°0> T1000> 610  ,9°€ 9L .89 .28 8°€ Z€ 8°C Al 0€ T:8T sunty
100> ce0 690  TO0> T000> LSO (6'€C W£LT w9'ST 668 LT6T 8FC .16 009 88T T:8T 820
€10 €00 T00°0> 1000> T1000>  GF0 £l JGT (@TT LT 6L (€T JGT O GET (JIFT L8 0:81
86°0 €0°0 ¥E0  8S0 zro €100 980 @00 6870 FP0 8870 W0 070 6£°0 070 6£°0 LT:9T 3130 3
c0°0 600 100> 0F0  1000> 65900 FET LI0'T AR OTT W6LT (@FT LOT 08T LETT  LI9T 10T 6522
100°0> 89°0 &0 8F0  T000> G50 (L'SC 6T 12T 072 .80¢ OFC  L6L 008 LI GLO8 0:971
c0°0 L0 T000> 100> T000> 1900 E0'T ,£€9°0 8670 L8O 8ET €60 L0 ,G80 €40 LST'T LT 6500
80°0 68°0 700 SO0  T000>  0LT0  (E6°0T LS WET0T 686 L9TT LTOT €68 096  ,£¢6  6FET 071
200 030  T000> €90  1000> G000 800 00 2200 900 LIT0 800,800,900  ,900 010 T:3T 6-suny
z10 8L°0 €00 L£0  T000> L0000  LT0 010 o710 LT0 020 OT0  LIT0 €10 €10 LIE0  OEI+TET 650
100> gro T000> 100>  1000> 9IT°0 60°€ VT 78T 08T GBLE 89T JL6T (VT 68T LS 0:21
100> €0 000> T60  T000> €I00  LIE0 810 erall @G0 LCE0 6T0  6T0  FE0 ,ST0  LSE0 T:0T 652
10°0 600 T000> 100> T1000> T0T'0 0L¢ 2£0°C W FFT H60T 2T (€T JLT &1 81T JBTE 0:01
100> 100 T000> 200  T000> 900 I¢T 7670 JTT 860 92T LOT LS80 JOT @G0T 68T 0'8
100> 100> 200 F00  T000> €500 0T JILT w061 WFLT WI6T 96T GLT 6T G6T 91T 0:9
100> €10 100 T1000>  LT0 90T'0  087C 16T cr'e 66T 12T ¥8°C 76T 10°¢ RS ¢8'z 0¥
(vd jo
8001/9) vd
(o330 8
001/bzu)
¥€0 c0'0  T00°0> T000> 200  LFO0  ,9%°0 970 26770 990 €90 €e0 ¥€0 1€°0 ero ce0 VA SN
z10 100> T000> TT°0 010 6'¢r SI0T  8SI'T JT0T £16 (76 086 9.6 €96 086 V.6 (p/3) PRI
700 100°0>  T00°0> T000> SO0 6IT0  F9€  W68°€ 68°C L0E ,LTE 69°€ eg'g 1e°¢ 99°¢ 65°¢ (%) yeguoy
ey [N
(p/3%)
99°0 20’0 T00'0> T000> T000> 980  (£'ST L°EE L€ 660 98T 992 ¢'8T 8.7 6'92 692 P& N
Yoom x  reaf x  (1eek) eox jueumjel], WHAS UM INUA i Td TLO M WA Rijci gic| TLO WYy
Jusmajeal], JusujealT, &@@\5
uouIyealy, JUOUIYedL T,

anea-g

1(e€ = w:6008/800¢) ¢ 14

(86 = 1 800z/2003) T 14

spottad 1ooput 130q Surmp uorsodurod v y[ru pue ‘sisA[odl] ‘UOTI0I098 Yo Y[IW ‘PRIA J[IW UO SUOIYR)OR] JAIJNIISUOD g IOAO SIAIP M0D AITRD UL SPIIS[IO JO 109JH ‘¢ O[],

Journal of Dairy Science Vol. 95 No. 9, 2012



5229

LONG-TERM OILSEED SUPPLEMENTS AND MILK FATTY ACIDS

(VY) VIO T1-suny‘e-sto pue (YA) 1:8T TT1-sun4y 1deoxe ‘. sunig Jo wng,

“VANIN Supip pue s19 Jo wmg,
"Vl UIRUD-POYOURI] PUR -ppo JO WG,
"$ueUOdWOd I0UTH S€ YT 0T-510°§-UDL) PU YT (-519°L-SUD4) SUIRIUOD)

(VID) pe dm[oul] poyesn(uod jo SIoWos! SUIPNXO ‘Y ¢:8T JO Wng,
T:9T PI-21-T1-'8-'L-"9-5unsy pue 1:9T ¢1-"TT-'01-"L-522 Jo wng,
‘quetuoduwod JOUTW © S ():9T-[AYI0WRIDI-GT T L ¢ sUurejuo)) .
‘(A1eA1yoadsar ‘g pue T 14 Sunmp § pue g = u ‘YA\) speesader
passaooxdun ofoym 1o ‘(A[pArpoadser ‘g pue T 14 Sunmp g pue (O] = U NJ) [BoW possodel yoLi-je] pesseld-piod ‘(A[parpoedser ‘g pue [ 14 Suump § pue gl = u yf) spoasodel
popnajxe ‘(A[parjoadser ‘g pue T 14 ulmp g pur g = U {rJ5]) SPIISUI] PIPILIIXS WO [N(] 19IP UL [10 JO 9 T°G 0) §°g 10 ‘(A[paryoadsar ‘g pue 1 14 Sunmp J pue g = U I ‘[01)U0D)
puoworddns poosfio ou Surureyunod (Apanoodsor ‘g pue T 1£ 10§ (F:09 PUR (g:0L ‘SISeQ N UO ORI 0JeIIO0U0D:05RI0f) AT SSRIS PUE 0FE[IS SSBIS U0 POSEq SJOIP POATOIOT SMOD).
“Appanoadsor ‘g pue 1 14 10§ uoneldR] Jo (IS F UeOW) 0°G F 8T PUR 6T F g1 PUB ‘€'¢ F 0g PU® 7'¢ F 0T 34 1€ A[1e04 001M) PoInseo]y,
"G00 > d e TP s10199] dLmsIodns JULISJIIP [IIM SURSUI ‘Tl UM PUR MOT ® UM, .,

100°0>  100°0> T00°0> T00°0> T1000>  &I'0 b€ LY LT 0L N KRS a2 JF R LE viand X
SV SuDy VY
100°0>  100°0> T00°0> T00°0> T1000>  ST'0 &€ W19 WLS .68 e 8T MRe i €76 9T pue yA-UOu
100> 100°0> T00°0> 100°0> T1000> 720 8% W96 78 OT1T T8 9 oY) e 6L Y VA sunap
100> 970 80 IF0  1000> 190 I L8 GG 968 8L B8 @8e 088 LTFE 098 GVANIN X
jzal] 100°0>  100°0> T00°0> T000> 900 L€ Je 0S'E Je 0F FF L€ NiX3 NiX3 £ ,VADEO X
Woom x aead x (reaf) reox jueuwnel], NHAS UM YA picH gic LD M WHd gd Td LD o)
JTUOW)ROLT, JUOUIJROL], JOIA\
mpﬁgﬁﬁwwprﬁ Npcwaudwpn—u
onfeA~ ((ge = 1 6002/800%) ¢ 14 (86 = 1 :8002/200%) 1 14
sportod

Toopul joq Surmp uorisoduiod y I pue ‘SSA[odI] ‘WOII0I09s Je] [T ‘POIA Y[IUT WO SUOIIRIIR] SATINISSUOD g I9A0 SI9IP MOD AIrRD UT SPIas[Io Jo 10o5)y *(penurjuo)) ¢ o[qe],

Journal of Dairy Science Vol. 95 No. 9, 2012



LERCH ETAL.

5230

“puouodwod 10Ut € s T:G] [1-510 SUlRIUO)

‘queuoduIod I0UIW © Se Z:QT F-SUnLy‘()[-520 SUreIuo)),

"syueuodiod 10Ul se iG] (520 PUe g:g] G510 6510 SUrRjuo)),

“JuetodTIod IOUTW ® S T:Q] -520 SUIRUO)),
“T8T GT-SUDLF G510 [ITM SOI[PO)),
“SIUOUOAWIOD oUW S€ T:QT GT-SUN PUR [:8] (T-5%0 SUIRIUOD),

‘(A]eA10adsar ‘g pue T 14 Sunmp § pue g = U ‘YgA\) speesader
passedoxdun afoym 10 ‘(A[pAryoadser ‘g pue T IA Sunmp § pue (] = U {NY) [eow passader ypLI-je] passaid-prod ‘(Aparyoadsar ‘g pue T I Sunmp § pue g = U {5) spaesader
popnIjxe ‘(A[parpoadser ‘g pue T 14 Junmp g pue g = U {rJ5]) SPIdSUI] PIPILIIXS WOIJ [\ 19IP UL [10 JO % T°G 0) §'g 10 ‘(A[paryoadsar ‘g pue T 14 Sunmp J pue g = U [T ‘J01)100)
juotmerddns peasyio ou Sururejuod (A[earydadser ‘g pue T I£ 10 OF:09 PUR (0g:0L ‘SISeq JN( TO OIeI 9)RIIedU0:a8RI0]) ARt sseld pue oSe[ls sselS WO paseq S19IP POATEdAI smop),
‘AToaty0adsar ‘g pue T 14 10] uoriv)oR] Jo ((IS F UeoW) ()°G F QT PU® 6T F ¢ PUR ‘€'¢ F 07 PUR 7'g F 0T M e A[Iedf 001m) PaInseaN,
'G0°0 > d Yo BYIp s10199] 1dLrosiodns JULIOJIP [ITM SURDOUL ‘TR0A UIIIM PUR MOI ® UIYITA, .,

90°0 100> T00°0> T000> T000> €000 ,300 (800 ,@00 900 L1000 JOO OO0 OO0 600 €00 TIST GT-SuDnL TT-suny
99°0 90°0 10°0> 100°0>  T100°0>  $00'0 4300 4800 800 800 (€00 LI LT00 LI00 LS00 (8070 (JGIST GT510°gT-suny
100> 1000>  1000> ¢80 T00°0> 9100 ,L00 (10  &T0 690  ,900  ,ST0 ,ST0  8T0 PO 510 T:8T GT-512 TT-suDL}
1000>  T1000>  T00°0> T00°0> T000> 8000 .0T0 ST0 ST0 620 LIT0 OT0 G100 610 130 4600 TIST FT-5UDLY 6510
100°0>  T100°0>  T00°0> T00°0>  T100°0>  LI00 ,020 (G€0 (880 0.0 €20 LBT0 (80 820 PO 810 LTIST ET-SUDLF 6519
100°0> 070 100°0>  ¥S°0 000> F000 (100 100 4300 o600  qI00 5,000  ,I00 (00  LOT0 5000 Zi8T CT-519°TT519
20’0 100> T000> T000> T000> GHO'0 (OFT  SLT 8T WLST  LST LTT  SFT WFET 08T JFFT (97 UEST
1000>  T1000>  T00°0> 100> T000> 9T000 ,E60 S50  .LFO .6L0  ,I€0 PEE0 FE0 L9F0 990 630 (T:8T 9T-suvs}
100°0>  100°0>  T00°0> T00°0>  T100°0>  9F0°0 ,F90 (92T 860 6T 090 G0 JOT 680 8T S0 T:8T PI-gT-suny
100> 1000>  T00°0> T00°0> T000> 0200 660 280 .90 680 8670 bLT0 WG90 AP0 FE0 LS80 8T gT-suny
€10 100°0>  100°0> T000>  T000>  8L00 80T  ISC 88T (£IG  ,SIT 6T 08T £9T 28T  0TT T:8T TT-5unsg
08°0 100°0> 600 T00°0>  T000> 9900 680 P80 6TT  L8CT  L0L0 JIT0  FC0 980 680 ,lT0 T:8T OT-sunL
20’0 20’0 1000°0> T00°0>  T00°0>  FI00 820 680  6V0 Le70  ,Fe0 £T0 0G0  6£0 080  L8T0 8T 65Uy
60°0 10°0> 10°0> 100°0>  T100°0> 0300 HL€0 w280 120  ,99°0  .0€0 WLT0 890 60 FED 610 T:8T §-L-‘9-suny
100 G0 100>  T00> T000> €000 €00 900 (SO0 ,E00  ,G0°0 5600 900 00,500,800 8T G-suny
97°0 65°0 0 <00 000> €000 LE00  LLOO  4G00 P00 ,600  pwe00 L0 (GO0 €00 800 T:ST Frsunsy
0L°0 10°0> 180  9T0 100°0>  F000 ,900 600 (600 LET0  ,90°0 00 LIT0 00 G100 ,900 L T:8T 9T-522
1000>  T1000>  T00°0> T00°0> T000> cI00 .9T0 F¢0 £60 S0  ,GT°0 8T0  JG0 (@80 880 910 0:6T+ T:8T CT-522
79°0 10°0> 120 800 T00°0> 9000 ,L0°0 €TI0 ,O0T0 ,ST0  ,60°0 L0010 RIT0 010,800 T:8T €152
100> 1000>  T00°0> T100°0> T000> STI00 .50 980 980 .E50 .80 WST0 820 920  JE0  LIT0 T:ST gT-10
500 100°0> €10 T000>  T000> 1200 690 60 180 ,090 ,,89°0 980 80 880  EL0  ,€9°0 T:8T TT-5%2
100°0> 8T°0 00T T00> T000> 830  (8TC  S8GC GWbFe  (SCC 8Ll LT WS8L8 (ISC 6TC 6L (18T 6510
Yoom x ek x  (wmef)  aeex Jueuneer] WAS UM 0 INYA U4 T ILO UM IW"d Hd T4 TLD (vd 30 8 001/3) vd
JUOWIIROL], JUOUIIROLY,  OOA\
LuouIryeaLy, LuduIyeaLy,
on[eA-J ((ge = 1 6002/800¢) ¢ 14 (86 = 1 8002/200¢) 1 14

spotrad To0pul joq SULMp Y g:8T Poresnluoduou pue T:Q] O SUOILIIR] SAIJNIASUOD g ISAO SJOIP MOD AITRD UI SPIIS[IO JO 10915 *F O[qe],

Journal of Dairy Science Vol. 95 No. 9, 2012



LONG-TERM OILSEED SUPPLEMENTS AND MILK FATTY ACIDS

the first indoor period. Treatments had similar effects on
milk total SFA and individual SFA (except 6:0, 8:0, 17:0,
18:0, 14- to 18-carbon iso FA, and 17:0 anteiso), total
OBCFA, total MUFA, total cis 18:1, ¢is-9 18:1, and cis-
11 20:1 concentrations during the second than the first
indoor period. However, in contrast to the first indoor
period, WR decreased milk total OBCFA and PUFA
concentrations. Furthermore, ER, FRM, and EL in par-
ticular, resulted in greater increases in milk total trans
18:1, trans FA, PUFA, and 18:3n-3, and larger decreases
in 20:4n-6 during the second than the first indoor period.
Moreover, 18:2n-6 was not decreased by EL.

Treatment EL, and ER to a lesser extent, increased
trans-10 18:1, whereas WR, decreased it. Overall, ER,
FRM, and EL in particular, increased the concentra-
tion of other RBH intermediate concentrations (includ-
ing trans-11 18:1 and cis-9,trans-11 CLA) to a greater
extent during the second than the first indoor period.
However, increases in cis-11 18:1, c¢is-16 18:1, and
trans-11,trans-15 18:2 were lower. In contrast to the
first indoor period, only milk trans-6,-7,-8 18:1 content
was increased by WR.

Outdoor Period (Tables 5 and 6; Figures 1, 2,
and 3; Supplementary Table 2). Treatments in-
duced similar changes in milk total SFA, individual SFA
(other than 4:0, 6:0, 7:0, 8:0, 11:0, 15:0 anteiso, 15:0 iso,
17:0 anteiso, and 20:0 for which effects were less pro-
nounced), MUFA, and cis 18:1 concentrations during
both outdoor feeding periods. However, compared with
the first outdoor period, EL, ER, and FRM had less
marked effects on milk total OBCFA, cis-9 20:1, cis-11
20:1, trans 18:1, and trans FA concentrations. More-
over, WR did not affect total OBCFA, but decreased
total trans 18:1, trans 18:2, trans FA, and PUFA to a
greater extent during the second than the first outdoor
period. Additionally, concentrations of 18:2n-6 and n-3
PUFA were increased by EL to a greater extent during
the second than first outdoor period.

In contrast to the first outdoor period, EL decreased
trans-10 18:1, ER had no effect on it, whereas EL de-
creased c¢is-9,trans-11 CLA to a much greater extent.
Increases in all other RBH intermediates to EL, ER,
and FRM were lower during the second than the first
outdoor period, with the exception of trans-6,-7,-8
16:1, cis-11,-12,-13 18:1, and trans-12,cis-15 18:2. Con-
versely, WR, decreased trans-11,-12 16:1, cis-15 18:1,
trans-6,-7,-8,-9,-12 18:1, c¢is-9,trans-13 18:2, and cis-
9,trans-14 18:2 in the second, but not the first outdoor
feeding period.

Lipolysis and Sensory Properties of Milk

Irrespective of study year, milk FFA concentration
after 28-h storage at 4°C was higher during outdoor

5231

than indoor periods (Tables 3 and 5). Compared with
the CTL, milk FFA concentration was lower for FRM
and WR during the second indoor period; for WR. dur-
ing the first outdoor period; and for ER, FRM, and
WR during the second outdoor period (Tables 3 and 5).
During the second outdoor period, oilseed treatments
had no significant effects on raw milk sensorial proper-
ties (texture and flavor) when compared with the CTL
(18, 19, 18, and 17 correct answers out of a total of 48,
for EL, ER, FRM, and WR, respectively).

DISCUSSION

Effects of experimental treatments on feed intake,
milk yield, and milk composition have been reported
previously (Lerch et al., 2012). Although numerous
experiments have examined the effect of oilseeds on
milk FA composition (Chilliard et al., 2007), few have
considered the persistency of these changes over an
extended period. Novel aspects of the present study
include a detailed assessment of the impact of dietary
oilseed supplements on milk FA composition over 2
consecutive lactations.

Milk FA Composition

Effects of Indoor Versus Outdoor Period. Milk
from cows housed indoors and fed conserved forages
contained higher concentrations of SFA synthesized de
novo and lower concentrations of unsaturated FA, cis-9
18:1, trans-11 18:1, and cis-9,trans-11 CLA in particu-
lar (Figures 1-3). These findings are in accordance with
the known effect of grazing and forage conservation on
milk FA composition (Chilliard et al., 2007).

Effects of Oilseed Nature (EL vs. ER) Dur-
ing yr 1. Both EL (3.2% of added oil in DMI) and
ER (2.9% of added oil in DMI) consistently decreased
FA synthesized de novo, total SFA, and OBCFA, and
increased 18:0, total cis 18:1, trans 18:1, and MUFA
concentrations (Figures 1-3). Changes in milk FA com-
position to EL during the indoor period were similar,
but of higher magnitude compared with reports in
cows fed hay-based diets supplemented with EL sup-
plying 2.2% of oil in DM (Egger et al., 2007), but of
lower magnitude relative to reports in cows fed corn
silage- and corn/grass silage-based diets supplemented
with EL supplying between 4.7 to 5.8% of oil in DM
(Gonthier et al., 2005; Akraim et al., 2007; Chilliard et
al., 2009; Ferlay et al., 2010). Supplements of ER (2.0%
of oil in DMI) of a corn silage-based diet (Bayourthe
et al., 2000) were also reported to induce similar effects
on milk fat composition, but the extent of alterations
were lower compared with the ER treatment during the
indoor period in the current study. Differences in the
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Figure 1. Concentrations of (A) the sum of 4:0, 6:0, 8:0, 10:0, 12:0, and 14:0, (B) 16:0, (C) 18:0, and (D) the sum of odd- and branched-
chain FA in milk fat from cows housed indoors and fed grass silage and grass hay-based diets or maintained on pasture outdoors (bold x-axis
line) over 2 consecutive lactations. Cows received diets containing no additional lipid (control diet, -B-; n = 12 during the first year and 7 dur-
ing the second year), or 2.5 to 5.1% of oil in diet DM from extruded linseeds (~¢; n = 12 during the first year and 8 during the second year),
extruded rapeseeds (—A—; n = 12 during the first year and 4 during the second year), cold-pressed fat-rich rapeseed meal (--00--; n = 10 during
the first year and 8 during the second year), or whole unprocessed rapeseeds (—+O-— n = 12 during the first year and 8 during the second year).
Each point represents treatment least squares means. Error bars indicate standard error of the mean calculated from 2 intraperiod (indoor and
outdoor) statistical models (refer to Calculations and Statistical Analysis in the Materials and Methods section). P-values are reported in Tables
3 and 5.
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Figure 2. Concentrations of (A) trans-10 18:1, (B) trans-11 18:1, (C) cis-9,trans-11 conjugated linoleic acid (CLA), and (D) sum of ¢rans
FA (excluding trans-11 18:1 and cis-9,trans-11 CLA) in milk fat from cows housed indoors and fed grass silage and grass hay-based diets or
maintained on pasture outdoors (bold x-axis line) over 2 consecutive lactations. Cows received diets containing no additional lipid (control diet,-
B-; n = 12 during the first year and 7 during the second year), or 2.5 to 5.1% of oil in diet DM from extruded linseeds (~#"; n = 12 during
the first year and 8 during the second year), extruded rapeseeds (~A— n = 12 during the first year and 4 during the second year), cold-pressed
fat-rich rapeseed meal (--0--; n = 10 during the first year and 8 during the second year), or whole unprocessed rapeseeds (—-O-— n = 12 dur-
ing the first year and 8 during the second year). Each point represents treatment least squares means. Error bars indicate standard error of the
mean calculated from 2 intraperiod (indoor and outdoor) statistical models (refer to Calculations and Statistical Analysis in the Materials and
Methods section). P-values are reported in Tables 3 to 6.

Journal of Dairy Science Vol. 95 No. 9, 2012



LONG-TERM OILSEED SUPPLEMENTS AND MILK FATTY ACIDS 5237

Figure 3. Concentrations of (A) ¢is-9 18:1, (B) 18:2n-6, (C) 18:3n-3, and (D) trans-11,cis-15 18:2 in milk fat from cows housed indoors and
fed grass silage and grass hay-based diets or maintained on pasture outdoors (bold x-axis line) over 2 consecutive lactations. Cows received diets
containing no additional lipid (control diet, -B-; n = 12 during the first year and 7 during the second year), or 2.5 to 5.1% of oil in diet DM
from extruded linseeds (~#“; n = 12 during the first year and 8 during the second year), extruded rapeseeds (~A—; n = 12 during the first year
and 4 during the second year), cold-pressed fat-rich rapeseed meal (--0U--; n = 10 during the first year and 8 during the second year), or whole
unprocessed rapeseeds (—-O--—; n = 12 during the first year and 8 during the second year). Each point represents treatment least squares means.
Error bars indicate standard error of the mean calculated from 2 intraperiod (indoor and outdoor) statistical models (refer to Calculations and
Statistical Analysis in the Materials and Methods section). P-values are reported in Tables 3 to 6.
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magnitude of the responses between the present and
earlier studies are probably related to both the level of
supplementation and the composition of the basal diet.
Thus far, no reports exist on the effect of EL or ER
supplements on milk FA composition in grazing cows.

Supplements of EL increased milk trans-11,-12 16:1,
cis-12,-15 18:1, trans-12 to trans-16 18:1, trans 18:2 (es-
pecially A11,15 18:2), and 18:3n-3 to a greater extent
than ER, whereas the reverse was true for milk trans-4
to trans-9 18:1 contents (Tables 3-6). Similar effects
associated with the nature (linseed vs. rapeseed) of
oilseed in the diet have been observed in cows fed con-
served grass forages supplemented with ground seeds
or fat-rich meals (Collomb et al., 2004; Mihhejev et al.,
2007), or due to dietary oil supplements in cows at pas-
ture (Rego et al., 2009). The effect of oilseed nature on
milk 18-carbon FA composition can, at least in part, be
explained by differences in the profile of intermediates
formed during the RBH of c¢is-9 18:1 and 18:3n-3 in the
rumen (Palmquist et al., 2005; Shingfield et al., 2010)
that, after absorption, serve as substrates for milk fat
synthesis. Furthermore, ER increased 20:0, cis-9 20:1,
and cis-11 20:1 to a greater extent than EL (Tables 3
and 5) consistent with earlier reports (Collomb et al.,
2004; Rego et al., 2009), which arises from the higher
20:0 and cis-11 20:1 content of rapeseed than linseed.

The effect of both EL and ER on milk FA synthe-
sized de novo and 18-carbon FA composition was lower
during the outdoor than indoor period (Figures 1-3).
This could be explained, at least in part, by the lower
amount of oil provided from oilseed supplements dur-
ing the outdoor than indoor period (440 vs. 410 and
595 vs. 574 g of oil/d from EL vs. ER during outdoor
and indoor periods, respectively). Compared with the
CTL during the indoor period, the decreases in milk
FA synthesized de novo and the increases in 18-carbon
FA induced by both pasture feeding and EL or ER
supplementation were only partially additive. This may
be related to the content of total 18-carbon FA in milk
being unable to exceed a threshold estimated as ca.
52% of total FA (Glasser et al., 2008b). It has been
suggested that such a limitation arises from an intrinsic
requirement for a high proportion of short-chain FA to
be esterified at sn-3 during the final assembly of milk
fat triacylglycerides (Glasser et al., 2008b). However,
in the present study, the total 18-carbon FA content
of milk fat in cows fed EL and ER during the outdoor
period (57.4 and 54.1% of FA, respectively) exceeded
this notional threshold, without decreasing milk fat
content and yield.

Compared with the CTL, ER decreased milk trans-11
18:1, whereas EL and ER decreased cis-9,trans-11 CLA
at pasture. However, other RBH intermediates in milk
(especially cis-12 18:1, cis-15 18:1, and trans-13,-14
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18:1) were increased with EL and ER compared with
the CTL (Tables 5 and 6; Figure 2). Possible differences
in pasture intakes across treatments could, at least in
part, explain this discrepancy, but it was not possible
to measure DMI of cows during the outdoor periods. It
is also possible these changes in milk FA reflected the
lower content of highly fermentable starch (especially
from pelleted wheat) in the EL and ER concentrates
relative to the CTL (—30.1 and —28.5% on a DM basis,
respectively; Table 1), which may have contributed to
a more extensive reduction of trans-11 18:1 to 18:0 in
the rumen. Indeed, intakes of trans-11 18:1 precursors
from the diet were relatively high even for the CTL
diet [predicted combined intakes of 18:2n-6 and 18:3n-3
according to INRA (2007) and analysis of feed samples
of 330, 580, and 430 g/d for CTL, EL, and ER, re-
spectively]. A relatively high ingestion of PUFA on the
CTL diet, combined with a higher starch content, may
account for the greater abundance of trans-11 18:1 plus
cis-9,trans-11 CLA in milk for the CTL compared with
EL and ER treatments. However, the responses to ER
in the present experiment differ from previous stud-
ies (Stanton et al., 1997, Lawless et al., 1998, Fearon
et al., 2004), where supplements of ground or pelleted
rapeseeds (400 to 600 g of added oil/d) increased milk
cis-9,trans-11 CLA content in grazing cows. Discrepan-
cies on the role of oilseed supplements on milk fat CLA
content between this and earlier experiments may be
related to differences in the amount and quality of fresh
grass ingested, cows being offered pasture as the sole
feed (Stanton et al., 1997), or the use of concentrates
containing no (Lawless et al., 1998) or low amounts of
starch (Fearon et al., 2004).

Effects of Rapeseed Form (ER vs. FRM wvs.
WR) During yr 1. During the outdoor period, chang-
es in milk FA composition to all rapeseed treatments
persisted over a 13-wk period (Figures 1-3) consistent
with reports of stable milk iodine values over 18 wk in
cows at pasture supplemented with pelleted rapeseeds
(Fearon et al., 2004).

For both indoor and outdoor periods, rapeseed
treatments decreased milk FA synthesized de novo,
and increased 18:0 and total cis 18:1 content. In addi-
tion, FRM and, to a lesser extent, ER decreased total
OBCFA in milk, and increased total (non-trans-11
18:1 and non-cis-9,trans-11 CLA) trans FA concentra-
tions (Tables 3 and 5; Figures 1-2). Similar changes,
but of lower magnitude, have been reported for FRM
(Mihhejev et al., 2007) and WR (Murphy et al., 1990)
supplements in cows fed grass silage-based diets. Larger
responses in the present experiment are probably due
to the higher amount of oil supplied from oilseeds of
3.2 to 3.7% compared with 2.5 to 2.7% in earlier inves-
tigations (Murphy et al., 1990; Mihhejev et al., 2007).
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In the present study, direct comparisons indicated that
rapeseed treatments resulted in similar alterations in
milk FA composition, but the extent of changes to
FRM was higher than for ER and WR. Such differences
may, at least in part, be explained by the higher supply
of oil from FRM relative to ER and WR (3.7, 3.2, and
3.2% of o0il in DMI during the indoor period, and 550,
410, and 460 g/d of oil during the outdoor period for
FRM, ER, and WR, respectively). However, this in iso-
lation may not fully account for the observed changes
in milk FA composition. It is probable that oil from
FRM may be more available in the rumen compared
with extruded or whole rapeseeds, a finding supported
by the higher concentrations of RBH intermediates and
the lower concentrations of OBCFA in milk for FRM.
The same explanation may also hold true for the ob-
served differences in milk FA responses to ER and WR.
Oil from whole rapeseeds is known to be released slowly
in the rumen, owing to the resistance of the lignified
seed coat to ruminal degradation (Murphy et al., 1990).
Such a phenomenon may account for supplements of
processed rapeseeds (milled, ground, or extruded) in-
duce larger changes in milk FA composition than intact
rapeseeds (Murphy et al., 1990; Bayourthe et al., 2000;
Givens et al., 2009). Responses to rapeseed treatments
in the present experiment are also in agreement with
the ranking (largest to smallest) of decreases in de novo
FA and OBCFA, and increases in 18:0, total cis 18:1,
and trans FA in milk to linseed oil, extruded linseeds,
and whole intact linseeds (Chilliard et al., 2009).

Among the rapeseed supplements fed in the outdoor
period, only the FRM treatment maintained rather
than decreased milk trans-11 18:1 and cis-9,trans-11
CLA content (Tables 5 and 6; Figure 2). This could be
related to differences in pasture intake, or the level of
highly fermentable starch contained in pelleted wheat
being 3 times higher in FRM than ER and WR con-
centrates and, thus, closer in composition to the CTL
treatment. As a consequence, rumen environment may
well have been more similar between FRM and the
CTL, leading to fewer changes in the extent of trans-11
18:1 accumulation or reduction in the rumen compared
with other rapeseed treatments.

Effects of Oilseed During yr 2. The effects of oil-
seed treatments on milk FA composition persisted over
the indoor (6-wk) and outdoor (13-wk) periods (Figures
1-3). Changes in milk FA composition to supplements
of ground rapeseeds (3.1% of added oil in DMI) in cows
fed grass silage-based diets have been reported to be
maintained over a 21-wk period (Moss, 2002), but the
determination of milk fat composition only included 5
individual FA and 2 classes of FA.

Milk produced during the second indoor period
contained higher concentrations of trans FA compared
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with the first indoor period (Table 3; Figure 2). The
extent of differences between indoor periods was great-
est for EL, and higher for ER than FRM. Compared
with the CTL, ER and especially EL, increased milk
trans-10 18:1 and 18:3n-3 to a greater extent and en-
riched 18:0 to a lesser extent during the second than
first indoor period (Tables 3 and 4; Figures 1-3). These
differences cannot be entirely explained by marginal
differences in the amount of oil supplied from EL and
ER between the 2 indoor periods (4+0.3% and +0.7%
for EL and ER, respectively). It is possible that interac-
tions between oilseed supplements and dietary starch
content may be responsible. A higher dietary starch
content for CTL, ER, and EL in particular, may have
induced a lower rumen pH during the second than first
indoor period (Lerch et al., 2012). This suggestion is
supported by a lower concentration of 14:0 iso in milk
during the second than first indoor period, based on
recent reports that decrease in 14:0 iso concentration in
milk is associated with a low rumen pH (Fievez et al.,
2012). Decreases in rumen pH can affect both the type
and activity of bacteria capable of RBH, decrease the
extent of 18:3n-3 biohydrogenation, increase trans 18:1,
and trans 18:2 accumulation, and promote trans-10
18:1 production (Palmquist et al., 2005). Earlier stud-
ies have provided clear evidence of a strong interaction
between dietary linseed oil (3% of oil in DM) supple-
mentation and dietary starch (6.6 vs. 21.1% in DM)
content (Loor et al., 2005). The extent of interactions
between linseed supplementation and dietary starch
content determined in the present and an earlier study
(Loor et al., 2005) are also in line with recent observa-
tions in which linseed oil caused a larger increase in
milk trans 18:1 concentration than extruded linseeds
(Chilliard et al., 2009).

Oilseed treatments had similar, but marginally lower
effects on milk FA during the second than the first
outdoor period (Tables 5 and 6; Figures 1-3). Interac-
tions between year and treatments could be explained
by a higher pasture intake during the second than the
first outdoor period because the increase in the aver-
age parity of the herd was probably associated with an
increase in DMI (INRA, 2007), as could be expected by
the higher milk production during the second than first
outdoor period (+4.7 kg/d per cow for CTL; Table 5).

Lipolysis and Sensory Properties of Milk

Irrespective of study year, milk FFA concentrations
after 28-h storage at 4°C were higher during the outdoor
than indoor periods (Tables 3 and 5). These differences
are probably unrelated to dietary forage source, as milk
fat lipolysis was reported to be higher for diets contain-
ing grass silage compared with pasture or grass hay
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(Chazal et al., 1987). It is probable that more extensive
lipolysis of fat identified for milk produced at pasture
is related to the more advanced stage of lactation or
pregnancy, or both (Chazal and Chilliard, 1986), rather
than due to differences in diet composition.

During the second year, all rapeseed treatments
decreased milk fat lipolysis, in accordance with the
known effects of dietary plant oil supplements (Chill-
iard and Lamberet, 1984). However, EL did not affect
milk fat lipolysis in the present study, whereas higher
amounts of EL (5.0% of oil in DMI; Ferlay et al., 2010)
supplements in cows fed corn silage-based diets low-
ered this parameter [S. Lerch, A. Ferlay, B. Graulet
(INRA URI1213, Saint-Geneés Champanelle, France),
P. Pradel (INRA UE1296, Orcival, France), I. Verdier-
Metz (INRA URH45 Fromageres, Aurillac, France), Y.
Chilliard, and B. Martin, unpublished data].

For the second outdoor period, treatments had no
effect on the sensorial properties of raw milk, despite
the differences in milk fat unsaturated FA content and
extent of milk fat lipolysis. These results are consistent
with no changes in the sensory attributes of milk in
response to supplements of formaldehyde-treated rape-
seeds (3% of oil in diet DM) of concentrate-based diets
(Urquhart et al., 1984) or EL supplementation (5% of
oil in diet DM) of corn silage-based diets (Martin et
al., 2009).

CONCLUSIONS

Dietary oilseed supplements altered milk FA com-
position, changes that persisted over 2 consecutive
lactations, and reproducible between both outdoor pe-
riods. Within each period, EL and ER induced similar
decreases in FA synthesized de novo and total OBCFA,
and comparable increases in 18:0 and cis-9 18:1 relative
to the CTL. However, EL resulted in higher enrichment
of 18:3n-3, cis-9,trans-11 CLA (only during indoor
periods), and total trans FA compared with ER. Distri-
bution of cis 18:1, trans 18:1, and 18:2 nonconjugated
isomers was dependent on the nature of oilseed, but for
rapeseed supplements independent of processing. Simi-
lar effects on milk FA composition were observed for all
rapeseed treatments, but the magnitude of changes was
highest for FRM, and greater for ER than WR. Impor-
tant and biologically significant interactions between
the composition of the basal diet (preserved grass vs.
pasture; starch content in the diet) and oilseed supple-
ments were observed. During the outdoor periods, EL,
ER, and WR treatments decreased milk cis-9,trans-11
CLA content compared with the CTL, possibly due to
lower dietary starch content. Furthermore, the higher
starch content of diets during the second indoor pe-
riod appeared to explain the larger increase in total
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trans FA, particularly trans-10 18:1, in milk from cows
fed the EL and ER treatments. Oilseed supplements
examined in this study may improve the nutritional
value of milk fat, particularly in cows fed diets based
on conserved forages containing relatively low amounts
of starch. Nevertheless, irrespective of the composition
of the basal diet, EL. and FRM increased milk total
trans FA, and altered the profile and relative abun-
dance of cis and trans FA. Further research is required
to identify and characterize the underlying mechanisms
responsible for the interactions between the basal diet
and oilseed supplements, and the influence of these fac-
tors on the profile of conjugated FA in milk fat.
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