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ABSTRACT

This study aimed to evaluate the effects of length of
chop of corn silage and forage:concentrate ratio (F:C) on
performance and milk fatty acid profiles in dairy cows
supplemented with flaxseed. Our hypothesis was that
decreasing forage particle length and F:C ratio would
increase unsaturated fatty acid flow to the small intes-
tine and subsequent transfer of these unsaturated fatty
acids into milk. Eight Holstein cows (648.1 ± 71.5 kg
body weight; 109.6 ± 43.6 days in milk) were used in a
replicated 4 × 4 Latin square design with 21-d periods
and a 2 × 2 factorial arrangement of dietary treatments.
Dietary factors were: 1) F:C ratios (dry matter basis) of
55:45 and 45:55; and 2) corn silage particle lengths of
9.52 and 19.05 mm. All experimental cows received 1 kg
of flaxseed to substitute for 1 kg of a rolled barley grain-
based concentrate daily. Diets were fed twice daily as a
total mixed ration. Corn silage particle length and F:C
ratio had no effect on dry matter intake, milk yield, and
milk composition; however, feeding short cut corn silage
depressed milk protein yield. Significant particle size ×
F:C ratio interactions were observed for milk fat propor-
tions of C16:0, C18:1 cis-9, and C18:2 cis-9, trans-11 (a conju-
gated linoleic acid isomer). At short corn silage particle
size, decreasing F:C ratio depressed milk fat proportion
of C16:0. Conversely, feeding short corn silage at high F:C
ratio increased the proportion of C18:1 cis-9 and C18:2 cis-
9, trans-11 in milk fat. The milk fat proportion of C18:2

trans-10, cis-12, a conjugated linoleic acid isomer that
is associated with milk fat depression, was not affected
by dietary treatment. Our results show that corn silage
particle length and F:C ratio influence milk fatty acid
profiles in dairy cows fed supplemental flaxseed as a
source of polyunsaturated fatty acids.
(Key words: corn silage, particle length, forage:concen-
trate ratio, milk fatty acids)

Received March 15, 2005.
Accepted April 19, 2005.
Corresponding author: T. Mutsvangwa; e-mail: tim.mutsvan@

usask.ca.

2813

Abbreviation key: CLA = conjugated linoleic acid,
FA = fatty acid, F:C = forage:concentrate ratio, PSPS =
Penn State Particle Separator, PUFA = polyunsatu-
rated fatty acid, TLC = theoretical length of cut.

INTRODUCTION

Currently, there is significant research interest aimed
at manipulating bovine milk fat to improve its health-
fulness to consumers (see Mansbridge and Blake, 1997;
Chilliard et al., 2001; Jensen, 2002). This involves reduc-
ing the saturated fatty acid (FA) content of milk, espe-
cially myristic (C14:0) and palmitic (C16:0) acids, which
have been demonstrated to have undesirable hypercho-
lesterolemic effects and to increase the risk of coronary
heart disease (Berner, 1993). In addition, this research
has been aimed at enhancing the milk content of conju-
gated linoleic acids (CLA) and the long-chain polyunsat-
urated fatty acids (PUFA), especially oleic (C18:1), linoleic
(C18:2n6), and linolenic (C18:3n3), because of their anticarci-
nogenic (Parodi, 1997) and potential cardioprotective
roles in humans (Massaro et al., 1999).

In practice, nutrition is the predominant environmen-
tal factor affecting bovine milk fat, and it represents a
practical tool to alter its FA composition (Kennelly,
1996). The FA content of diets consumed by lactating
cows affects both the type and the relative proportions
of milk FA (Grummer, 1991). Various studies have re-
ported that feeding ruminally unprotected or protected
vegetable oils or oilseeds (Murphy et al., 1990; Chouin-
ard et al., 1992; Ward et al., 2002), marine oils (Offer et
al., 1999; Keady et al., 2000), and animal fats (Chilliard
et al., 2001) can effectively alter milk FA profiles in dairy
cows. However, ruminal biohydrogenation of dietary un-
saturated FA is extensive, thus limiting intestinal flows
and subsequent incorporation of diet-derived unsatu-
rated FA into milk fat (see review by Jenkins, 1993).
For this reason, numerous studies have focused on in-
traruminal factors that affect the extent of ruminal bio-
hydrogenation of dietary unsaturated FA, with the objec-
tive of increasing ruminal escape of dietary unsaturated
FA. For example, there is limited evidence indicating
that dietary factors that alter ruminal pH and result in
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shifts in fermentation products may alter biohydrogena-
tion pathways of PUFA in the rumen, leading to ruminal
accumulation and increased postruminal flow of PUFA,
especially CLA and C18:1 trans-10 (Loor et al., 2003).
Previously, Van Nevel and Demeyer (1996) showed that
high concentrate diets depress lipolysis and biohydro-
genation of dietary unsaturated FA by ruminal contents
in vitro. Such diets with a high level of readily fer-
mentable carbohydrates usually depress ruminal pH.
More recently, Qiu et al. (2004) demonstrated that CLA,
an intermediate arising from incomplete ruminal biohy-
drogenation of linoleic acid (C18:2; Kepler et al., 1966),
flows from a continuous culture system were increased
by depressed pH. Feeding finely chopped forages or in-
creasing dietary levels of readily fermentable carbohy-
drates reduced chewing and rumination, leading to de-
pressed ruminal pH, impaired fiber digestion, and a de-
pressed milk fat test (Beauchemin et al., 1994; Soita et
al., 2000). Because of their influence on ruminal pH,
dietary forage particle size and forage:concentrate ratio
(F:C) may influence ruminal biohydrogenation of supple-
mental fats, and subsequent postruminal flow of unsatu-
rated fatty acids and their incorporation into milk fat.
There is very limited information available on how corn
silage particle length and F:C may interact to alter milk
FA profiles in dairy cows fed supplemental flaxseed.
Therefore, the objective of the present study was to eval-
uate the effects of corn silage particle length and dietary
F:C ratio on performance and milk FA profiles in dairy
cows supplemented with flaxseed. Our hypothesis was
that decreasing corn silage particle length and dietary
F:C ratio would depress ruminal pH which, in turn,
would impair ruminal FA biohydrogenation, thus poten-
tially increasing unsaturated FA flow to the small intes-
tine and their incorporation into milk fat.

MATERIALS AND METHODS

Cows and Experimental Design

Eight Holstein cows (648.1 ± 71.5 kg BW; 109.6 ± 43.6
DIM) were used in this study. The experiment was run
as a replicated 4 × 4 Latin square design trial with 21-
d periods and a 2 × 2 factorial arrangement of dietary
treatments. Animals were cared for and handled in ac-
cordance with the Canadian Council on Animal Care
regulations; and the University of Saskatchewan Animal
Care Committee approved their use for this experiment.

Experimental Treatments, Feeding Management,
and Sample Collection

The 4 dietary treatments were formulated by combin-
ing 2 factors, each with 2 levels. The dietary factors
studied were: 1) F:C ratios (DM basis) of 55:45 and 45:55;
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and 2) corn silage theoretical lengths of cut (TLC) of
9.52 and 19.05 mm. The F:C ratio of the TMR regularly
fed in the Dairy Unit at the University of Saskatchewan
was 50:50, and the experimental F:C ratios were chosen
to test the effects of a concentrate-rich (F:C = 45:55) or
a forage-rich (F:C = 55:45) diet. The range in F:C ratios
chosen was not wide to encompass typical F:C ratios
that are commonly used by dairy producers in the field.
The 9.52-mm TLC of corn silage was chosen because
it is what we commonly use in the Dairy Unit at the
University of Saskatchewan; the 19.05-mm TLC was
used to test the effects of increasing TLC of corn silage.
The composition and chemical analysis of experimental
diets are shown in Table 1. The 19.05-mm TLC of corn
silage was achieved with a forage harvester (model 900;
New Holland, Burlington, IA) set with 26-tooth sprocket
and 12 knives, and the 9.52-mm TLC was achieved with
12-tooth sprocket and 12 knives. The chemical composi-
tions of the 9.52- and 19.05-mm TLC corn silages are
presented in Table 2. Each 21-d experimental period
consisted of 14 d for dietary adaptation and 7 d for data
collection. Experimental diets were fed twice daily at
0800 and 1530 h as TMR for ad libitum intake. At both
the morning and afternoon feeding, all cows received 0.5
kg of flaxseed to substitute for 0.5 kg of a rolled barley
grain-based concentrate. The inclusion rate of flaxseed
was based on a previous study in our laboratory (see
Soita et al., 2003) that indicated that this level was
efficacious in inducing changes in milk FA profiles. The
flaxseed was top-dressed onto the TMR and mixed thor-
oughly by hand before feeding. Fatty acid composition
(g/100 g of FA) of flaxseed was C12:0, 0.04; C14:0, 0.16;
C14:1, 0.03; C16:0, 6.28; C16:1, 0.15; C18:0, 3.32; C18:1, 16.7;
C18:2, 15.2; and C18:3, 55.3.

During the 7-d data collection period, individual cow
feed intake was recorded daily. Total mixed ration sam-
ples and orts were collected daily, stored at −20°C, and
composited per cow for each experimental period. Pooled
TMR and orts samples were analyzed for DM by drying
in an oven at 60°C for 48 h (AOAC, 1990), CP using the
macro-Kjeldahl procedure (AOAC, 1990), ADF (AOAC,
1990), and NDF (Van Soest et al., 1991). Amylase was
used for NDF determination. During each data collection
period, particle size distributions were determined for
corn silage and all TMR using the Penn State Particle
Separator (PSPS) as described by Heinrichs (1996) and
Lammers et al. (1996). The PSPS used was equipped
with 3 screens (19.0, 8.0, and 1.18 mm) and a bottom
pan. Briefly, approximately 150 to 200 g of as-fed corn
silage or TMR was placed on the top screen of the PSPS.
The PSPS was shaken as described by Heinrichs (1996).
Corn silage and TMR fractions retained on each screen
and the bottom pan were then weighed to determine
particle size distribution. Experimental cows were
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Table 1. Ingredient and chemical composition of experimental diets
varying in forage particle length1 and forage:concentrate ratio.

55% concentrate 45% concentrate

Short Long Short Long
Diet ingredients, % DM cut cut cut cut

Corn silage 45.4 45.4 55.3 55.3
Barley grain, rolled 31.2 31.2 20.58 20.58
Canola meal 7.01 7.01 7.59 7.59
Soybean meal 7.01 7.01 7.59 7.59
Corn gluten meal 2.76 2.76 2.78 2.78
Canola oil 1.08 1.08 0.89 0.89
WDDG2 1.38 1.38 1.39 1.39
Molasses 1.09 1.09 0.89 0.89
Mineral-vitamin mix3 1.52 1.52 1.57 1.57
Salt 0.31 0.31 0.29 0.29
Sodium bicarbonate 0.31 0.31 0.29 0.29
Dynamate 0.11 0.11 0.11 0.11
Limestone 0.78 0.78 0.71 0.71
Chemical composition
DM, % 55.4 56.1 51.6 52.1
CP, % of DM 17.4 17.5 17.5 17.9
ADF, % of DM 15.8 15.4 17.2 16.5
NDF, % of DM 28.5 28.7 30.2 29.0
Crude fat, % of DM 4.3 4.5 5.9 5.6

1Corn silage particle length: short cut = 9.5-mm theoretical length
of cut (TLC); long cut = 19-mm TLC.

2Wheat distillers dried grains.
3Contained (per kilogram of premix; DM basis): 330,000 IU of vita-

min A, 60,000 IU of vitamin D, 1000 IU of vitamin E, 16% Ca, 8.5%
P, 6.3% Na, 4.5% Mg, 2100 mg Zn, 1500 mg Mn, 535 mg Cu, 12 mg
Se, 45 mg I.

milked twice daily at 0500 and 1500 h, and milk weights
were recorded during the 7-d data collection period. Milk
samples were collected daily from morning and after-
noon milkings with or without preservative (2-bromo-2-
nitropropane-1-2-diol). Milk samples were then pooled
daily based on milk yield. Pooled samples with preserva-
tive were immediately submitted to the Provincial Milk
Testing Laboratory (Saskatchewan Agriculture, Food
and Rural Revitalization, Regina, SK, Canada) for com-
positional analysis. Milk samples were analyzed for CP
and fat using a near infrared analyzer (Foss System
4000, Foss Electric, Hillerød, Denmark) according to
AOAC (1990). Milk samples without preservative were
stored at −20°C until further analysis for FA as de-
scribed below.

Fatty Acid Analysis

Frozen milk samples for FA analysis were thawed in
a 38°C water bath and mixed according to AOAC (1990)
method 925.21, before milk fat extraction. Milk fat ex-
traction was based on the method described by Mir et
al. (1999). Briefly, an 8-mL milk sample was transferred
into a screw-capped centrifuge tube, and 14 mL of hex-
ane/isopropanol (3:2; vol/vol) was added. Contents were
flushed with N2 and then shaken for 3 min. The mixture
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was centrifuged at 1750 × g for 5 min at 5°C and the
upper layer was transferred into another tube. Ten milli-
liters of hexane/isopropanol was added to the lower layer
and re-extracted twice. The 3 extracts were pooled, 7
mL of 0.47 M aqueous sodium sulfate was added, and
then the upper (hexane) layer was collected into pre-
weighed tubes, and evaporated under N2 in a 40°C water
bath. Similarly, flaxseed fat was extracted from 5 g of a
ground sample as described by Folch et al. (1957).
Plasma fatty acids were determined on samples collected
in tubes containing 15% (wt/vol) potassium EDTA.
Briefly, 100 µL of plasma was placed in polytetraethy-
lene screw-capped tubes and 4 mL of ethyl ether was
added. Contents were shaken for 10 min. The extract
was washed with 4 mL of saturated sodium chloride and
centrifuged at 1750 × g for 5 min, and the organic phase
transferred to a new tube. Extraction was repeated twice
and the solvent was evaporated to dryness under a
stream of N2. The lipid extract was determined gravimet-
rically.

A known amount of extracted lipid was derivatized
using tetramethylguanidine and methanol with heneico-
sanoic acid (C21:0) as the internal standard. Briefly, to
about 40 mg of extracted lipid in a test tube, 25 µL of
20 mg/mL C21:0 was added to each sample, followed by
400 µL of methanol, and 100 µL of tetramethylguani-
dine. The tubes were flushed with N2 and heated (while
capped) in boiling water for 10 min. After cooling, 5 mL
of saturated NaCl solution was added followed by 2 mL
of petroleum ether. The tubes were flushed with N2 and
placed on a tube rocker for 5 min or until there was clear
phase separation. The organic phase was transferred to
a new test tube and evaporated under N2. The contents
were resuspended in 5 mL of hexane, ready to determine
fatty acid profile by gas chromatography.

Fatty acid analysis was carried out in duplicate on an
SP-2650, 100 m × 0.25 mm ID, 0.2 µm film column (Sigma
Aldrich, Ontario, Canada) installed in a high-perfor-
mance gas chromatograph using a flame ionization de-
tector with capillary injection system at a split ratio of
1:100. The oven temperature was set at 140°C for 5 min,
raised to 240°C at 4.0°C/min, and then held for 60 min.
Helium was used as a carrier gas at a flow rate of 1.1
mL/min. Identification of the fatty acids was by compari-
son with retention times of known standards (Sigma
Aldrich) and amounts present were determined by calcu-
lation based on the internal standard.

Statistical Analyses

All data on DMI, milk yield and composition, milk
fatty acid composition, and blood fatty acid profiles were
analyzed as a 4 × 4 replicated Latin square with a facto-
rial arrangement of treatments using the Proc Mixed
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Table 2. Chemical composition of short cut and long cut corn silage.1

Corn silage

Item Short cut Long cut

DM, % 30.9 (1.1) 31.0 (0.8)
CP, % of DM 9.7 (0.6) 9.7 (0.7)
ADF, % of DM 23.8 (0.6) 24.4 (0.3)
NDF, % of DM 45.8 (3.1) 45.1 (1.8)

1Means (SD) for short cut (9.5-mm theoretical length of cut; TLC)
and long cut (19-mm TLC) corn silage.

procedure of SAS (SAS Institute, 1998). The statistical
model included the effects of square, period, corn silage
particle length, F:C ratio, and corn silage particle length
× F:C ratio. Significant effects were declared at P < 0.05,
unless otherwise indicated.

RESULTS AND DISCUSSION

The nutrient composition of experimental diets is pre-
sented in Table 1. Mean diet ADF concentrations for the
concentrate-rich diet (15.6%) and the forage-rich diet
(16.9%) were below NRC (2001) recommendations. This
was a function of a lower than anticipated ADF concen-
tration of the corn silage (see Table 2). It is possible
that this deficiency in dietary ADF might have reduced
chewing and rumination activity, thus potentially induc-
ing a more severe ruminal acidosis than we intended
with the reduced forage particle size and a higher dietary
concentrate level. However, even though we did not mea-
sure ruminal pH in the present study, experimental cows
did not show any clinical signs of ruminal acidosis such
as loose feces or diarrhea. Furthermore, experimental
periods were relatively short (21 d) and any adverse
effects of a dietary ADF deficiency would likely be short-
term. Table 3 shows particle size distribution of the
short- and long-cut corn silage, and of the experimental
diets. As expected, the proportion of as-fed long-cut si-
lage retained on the PSPS 19-mm screen was 19 percent-
age units higher than that of short-cut corn silage. The
percentage of long-cut corn silage retained on the PSPS
8-mm screen was 14.5 percentage units lower compared
with short-cut corn silage. As a result, experimental diets

Table 3. Penn State Particle Separator (PSPS) determinations (% retained, as-is basis) of corn silage and
experimental diets fed to dairy cows.1

Corn silage 55% concentrate 45% concentrate

PSPS screen size Short cut Long cut Short cut Long cut Short cut Long cut

>19 mm 4.24 (0.18) 23.2 (2.4) 2.35 (0.52) 17.7 (2.7) 2.87 (0.50) 17.3 (3.1)
>8 mm 73.0 (2.4) 58.5 (4.8) 61.2 (3.6) 45.2 (1.9) 65.3 (2.6) 42.6 (1.9)
>1.18 mm 21.7 (2.0) 17.5 (1.9) 33.9 (3.5) 35.6 (2.9) 29.6 (2.0) 31.6 (1.4)
Bottom pan 0.92 (0.50) 1.20 (0.41) 2.42 (0.21) 2.63 (0.22) 2.15 (0.77) 2.48 (0.50)

1Means (SD) for short cut (9.5-mm theoretical length of cut; TLC) and long cut (19-mm TLC) corn silage.
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containing long-cut corn silage had a higher proportion
of as-fed particles being retained on the PSPS 19-mm
screen, and a lower proportion of as-fed particles re-
tained on the PSPS 8-mm screen compared with experi-
mental diets containing short-cut corn silage (Table 3).
Differences in the percentage of as-fed particles retained
on both the PSPS 1.18-mm screen and bottom pan were
small for short- and long-cut corn silage, and for experi-
mental diets (Table 3).

Dry matter intake was unaffected (P > 0.05) by corn
silage particle length (Table 4). These findings are in
agreement with several other studies (Clark and Armen-
tano, 1998; Bal et al. 2000; Onetti et al., 2003) that
reported a lack of effect of corn silage particle length on
DMI. However, other studies have reported a decrease
in DMI of dairy cows when corn silage TLC was increased
from 19 to 32 mm (Schwab et al., 2002) and from 30 to
40 mm (Timmermans et al., 2000), an observation likely
related to higher rumen retention times with long-cut
corn silage (Onetti et al., 2003). Corn silage TLC in our
study were 9.52 and 19.05 mm, and were below the TLC
range used by Timmermans et al. (2000) and Schwab et
al. (2002); therefore, any direct comparisons between our
study and these studies might be misleading. Feeding
a higher level of concentrate tended (P = 0.07) to increase
DMI by 1.6 kg/d (Table 4). Yang et al. (2001) observed
that dietary F:C ratios of 35:65 or 55:45 had no effects
on DMI in cows fed barley silage-based diets; however,
Kalscheur et al. (1997) reported a higher DMI in cows
fed 25% forage compared with those fed 60% with corn-
silage-based diets. Milk yield, 3.5% FCM yield, and milk
composition were unaffected (P > 0.05) by corn silage
particle length and level of concentrate; however, cows
fed diets containing long-cut corn silage had a higher
(P = 0.04) milk protein yield compared with cows fed
short-cut corn silage (Table 4). The reason for this higher
milk protein yield is unclear, but we surmise that it was
because of numerically lower milk yield for cows fed
short-cut corn silage at 45% concentrate (Table 4). The
lack of effect of corn silage TLC on milk yield and milk
composition is in agreement with findings reported by
others (Bal et al., 2000; Schwab et al., 2002; Onetti et al.,
2003). Beauchemin et al. (1994) concluded that effects of



CORN SILAGE AND MILK FATTY ACIDS 2817

Table 4. Dry matter intake, milk yield, and milk composition of Holstein cows supplemented with flaxseed
as affected by feeding diets varying in corn silage particle length1 and forage:concentrate ratio.

55% concentrate 45% concentrate Contrasts: P value2

Item Short cut Long cut Short cut Long cut SE L C L × C

DMI, kg/d 26.4 26.1 24.9 24.5 1.02 0.24 0.07 0.19
Milk yield, kg/d 41.4 42.3 38.9 40.8 1.42 0.37 0.39 0.64
3.5% FCM, kg/d 41.3 41.3 39.0 40.7 1.32 0.38 0.16 0.42
Fat, % 3.44 3.30 3.54 3.45 0.13 0.21 0.32 0.61
Fat yield, kg/d 1.42 1.39 1.32 1.39 0.06 0.69 0.38 0.71
Protein, % 3.04 3.07 3.02 3.09 0.14 0.39 0.61 0.64
Protein yield, kg/d 1.25 1.29 1.17 1.25 0.04 0.04 0.42 0.81

1Corn silage particle length: short cut = 9.5-mm theoretical length of cut (TLC); long cut = 19-mm TLC.
2L = Main effect of corn silage length of cut; C = main effect of forage:concentrate ratio; L × C = interaction.

particle size on milk fat content were likely to be ob-
served when NDF levels were below minimum require-
ments recommended by NRC (2001). In our study, di-
etary NDF contents were higher than 28.5%.

The primary objective of the present study was to
examine the effects of corn silage particle length and
F:C ratio on FA composition of milk fat. We hypothesized
that decreasing corn silage particle length and F:C ratio
would depress ruminal pH, primarily as a result of re-
duced chewing and rumination activity due to smaller
forage particle size, and higher ruminal VFA production
due to feeding more grain. In turn, depressed ruminal pH
would impair ruminal FA biohydrogenation as reported
previously (Van Nevel and Demeyer, 1996; Loor et al.,
2003), thus potentially increasing unsaturated FA flow
to the small intestine and their subsequent incorporation
into milk fat. Corn silage particle size and F:C ratio had
no effect (P > 0.05) on milk fat proportions of C10 to C14:1,
and C16:1 (Table 5). In dairy cows, short-chain fatty acids,

Table 5. Milk fatty acid composition (expressed as g/100 g of milk fat) of Holstein cows supplemented with
flaxseed as affected by feeding diets varying in corn silage particle length1 and forage:concentrate ratio.

55% concentrate 45% concentrate Contrasts: P value2

Fatty acids Short cut Long cut Short cut Long cut SE L C L × C

C10:0 3.36 3.62 3.92 3.49 0.23 0.72 0.95 0.14
C12:0 3.99 4.23 4.02 4.20 0.19 0.29 0.94 0.87
C14:0 13.1 13.4 13.2 13.1 0.35 0.68 0.94 0.65
C14:1 1.56 1.53 1.53 1.58 0.10 0.92 0.93 0.66
C16:0 30.9 27.2 30.8 32.4 0.86 0.05 0.01 0.01
C16:1 1.98 1.86 1.91 1.92 0.07 0.55 0.81 0.35
C18:0 12.5 12.3 12.1 12.6 0.41 0.75 0.97 0.45
C18:1, c9 27.9 25.6 27.8 29.3 0.77 0.44 0.03 0.02
C18:1, c6 0.39 0.36 0.44 0.35 0.06 0.46 0.98 0.85
C18:1, t10 1.02 1.19 1.24 1.56 0.04 0.04 0.05 0.04
C18:1, t11 0.46 0.41 0.56 0.61 0.05 0.41 0.04 0.10
C18:2, c9, c12 2.67 2.77 2.69 2.56 0.15 0.91 0.54 0.47
C18:2, t10, c12 0.047 0.058 0.056 0.047 0.006 0.94 0.94 0.61
C18:2, c9, t11 0.60 0.57 0.61 0.69 0.02 0.37 0.02 0.02
C18:3 0.93 1.01 0.99 0.88 0.02 0.89 0.65 0.17

1Corn silage particle length: short cut = 9.5-mm theoretical length of cut (TLC); long cut = 19-mm TLC.
2L = Main effect of corn silage length of cut; C = main effect of forage:concentrate ratio; L × C = interaction.

Journal of Dairy Science Vol. 88, No. 8, 2005

i.e., C10 to C14:1, are mainly derived from de novo synthe-
sis in the mammary gland (Kennelly and Glimm, 1998);
therefore, the lack of dietary treatment effects on milk
fat levels of these short-chain fatty acids is indicative of
a similar extent of mammary de novo synthesis.

Corn silage particle length had no effect (P > 0.05)
on milk fat proportion of C16:0; however, there was an
interaction (P < 0.01) between corn silage particle length
and F:C ratio (Table 5). In dairy cows, C16:0 in milk fat
can be derived from both dietary sources and de novo
synthesis in the mammary gland (Grummer, 1991).
There was significant interaction (P < 0.05) between corn
silage particle length and concentrate level on milk fat
proportions of C18:1 cis-9, C18:1 trans-10, and C18:2 cis-9,
trans-11 (Table 5). Feeding long-cut corn silage at high
F:C ratio increased the proportions of C18:1 cis-9 and C18:2
cis-9, trans-11 in milk fat. Corn silage particle length
and dietary F:C ratio had no effect (P > 0.05) on milk
fat content of C18:2 trans-10, cis-12 (Table 5), also a key
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Table 6. Plasma fatty acid composition (expressed as g/100 g of fat) of Holstein cows supplemented with
flaxseed as affected by feeding diets varying in corn silage particle length1 and forage:concentrate ratio.

55% concentrate 45% concentrate Contrasts: P value2

Fatty acids Short cut Long cut Short cut Long cut SE L C L × C

C14:0 1.23 1.44 1.22 1.11 0.06 0.39 0.23 0.21
C14:1 0.45 0.51 0.42 0.46 0.20 0.61 0.39 0.71
C16:0 11.2 12.9 9.89 10.4 0.60 0.49 0.01 0.01
C16:1 0.44 0.52 0.49 0.56 0.03 0.26 0.61 0.37
C18:0 19.3 19.8 18.6 17.1 0.36 0.42 0.28 0.31
C18:1, c9 9.31 11.7 9.56 10.1 0.28 0.21 0.03 0.02
C18:1, t11 0.31 0.23 0.48 0.33 0.11 0.33 0.04 0.64
C18:2, c9, c12 44.6 47.8 49.6 47.9 1.05 0.05 0.04 0.04
C18:3 6.12 5.39 6.67 6.32 0.07 0.42 0.61 0.67

1Corn silage particle length: short cut = 9.5-mm theoretical length of cut (TLC); long cut = 19-mm TLC.
2L = Main effect of corn silage length of cut; C = main effect of forage:concentrate ratio; L × C = interaction.

CLA isomer. The changes in milk FA profiles observed
in this study, especially for C16:0, are in accordance with
changes that occur during dietary-induced milk fat de-
pression (Bauman and Griinari, 2001). The presence in
milk fat of C18:1 trans FA, which are usually intermedi-
ates of ruminal biohydrogenation, has been associated
with milk fat depression. Baumgard et al. (2002) demon-
strated that C18:1 trans-10 may be a potent inhibitor
of milk fat synthesis. In the current study, we did not
measure dietary treatment effects on patterns of rumi-
nal fermentation, but we can surmise that our dietary
treatments might have caused only subtle changes in
ruminal environment and shifts in biohydrogenation
pathways; hence, milk fat was not significantly de-
pressed. Flaxseed is rich in C18:3 and ruminal biohydro-
genation of this FA leads to C18:1 trans-11 that can be
absorbed postruminally and be taken up by the mam-
mary gland for use as a substrate for C18:2 cis-9, trans-
11 synthesis via γD9-desaturase activity. We observed
that the effects of corn silage particle length on C18:1
trans-11, a precursor for CLA, showed significant trends
when low concentrate, short-cut corn silage diets were
fed. Flaxseed also contains a moderate proportion of C18:2
(15.2 g/100 g of FA). Ruminal biohydrogenation of C18:2
leads to C18:2 cis-9, trans-11 CLA accumulation in the
rumen, which can be absorbed postruminally and be
taken up by the mammary gland and incorporated into
milk fat. A further biohydrogenation of C18:2 results in
C18:1 trans-11, which is also a precursor for CLA synthe-
sis via ∆9-desaturase activity in the mammary gland
(Griinari et al., 2000). Our observations that both C18:1
trans-10 and C18:1 trans-11 in milk fat were increased
when low concentrate, short-cut corn silage diets were
fed was unexpected, and the reasons for this observation
are unclear. In the absence of ruminal measurements,
we speculate that the severity of ruminal pH depression
due to feeding short-cut corn silage or more concentrate
was somewhat mild, such that any changes in ruminal
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FA biohydrogenation due to altered ruminal pH were
small. This is supported by our observation that, across
dietary treatments, C18:2 cis-9, trans-11 was the predomi-
nant CLA isomer in milk fat as compared with C18:2
trans-10, cis-12 (Table 5). At higher ruminal pH (>5.8
to 6.0), the predominant CLA isomer produced in the
rumen is C18:2 cis-9, trans-11 (Bauman and Griiniri,
2001). This study demonstrated that when feeding high
concentrate diets, short-cut corn silage would depress
milk fat content of CLA; however, this is reversed when
low concentrate diets are fed.

Blood concentrations of C14:0, C14:1, C16:1, C18:0, and
C18:3 were unaffected (P > 0.05) by corn silage particle
length and level of dietary concentrate (Table 6). There
was significant interaction (P < 0.05) between corn silage
particle length and level of dietary concentrate on blood
concentrations of C16:0, C18:1 cis-9, and C18:2 cis-9, cis-12
(Table 6). Feeding long-cut corn silage at high F:C ratio
increased the proportions of C16:0 and C18:1 cis-9 in blood,
whereas C18:2 cis-9, cis-12 was increased. Not surpris-
ingly, the trends in blood FA profiles as affected by di-
etary treatment reflect trends observed in milk FA
profiles.

CONCLUSIONS

This study demonstrates that the effects of supple-
menting flaxseed in diets of lactating dairy cows as a
source of PUFA in milk is influenced by corn silage parti-
cle length and F:C ratio. The changes in milk FA profiles
observed here are likely due to shifts in ruminal environ-
mental kinetics that, in turn, affect bacterial FA biohy-
drogenation pathways. An interaction of corn silage par-
ticle length and F:C ratio was observed for milk fat con-
tents of C18:1 cis-9 and C18:2 cis-9, trans-11, as milk fat
of cows fed short-cut corn silage at low F:C ratio had
higher proportions of these FA. Our results show that
corn silage particle length and F:C ratio influence milk
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FA profiles in dairy cows fed supplemental flaxseed as
a source of polyunsaturated fatty acids.
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