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Abstract – The objective of this work was to evaluate the milk fatty acid (FA) profile of Holstein x Gyr
cows subjected to two different grazing managements (fixed and variable rest periods) of Urochloa brizantha
'Marandu' pastures. A randomized complete block design was used, with two replicates of pasture areas
(blocks) per treatment and four cows per block. Milk production and composition were not affected by
grazing strategies. No treatment effects were observed on the proportions (g 100 g-1 of total FA) of the main
FAs (palmitic, linoleic, and α-linolenic) of the pasture, but their intakes (grams per day) were affected by
differences in forage dry matter intake. The concentrations of FAs in milk plasma and fat were not affected by
the treatments. Milk fat contents of rumenic, vaccenic, oleic, and α-linolenic acids varied from 0.71 to 0.93,
1.40 to 1.50, 19.40 to 19.70, and 0.39 to 0.43 g 100 g-1 total FAs, respectively. Grazing strategies of U. brizantha
'Marandu' cause no changes on the milk fatty acid profile of cows.
Index terms: Urochloa brizantha, conjugated linoleic acid, rumenic acid, tropical grass.

Perfil de ácidos graxos do leite de vacas Holandesas x Gir
em diferentes manejos de pastagem de capim-marandu
Resumo – O objetivo deste trabalho foi avaliar o perfil de ácidos graxos (AG) do leite de vacas Holandesas
x Gir submetidos a dois tipos de manejo de pastejo (períodos de descanso fixo e variável) de pastagem de
Urochloa brizantha 'Marandu'. Utilizou-se o delineamento de blocos ao acaso, com duas repetições de área
de pastagem (blocos) por tratamento e quatro vacas por bloco. A produção e a composição do leite não foram
influenciadas pelas estratégias de pastejo. Não houve efeito dos tratamentos sobre as proporções (g 100 g-1
de AG totais) dos principais AG (palmítico, linoleico e α-linolênico) do pasto, mas suas ingestões (gramas
por dia) foram influenciadas pelas diferenças de ingestão de matéria seca da forragem. As concentrações dos
AG no plasma e na gordura do leite não foram influenciadas pelos tratamentos. As concentrações dos ácidos
rumênico, vacênico, oleico e α-linolênico na gordura do leite variaram de 0,71 a 0,93, 1,40 a 1,50, 19,40 a 19,70
e 0,39 a 0,43 g 100 g-1 de AG totais, respectivamente. As estratégias de pastejo de U. brizantha 'Marandu' não
alteram o perfil de ácidos graxos do leite das vacas.
Termos para indexação: Urochloa brizantha, ácido linoleico conjugado, ácido rumênico, gramínea tropical.

Introduction
Research indicates that biologically active
compounds, naturally present in milk fat, have
positive effects on human health, particularly rumenic
acid (cis-9, trans-11 CLA), with anticarcinogenic,
antidiabetogenic (type 2 diabetes), antiatherogenic,
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and immunomodulatory properties, and vaccenic acid
(trans-11 C18:1), responsible for 64 to 97% of the total
secretion of rumenic acid in bovine milk (Shingfield et
al., 2008). Also noteworthy is oleic acid (cis-9 C18:1),
which is associated with the reduction of the LDL
fraction of cholesterol, and α-linolenic acid (cis-9,
cis-12, cis-15 C18:3), essential for human metabolism
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and a precursor of other ω-3 fatty acids (FA), which
are considered to have cardioprotective and antiinflammatory properties (Fats…, 2010).
The main strategy to obtain milk containing fat
naturally enriched with rumenic and vaccenic acids is
to provide diets with ingredients rich in linoleic (cis9, cis-12 C18:2) and α-linolenic FAs. Milk production
systems based on pastures with tropical grasses,
which have high levels of these two polyunsaturated
FAs, are promising models for the production of milk
with an FA profile that is more beneficial to human
health, in other words, with higher concentrations of
rumenic, vaccenic, and oleic FAs, and lower levels of
lauric (C12:0), myristic (C14:0) and palmitic (C16:0)
saturated FAs (Lopes et al., 2015), which are considered
hypercholesterolemic (Fats…, 2010).
Numerous factors are involved in the modulation
of the FA profiles of forages, such as plant species
and cultivar, age of forage growth, season of the year,
forage conservation method (for instance, hay, silage),
and the level of nitrogen fertilization (Lopes et al.,
2015). Aspects related to pasture management have
also the potential to promote changes in the contents of
polyunsaturated FAs in pastures and, therefore, in the
FA profile of cows’ milk (Bargo et al., 2006; Palladino
et al., 2009, 2014). In Brazil, systems of rotational
grazing under intermittent stocking, based on the
use of fixed or variable pasture rest periods, have
been studied. In pastures of U. brizantha 'Marandu',
Madeiro (2014) and Anjos et al. (2016) compared the
morphological and chemical compositions of pastures
managed under fixed 30-day rest periods with variable
rest periods, based on the interception of 95% of the
photosynthetically active radiation. These authors
observed a greater leaf proportion, a lower proportion
of senescent material and, therefore, a higher nutritional
value in pastures managed under variable rest periods.
However, we did not find studies in the literature
evaluating the effect of these two pasture management
strategies on the FA profile of cow’s milk.
In addition to the novelty of the present study, for
the advancement of scientific knowledge in the area, it
should be emphasized that the studied forage accounts
for approximately 50% of the pastures grown in
Brazil (Macedo, 2006). Similarly, by working with the
Holstein x Gyr cattle breed, used in the present study,
we privileged the genetic grouping that is responsible
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for 80% of the milk produced in the country (Silva et
al., 2015).
The objective of this work was to evaluate the milk
fatty acid profile of Holstein x Gyr cows subjected to
two different grazing managements (fixed and variable
rest periods) on Urochloa brizantha 'Marandu'
pastures.

Materials and Methods
The study was conducted at a facility of Embrapa
Gado de Leite, in Coronel Pacheco, MG, Brazil, from
January 25, 2012, to May 04, 2012. Sixteen multiparous
Holstein x Gyr cows were used, with 93±13 days of
lactation and a yield of 14.6±2.8 kg per day of milk,
managed under rotational grazing in 4 ha of 'Marandu'
palisade grass pasture (U. brizantha 'Marandu'). The
evaluated pasture management treatments comprised
two rest periods: variable and fixed. For the variable
rest period, cows entered the paddocks whenever
the pasture reached 95% canopy-light interception
– estimated by a canopy analyzer AccuPAR Linear
PAR/LAI Ceptometer, model LP-80 (Decagon
Devices Inc., Pullman, WA, USA); for the fixed rest
period, the pasture was managed to allow 30 days of
rest. It should be noted that this experimental area had
previously been managed using these treatments since
October 2010 (Anjos et al., 2016).
A randomized complete block design was used,
with two replicates of pasture area per treatment and,
in each replicate, four cows were evenly distributed
based on the blood percentage in crossbreding, milk
yield, body weight, and lactation order. All cows
received 2.8 kg per day of concentrate (as-fed basis),
with 88.8% dry matter (DM), 20.5% crude protein
(CP), 11.4% neutral detergent fibre (NDF), 4.0% acid
detergent fibre, and 4.3% ether extract (EE), offered
in portions in conjunction with the two daily milkings
(5:00 a.m. and 3:00 p.m.). The concentrate comprised,
on average, 21.5, 2.9, 29.6, 42.0, and 1.29 g 100 g-1 of
total FAs, of palmitic, stearic (C18:0), oleic, linoleic
and α-linolenic FAs, respectively. In both treatments,
the stocking period of pastures was three days, with a
goal of 20–25 cm post-grazing heights, and stocking
rate was adjusted by the put-and-take technique, using
nonlactating cows. Forage supply was never less than
5.5 kg dry matter mass per 100 kg body weight. Pasture
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fertilization was conducted after cows were removed,
with 50 kg ha-1 N and K 2O, and 12.5 kg ha-1 P2O5.
Three periods (grazing cycles) of plasma and
milk samplings occurred in addition to estimates of
individual pasture consumption. After recording
the daily production, milk samples were collected,
transferred to bottles without preservatives, and stored
at -10°C for future determination of FA profile at
the laboratory of chromatography of Embrapa Gado
de Leite. This FA profile was performed according
to description by Ribeiro et al. (2014), in a 6890N
gas‑phase chromatograph (Agilent Technologies
Inc., Santa Clara, CA, USA) equipped with a CP-Sil
88 for FAME 100 m x 0.25 mm x 0.2 μm (Agilent
Technologies Inc., Santa Clara, CA, USA) column and
flame ionization detector. In another flask containing
the preservative bronopol, milk samples were collected
concomitantly for analysis of centesimal composition
and for the content of milk urea nitrogen (MUN).
Analyses were conducted at the laboratory of milk
quality of Embrapa Gado de Leite.
To evaluate the nutritional quality of milk fat,
equations were used to calculate the atherogenicity
index (AI), thrombogenicity index (TI), omega 6: omega 3
FA ratio (ω-6:ω-3), and hypo/hypercholesterolemic FA
ratio (h/H) (Ribeiro et al., 2014), as follows:
AI = [C12:0 + (4 × C14:0) + C16:0] / (cis-9 C18:1 + Σ
cis ω-6 FA + Σ cis ω-3 FA);
TI = (C14:0 + C16:0 + C18:0) / [(0.5 × cis-9 C18:1) +
(0.5 × Σ cis ω-6 FA) + (3 × Σ cis ω-3 FA) + (Σ cis ω-3
FA / Σ cis ω-6 FA)];
ω-6:ω-3 FA = Σ cis ω-6 FA / Σ cis ω-3 FA; and
h/H FA = (cis-9 C18:1 + Σ cis ω-3 FA) / (C12:0 +
C14:0 + C16:0), in which
Σ cis ω-3 FA = cis-6, cis-9, cis-15 α-C18:3 + C20:5
ω-3 EPA + C22:5 ω-3 DPA; and
Σ cis ω-6 FA = cis-9, cis-12 C18:2 + cis-6, cis-9, cis12 γ-C18:3 + cis-11, cis-14 C20:2 + cis-8, cis-11, cis-14
C20:3 + cis-5, cis-8, cis-11, cis-14 C20:4
The daily consumption of pasture DM was estimated
using the external indicator LIPE (0.5 gram per cow
per day), provided after the morning milking. Periods
of two and six days were observed for adaptation to
the indicator and for faeces collection, respectively. On
the last day of faecal sampling, blood was collected
by puncture of the coccygeal vein in vacuum tubes
containing EDTA-K3. The tubes were then centrifuged
(1,122 x g; 15 min) for plasma separation, for FA profile
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analysis by gas chromatography (Masood et al., 2005),
and for determination of the concentrations of glucose,
plasma-urea nitrogen (PUN) and nonesterified FAs
(NEFA) using enzymatic kits, as described by Ribeiro
et al. (2014).
During the week of faecal collections, on the day
before the cows entered the grazing paddocks, forage
samples were collected by simulated grazing to 25 cm
post-grazing heights. A half of the samples was
stored (-10°C), then it was pre-dried, ground (1 mm),
and analysed for chemical composition, according
to procedures reported by Silva & Queiroz (2002).
The other half was lyophilized and analysed for FA
profile in a gas-phase chromatograph equipped with a
polyethylene glycol capillary column (25 m x 0.20 m x
0.33 µm) HP-FFAP (Agilent Technologies Inc., Santa
Clara, CA, USA), according to description by Ribeiro
et al. (2014).
The variables were analysed as repeated measures
over time, using the Mixed procedure of SAS,
version 9.0 (SAS Institute, Inc., Cary, NC, USA).
Treatments (Trt), grazing cycles (GC), blocks, and the
interaction Trt x GC were considered as fixed effects,
whereas blocks and their interactions were considered
as random effects. When the Trt x GC interaction was
considered significant, the SLICE option of LSMEANS
of SAS was used. Pearson’s correlation coefficients
were obtained by the CORR procedure of SAS. Effects
were considered significant when p≤0.05.

Results and Discussion
The Trt x GC interaction was observed for the
plasma concentrations of NEFA, glucose and PUN
(Table 1). However, the treatments had no effect on
the levels of these metabolites in plasma. The value
ranges obtained for plasma concentrations of NEFA
and glucose were within the normally observed values
for lactating cows (Cunningham, 2004). The grazing
cycle affected the levels of PUN, which were generally
elevated (Table 1), considering the ideal range of 12 to
14 mg dL-1 recommended by Rajala-Schultz & Saville
(2003). In the pasture managed by variable rest periods,
the higher PUN content, observed in the third grazing
cycle (Table 1), can be justified by the higher CP
content (16.9%) in the pasture (Table 2), which resulted
in higher consumption of this nutrient by cows, that is,
2.64 kg per cow per day (Table 3). In addition, in this
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treatment and grazing cycle, the highest concentration
of MUN (22.0 mg dL-1) (Table 4) was obtained. A high
correlation was observed between the levels of PUN
and MUN (r = 0.86, p<0.0001, n = 48), corroborating
that obtained by Roseler et al. (1993).
The treatment and grazing cycle, and the interaction
between both affected DM, CP, EE, and NDF
consumption from the pasture (Table 3). For pasture
DM intake, expressed in kilogram per cow per day

and percentage of body weight (% BW), there was
a difference between treatments only in the third
cycle, with higher values obtained for the variable rest
period, in comparison to the fixed one. The estimated
consumption of 3.04% BW (Table 3) was the highest
one in the present study, and can be considered high,
when compared with the 2.4 and 2.9% BW obtained
by Porto et al. (2009) and Fukumoto et al. (2010), in
lactating Holstein x Gyr cows receiving 2 kg per day

Table 1. Effect of rest period and grazing cycle on the concentrations of plasma metabolites in Holstein x Gyr cows grazing
Urochloa brizantha 'Marandu'(1).
Plasma metabolite(2)
Nonesterified fatty acids (mmol L -1)
Glucose (mg dL-1)
Nitrogen urea (mg dL-1)

Rest period
Fixed
Variable
Fixed
Variable
Fixed
Variable

1
0.248Aa
0.131Aa
62.3Aa
63.6Aab
16.2Ab
15.8Ab

Grazing cycle
2
0.136Ab
0.106Aa
61.3Aa
65.0Aa
17.5Aab
17.3Ab

SEM
3
0.073Ab
0.112Aa
62.6Aa
60.7Ab
19.0Aa
21.7Aa

0.0348
1.4999
1.0142

Means followed by equal letters, uppercase in the columns and lowercase in the rows, do not differ at 5% probability by the LSMeans test of SAS
software (SAS Institute, Inc., Cary, NC, USA).(2)Treatment x grazing cycle interaction was significant at 5% probability. SEM, standard error of the mean.

(1)

Table 2. Effect of rest period and grazing cycle on the chemical composition (% DM) and fatty acid profile (g 100 g-1 of total
fatty acids) of Urochloa brizantha 'Marandu'(1).
Chemical composition(2)
Crude protein
Ether extract
Neutral detergent fiber
Lignin
In vitro dry matter digestibility(%)
C16:0
C18:0
cis-9 C18:1
cis-9, cis-12 C18:2
cis-9, cis-12, cis-15 C18:3

Rest period
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable

1
13.8Ab
14.9Ab
3.2Aa
3.8Aa
61.8Aa
64.2Aa
3.3Aa
3.5Aa
61.0Ba
63.1Ab
30.6Aa
29.7Ab
1.8Aa
1.7Ab
3.5Aa
3.0Aa
21.1Aa
20.8Aa
35.8Ab
39.4Aa

Grazing cycle
2
15.2Aa
14.1Ab
3.6Aa
3.7Aa
61.7Aa
62.8Aa
3.9Aa
3.4Aa
63.0Aa
61.6Ab
29.6Aa
32.5Aa
1.7Aa
2.0Aa
3.2Aa
4.2Aa
20.5Aa
22.6Aa
37.3Aab
33.6Ab

3
14.6Bab
16.9Aa
3.5Aa
4.0Aa
61.8Aa
60.7Aa
3.4Aa
3.8Aa
62.3Bab
68.4Aa
29.7Aa
27.5Ac
1.6Aa
1.5Ab
3.6Aa
3.0Aa
21.5Aa
19.5Aa
37.9Aa
37.8Aa

SEM
0.2979
0.3131
0.9115
0.3097
0.5127
0.5951
0.0475
0.2509
0.3967
0.5169

Means followed by equal letters, uppercase in the columns and lowercase in the rows, do not differ at 5% probability by the LSMeans test. (2)Treatment
x grazing cycle interaction was significant at 5% probability for crude protein and in vitro dry matter digestibility. SEM, standard error of the mean.

(1)
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Table 3. Effect of rest period and grazing cycle on the estimated consumption of nutrients and fatty acids by Holstein x Gyr
cows, in Urochloa brizantha 'Marandu' pasture(1).
Nutrient/Fatty Acid(2)
Dry matter
(kg per cow per day)
Dry matter
(% live weight)
Crude protein
(kg per cow per day)
Ether extract
(g per cow per day)
Neutral detergent fiber
(kg per cow per day)
cis-9 C18:1
(g per cow per day)
cis-9, cis-12 C18:2
(g per cow per day)
cis-9, cis-12, cis-15 C18:3
(g per cow per day)

Rest period
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable

1
11.6Aa
12.0Ab
2.35Aa
2.34Ab
1.60Ba
1.77Ab
364.5Bb
453.6Ab
7.17Ba
7.67Ab
7.8Aa
7.7Ab
47.3Aa
52.5Ab
80.4Ba
99.2Ab

Grazing cycle
2
10.6Aa
10.6Ac
2.12Ab
2.07Ac
1.60Aa
1.50Ac
376.1Aab
390.4Ac
6.52Ab
6.65Ac
6.2Bb
7.9Ab
39.5Ab
42.7Ac
72.0Ab
63.8Bc

SEM
3
11.4Ba
15.5Aa
2.23Bab
3.04Aa
1.66Ba
2.64Aa
401.9Ba
624.3Aa
7.07Ba
9.43Aa
8.1Ba
10.6Aa
48.1Ba
68.4Aa
84.7Ba
132.9Aa

0.1918
0.0585
0.0421
0.1521
0.1166
0.5575
2.1842
2.9320

Means followed by equal letters, uppercase in the columns and lowercase in the rows, do not differ at 5% probability by the LSMeans test. (2)Treatment x grazing cycle interaction was significant at 5% probability. SEM, standard error of the mean.

(1)

Table 4. Effect of the rest period and grazing cycle on the production and composition of milk from Holstein x Gyr cows in
an Urochloa brizantha 'Marandu' pasture(1).
Variable

Rest period

Grazing cycle
2
3
Milk composition
3.80Aa
3.79Aa
3.86Aa
3.57Ab
4.01Ab
4.30Aa
2.91Ac
3.22Ab
3.41Aa
3.12Ac
3.40Ab
3.58Aa
4.48Aab
4.55Aa
4.42Ab
4.40Aab
4.45Aa
4.30Ab
12.02Ab
12.37Aab
12.60Aa
11.91Ac
12.62Ab
13.13Aa
14.29Bc
16.55Ab
18.70Ba
16.38Ab
17.26Ab
22.01Aa
Milk production and components (kg per cow per day)
15.39Aa
13.75Ab
14.19Ab
16.38Aa
14.25Ab
12.81Ac
0.585Aa
0.513Aa
0.542Aa
0.576Aa
0.567Aa
0.545Aa
0.448Aa
0.441Aa
0.482Aa
0.504Aa
0.477Aa
0.453Aa
0.691Aa
0.626Ab
0.627Ab
0.720Aa
0.635Ab
0.552Bc
1.851Aa
1.692Ab
1.780Aab
1.935Aa
1.709Aab
1.668Ab

SEM

1

Fat
(%)
Protein
(%)
Lactose
(%)
Total solids
(%)
Nitrogen urea(2)
(mg dL -1)
Milk(2)
Fat
Protein
Lactose(2)
Total solids(2)
(1)

Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable

0.2150
0.1175
0.0541
0.2640
0.6965

0.5203
0.0254
0.0149
0.0246
0.0523

Means followed by equal letters, uppercase in the columns and lowercase in the rows, do not differ at 5% probability by the LSMeans test.
Treatment x grazing cycle interaction was significant at 5% probability. SEM, standard error of the mean.

(2)
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of concentrate in 'Marandu' pastures. However, this
consumption may be justified by the higher in vitro
DM digestibility (IVDMD) in the forage obtained in
this treatment and grazing cycle, which reflected the
higher CP and EE levels (Table 2). The consumption
of CP, NDF, and EE from the pastures was higher
in the treatment with a variable rest period than in
the treatment with a fixed rest period, not only in
the third but also in the first grazing cycle (Table 3).
The consumption of EE from the pasture was higher
than that estimated by Mourthé et al. (2012), which
was 256 g per day for lactating Holstein x Gyr cows
receiving 6 kg per day of concentrate in 'Marandu'
pastures.
There was neither effect of treatment, nor of grazing
cycle, nor of the interaction between them on the
contents of EE, NDF, and lignin of the pasture. For
the contents of CP and IVDMD of the pasture, there
was effect of the treatments and grazing cycle, and
of the interaction between them (Table 2). The values
of IVDMD are considered close to the 60 and 65.8%
reported by Porto et al. (2009) and Fukumoto et al.
(2010), in 'Marandu' pastures managed in a rotational
grazing system under intermittent stocking, with
pasture rest periods of 30 days, whereas the CP levels
were higher than the values of 9.4 and 10% obtained
in these same two studies. The higher level of CP –
observed in the pasture under variable rest periods in
the third cycle (Table 2) –, associated with the higher
estimated DM intake from the pasture, culminated in
the higher CP intake observed in this treatment and
grazing cycle (Table 3).
There was no effect of the treatments; however, an
effect was produced by the interaction Trt x GC on the
production of milk which, in general, irrespective of
the rest period, was reduced considering the first and
third grazing cycles, mainly because of the advanced
lactation stage of the cows (Table 4). The grazing cycle
produced an effect on the components of the milk;
however, there was neither Trt x GC interaction nor
effect of the treatment. There was neither effect of the
treatment, nor of the grazing cycle, nor of the Trt x GC
interaction on the fat and protein yields (Table 4). For
the production of lactose and total solids, an effect
of the grazing cycle and of the Trt x GC interaction
was observed, and these results, in general, may be
considered reflections on the milk production of cows.
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There was no effect of the treatment on the contents
of α-linolenic, palmitic, linoleic, oleic, and stearic FAs
of the pasture (Table 2), which were generally similar
to those reported by Mourthé et al. (2015), in pastures
of 'Marandu' palisade grass. The highest consumption
values of linoleic and α-linolenic FAs, the main
precursors for the synthesis of vaccenic acid in the
rumen and, consequently, of rumenic acid in milk,
were observed under variable rest periods in the third
cycle, which suggests the highest intake of pasture
DM observed in this condition (Table 3), as previously
discussed.
There was no effect of the treatments on the
concentrations of linoleic, stearic, oleic, palmitic,
and α-linolenic FAs in plasma (Table 5), despite the
differences observed in the consumption of these FAs,
mainly in the third grazing cycle (Table 3). There
was also no effect of the treatments on the plasma
concentrations of rumenic, vaccenic, and C20:5
ω-3 eicosapentaenoic (EPA) acids. The Trt x GC
interaction was observed only for α-linolenic, palmitic,
and stearic FAs (Table 5). The FAs encountered at the
highest concentrations in plasma were identified in the
following order: linoleic, stearic, oleic, palmitic, and
α-linolenic. The high levels of linoleic and α-linolenic
FA in plasma may be attributed to the partial escape
of these FAs from the rumen, as a consequence of
the competition between biohydrogenation and the
rate of passage through this compartment, and the
preferential intestinal absorption of these essential
FAs. However, Palladino et al. (2010) argued that the
FA profile of cow plasma does not reliably reflect the
status of FA availability in the gut and subsequent
absorption. Mohammed et al. (2009) reported
concentrations of 26.4, 14.3, 12.0, 10.0, 8.7, 2.18, and
0.17 g 100 g-1 of total FAs, respectively, for linoleic,
stearic, α-linolenic, palmitic, oleic, vaccenic, and
rumenic acids in the plasma of lactating Holstein
cows, which received 3 kg per day of concentrate and
grazed in temperate grasslands. Except for the lower
concentrations of α-linolenic and vaccenic acids, the
other results obtained in the present study may be
considered similar to those reported by Mohammed et
al. (2009). It should be emphasized, however, that in
the work of Mohammed et al. (2009), cows consumed
more pasture (16.1 kg per cow per day) with a higher
content of α-linolenic acid (57.7 g 100 g-1 of total FA),
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culminating in this FA consumption of 342 g per cow
per day.
The effect of the Trt x GC interaction was observed
in the FA concentrations of milk (Table 6). For the
FA of milk for which there was no interaction, we
elected to show only the results concerning the
treatments (Table 7). In general, there was no effect

of the different treatments on FA concentrations in
milk (Tables 6 and 7), except for docosapentaenoic
acid (DPA; C22:6 ω-3), whose content was higher in
the milk of cows of the treatment with variable rest
period (Table 7). In studies on temperate grasses,
designed to evaluate the strategy impacts of pasture
managements (that is, different pasture masses and

Table 5. Effect of rest period and grazing cycle on plasma fatty acid composition of Holstein x Gyr cows consuming
Urochloa brizantha 'Marandu' pasture(1).
Fatty acid
(g 100g-1)
C16:0(2)
C18:0(2)
trans-11 C18:1
cis-9 C18:1
cis-9, cis-12 C18:2
cis-9, cis-12, cis-15 C18:3(2)
cis-9, trans-11 CLA
C20:5 ω-3 Eicosapentaenoic acid (EPA)

Rest period
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable

1
9.654Aa
9.008Ab
15.312Aab
14.319Ac
0.677Ab
0.606Ab
11.036Aa
10.630Aa
22.041Aa
22.082Aa
5.326Ab
5.808Aa
0.119Aa
0.127Aa
0.916Ab
0.984Ab

Grazing cycle
2
9.221Ab
9.546Aa
15.028Ab
15.263Ab
0.650Ab
0.609Ab
10.764Aa
11.333Aa
21.682Aa
21.730Aa
5.181Ab
5.033Ab
0.112Ab
0.104Ab
0.982Ab
1.047Ab

SEM
3
9.033Ab
9.385Aa
15.608Aa
15.741Aa
0.771Aa
0.728Aa
10.449Aa
10.802Aa
20.396Ab
20.592Ab
5.842Aa
5.652Aa
0.119Aa
0.121Aa
1.049Aa
1.125Aa

0.1398
0.3954
0.0428
0.3692
0.6333
0.2969
0.0083
0.0432

Means followed by equal letters, uppercase in the columns and lowercase in the rows, do not differ at 5% probability by the LSMeans test. (2)Treatment
x grazing cycle interaction was significant at 5% probability. SEM, standard error of the mean.

(1)

Table 6. Effect of the rest period and grazing cycle on milk fatty acid composition from Holstein x Gyr cows consuming
Urochloa brizantha 'Marandu' pasture(1).
Fatty acid
(g 100g-1)(2)
Σ short-chain FA (C4:0 + C6:0 + C8:0 + C10:0)
C12:0
C14:0
C18:0
trans-10 C18:1
cis-9, cis-12, cis-15 C18:3 (ω-3)
cis-9, trans-11 CLA

Rest period
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable
Fixed
Variable

1
9.596Aa
10.115Aa
3.025Aa
3.269Aa
10.759Aa
11.104Aa
10.793Aa
10.567Aa
0.194Ab
0.175Ab
0.400Ab
0.400Aab
0.756Ab
0.763Ab

Grazing cycle
2
9.638Aa
9.700Ab
3.082Aa
3.205Aa
11.132Aa
11.199Aa
9.405Ac
9.772Ab
0.152Ac
0.142Ac
0.407Ab
0.385Ab
0.791Ab
0.711Ac

SEM
3
9.672Aa
9.508Ab
2.986Aa
2.932Ab
10.599Ab
10.383Ab
9.937Ab
11.078Aa
0.218Aa
0.242Aa
0.431Aa
0.421Aa
0.927Aa
0.877Aa

0.2875
0.1195
0.2295
0.3483
0.0090
0.0140
0.0449

Means followed by equal letters, uppercase in the columns and lowercase in the rows, do not differ at 5% probability by the LSMeans test. (2)Treatment
x grazing cycle interaction was significant at 5% probability. SEM, standard error of the mean.

(1)
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pasture supplies) on the FA profile of milk, effects
were observed on the concentrations of lauric, oleic,
linoleic (Bargo et al., 2006), myristic, pentadecylic
(C15:0), and α-linolenic FAs (Palladino et al., 2009),
as well as myristic, palmitic, vaccenic, and α-linolenic
FAs (Palladino et al., 2014). The reported results in
these three studies, corroborated by the present work,
show the difficulty of promoting changes in the FA
profile of milk by pasture management strategies, even
when differences are observed in the consumption of
linoleic and α-linolenic FAs, as observed in the present
study and by Palladino et al. (2009, 2014).
The differences observed between treatments
occurred mainly in the third cycle, in the consumption
of linoleic and α-linolenic acids (Table 3), which,
together with oleic acid, are the primary substrates
for the formation of vaccenic acid in the rumen
(Shingfield et al., 2010). These differences did not
promote substantial alterations in the normal routes
of ruminal biohydrogenation of FAs. The common
end product of these routes is stearic acid, for which
the primary intermediates found are the trans-6 to
trans-16 C18:1, cis-10 to cis-15 C18:1 FAs, in addition
to conjugated isomers (for instance, rumenic acid,
trans-9, cis-11 CLA, and trans-10, cis-12 CLA) and
nonconjugated isomers of linoleic acid (Shingfield et
al., 2010; Buccioni et al., 2012). The concentrations
of stearic acid, observed in cow´s milk in the present

study (Table 6), may be considered normal, as the
concentrations are within the range of levels compiled
by Lopes et al. (2015) from 15 studies on cows, in
tropical grass pastures not supplemented with lipid
sources, namely from 8.10 to 16.9 g 100 g-1 of total FA.
Additionally, the similarity in the total concentrations
of branched-chain FAs (iso and anteiso) and linear
odd-chain FAs (OCFA) in milk (Table 7), which
originated mainly from FAs synthesized de novo and
are incorporated into the cellular membrane of rumen
bacteria (Vlaeminck et al., 2006), may indicate that the
ruminal environment of cows managed under fixed and
variable grazing was similar between treatments, and
favourable to fibrolytic microbiota for fermentation
of fibrous carbohydrates from pasture and to the
acetate production. Acetate is the principal precursor
of the de novo synthesis of C4:0, C6:0, C8:0, C10:0,
C12:0, C14:0, and C16:0 FAs in the mammary gland
(Shingfield et al., 2010), hence, the similarity between
treatments in the levels of these FAs (Tables 6 and 7).
Among the trans C18:1 isomers, intermediates to the
ruminal biohydrogenation of linoleic and α-linolenic
FAs (Shingfield et al., 2010) and of interest for human
health, vaccenic, elaidic (trans-9 C18:1), and trans-10
C18:1 FAs can be highlighted. The latter two have been
associated with deleterious effects on cardiovascular
health (Almeida et al., 2014); for this reason, the
reduction of their content in milk is desirable. However,

Table 7. Effect of the rest period on the milk fatty acid (FA) composition of Holstein x Gyr cows consuming Urochloa
brizantha 'Marandu' pasture(1).
FA
(g 100 g-1)
C16:0
trans-9 C16:1
trans-9 C18:1
trans-11 C18:1
∑ trans C18:1 FA(2)
cis-9 C18:1
cis-9, cis-12 C18:2
trans-10, cis-12 CLA
trans-9, cis-11 CLA
C20:5 ω-3 (EPA)
C22:5 ω-3 (DPA)
∑ OBCFA(3)
Σ cis ω-3 FA
Σ cis ω-6 FA

Rest period
Fixed
29.564a
0.080a
0.183a
1.497a
2.824a
19.437a
0.766a
0.009a
0.022a
0.038a
0.068a
4.277a
0.519a
0.998a

Variable
28.896a
0.073a
0.176a
1.444a
2.780a
19.724a
0.771a
0.009a
0.021a
0.039a
0.077b
4.265a
0.518a
1.021a

Standard error of the mean

p-value

0.7296
0.0330
0.0028
0.0540
0.0659
0.4843
0.0301
0.0004
0.0010
0.0013
0.0024
0.0790
0.0142
0.0355

0.5283
0.1479
0.0748
0.5035
0.6428
0.6818
0.9128
0.2297
0.8117
0.7561
0.0289
0.9132
0.9392
0.6524

(1)
Means followed by equal letters do not differ at 5% probability by the LSMeans test. (2)Σ trans C18:1 FA = trans-4 C18:1 + trans-5 C18:1 + trans 6-8
C18:1 + trans-9 C18:1 + trans-10 C18:1 + trans-11 C18:1 + trans-12 C18:1 + trans-13 and trans-14 C18:1 + trans-16 C18:1. (3)Σ OBCFA (odd and branchedchain fatty acids) = Σ anteiso FA + iso FA + (C5:0 + C7:0 + C9:0 + C11:0 + C15:0 + C17:0 + cis-9 C17:1 + C21:0 + C23:0).
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vaccenic acid, which is the major isomer among all of
the trans C18:1 isomers, is responsible for 64 to 97% of
the total amount of rumenic acid secreted into bovine
milk, via the enzyme stearoyl-CoA desaturase in the
mammary gland (Shingfield et al., 2008); therefore, an
increase in its content in milk should be desirable. In
addition, vaccenic acid is a precursor for 19% of the
synthesis of rumenic acid in human tissues (Turpeinen
et al., 2002). The regression of the contents of rumenic
(y) vs. vaccenic (x) acid shows the close association
between these two FAs (ŷ = 0.19562 + 0.41382x;
r2 = 0.47, p<0.0001), also reported by Bargo et al.
(2006) and Mourthé et al. (2015). The concentrations
of rumenic acid in milk (Table 6) are within the
concentrations compiled by Lopes et al. (2015) in
15 studies with cows in tropical grass pastures,
without lipid source supplementation. However, the
concentrations are higher than the normally observed
ones (≤0.67 g 100 g-1 of total FA) in milk of cows fed
corn silage supplemented with concentrates void of
ingredients rich in α-linolenic and linoleic FAs (Lopes
et al., 2011b), which shows the greater nutraceutical
potential of milk produced in pastures.
The trans-9, cis-11 CLA and trans-10, cis-12 CLA are
generated in the rumen from partial biohydrogenation
reactions of linoleic acid (Buccioni et al., 2012), and
the increase of their concentrations in bovine milk is
associated with a decrease of fat content (Shingfield et
al., 2010). However, in the present study, the observed
concentrations of these FAs in milk (Table 7) were not
sufficient to promote any decreases of fat content.
Oleic acid was the FA with the second highest
concentration in milk, which corroborates the
literature (Lopes et al., 2015). The contents of oleic
acid observed (Table 7) are within the range of 16.6
to 22.4 g 100 g-1 of total FA, compiled by Lopes et al.
(2015) from three studies with cows in U. brizantha
pastures, without supplementation with lipid sources.
Lopes et al. (2011a) and Mourthé et al. (2012)
reported concentrations of linoleic and α-linolenic
acids varying, respectively, from 1.16 to 1.76 and from
0.30 to 0.40 g 100 g-1 of total FA in the milk of Holstein
x Gyr cows, in pastures of U. brizantha without lipid
source supplementation. In the present study, the
contents of linoleic acid (Table 7) were lower than the
reported ones by these authors, whereas the contents
of α-linolenic acid (Table 6) can be considered
similar. Therefore, it can be inferred that there was a
Pesq. agropec. bras., Brasília, v.52, n.8, p.652-662, ago. 2017
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significant transfer of α-linolenic acid from plasma to
milk, whereas for linoleic acid, this transfer was not
observed. Nevertheless, as concluded by Palladino et
al. (2010), the FA profile of milk may not accurately
reflect the profile observed in plasma.
There was no effect (p>0.05) of the different
treatments on the concentrations of lauric, myristic,
stearic (Table 6), palmitic, and oleic FAs, or on the sum
of the contents of the ω-6 and ω-3 FAs (Table 7). This
was reflected in the similarity in the nutritional quality
of milk fat, measured by AI, TI, and by the ω-6:ω-3
ratio, and the h/H ratio. For the first three indices, there
was no effect caused by the treatments, grazing cycles,
or the Trt x GC interactions, and the main values
obtained were 3.67, 4.14, and 0.463, respectively, for
the treatment with a fixed rest period, and 3.59, 4.07,
and 0.475 for the variable rest period. For the h/H
ratio, there was an effect, caused by the grazing cycle
and the Trt x GC interaction, with the range of values
observed for the fixed and variable rest periods of 1.79
to 2.08 and 1.87 to 2.05, respectively.

Conclusion
The pasture management of Urochloa brizantha
'Marandu' with 30 days of rest or 95% light interception
does not alter the fatty acid profile of milk from
Holstein x Gyr cows.
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