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ABSTRACT

Effects of partially hydrogenated oil on performance,
loss of body weight and body condition score, and blood
metabolite and hormone concentrations were evaluated
in 37 multiparous Holstein cows in grazing conditions
during the first 100 d of lactation. Six additional Hol-
stein cows, each fitted with a ruminal cannula, were
allocated to a replicated 3 × 3 Latin square to evaluate
effects of supplemental fat on rumen environment and
pasture digestion. All cows grazed mixed pastures
based on alfalfa (Medicago sativa) and orchardgrass
(Dactylis glomerata L.) and received 5.4 kg/d of a basal
concentrate to which 0, 0.5, or 1 kg/cow per day of par-
tially hydrogenated oil (melting point 58 to 60°C) con-
taining 30.3, 34.9, 21.8, and 3.3% of C16:0, C18:0, C18:1,
and C18:2, respectively, was added. Feeding 1 kg/d of
supplemental fat increased fat-corrected milk from 23.4
to 26.3 kg/d, milk fat content from 3.44 to 3.78%, and
milk fat yield from 0.87 to 1.03 kg/d compared to control.
Milk protein percentage and yield were not affected.
Cows fed 1 kg/d of fat increased the content and yield
of C16:0 and C18:0 in milk compared with cows fed no
added oil. Dry matter intake (DMI) from pasture de-
creased from 17.8 kg/d for control cows to 13.6 kg/d for
cows fed 1 kg of oil, whereas DMI from concentrate was
higher for cows fed 1 kg/d of fat (6.0 kg/d) than for
controls (5.2 kg/d). Supplemental fat did not affect total
dry matter or estimated energy intake and did not
change losses of body weight or body condition scores.
Plasma concentrations of nonesterified fatty acids, in-
sulin, somatotrophin, and insulin-like growth factor-I
did not differ among treatments. Concentration of
plasma triglycerides was lowered from 318.5 to 271.2
mg/dl, whereas plasma cholesterol was elevated from
185.0 to 235.8 mg/dl in cows receiving 1 kg/d of supple-
mental fat compared with controls. Responses to lipo-
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lytic or insulin challenges were not affected by feeding
oil. Supplemental fat did not affect the digestion of
pasture fiber. The addition of energy in the form of
partially hydrogenated fat to early lactation dairy cows
fed primarily on pasture increased the yield of fat-cor-
rected milk and milk fat content when it represented
about 11% of the total metabolizable energy require-
ment of cows, without affecting milk protein content.
The partial hydrogenation of a byproduct of the oil in-
dustry apparently prevented detrimental effects of fat
supplementation on ruminal digestion.
(Key words: partially hydrogenated oil supplementa-
tion, grazing, milk fat composition, ruminal digestion)

Abbreviation key: C2:C3 = acetate:propionate, EE =
ether extract, FA = fatty acids, FCM = 4% fat-corrected
milk, IVDMD = in vitro DM digestibility, IVOMD =
in vitro OM digestibility, ME = metabolizable energy,
MUN = milk urea nitrogen, PUN = plasma urea nitro-
gen, ST = somatotrophin, T0 = no supplemental fat,
T0.5 = 0.5 kg/d of supplemental fat, T1 = 1.0 kg/d of
supplemental fat, WSC = water soluble carbohydrates.

INTRODUCTION

The supplementation of diets with fat for dairy cows
in early lactation can be used to maintain a high energy
density of the diet, while avoiding ruminal acidosis and
reductions in milk fat content that may result when
excessive amounts of starch are fed to early lactation
dairy cows. In confinement systems with nutritionally
balanced diets rich in energy, milk production is often
increased in response to lipid supplementation to high-
yielding dairy cows in early lactation (Palmquist and
Jenkins, 1980; Schingoethe and Casper, 1991; Chilli-
ard, 1993). In grazing systems, the quality of the diet
(pasture plus concentrate) is more variable, and milk
production per cow may be lower because of the lower
energy density of the forage. In such systems, the re-
sponse to dietary fat may be different, because the spe-
cific nutrients that limit milk production will not be the
same. The intake of energy is thought to be the most
limiting nutrient for milk production in pasture-based
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systems (Muller and Fales, 1998). The benefit of supple-
mental fat in this nutritional context needs to be ex-
plored as most dairy systems in Argentina and in other
temperate regions of the world integrate grazed pasture
with the feeding of concentrates and by-products.

Experimental results about the effects of fat supple-
mentation on dairy cow performances or BW losses in
grazing conditions are scarce. King et al. (1990a) re-
ported an increase in milk yield in pasture-fed dairy
cows supplemented with long-chain fatty acids (FA).
Feeding calcium salts of FA to early lactation dairy
cows grazing an alfalfa-based pasture improved milk
yield (+11%), milk fat yield (+14%), and milk protein
production (+13%) without affecting parameters associ-
ated with body lipid mobilization (Gagliostro, 1998).

The metabolic effects of fat feeding in pasture-based
diets are poorly described in the literature and may
differ from those obtained in confinement systems due
to the uncontrolled variability associated with the nu-
tritive value of the pasture. In addition, the reduction
of total DM and carbohydrate intake often observed
after supplemental fat feeding may induce some ener-
getic uncoupling due to an under-supply of ruminally
available energy relative to the release of pasture-N in
the rumen (Muller and Fales, 1998). In confined cows
in early lactation, dietary lipids seem to be metabolized
in order to support mammary gland requirements
rather than to prevent the loss of BW (Chilliard, 1993).
Several metabolic adaptations following fat feeding
have also been reported in confined dairy cows. In-
creased β-adrenergic lipolytic responses (Gagliostro
and Chilliard, 1991b) and enhanced losses of BW or
BCS were observed in early lactation (Chilliard, 1993).

Fat feeding has been associated with lower milk pro-
tein content. Together with a dilution effect due to a
higher milk yield, insulin resistance has also been pro-
posed to explain the decrease in milk protein concentra-
tion (Palmquist, 1984; Wu and Huber, 1994). Develop-
ment of insulin resistance was reported in cows that
received lipids (Chilliard, 1993), although the response
of plasma glucose and NEFA to insulin challenge was
not altered by duodenal oil infusion in confined feeding
systems (Gagliostro and Chilliard, 1991b) or by calcium
salts of FA in grazing conditions (Gagliostro, 1998).

The effects of fat supplementation on regulatory
plasma hormone concentrations are not consistent
(Chilliard, 1993), and data regarding hormonal profiles
after fat supplementation are not available for grazing
dairy cows. The production responses or the metabolic
adaptations after fat feeding may partly result from
changes in circulating hormones (Chilliard, 1993; Sta-
ples et al., 1998).

Elevating the melting point above the ruminal tem-
perature may be a suitable strategy for avoiding nega-
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tive effects of fat on ruminal digestion (Chalupa et al.,
1986) when applied to vegetable oil, making it accept-
able for ruminant feeding.

The objective of this experiment was to determine
whether the addition of energy in the form of fat to the
concentrate of grazing dairy cows would increase milk
production in early lactation without negative effects
on milk composition or body condition parameters. Con-
centrations of plasma metabolites and hormones and
responses to lipolytic or insulin challenges were also
studied to better understand the performance of the
cows. The effects of partially hydrogenated oil on rumi-
nal environment and pasture digestion were also evalu-
ated in grazing conditions.

MATERIALS AND METHODS

Cows and Diets

The experiment was conducted at the National Insti-
tute of Agricultural Technology in Balcarce (37°45′S,
58°18′W), Argentina, during spring 1997. Thirty-seven
multiparous Holstein cows (570 ± 68 kg BW) were
grouped based on number of lactations and milk produc-
tion registered during the first 70 DIM for the previous
lactation. They were randomly allocated to one of three
dietary treatments: no supplemental fat (T0, 12 cows),
0.5 kg/d supplemental fat (T0.5, 12 cows), and 1 kg/d
supplemental fat (T1, 13 cows) as partially hydroge-
nated oil. Fat was added to a basal concentrate com-
posed of ground corn (91.6%), fish meal (8%), and cal-
cium chloride (0.4%; Table 1).

The concentrates were offered in two equal feedings
during milking times (0600 and 1600 h) from 19 ± 5 d
(mean ± SD) before the expected calving date to 70 DIM
for all treatments. After 70 DIM, all cows were fed
the T0 concentrate for an additional period of 30 d to
evaluate the residual effects of fat feeding on milk yield
and composition. Intake of concentrate occurred daily
and was individually recorded by weighing the amounts
offered and refused.

Fat was a byproduct obtained when vegetable oil was
purified for human nutrition. The oil residue was par-
tially hydrogenated, leaving flakes composed of triglyc-
erides of high melting point (58 to 60°C) that remained
solid at ruminal temperature (39 to 40°C). The FA com-
position of the partially hydrogenated oil was C14:0

(2.4%), C14:1 plus iso C15:0 (0.7%), C15:0 (0.9%), C15:1

(0.4%), C16:0 (30.3%), C16:1 (0.2%), C17:0 (1.2%), C17:1

(0.1%), C18:0 (34.9%), C18:1 (21.8%), C18:2 (3.3%), C18:3

(0.9%), and others (2.9%). A soluble source of Ca was
added to the concentrate to compensate for any poten-
tial loss in Ca digestibility due to fat supplementation
(Palmquist, 1984).



SCHROEDER ET AL.582

Table 1. Ingredient and nutrient composition of the experimental concentrates.

Treatment

Item T0 T0.5 T1

Ingredient, kg DM/cow/d
Ground corn 5 5 5
Fish meal 0.4 0.4 0.4
Calcium chloride 0.02 0.02 0.02
Fat1 0 0.5 1
Total offered 5.4 5.9 6.4

Nutrient
DM, % 87.8 88.9 89.0
OM, % of DM 93.2 96.6 96.4
IVDMD,2 % 85.0 84.6 84.3
CP, % of DM 18.8 12.9 12.5
NDF, % of DM 15.9 18.3 11.7
EE, % of DM3 4.5 13.3 18.3

1Partially hydrogenated oil. Melting point: 58 to 60°C. Fatty acid composition was 30.3% C16:0, 34.9%
C18:0, 21.8% C18:1, and 3.3% C18:2.

2IVDMD = In vitro DM digestibility.
3EE = Ether extract.

All cows grazed together on mixed pastures that con-
tained (DM basis) alfalfa (Medicago sativa, 46%), or-
chardgrass (Dactylis glomerata L., 49%) and dead mate-
rial (4%). The area of the strip was regulated with a
temporary electric fence to achieve a herbage allowance
of about 30 kg DM/cow per d to allow a high pasture
intake of cows (Minson, 1990). The cows were moved
to a new grazing strip every day, and after grazing each
strip was clipped of nongrazed forage to about 8 cm to
allow a clean and uniform pasture regrowth.

Samples Collection and Analysis

After an adaptation period of 21 d (−14 to 7 DIM),
milk production was daily and individually recorded.
Milk samples were collected every 10 d at a.m. and p.m.
milkings, composited according to the corresponding
volume measured at each milking time and analyzed
for fat, protein, lactose, and SNF by infrared spectro-
photometry (Foss 605B Milko-Scan, Foss Electric, Hil-
lerød, Demmark), and 4% FCM was calculated. Milk
urea nitrogen (MUN; Wiener Laboratory, Rosario, Ar-
gentina) and cholesterol (Colestat, Wiener Laboratory,
Rosario, Argentina) were determined with commercial
enzymatic kits as described in Schroeder and Gagliostro
(2000). Casein was determined as proposed in AOAC
(1990).

Milk FA composition was analyzed in samples col-
lected at 30 and 60 DIM. Milk fat was extracted at
100°C for 4 h with a Triton X-100 solution. When the
sample was completely separated, it was removed from
the oven, and the milk fat was transferred into a separa-
tory funnel. The extracted fat was then purified with
30 ml of light petroleum ether and washed three times
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with 10 ml of isopropyl alcohol and sodium sulfate solu-
tion. The organic phase was then dried with sodium
sulfate (2 spoonsful), the sample was filtered, and the
solvent was removed with a rotary evaporator in a wa-
ter bath at 40°C. Methyl esters were prepared by mixing
the dried extract (45 mg of milk fat) with a 0.3 ml of
sodium methanol solution (10 mg anhydrous sodium/1
ml of methanol). The mixture was incubated in a water
bath at 67°C for 3 min and then cooled at room tempera-
ture (1 min). A spoonful of silica gel-CaCl2 was added,
and the mixture was vortexed for 30 s. The extracted
fat was dissolved in 1.5 ml at CS2 and centrifuged at
1800 rpm for 10 min. The upper layer (CS2 with the
methyl esters) was analyzed by GLC to determine the
FA composition using a Varian 3700 gas chromato-
graph fitted with a stainless steel column packed with
20% BDS (Alltech Associates, Inc. Applied Science
Labs. IL-USA) Chromosorb WAW (80–100 mesh) (Var-
ian Instrument Div., 670 E. Arques, Sonnyvale, CA
94086 USA) and a flame-ionization detector. Chroma-
tography conditions were as follows: the initial and final
temperatures of the oven were 130 (2 min) and 200°C,
respectively; the temperature gradient was 10°C /min;
the carrier gas was N2 (60 psi) at a rate flow of 25 ml/
min; and a mixture of H2 (40 psi) and air (60 psi) was
used for the detector. The injection volume was 3 µl
(IRAM 5650 Part II, modified by Centro de Investigaci-
ones Tecnológicas de la Industria Láctea [ISO 9002],
Buenos Aires, Argentina).

Total herbage mass was determined every 10 d by
cutting 20 quadrats (0.1 m2 per quadrat) of pasture
samples to ground level. Each sample was dried at 60°C
in a forced-air oven. The quality of the grazed herbage
was estimated from samples obtained by hand-plucking
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at random transects every 10 d. Samples of concen-
trates were collected every 30 d. Pasture and concen-
trates samples were dried (60°C in a forced-air oven),
ground through a 1-mm screen (Wiley Mill, Philadel-
phia, PA), and analyzed for OM, NDF, and ADF (Goer-
ing and Van Soest, 1970), CP (AOAC, 1990), in vitro
DM digestibility (IVDMD, Tilley and Terry, 1963), in
vitro OM digestibility (IVOMD, Tilley and Terry, 1963),
water-soluble carbohydrate (WSC; Morris, 1948), and
ether extract (EE; AOAC, 1990).

Pasture DMI was estimated on eight cows by treat-
ment from 55 to 70 DIM using Cr2O3 as an indigestible
fecal marker. After each milking, cows were dosed twice
daily with three gelatin capsules containing 2 g of Cr2O3
during a period of 14 d (12 g of Cr2O3/cow per d). Fecal
grab samples were collected after milking on d 7 to
14. Total fecal DM production (kg/d) was estimated by
dividing the total Cr dosed (g/d) by the Cr concentration
in fecal DM (g/d) determined by absorption spectropho-
tometry. Fecal DM output due to concentrate was esti-
mated as concentrate intake × (1–concentrate IVDMD).
This quantity was subtracted from the total fecal DM
production, and the remaining fecal DM was attributed
to pasture. Pasture intake was calculated as the ratio
between fecal DM yield due to pasture and pasture
indigestibility (1–IVDMD). Total energy intake was cal-
culated from DMI of forage and concentrates and their
metabolizable energy (ME) content estimated ac-
cording to NRC (2001). Lipid ME content (5.18 Mcal/
kg DM) was calculated assuming that FA digestion in
the total tract was 56.5% for total C16 and 63.6% for
total C18 (Pantoja et al., 1995).

Cows were weighed on 2 consecutive d after the a.m.
milking at the start (4 and 5 DIM), in the middle (30
and 31 DIM), and at the end (69 and 70 DIM) of the
period of fat supplementation. An additional record of
BW was taken at the end of the residual period (99 and
100 DIM). On the same days, BCS was also recorded
by two independent observers using the five-point scale
(1 = thin to 5 = fat). The mean value of the two records
was used to calculate changes in BW gain or BCS.

Blood samples were collected from the jugular vein
immediately after the a.m. milking at 15, 30, 45, and
60 DIM. On the days of sampling, cows received the
concentrates immediately after bleeding. On d 34 of
lactation, blood samples were taken before and 15 min
after a β-adrenergic agent (Isoproterenol) challenge (4
nmol/kg BW, Proterenal, Phoenix Laboratory, Buenos
Aires, Argentina [Gagliostro and Chilliard, 1991b]). On
d 37 of lactation, blood samples were taken before and
15, 30, and 60 min after a challenge with bovine insulin
intravenously (0.12 U/kg BW, Betasint, Beta Labora-
tory, Buenos Aires, Argentina [Gagliostro and Chilli-
ard, 1991b]). For every sample, blood was collected in
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heparinized tubes (Abbot Laboratory, Argentina, 5 U/
ml) and immediately placed on ice. Plasma was ob-
tained (2000 × g at 4°C for 10 min) and stored frozen
(−24°C) until analysis. Commercial enzymatic kits were
used for plasma urea nitrogen (PUN; Wiener Labora-
tory, Rosario, Argentina [Physiol. Chem. 329, 2141,
1962]), NEFA (Wako Pure, Chemical Industries USA,
Inc., Dallas, TX), glucose (Wiener Laboratory, Rosario,
Argentina), triglyceride (Wiener Laboratory, Rosario,
Argentina), and total cholesterol (Wiener Laboratory,
Rosario, Argentina) as described in Schroeder and Gag-
liostro (2000). In samples taken at 30 and 60 DIM,
plasma IGF-I was measured by radioimmunoassay
with previous acid-ethanol extraction (Lacau-Mengido
et al., 2000). Insulin-like growth factor-I antibody (UB2-
495; Hormone Distribution Program, National Institute
of Diabetes and Digestive and Kidney Diseases, Rock-
ville, MD) was used. The intraassay coefficient of vari-
ance was 7%, and assay sensitivity was 60 pg/tube.
Somatotrophin (ST) and insulin were measured in the
same samples. Concentration of ST was determined by
radioimunoassay using an antiovine antibody (Dı́az-
Torga et al., 2001). The intraassay coefficient of vari-
ance was 7.2%, and minimum detectable concentration
was 0.8 ng. Insulin was measured by radioimmunoas-
say using anti-bovine insulin antibody (Sigma, St.
Louis, MO) and standard human insulin provided by
Laboratories Beta (Buenos Aires, Argentina [Dı́az-
Torga et al., 2001]). Minimum detectable concentration
was 0.05 ng.

Rumen Environment and in Situ
Pasture NDF Degradability

The effects of fat supplementation on ruminal envi-
ronment and parameters of pasture NDF degradation
were evaluated using six lactating Holstein cows fitted
with ruminal cannulas in a replicated 3 × 3 Latin square
design with 15-d periods. Three cows in early lactation
and another three cows in midlactation were used.
These cows received the same treatments and were in
a single herd under strip grazing conditions together
with nonfistulated cows. During the 15th d of each ex-
perimental period, samples of ruminal content were
taken from the dorsal, ventral, and caudal areas at 0
(6:00 a.m.), 4, 8, 12, 16, and 20 h after the first sample.
Ruminal fluid was obtained by straining through four
layers of cheesecloth, and pH was measured immedi-
ately (Orion portable pH meter 250A, Orion Research
Inc., Boston, MA). A sample (100 ml) was acidified with
1 ml of 1 N H2SO4 and frozen (−24°C). Samples were
later thawed and centrifuged at 15,000 × g for 15 min
(4°C), and the supernatants were analyzed for concen-
trations of NH3-N (Autoanalyser Technicom, model 2)
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and VFA. The VFA were determined in a gas cromato-
graph (Gow-Mac 69-750P) using N2 as a carrier gas at
a flow rate of 24 ml/min and a glass column packed
with 80/120 Carbopack B-DA/4% Carbowax 20M (Su-
pelco, Inc., Bellefonte, PA). Temperatures for the oven,
injector port, and detector were 175, 200, and 200°C, re-
spectively.

Pasture samples were obtained by hand-plucking and
were cut to a final length of 1 cm. The wet material
was immediately placed (5 g of DM/bag) in Dacron bags
(15.5 × 7.5 cm, 52 µm pore size, Ankom, Fairport, NY).
The bags were incubated in the ventral sac of the rumen
by duplicate for 0, 4, 8, 12, 16, 20, 26, 32, 40, and 48
h. After incubation, the bags were rinsed in a pipette
washer for 1 h and then hand-washed with cold tap
water. Bags were squeezed until the water was clear
and then oven dried at 60°C until constant weight. The
residues from each bag were weighed, ground through
a 1-mm screen, pooled within cow for each time of incu-
bation, and analyzed for NDF content. Kinetic parame-
ters of ruminal NDF degradation were estimated with
the equation proposed by Ørskov and McDonald (1979):
D = A + B (1-e−kdt), where D = disappearance at time
(t), A = soluble fraction (%, wash value at 0 h), B =
insoluble potentially digestible fraction (%), kd = frac-
tional rate of degradation (%/h), and t = time of incuba-
tion. Total potentially degradable fraction of NDF was
estimated as A + B. All the parameters of the model
were estimated with a nonlinear model using the NLIN
procedure of SAS (1996) and the Marquardt iterative
method. The effective degradation of NDF was calcu-
lated with the following equation: effective degradation
= A + B (kd/(kd + kp)), where kp = rate of passage
(assumed to be 0.05 and 0.07/h; Ørskov and McDon-
ald, 1979).

Statistical Analysis

Milk production and composition, changes in BW and
BCS, and plasma metabolite and hormone concentra-
tion were evaluated by the PROC MIXED of SAS (1996)
for repeated measurements using the following model:

Yijk = µ + Ti + A(i)j + Dk + (T × D)ik + εijk

where

Yijk = the dependent variable,
µ = overall mean,

Ti = treatment effects,
Aij = random effects of animal within treat-

ments,
Dk = effects of sampling date or time,

(T × D)ik = interaction effects of treatment and sam-
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pling date or time, and
εijk = the residual error associated with the ijk

observation.

Milk yield was also analyzed using the same model
but introducing the average milk production obtained
over the first 70 DIM of the previous lactation as a co-
variate.

Data from DMI and milk FA composition were ana-
lyzed with the GLM procedure of the SAS (1996) pro-
gram using the following model:

Yij = µ + Ti + εij,

where

Yij = the dependent variable,
µ = overall mean,

Ti = treatment effects, and
εij = residual error.

The rumen parameters were analyzed in a replicated
3 × 3 Latin square, one square with three cows in early
lactation and the other with three cows in midlactation.
Data were analyzed using the GLM procedure of the
SAS (1996) program using the following model:

Yijkt = µ + Si + C(i)j + P(i)k + Tt + T × Sit + εijkt,

where

Yijkt = the dependent variable,
µ = overall mean,
Si = square (early or mid-lactation) effects,

C(i)j = the effects of cows within the square,
P(i)k = the effects of the period within the square,

Tt = treatment effects,
T × Sit = the interaction effects of treatments by

square, and
εijkt = residual error.

Mean comparisons were carried out using the Tukey-
Kramer test, and differences were considered signifi-
cant with P < 0.10 unless otherwise stated.

RESULTS

Pasture Characteristics and DMI

The average value (± standard deviation) of herbage
mass in the pregrazing strips was 1968 ± 821 kg DM/
ha, and the average herbage allowance obtained was
30 ± 8 kg DM/cow per day during the trial. Values
for the chemical composition of the forage apparently
consumed by cows are shown in Table 2.
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Table 2. Nutrient composition of spring pastures during the experiment.1

% of DM

% DM OM IVDMD2 IVOMD2 NDF ADF CP WSC2 EE2

Average 24.4 90.5 73.2 72.5 38.3 21.3 23.4 9.5 3.7
SD 1.6 1.0 3.9 5.0 5.6 4.5 1.3 3.4 1.1
Minimum 23.0 88.5 65.2 64.4 30.5 17.0 22.4 5.6 2.3
Maximum 26.6 91.5 75.2 77.0 45.0 26.8 25.7 14.1 5.0

1Samples were obtained by hand-plucking from August to December.
2IVDMD = In vitro DM digestibility, IVOMD = in vitro OM digestibility, WSC = water soluble carbohydrates,

EE = ether extract.

Milk Production and Composition

The yield of FCM over the experimental period is
presented in Figure 1. An interaction between treat-
ment and week of lactation was not detected (P < 0.62).
The peak of FCM yield was observed between the 4th
and 5th wk of lactation (Figure 1). At that moment,
FCM resulted higher in T0.5 (+8.2%) and in T1 (+14.8%)
compared with control (T0) cows. Average values for
milk production, milk composition, and yield of milk
components over the fat supplementation period (first
70 DIM) are presented in Table 3.

No interactions between treatment and week of lacta-
tion were detected for any parameter measured (Table
3). During the first 70 DIM, the cows produced similar
amounts of milk. Milk fat content, FCM yield, and milk
fat production were higher in T1 compared with control,
but milk protein yields were not affected (Table 3). With
data for milk yield recorded during the first 70 DIM of
the previous lactation as covariate (P < 0.01), the aver-
age FCM was higher (P < 0.05) in T1 (26.3 kg/d) com-

Figure 1. Yield of FCM in grazing dairy cows supplemented with
0 (T0), 0.5 (T0.5), and 1 kg/d (T1) of partially hydrogenated oil during
the first 70 d of lactation. Treatment by wk of lactation interaction
= P < 0.62, wk = P < 0.01 and treatment = P < 0.06.
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pared with T0 (23.5 kg/d) with no differences between
these treatments and T0.5 (24.6 kg/d). Percentages of
milk protein, casein, MUN, and total cholesterol and
daily yields of protein were not affected (Table 3).

The amounts of concentrate and pasture consumed
by cows are shown in Table 4. As fat was added to the
basal concentrate (without replacing corn; Table 1) and
differences in concentrate refusals were not observed
among T0 (0.22 kg DM/cow per d), T0.5 (0.38 kg DM/
cows per d), and T1 (0.40 kg DM/cows per d; P < 0.71),
the cows from T1 showed the highest concentrate DMI
(Table 4). Compared with T0, cows from T1 showed a
lower pasture DMI, but no differences in total DM or
total estimated energy intake were detected (Table 4).

Average values for milk production and composition
and yield of milk components over the residual period
(70 to 100 DIM) are presented in Table 5. During the
residual period when all cows received the T0 concen-
trate, the yield of FCM was higher (P = 0.06) in T1
compared with T0.5 without differences between these
two treatments and T0 (Table 5). There was an interac-
tion (P < 0.05) between treatment and week for milk
fat secretion (Table 5). Cows from T1 produced more
(P < 0.05) milk fat during the first 4 wk of the residual
period compared with T0.5, but the differences disap-
peared thereafter. No residual effects of fat supplemen-
tation were detected for any other parameter measured
(Table 5). Milk FA composition is shown in Table 6.

An increase in milk fat percentages of C16:0 and C18:0

acids with a compensatory decline of C18:2, C18:3, and
short and medium-chain FA was detected (P < 0.05) in
the T1 cows (Table 6).

The individual FA yield is shown in Table 7. The
yields of C16:0 and C18:0 acids were higher in T1 com-
pared with the other treatments. Yield of C18:1 acid was
increased in T1 compared with T0 treatment (Table 7).

Changes in BCS and BW

The changes in BCS and BW during and after the
period of fat supplementation are shown in Figure 2
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Table 3. Average values of milk production and composition in grazing dairy cows supplemented with 0
(T0), 0.5 (T0.5), and 1 kg/d (T1) of partially hydrogenated oil during the first 70 d of lactation.

Treatment1 P <2

Item T0 T0.5 T1 SD Treat Wk Treat × Wk

Milk, kg/d 25.6 26.9 27.2 3.8 0.39 0.01 0.41
FCM, kg/d 23.4b 24.6ab 26.3a 3.7 0.06 0.01 0.62
Milk fat
kg/d 0.87b 0.93ab 1.03a 0.16 0.01 0.01 0.63
% 3.44b 3.51b 3.78a 0.60 0.03 0.01 0.45

Milk protein
kg/d 0.83 0.87 0.86 0.12 0.55 0.01 0.63
% 3.24 3.32 3.18 0.34 0.33 0.01 0.32

Casein, % of total N 70.4 68.2 70.3 5.5 0.94 . . . . . .
Lactose, % 5.13 5.02 5.15 0.23 0.19 0.01 0.61
Total solids, % 12.5 12.5 12.6 0.8 0.81 0.01 0.52
Solids non-fat, % 8.95 8.90 8.89 0.40 0.89 0.01 0.18
MUN,3 mg/dl 22.1 21.6 19.8 12.91 0.61 0.01 0.28
Cholesterol, mg/dl 47.0 56.7 42.6 26.3 0.16 0.02 0.63

a,bMeans within a row that have different superscripts are significantly different (P < 0.10).
1n = 12, 12, and 13 for T0, T0.5, and T1, respectively.
2Effects of treatment (Treat), week of lactation (Wk) and interaction treatment by week (Treat × Wk).
3MUN = Milk urea nitrogen.

and Table 8, respectively. No significant differences
were observed in the losses of BCS and BW gain during
the period of fat supplementation. After the end of fat
feeding at 11th wk of lactation, the cows began to gain
BCS and BW in all treatments (Figure 2).

Plasma Metabolites and Hormones

Plasma metabolite and hormone concentrations are
presented in Table 9. Average plasma levels of glucose,
NEFA, and PUN were not affected by fat feeding. Con-
centrations of plasma triglyceride were lower and total
cholesterol was higher in T1 compared with T0 (P <
0.05; Table 9). Plasma levels of insulin were lower (P

Table 4. Concentrate, pasture, and total DM and energy intake in grazing dairy cows supplemented with
0 (T0), 0.5 (T0.5), and 1 kg/d (T1) of partially hydrogenated oil.

Treatment1

Intake T0 T0.5 T1 SD P <

Concentrate intake, kg DM/d 5.2b 5.5ab 6.0a 0.4 0.01
Pasture intake, kg DM/d 17.8a 14.3ab 13.6b 3.3 0.05
Total DMI, kg/d 23.0 19.8 19.6 3.1 0.11
Total NEL intake, Mcal/d2 36.7 33.9 34.5 4.2 0.42
Total NEL requirement, Mcal/d2 29.6 30.9 31.2 2.8 0.55
Energy balance, Mcal/d2 7.06 3.05 3.27 3.54 0.08
DMI/FCM 1.13a 0.88b 0.84b 0.13 0.01
FCM/NEL intake 0.56b 0.68ab 0.69a 0.08 0.04

a,bMeans within a row that have different superscripts are significantly different (P < 0.10).
1n = 8, 8, and 7 for T0, T0.5, and T1, respectively.
2Estimated according to NRC (2001) using data obtained during the period of pasture intake measurements

(55 to 70 DIM). Lipid ME content (5.18 Mcal/kg DM) was calculated assuming that FA digestion in the
total tract were 56.5% for total C16 and 63.6% for total C18 (Pantoja et al., 1995).
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< 0.01) in T1 than in the other treatments, whereas
plasma ST and IGF-I concentrations did not change
(Table 9). Plasma ST and IGF-I concentrations were
higher on d 60 (2.7 and 426 ng/ml, respectively) than
on d 30 (ST = 2.4 and IGF-I = 332 ng/ml) of lactation,
whereas plasma insulin decreased with the advance
of lactation (1.39 vs. 0.38 ng/ml on d 30 and 60, respec-
tively).

Changes in plasma metabolite concentration after
isoproterenol challenge are shown in Table 10. There
was no interaction between treatment and sampling
time for any of the metabolites measured (Table 10).
The basal plasma NEFA and glucose concentrations
and the responses to challenges by isoproterenol were
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Table 5. Average values of milk production and composition in grazing dairy cows after supplementation
with 0 (T0), 0.5 (T0.5), and 1 kg/d (T1) of partially hydrogenated oil (70 to 100 DIM).

Treatment1 P <2

Item T0 T0.5 T1 SD Treat Wk Treat × Wk

Milk, kg/d 23.2 22.3 23.7 3.0 0.39 0.01 0.15
FCM, kg/d 21.1ab 20.6b 22.9a 2.6 0.06 0.01 0.11
Milk fat
kg/d 0.73 0.65 0.78 0.15 0.10 0.01 0.04
% 3.07 3.01 3.27 0.54 0.35 0.79 0.42

Milk protein
kg/d 0.72 0.71 0.72 0.07 0.96 0.01 0.16
% 3.08 3.18 3.03 0.22 0.24 0.02 0.64

Lactose, % 5.02 4.89 4.91 0.31 0.47 0.52 0.38
Total solids, % 11.9 11.8 12.0 0.6 0.85 0.13 0.25
Solids non-fat, % 8.72 8.74 8.60 0.38 0.59 0.87 0.17
MUN,3 mg/dl 8.61 9.89 13.20 6.1 0.13 0.01 0.53
Cholesterol, mg/dl 41.6 48.7 42.1 14.7 0.51 . . . . . .

a,bMeans within a row that have different superscripts are significantly different (P < 0.10).
1n = 12, 12, and 13 for T0, T0.5, and T1, respectively.
2Effects of treatment (Treat), week of lactation (Wk) and interaction treatment by week (Treat × Wk).
3MUN = Milk urea nitrogen.

not affected by fat feeding (Table 10). When the in-
crease in NEFA and glucose concentrations 15 min
after the isoproterenol injection was adjusted by sub-
tracting the basal (preinjection) concentrations, the
increase for both metabolites was not significantly dif-
ferent between treatments. The in vivo hypoglycemic
action of insulin is shown in Figure 3.

Table 6. Milk fatty acid composition in grazing dairy cows supplemented with 0 (T0), 0.5 (T0.5), and 1 kg/
d (T1) of partially hydrogenated oil in early lactation.

Treatment1

T0 T0.5 T1 SD P <

Fatty acid, %
C4:0 2.6 2.3 2.3 0.4 0.16
C6:0 1.9a 1.7ab 1.6b 0.3 0.02
C8:0 1.2a 1.0ab 0.8b 0.2 0.01
C10:0 2.3a 2.0ab 1.7b 0.5 0.02
C10:1 0.2a 0.2ab 0.1b 0.1 0.02
C12:0 2.6a 2.3ab 1.9b 0.6 0.02
C12:1 0.2 0.2 0.1 0.1 0.10
C14:0 8.8a 8.0ab 7.3b 1.4 0.05
C14 iso 15 1.9a 1.7ab 1.5b 0.2 0.01
C15:0 1.4 1.4 1.3 0.2 0.42
C15 iso 16 0.6 0.6 0.5 0.2 0.43
C16:0 22.3b 23.6ab 25.5a 2.2 0.01
C16:1 2.8 2.9 2.4 1.0 0.50
C17:0 1.3 1.4 1.2 0.4 0.67
C17:1 1.2 1.0 0.8 0.5 0.17
C18:0 11.9b 12.5ab 14.0a 1.9 0.02
C18:1 28.9 30.7 30.6 3.0 0.30
C18:2 4.6a 4.2ab 3.8b 0.5 0.01
C18:3 2.5a 2.0b 1.7b 0.5 0.01
Others 0.94 0.63 0.76 0.58 0.44

a,bMeans within a row that have different superscripts are significantly different (P < 0.10).
1n = 12, 12, and 12 for T0, T0.5, and T1, respectively.
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After insulin challenge, the decrease in plasma glu-
cose concentration was not affected by supplemental
fat. Interactions between treatment and sampling
time were not detected (Figure 3). The in vivo antilipo-
lytic action of insulin is shown in Figure 4.

After insulin injection, plasma concentration of
NEFA decreased for all treatments, but a less pro-
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Table 7. Yield of individual milk fatty acids (FA) in grazing dairy cows supplemented with 0 (T0), 0.5 (T0.5),
and 1 kg/d (T1) of partially hydrogenated oil in early lactation.

Treatment1

FA (g/d) T0 T0.5 T1 SD P <

C4:0 22.5 21.6 23.9 5.1 0.56
C6:0 16.5 15.9 16.3 3.5 0.89
C8:0 10.0 9.3 8.7 2.6 0.50
C10:0 20.2 18.5 17.6 5.7 0.54
C10:1 2.0 1.7 1.5 0.8 0.21
C12:0 22.5 21.3 19.6 6.2 0.52
C12:1 1.3 1.4 1.0 0.6 0.33
C14:0 76.9 75.6 76.4 18.7 0.99
C14 iso 15 15.9 16.3 15.4 3.1 0.78
C15:0 11.7 13.1 13.3 2.4 0.23
C16:0 194.2b 224.1b 263.7a 41.5 0.01
C16:1 23.7 27.6 23.9 10.0 0.58
C17:0 11.0 13.1 12.4 4.1 0.45
C18:0 102.3b 119.9b 144.2a 25.4 0.01
C18:1 250.5b 293.9ab 315.0a 53.0 0.02
C18:2 39.4 40.3 39.7 7.8 0.96
C18:3 group 21.6 19.1 17.8 5.4 0.23

a,bMeans within a row that have different superscripts are significantly different (P < 0.10).
1n = 12, 12, and 12 for T0, T0.5, and T1, respectively.

Table 8. Changes in BW gain (BWG) in grazing dairy cows supplemented with 0 (T0), 0.5 (T0.5), and 1 kg/
d (T1) of partially hydrogenated oil in early lactation.

Treatment1

BWG, kg/d T0 T0.5 T1 SD P <

4 to 30 DIM −0.14 −0.23 −0.21 1.03 0.98
30 to 70 DIM −0.34 0.32 −0.26 0.96 0.34
70 to 100 DIM 0.85 0.72 0.98 0.70 0.85

1n = 12, 12, and 13 for T0, T0.5, and T1, respectively.

Table 9. Plasma metabolites and hormones in grazing dairy cows supplemented with 0 (T0), 0.5 (T0.5) and
1 kg/d (T1) of partially hydrogenated oil in early lactation.1

Treatment1 P <2

T0 T0.5 T1 SD Treat Wk Treat × Wk

Glucose, mg/dl 59.5 60.3 58.6 7.2 0.46 0.01 0.05
NEFA, µeq/L 562.2 581.5 589.7 220.3 0.94 0.01 0.36
PUN,3 mg/dl 11.3 11.4 11.5 2.8 0.95 0.01 0.55
Triglycerides, mg/dl 318.5a 292.2ab 271.2b 69.0 0.05 0.01 0.87
Cholesterol, mg/dl 185.0b 217.7ab 235.8a 63.0 0.02 0.01 0.64
ST,3 ng/ml 2.4 2.6 2.7 0.8 0.45 0.07 0.41
IGF-I, ng/ml 415.5 379.7 344.3 154.2 0.43 0.01 0.64
Insulin, ng/ml 0.96a 1.06a 0.50b 0.87 0.02 0.01 0.39

a,bMeans within a row that have different superscripts are significantly different (P < 0.10).
1n = 11, 11, and 12 for T0, T0.5, and T1, respectively.
2Effects of treatment (Treat), week of lactation (Wk) and interaction treatment by week (Treat × Wk).
3PUN = Plasma urea nitrogen; ST = somatotrophin.
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Table 10. Plasma NEFA and glucose concentrations before and 15 min after an intrajugular isoproterenol
injection (4 nmol/kg BW) in grazing dairy cows supplemented with 0 (T0), 0.5 (T0.5), and 1 kg/d (T1) of
partially hydrogenated oil in early lactation.1

Treatment P <2

T0 T0.5 T1 SD Treat Time Treat × Time

NEFA (µeq/L) 0.84 0.01 0.21
Basal (before injection) 594.6 645.4 602.6 198.8
15 min after injection 969.4 885.4 850.2 282.1

Glucose (mg/dl) 0.48 0.01 0.45
Basal (before injection) 56.1 55.2 60.9 7.1
15 min after injection 65.2 68.7 68.0 11.5

1Samples were taken on d 34 of lactation (n = 11, 11, and 12 for T0, T0.5, and T1, respectively).
2Effects of treatment (Treat), minutes after injection (Time) and Treat × Min interaction.

nounced decrease in concentration was not observed
in any treatment. Interactions between treatment and
sampling time were not detected (Figure 4).

Ruminal Environment and
Forage NDF Disappearance

Parameters of rumen environment measured in the
fistulated cows are presented in Table 11. Treatment ×
square (stage of lactation) interaction was not observed.
The overall means for total or individual VFA concen-
trations, for the acetate:propionate (C2:C3) ratio, for
the concentrations of NH3-N or the pH values were not
affected by fat supplementation (Table 11).

Parameters of in situ disappearance of forage NDF
are shown in Table 12. The addition of partially hydro-
genated oil to the diet did not affect the degradable
NDF fraction, the rate of NDF degradation, or the effec-
tive NDF degradability of the pasture (Table 12). The
potentially digestible fraction of forage NDF was 77.1%
in T0, 73.9% in T0.5, and 76.5% in T1 (P < 0.72).

Table 11. Parameters of rumen environment in grazing dairy cows supplemented with 0 (T0), 0.5 (T0.5),
and 1 kg/d (T1) of partially hydrogenated oil.

Treatment

T0 T0.5 T1 SEM P <

VFA, mmol/L
Total 88.3 85.8 79.3 5.92 0.56
Acetate (C2) 56.4 53.6 49.7 4.04 0.52
Propionate (C3) 16.8 17.2 16.2 1.07 0.80
Isobutyrate 1.40 1.31 1.18 0.1 0.34
Butyrate 10.5 10.3 9.30 0.76 0.51
2CH3 Butyrate 0.95 0.94 0.82 0.06 0.27
Isovalerate 0.95 0.96 0.80 0.07 0.26
Valerate 1.29 1.39 1.32 0.16 0.90
C2:C3 ratio 3.32 3.19 3.12 0.12 0.51

NH3-N, mg/dl 17.8 18.1 14.5 1.5 0.25
pH 5.73 5.74 5.74 0.05 0.98
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DISCUSSION

Diet Characteristics and Feed Intake

In this experiment, a daily strip-grazing system was
used, and cows were allocated to areas of sufficient size
to provide about 30 kg/d DM of pasture per cow with
an herbage biomass averaging 2000 kg DM/ha. Minson
(1990) suggested that these conditions avoid a possible
reduction in voluntary DMI of pasture. In control cows
that showed the highest pasture DMI (Table 4), NDF
intake was close to the value (12.5 g kg−1 BW d−1) pro-
posed by Mertens (1994) to obtain maximum DMI. The
NDF concentration of forage (Table 2) was below the
values (40 to 50%) considered as adequate for well-
managed pastures (Minson, 1990; Muller and Fales,
1998) and close to the value of 34 to 36%, which would
not affect voluntary DMI due to rumen fill (Mertens,
1994). Average pasture CP content (Table 2) was in the
range of 15 to 25% proposed by Minson (1990) to obtain
high values of forage DM digestibility and contributed
to maintain sufficient ruminal NH3-N concentrations
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(Table 11) to support optimal microbial growth (Satter
and Slyter, 1974). All these data suggested that both
quality and quantity of pasture was adequate through-
out the experiment.

Concentrate refusals were not increased by the addi-
tion of fat. Reductions in concentrate intake when fat
is added have been attributed to a lower rate of intake
and to reduced palatability (Grummer et al., 1990). This
fact could represent a serious problem in grazing cows
that receive the concentrate for a limited time during
each milking. In T1, concentrate intake was not reduced
even when fat was added up to 18.5% of concentrate
DM value that resulted close to the range of 22 to 30%
proposed by King et al. (1990b) in which concentrate
intake may be depressed.

Cows in treatment T1 consumed less forage than con-
trol cows (Table 4). This finding could not be explained
by negative effects of supplemental fat on ruminal di-
gestion. In fact, the parameters of rumen environment
(Table 11) or forage NDF disappearance (Table 12) were
not affected by fat addition. Because pasture DMI was
decreased in T1 but energy intake from the concentrate
was increased by adding fat, estimated total energy
intake was similar among treatments (Table 4). These
results suggest that energy-homeostatic mechanisms
were probably involved in regulating DMI as observed
in dairy cows in midlactation when rapeseed oil was
infused into the duodenum (Gagliostro and Chilliard,
1991a). These results agree with other studies in which
a metabolic regulation of DMI was apparent after feed-
ing protected fat (Choi and Palmquist, 1996; Rodriguez
et al., 1997).

Milk Production and Composition

There was a numerical increase in milk yield at the
peak of lactation (+14.2%) and in the average milk pro-
duction over the first 70 DIM (+6%) in T1 cows compared
with control cows, but these differences were not sig-
nificant (Table 3). The lack of significant effects on milk

Table 12. Parameters of forage NDF degradation in grazing dairy cows supplemented with 0 (T0), 0.5
(T0.5), and 1 kg/d (T1) of partially hydrogenated oil.

Treatment

T0 T0.5 T1 SEM P <

NDF, %
Soluble fraction 0.25 0.32 0.99 0.37 0.36
Degradable fraction 76.9 73.6 75.5 1.59 0.41
Rate of digestion, %/h 5.46 6.03 5.91 0.59 0.78

Effective NDF Degradability
kp1 = 5%/h 38.7 38.5 39.66 1.02 0.72
kp = 7%/h 32.5 32.6 33.6 1.0 0.72

1kp = Rates of passage assumed.
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production may be attributed to the moderate number
of replications and the high variation observed in milk
yield (Table 3). The failure of supplemental fat to in-
crease total energy intake of cows (Table 4) could also
be involved, as milk yield is related to energy intake.
When results were compared as FCM, a significant dif-
ference between T1 and T0 was detected (Figure 1 and
Table 3), and the FCM response to added fat became
apparent from the first weeks of lactation (Figure 1).
It is not clear if feeding fat before calving might induce
a postcalving lactation response. In lactating dairy
cows, a 2- or 3-wk lag time was observed before milk
yield responds to dietary fat independently of the en-
ergy intake of cows (Chilliard, 1993). Komaragiri et al.
(1998) observed a numerical improvement in the yield
of FCM (+2.9 kg/d) when cows were fed Ca salts of long-
chain FA from 3 wk prior to expected calving date up
to 12 wk of lactation without changes in either total
DMI or body fat mobilization. In our experiment, it
seems that the higher FCM yield was explained mainly
by an increase in milk fat production (18%) rather than
a higher milk yield (6%; Table 3). Incorporation of exog-
enous FA into milk fat increased the efficiency of milk
fat secretion (Pantoja et al., 1995). To the extent that
the covariate analysis performed removed any putative
differences in milk production potential among the
treatment groups at the start of lactation, it can be
concluded that fat supplementation from about 19 d
before the expected calving date to 70 DIM significantly
increased FCM production in T1. Data obtained during
the period of pasture intake measurements (55 to 70
DIM) were used to calculate the efficiency of FCM pro-
duction using the equations proposed in NRC (2000).
Cows receiving fat produced more FCM per kilogram
of total DMI or per megacalorie of NEL intake (Table
4). The improvement in the efficiency of energy utiliza-
tion for lactation when fat is added to the diet has been
attributed to a lower energy loss as methane, a greater
efficiency arising from the direct use of long-chain FA
for milk fat secretion and a higher efficiency of ATP
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generation from long-chain FA rather than acetate
(Chilliard, 1993; Garnsworthy, 1997). In other grazing
experiments, FCM production was increased when sup-
plemental fat was fed to dairy cows in early lactation
(Gagliostro, 1998; Salado, 2000). It has been proposed
that maximum efficiency of milk production occurs
when about 12 to 16% of total ME requirements are
supplied as dietary fat (Brumby et al., 1978). In the
present experiment, ME provided by supplemental fat
was about 11% in T1, a figure close to the range pro-
posed as the most efficient for milk production. In T0.5,
ME supplied by supplemented fat (about 5.8%) was
considerably lower than the optimum suggested, and
this could probably explain the lack of response on milk
production (Table 3).

It has also been suggested (Palmquist, 1984; Schin-
goethe and Casper, 1991) that supplemental fat in early
lactation may improve the persistency of milk and milk
fat production through a carryover effect that may occur
after the end of fat feeding. According to these observa-
tions, when fat supply was stopped at 70 DIM, FCM
and milk fat yields remained higher in T1 than in T0.5
during the following 30 d of measurements (Figure 1
and Table 5). In our experiment, the effect of fat on
persistency could be expected, because supplemented
cows from T1 peaked at higher values of FCM (Figure
1), and the withdrawal of fat occurred when cows were
already in positive energy balance (10 wk of lactation,
Table 4). These carryover effects indicate that metabolic
responses of cows to fat supplementation may persist
beyond the supplemental period, suggesting the need
to evaluate responses to fat feeding in long-term experi-
ments (Palmquist and Jenkins, 1980; Schingoethe and
Casper, 1991).

In the present study, total milk fat output was higher
in T1 than in T0 (Table 3), with a higher yield of C16:0,
C18:0, and C18:1 FA and no changes in the secretion of
short- and medium-chain FA (Table 7). Total milk fat
production depends on the balance between the in-
crease in exogenous FA transfer to the mammary gland
and the decrease in de novo synthesis. A reduction of FA
synthesis within the mammary gland is often observed
when supplemental fat is added to the diet of lactating
dairy cows (Garnsworthy, 1997). The reduction may be
mediated at the ruminal level through a lower rumen
acetate and butyrate production or through the inhibi-
tory effect of long-chain FA on mammary lipogenic en-
zymes (Garnsworthy, 1997). In our study, no changes
in the acetate and butyrate proportions or in the C2:C3
ratio were observed in the fistulated cows after fat feed-
ing (Table 11). In spite of the lower pasture DMI ob-
served in cows from T1 (Table 4), a limiting amount
of acetate and butyrate production can apparently be
excluded since a reduced mammary secretion of short-
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Figure 2. Changes in BCS in grazing dairy cows supplemented
with 0 (T0), 0.5 (T0.5), and 1 kg/d (T1) of partially hydrogenated oil
in early lactation.

and medium-chain FA was not observed. The saturated
fat supplement used in our experiment could also con-
tribute to maintain the secretion of short- and medium-
chain FA, because the inhibition of de novo mammary
synthesis is more sensitive to unsaturated FA supply
(Palmquist, 1984; Garnsworthy, 1997).

In our experiment, fat supplementation did not affect
milk protein content or yield (Table 3). Reductions in
milk protein content with fat feeding have been attrib-
uted to decreased glucose availability, development of
insulin resistance, increased efficiency of milk produc-
tion (decreased blood flow), or reduced plasma ST (Wu
and Huber, 1994). Neither basal glucose concentration
(Table 9) nor the in vivo hypoglycemic action of insulin
(Figure 3) were affected by fat supplementation; in ad-

Figure 3. Concentrations of plasma glucose before and after an
intrajugular insulin injection in grazing dairy cows supplemented
with 0 (T0), 0.5 (T0.5), and 1 kg/d (T1) of partially hydrogenated oil
in early lactation. Samples were taken on d 37 of lactation.



SCHROEDER ET AL.592

dition, plasma ST concentration was not affected (Table
9). These metabolic results are consistent with the ab-
sence of negative effects of supplemental fat on milk
protein (Table 3). The lower pasture DMI observed in
T1 probably decreased microbial protein synthesis in
the rumen. If so, the inclusion of fish meal as a source
of RUP seemed to be effective in preventing a possible
decrease in AA availability to the mammary gland.
Other results obtained in grazing conditions (King et
al., 1990a; Gagliostro 1998; Salado, 2000) showed no
decrease in milk protein content when saturated fat
was added to the diet.

Increments in all plasma lipids after fat supplemen-
tation have often been reported, but possible exceptions
are triglycerides, owing to their rapid turnover rate
(Christie, 1981). This fact, and the higher milk fat secre-
tion observed in T1, may explain the lower plasma tri-
glyceride concentration observed in this treatment (Ta-
ble 9). In spite of the increase in plasma cholesterol
levels in T1 (Table 9), milk cholesterol content was not
affected, suggesting reduced mammary uptake of this
metabolite (Christie, 1981).

Changes in BCS, BW, and Lipolytic Responses

Dietary fat does not seem to decrease the loss of
BW, BCS, or lipid mobilization in early lactation cows
(Palmquist, 1984; Gagliostro and Chilliard, 1991b;
Chilliard, 1993; Komaragiri et al., 1998). Results ob-
tained in our experiment are in accordance with this
observation because fat supplementation did not
change variations in BCS (Figure 2) or in BW (Table
8). Total energy intake was not increased (Table 4), but
a higher response in FCM yield was observed in T1

Figure 4. Concentrations of plasma NEFA before and after an
intrajugular insulin injection in grazing dairy cows supplemented
with 0 (T0), 0.5 (T0.5), and 1 kg/d (T1) of partially hydrogenated oil
in early lactation. Samples were taken on d 37 of lactation.
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cows (Table 3). As the increase in FCM yield was mainly
explained by a higher milk fat content rather than milk
yield (Table 3) and as basal NEFA concentrations re-
mained unchanged (Table 9), energy balance was prob-
ably not decreased even when pasture DMI was reduced
in cows from T1 (Table 4).

Changes in blood NEFA after the injection of a lipo-
lytic agent were also used in our experiment to evaluate
the in vivo adipose tissue lipolytic response after fat
feeding. The lack of fat feeding effects on basal NEFA
(Table 9) and on the in vivo responses of plasma NEFA
to isoproterenol challenge (Table 10) were in accordance
with the absence of variations in the body parameters
(Figure 2; Table 8) and suggested that lipid mobilization
was not reduced by saturated fat feeding in grazing
dairy cows in early lactation. These results were also
observed in two additional early-lactation trials in graz-
ing dairy cows when corn grain was isoenergetically
replaced by the same source of fat (0.7 kg/d) used here
(Salado, 2000) or using saturated calcium salts of FA
(0.4 kg/d; Gagliostro, 1998). Lipids rich in polyunsatu-
rated FA increased the β-adrenergic lipolytic responses
in adipose tissue and losses in BW and BCS when they
were infused in the duodenum of lactating dairy cows
in early and midlactation experiments (Gagliostro and
Chilliard, 1991b). Unsaturated fats may behave differ-
ently from saturated fats in their effects on lipolytic
responses in lactating dairy cows.

Plasma Concentration of Hormones

No clear effects of dietary fat have been found on
circulating ST in lactating dairy cows (Wu and Huber,
1994). When circulating plasma NEFA are increased
due to fat supplementation, a decrease in plasma might
be expected (Chilliard, 1993; Casper and Schingoethe,
1989). In the present study, neither plasma NEFA nor
ST concentrations were affected by fat feeding (Table
9). In a later experiment in grazing conditions, the same
source of fat did not change NEFA or ST concentrations
in early lactation (Salado, 2000). Although taking serial
samples within a day could unmask differences in ST
(or insulin) pulsatility, single measurements of hor-
mone concentrations have also been reported in the
literature (Gagliostro et al., 1991; Dı́az-Torga et al.,
2001), and relevant conclusions have been drawn from
this kind of analysis.

Plasma insulin was decreased in T1 cows (Table 9),
as reported in other studies where supplemental fat
was used (Choi and Palmquist, 1996; Staples et al.,
1998). The reasons are not clear, because, in our experi-
ment, supplemental fat did not replace corn grain (Ta-
ble 1), and concentrate intake was not decreased (Table
4). One possible explanation for the lower plasma insu-
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lin observed in T1 was the reduction in WSC intake as
the consequence of the lower pasture DMI (Table 4).
This fact may have decreased the entry of propionic acid
and secretion of pancreatic insulin, although plasma
glucose concentration was not affected (Table 9). When
saturated fat replaced corn grain in the concentrate of
early-lactation grazing cows, pasture intake was not
affected, and plasma insulin levels or glucose concentra-
tions remained unchanged (Salado, 2000). Dietary fat
had no consistent effects on glucose and insulin concen-
trations (Chilliard, 1993), and Staples et al. (1998) have
suggested that changes in plasma insulin are better
explained by the energy status of the cows rather than
as a direct effect of fat.

As observed in the present study (Table 9), plasma
IGF-I concentration was unaffected in lactating cows
that received supplemental fat (Salado, 2000). In early-
lactation cows, McGuire et al. (1998) found that plasma
IGF-I concentration was positively correlated with en-
ergy intake and plasma ST levels. In our experiment,
the lack of a significant effect of fat on IGF-I concentra-
tions (Table 9) was consistent with the similar ST levels
observed (Table 9) and with the failure of fat to enhance
energy intake (Table 4). The effects of fat addition on
plasma hormones are poorly understood in grazing
dairy cows.

Ruminal Environment and Forage NDF Digestion

Long-chain FA with a high melting point have been
reported to be adequate for protecting ruminal microbes
from deleterious effects of fat (Chalupa et al., 1986).
When supplemental fat has negative effects on ruminal
digestion, a reduced VFA production and a lower C2:C3
ratio may be expected (Jenkins, 1993). The partially
hydrogenated oil used in this experiment did not affect
the average concentration of total rumen VFA or the
C2:C3 ratio (Table 11). These results suggest that the
elevation of the melting point above the ruminal tem-
perature was effective in preventing any negative ac-
tion of fat on ruminal digestion as proposed by Chalupa
(1986). Dietary fat seems to have no consistent effects
on ruminal pH values (Palmquist and Jenkins, 1980)
as observed in our experiment (Table 11). Supplemental
fat did not reduce the concentrations of PUN (Table 9)
or MUN (Table 3) in spite of the lower forage DMI (and
hence RDP intake) observed in T1 cows (Table 4). This
result was consistent with the lack of effect of fat on
ruminal NH3-N concentrations observed in the cannu-
lated cows (Table 11). It seems probable that the par-
tially hydrogenated oil did not affect ruminal forage CP
degradation as reported in other grazing experiments
(King et al., 1990a).

Journal of Dairy Science Vol. 85, No. 3, 2002

Palmquist (1984) noted that supplementation with
fat of high melting point does not affect rumen fermen-
tation. In accordance with this finding, parameters of
pasture NDF digestion were not affected by fat supple-
mentation (Table 12). These parameters also showed a
high rate and extent of ruminal fiber digestion and were
consistent with the good quality of the forage offered
to cows (Table 2). This fact may also help to explain
the high pasture DMI observed in cows in treatment
T0 (Table 4). On the other hand, the lack of fat effects
on parameters of ruminal digestion reinforces the hy-
pothesis that the lower pasture intake observed in T1
(Table 4) would be better explained by metabolic regula-
tion of intake, as discussed above. In our experiment,
the increase in the melting point of oil byproducts seems
effective in avoiding the negative effects of fat on rumen
fiber digestion.

CONCLUSIONS

The addition of energy in the form of high melting
point fat to the concentrate fed to grazing dairy cows
in early lactation increased the production of FCM and
milk fat secretion when it represented about 11% of the
total ME requirements of the cows without decreasing
milk protein content or yield. Supplemental fat failed
to increase total energy intake after peak of lactation
because pasture intake was reduced. Because the nega-
tive effects of fat on parameters associated with ruminal
NDF digestion were not detected, the lower pasture
intake was probably explained by a metabolic regula-
tion of energy intake. Although FCM response was
higher and energy intake was apparently not changed,
supplemental fat did not increase BW loss or plasma
NEFA concentrations. The higher secretion of the FA
present in the supplement explained in part the ob-
served response in FCM yield. Concentrations of regu-
latory hormones or changes in the response to lipolytic
or insulin challenges were not sensitive to saturated
fat feeding. The partial hydrogenation of a byproduct
of the oil industry seemed to be effective in preventing
the deleterious effects of fat on ruminal digestion. Fu-
ture research should study the benefit of supplemental
fat to early-lactation cows when it replaces energy-
yielding substrates to ruminal microbes in grazing pro-
duction systems.
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