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Abstract

The inclusion of plant oils in the diets of grazing cows represents a promising nutritional strategy for 
the production of milk naturally enriched with bioactive compounds, such as rumenic (cis-9, trans-11 
CLA), vaccenic (trans-11 C18:1) and oleic (cis-9 C18:1) acids. The aim of this study was to evaluate 
the effect of dietary supplementation with sunflower oil (SO) on the fatty acid (FA) composition of milk 
from Holstein x Gyr dairy cows grazing on Urochloa brizantha cv. Marandu under rotational stocking. 
Sixteen multiparous cows with 185±10 days in milk received a concentrate containing 0% (control) 
or 15% SO on a dry matter basis in a randomized block design with two replications (paddocks). 
The results were analyzed with mixed models (P≤0.05) using repeated measurements over time, as 
represented by sampling days 14, 35 and 62 (periods 1, 2 and 3, respectively). In any period, an effect 
of SO supplementation was observed on milk production, pasture dry matter intake and nutrients 
intake, whereas the concentrations of most milk FA were altered in SO-fed cows. In particular, dietary 
supplementation with SO resulted in the production of milk enriched with FA beneficial to human health 
(rumenic, vaccenic and oleic acids) and with lower levels of hypercholesterolemic lauric (C12:0), 
myristic (C14:0) and palmitic (C16:0) acids. This positive effect on the nutritional quality of milk fat 
was more noticeable from the 40th to 43rd days of sunflower oil supplementation.
Key words: Brachiaria brizantha. Conjugated linoleic acid. Rumenic acid. Urochloa brizantha. 
Vaccenic acid.

1 Profª Colaboradora, Universidade José do Rosário Vellano, UNIFENAS, Programa de Pós-Graduação em Reprodução, Sanidade 
e Bem-Estar Animal, Alfenas, MG, Brasil. E-mail: barbaracmsilva@yahoo.com.br

2 Prof. Emérito, Departamento de Zootecnia, Escola de Veterinária, Universidade Federal de Minas Gerais, UFMG, Belo 
Horizonte, MG, Brasil. E-mail: norberto.bhe@terra.com.br

3 Pesquisadores, Empresa Brasileira de Pesquisa Agropecuária, EMBRAPA Gado de Leite, Juiz de Fora, MG, Brasil. E-mail: 

mirton.morenz@embrapa.br; carlos.gomide@embrapa.br; carlos.eugenio@embrapa.br; domingos.paciullo@embrapa.br; 
marco.gama@embrapa.br

4 Analista, EMBRAPA Gado de Leite, Juiz de Fora, MG, Brasil. E-mail: fernando.lopes@embrapa.br
* Author for correspondence



2582
Semina: Ciências Agrárias, Londrina, v. 39, n. 6, p. 2581-2596, nov./dez. 2018

Mata e Silva, B. C. da; et al.

Resumo

A inclusão de óleos vegetais na dieta de vacas a pasto é uma estratégia nutricional promissora para 
a produção de leite naturalmente enriquecido com ácidos graxos bioativos como o rumênico (CLA 
cis-9, trans-11), vacênico (C18:1 trans-11) e oleico (C18:1 cis-9). Objetivou-se avaliar o efeito da 
suplementação da dieta com óleo de girassol sobre a composição de ácidos graxos do leite de vacas 
Holandês x Gir sob pastejo rotacionado em Urochloa brizantha cv. Marandu. Foram utilizadas 16 vacas 
multíparas com 185±10 dias em lactação recebendo concentrado com 0% (controle) ou com 15% de 
inclusão de óleo de girassol com base na matéria seca, em delineamento de blocos ao acaso, com duas 
repetições de área de pastagem. Os resultados foram analisados utilizando-se modelos mistos (P≤0,05), 
com medidas repetidas no tempo, representadas pelos dias de amostragem 14, 35 e 62 (respectivamente, 
períodos 1, 2 e 3). A produção de leite e o consumo de matéria seca de pasto e de nutrientes não foram 
afetados pela suplementação lipídica em nenhum dos períodos, mas houve efeito sobre os teores da 
maioria dos ácidos graxos do leite. A suplementação do pasto com óleo de girassol permitiu produzir 
leite com maiores teores de ácidos graxos benéficos à saúde humana (rumênico, vacênico e oleico) 
e com menores teores dos ácidos graxos hipercolesterolêmicos láurico (C12:0), mirístico (C14:0) e 
palmítico (C16:0). O efeito positivo na qualidade nutricional da gordura do leite foi mais pronunciado 
do 40o ao 43o dia de suplementação com óleo de girassol.
Palavras-chave: Ácido linoleico conjugado. Ácido rumênico. Ácido vacênico. Brachiaria brizantha. 
Urochloa brizantha.

Introduction

The term conjugated linoleic acid (CLA) refers 
to the 28 positional and geometric isomers of 
linoleic acid (cis-9, cis-12 C18:2). Among these 
isomers, special attention has been devoted to cis-
9, trans-11 CLA (rumenic acid), which has shown 
anticarcinogenic, antidiabetogenic (type 2 diabetes), 
antiatherogenic and immunomodulatory properties. 
The main source of rumenic acid in the human diet 
is ruminant milk fat (YANG et al., 2015). Therefore, 
the production of dairy products enriched with 
this fatty acid (FA) and other FA also beneficial to 
health, such as oleic (cis-9 C18:1) and α-linolenic 
acids (cis-9, cis-12, cis-15 C18:3) have been the 
subject of research in Brazil (LOPES et al., 2015) 
and worldwide (KLIEM; SHINGFIELD, 2016).

Tropical grasses have high contents of 
α-linolenic and linoleic polyunsaturated-FAs 
(LOPES et al., 2015), the main substrates for the 
vaccenic acid formation in the rumen (trans-11 
C18:1), which is the precursor for synthesis of 
64% to 97% of all rumenic acid secreted in bovine 
milk (SHINGFIELD et al., 2010). In addition, the 
increase in rumenic and vaccenic acids contents in 

milk fat can be boosted by supplementing dairy cow 
diets with vegetable oils, such as sunflower oil, that 
are rich in linoleic acid (RIBEIRO et al., 2014). 

Hence, milk production under grazing systems 
with tropical grasses supplemented with vegetable 
oils is a promising model for the production of milk 
enriched with rumenic, vaccenic and oleic bioactive 
FAs and with lower contents of lauric (C12:0), 
myristic (C14:0) and palmitic (C16:0) saturated 
FAs (LOPES et al., 2015) that are considered 
hypercholesterolemic (FAO, 2010). 

Few studies on this subject have been conducted 
under tropical conditions, and most were performed 
by supplementing with oilseeds; agro-industry 
biodiesel coproducts; or with calcium salts of 
soybean, palm or CLA oils (LOPES et al., 2015). 
The dynamic of FA hydrolysis of free vegetable oils 
in the rumen is reasonably dissimilar from those 
observed when oilseeds are fed to cow. Therefore, 
the supplementation with free vegetable oils 
promotes different responses in milk FA composition 
(DHIMAN et al., 2000). In only three studies under 
tropical conditions, the pasture was supplemented 
with free vegetable oils. In these studies, only 
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Girón et al. (2016) reported an increase in rumenic, 
vaccenic and oleic acids in milk fat by supplementing 
with corn oil, which is rich in linoleic acid. On the 
other hand, Lima et al. (2011) and Castaño et al. 
(2014), using palm oil with low linoleic acid content 
but serving as a source of palmitic acid, observed an 
increase in hypercholesterolemic FA contents in the 
obtained milk.

Another aspect not studied in tropical conditions 
concerns the FA composition in milk on the days 
after the beginning of lipid supplementation to 
cows managed under grazing, when maximum 
or minimum contents of FAs in the milk reach 
a level of interest for human health, as well as 
the dynamics per se of their milk fat contents 
during lipid supplementation. These responses are 
time-dependent, associated with changes in the 
ruminal environment and with variations in the 
biohydrogenation (BH) of FA due to the adaptation 
of rumen microbiota to the dietary lipid intake.

The aim of this study was to evaluate the effect of 
supplementation with sunflower oil on the temporal 
dynamics and changes in fatty acid composition 
of milk from Holstein x Gyr dairy cows managed 
under rotational grazing on Urochloa brizantha cv. 
Marandu.

Materials and Methods

The study was performed at Embrapa Dairy Cattle 
(Coronel Pacheco, MG, Brazil) from December 2012 
to February 2013, and the experimental procedures 
used were approved by the Ethics Commission 
on Animal Use of Embrapa Dairy Cattle (CEUA 
Protocol n. 12/2013). The treatments consisted of 
supplementation or not with sunflower oil (SO) as 
a lipid source in the diet of dairy cows grazing on 
U. brizantha cv. Marandu. A randomized blocks 
design was used, represented by two replications 
(paddocks), with two treatments (inclusion or not 
of SO) and four replicates (cows) per treatment per 
block. Sixteen multiparous Holstein x Gyr cows 

with 185±10 days in milk and 14.7±2.4 kg day-1 of 
milk were used under rotational stocking in 4 ha 
of U. brizantha cv. Marandu pasture, totaling 44 
paddocks of ~900 m2. In each paddock of each 
block, two cows were allocated to each treatment, 
homogeneously distributed according to parity, 
genetic group, milk production and body weight, 
observed in the pre-experimental period. 

An average of 2.86 kg cow-1 day-1 of dry matter 
(DM) of concentrate (Table 1) was supplied in 
individual troughs during daily milking (06h00 
and 14h00). The concentrate with SO was prepared 
weekly to minimize its lipid peroxidation. The levels 
of oleic, linoleic and α-linolenic acids in SO were 
18.5%, 66.5% and 0.6%, respectively. Concentrates 
were formulated to meet the nutritional requirements 
established in NRC (2001) for cows weighing 500 
kg and producing 16 kg day-1 of milk with 4% fat. 

The pasture was managed under rotational 
stocking, with 30-day rest period and a 3-day grazing 
period, with the aim of achieving a postgrazing 
height of 25 cm and adjusting the stocking by a put-
and-take technique. The pasture was fertilized with 
200 kg ha-1 year-1 of N and K2O, and with 50 ha-1 

year-1 of P2O5.

Seven milk samplings were taken. The first 
sampling was performed the day before the 
beginning of concentrate supply, and then, at 2, 8, 
14, 20, 35 and 62 days of trial. After the milk yields 
had been recorded, and the collected raw milk of 
each cow had been homogenized, representative 
samples (aliquots of 2/3 and 1/3, at the morning 
and afternoon milking, respectively) were collected 
in bottles containing bronopol preservative and 
analyzed at the Milk Quality Laboratory of 
Embrapa Dairy Cattle (Juiz de Fora, MG, Brazil) 
for fat, protein, lactose, total solids and milk urea 
nitrogen (MUN). Simultaneously, milk samples 
were collected and stored at -10°C in bottles 
without preservative to determine the FA profile 
by gas chromatography, as described by Ribeiro 
et al. (2014). This analysis was performed at the 
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Laboratory of Chromatography of Embrapa Dairy 
Cattle (Juiz de Fora, MG, Brazil), using a 7820A 
chromatograph (Agilent Technologies Inc., Santa 
Clara, CA, USA) equipped with a fused silica 
capillary column (CP-Sil 88, 100 m x 0.25 mm x 
0.2 μm; Varian Inc., Mississauga, ON, USA) and a 
flame ionization detector. 

To complement this study on the nutritional 
quality of milk fat, the indices of atherogenicity (IA) 
and thrombogenicity (IT) and relations between 
omega 6:omega 3 FAs (ω-6/ω-3 FA ratio) and the 
hypocholesterolemic:hypercholesterolemic FA ratio 
(h/H FA ratio) were calculated as described by Silva 
et al. (2017). 

Table 1. Centesimal and chemical composition of concentrates with and without sunflower oil (SO) and chemical 
composition of the pasture in the three periods.

Centesimal composition (% dry matter)
Ingredients Without SO With SO
Ground corn 58.1 39.5
Soybean meal 35.9 39.5
Sunflower oil 0.0 14.9
MVP(1) 4.4 4.5
Salt 1.6 1.7

Chemical composition(2)

DM (%) 94.5±0.77 95.7±0.26
CP (% DM) 22.8±1.50 23.8±0.58
EE (% DM) 2.6±0.20 14.8±0.87
NDF (% DM) 12.1±0.67 11.8±0.38
IVDMD (%) 88.4±1.10 78.8±3.09

Fatty acids – FA (mg g-1 DM)
Palmitic 3.18±0.27 4.34±0.40
Stearic 0.37±0.02 0.86±0.04
Oleic 3.44±0.42 6.77±0.66
Linoleic 7.30±0.73 18.34±1.66
α-linolenic 0.33±0.03 0.44±0.04

Chemical composition of the pasture
Composition Period 1 Period 2 Period 3
CP (% DM) 14.9±1.5 15.1±1.6 17.6 ±1.9
EE (% DM) 3.3±0.2 3.0±0.4 3.4±0.2
NDF (% DM) 60.7±2.3 62.8±2.3 61.4±1.8
IVDMD (%) 65.1±2.0 65.7±1.5 67.4±1.0
Fatty acid mg g-1 DM g 100 g-1 FA mg g-1 DM g 100 g-1 FA mg g-1 DM g 100 g-1 FA
Palmitic 6.13±0.61 30.2±1.4 4.77±0.80 28.7±0.6 5.89±1.60 41.7±6.2
Stearic 0.34±0.02 1.7±0.1 0.29±0.04 1.8±0.1 0.31±0.01 2.3±0.3
Oleic 0.89±0.06 4.4±0.3 0.64±0.05 3.9±0.5 0.41±0.05 3.0±0.5
Linoleic 4.62±0.29 22.7±0.7 3.80±0.70 22.8±0.5 1.52±0.08 10.9±0.9
α-linolenic 7.03±0.69 34.5±1.2 5.99±1.34 35.7±1.8 2.71±0.28 19.6±3.0

(1)MVP – Mineral-vitamin premix; (2)DM – dry matter; CP – crude protein; EE – ether extract; NDF – neutral detergent fiber; 
IVDMD – in vitro dry matter digestibility.
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Three sampling periods were performed to 
evaluate the chemical composition of the pasture 
and to estimate the individual DM intake at the time 
of milk sampling on days 14, 35 and 62. The pasture 
DM intake was estimated using LIPE® marker and 
the in vitro DM digestibility (IVDMD) of pasture. 
The procedures for administering the marker, 
sampling, processing and analysis of LIPE® in feces, 
in addition to calculations involving estimates of 
pasture DM intake, were performed as described by 
Silva et al. (2017). Additionally, in fecal samples, 
the ether extract (EE) content was analyzed. In each 
fecal sampling period, on the day before the cows 
enter the paddocks, forage samples were taken by 
simulated grazing at 25 cm height, the chemical 
compositions being summarized in Table 1. 

On the last day of each period, blood samples were 
collected following the procedures for sampling and 
analysis of plasma glucose concentrations, plasma 
urea nitrogen (PUN) and nonesterified FA (NEFA), 
as described by Silva et al. (2017). The FA profile 
was analyzed in plasma samples on day 62 also 
according to Silva et al. (2017).

Analyses of variance were performed using 
the MIXED procedure of SAS version 9.0, and 
effects were considered significant when P≤0.05. 
The variables related to intake, fecal EE content, 
plasma metabolites (glucose, NEFA and PUN), 
milk production, composition and FA milk profile 
were analyzed using three repeated measures over 
time, represented by the days of sampling (DAY = 
14, 35 and 62), respectively, for periods 1, 2 and 3. 

On the other hand, the variation in the milk yield 
and composition, and the FA milk composition from 
the beginning of the concentrate supplementation to 
the end of the trial (temporal trends) was analyzed 
using seven repeated measures over time (DAY = 
0, 2, 8, 14, 20, 35 and 62). The fixed effects were 
treatment (supplementation of lipid to pasture – 
SLP), block, DAY (or period) and the interaction 
SLP*DAY. The random effects were the blocks and 
their interactions. When the SLP*DAY interaction 
was significant, the SLICE option of LSMEANS 
was used. In temporal trends, linear and quadratic 
regressions were performed as a function of DAY 
and of the means of the variables evaluated in 
MIXED. For analysis of plasma FA contents (DAY 
= 62), the treatment and block were considered 
fixed effects and cow*block was considered a 
random effect. Pearson’s correlation and regression 
studies were performed using the CORR and REG 
procedures of SAS, respectively.

Results and Discussion

No interaction (SLP*DAY) nor effect (P>0.05) 
of SO supplementation was observed for the 
variables related to DM, crude protein (CP) and 
neutral detergent fiber (NDF) intakes in any period 
(Table 2). The pasture and total DM intakes (Table 
2) are within the ranges reported in the review 
by Lopes (2008) of 1.50-3.67% BW and 1.77-
3.70% BW, respectively, in cows grazing tropical 
forages supplemented with up to 6 kg cow-1 day-1 of 
concentrate. 
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Table 2. Effect of period and supplementation with sunflower oil (SO) on pasture and nutrient intake in Holstein x 
Gyr cows grazing on marandu grass.

Variable
Without SO(1) With SO(1)

SEM(3)Period(2) Period(2)

1 2 3 1 2 3
Nutrient intake from pasture(4)

DM, %BW 2.20 Ab 2.61 Aa 2.68 Aa 2.10 Ab 2.44 Aa 2.56 Aa 0.13
DM, kg day-1 11.3 Ab 13.0 Aa 13.5 Aa 11.2 Ab 12.7 Aa 13.6 Aa 0.55
NDF, kg day-1 6.85 Ab 8.18 Aa 8.33 Aa 6.79 Ab 7.93 Aa 8.38 Aa 0.34
CP, kg day-1 1.69 Ac 1.95 Ab 2.41 Aa 1.67 Ac 1.90 Ab 2.39 Aa 0.11
Total nutrient intake (pasture + concentrate)
DM, %BW 2.75 Ab 3.19 Aa 3.24 Aa 2.63 Ab 3.00 Aa 3.11 Aa 0.14
DM, kg day-1 14.1 Ab 15.9 Aa 16.3 Aa 14.1 Ab 15.5 Aa 16.5 Aa 0.55
CP, kg day-1 2.38 Ab 2.59 Ab 3.02 Aa 2.34 Ac 2.60 Ab 3.06 Aa 0.11
EE, g day-1* 438 Bc 470 Bb 521 Ba 819 Aa 799 Aa 852 Aa 15.87
Total fatty acids intake (pasture + concentrate)
Stearic, g day-1 4.8 Bb 4.9 Bb 5.3 Ba 6.1 Ab 6.2 Ab 6.9 Aa 0.15
Oleic, g day-1* 18.2 Bb 19.0 Ba 16.1 Bc 26.8 Ab 28.6 Aa 26.5 Ab 0.31
Linoleic, g day-1 69.9 Ba 71.9 Ba 42.9 Bb 97.7 Aa 103.8 Aa 77.1 Ab 2.80
α-linolenic, g day-1 80.4 Aa 79.7 Aa 38.7 Ab 80.1 Aa 77.7 Aa 38.3 Ab 4.34

*Significant interaction between Lipid supplementation*Period (P<0.05).
(1)Within the same treatment (inclusion or not of SO), lowercase letters indicate no significant difference (P>0.05) among periods; 
(2)Within the same period, uppercase letters indicate no significant difference (P>0.05) among treatments; (3)SEM – standard error 
of the mean; (4)DM – dry matter; %BW – % of body weight; NDF – neutral detergent fiber; CP – crude protein; EE – ether extract.

The estimated EE contents in diet DM (pasture 
+ concentrate) consumed by the cows in the 
treatments with and without SO supplementation 
were, on average, 3.24% ± 0.13 and 1.87% ± 
0.13, respectively. To avoid a reduction in DM 
intake, the NRC (2001) recommends formulating 
rations for dairy cows with a maximum of 6-7% 
EE (DM basis). That is, even in the treatment with 
SO supplementation, the estimated EE content 
of the diet consumed was below the maximum 
limit recommended by the NRC (2001). The 
absence of effect (P>0.05) of treatment on the 
pasture NDF intake within each evaluation period 
(Table 2) can be considered indicative that the SO 
supplementation did not affect the digestion of the 
ingested fibrous fraction and, consequently, did 
not reduce the pasture DM intake. In addition, as 

the concentrate DM intake was the same for the 
two treatments (2.86 kg cow-1 day-1), the absence 
of effect of SO supplementation on the pasture 
DM intake was reflected in the observed similarity 
(P>0.05) between treatments in total DM intake of 
the diets within each evaluation period (Table 2).

The higher NDF intakes (P<0.0001) during 
the last two periods are a consequence of the 
lower (P<0.0001) pasture DM intake in the first 
period relative to the others (Table 2) because the 
concentrate DM intakes were similar (P>0.05) 
between treatments within each evaluation period. 
The pasture CP intake differed (P<0.0001) among 
the three periods, with the highest value in the latter 
(Table 2), mainly attributable to the highest pasture 
CP content (17.6% DM; Table 1). In the treatment 
with SO, the highest levels of PUN and MUN 
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(P<0.001) were found in the third period (Table 3), 
probably due to the higher pasture CP intake (Table 
2). No effect (P>0.05) of lipid supplementation was 
observed on the PUN and MUN levels (Table 3), 
whose values were within (PUN = 7-19 mg dL-1) 

or were similar (MUN = 14.4 to 16.8 mg dL-1) to 
those reported for dairy cows on tropical pastures 
supplemented with concentrates (LIMA et al., 2004; 
SANTANA JÚNIOR et al., 2013).

Table 3. Effect of period and supplementation with sunflower oil (SO) on milk urea nitrogen (MUN) and on 
concentrations of nonesterified fatty acids (NEFA), glucose and urea nitrogen (PUN) in plasma of Holstein x Gyr 
cows grazing marandu grass.

Item
Without SO(1) With SO(1)

SEM(3)Period(2) Period(2)

1 2 3 1 2 3
NEFA (mmol L-1) 0.090 Aa 0.132 Aa 0.113 Aa 0.136 Aa 0.145 Aa 0.117 Aa 0.0216
Glucose (mg dL-1) 52.7 Ab 53.6 Ab 59.3 Aa 54.5 Ab 53.4 Ab 59.9 Aa 1.9751
PUN (mg dL-1)* 15.3 Aa 13.3 Ab 15.2 Aa 14.7 Ab 14.3 Ab 16.4 Aa 0.5903
MUN (mg dL-1)* 17.6 Aa 14.7 Ab 17.8 Aa 16.6 Ab 16.3 Ab 18.5 Aa 0.6459

*Significant interaction between Lipid supplementation*Period (P<0.05).
(1)Within the same treatment (inclusion or not of SO), lowercase letters indicate no significant difference (P>0.05) among periods; 
(2)Within the same period, uppercase letters indicate no significant difference (P>0.05) among treatments; (3)SEM – standard error 
of the mean.

A treatment (P<0.0001), period (P=0.0003) and 
interaction effect (P=0.0014) on total EE intake 
was observed. Relative to the treatment with lipid 
supplementation, the SO inclusion was responsible 
for the similarity (P>0.05) in EE intakes between 
periods, whereas in the treatment without SO, the 
differences (P=0.0003) were a direct consequence 
of the DM intakes (Table 2) and the pasture EE 
contents (Table 1). In all three periods, the EE 
intake was higher (P<0.0001) in the SO treatment 
compared to the control (Table 2), as well as the 
fecal EE content (5.4% versus 7.8% DM). An effect 
(P<0.001) of SO supplementation and period on the 
intakes of stearic (C18:0), linoleic and oleic acids 
was observed, whereas the SLP*DAY interaction 
was significant (P=0.0002) only for oleic acid 
intake (Table 2). The higher linoleic acid intake in 
the three periods in cows supplemented with lipid 
is explained by the 66.5% linoleic acid in SO. The 
α-linolenic acid derives mainly from forage (Table 
1), and since no difference existed in pasture DM 

intake between treatments, the intake of this FA did 
not change (Table 2).

No interaction (SLP*DAY) nor effect (P>0.05) 
of SO supplementation was observed for NEFA and 
plasma glucose concentrations (Table 3). The NEFA 
contents were within the range (0.073-0.248 mmol 
L-1) reported by Silva et al. (2017), who, in turn, 
observed higher concentrations of plasma glucose 
(60.7 to 65.0 mg dL-1) in cows with 93±13 days 
in milk that were grazing on marandu grass and 
supplemented with concentrate. 

Additionally, no effect (P>0.05) of the SLP*DAY 
interaction or SO inclusion on milk production 
and its components, and on milk protein and total 
solids contents was observed (Table 4). Higher 
lactose content was observed in the milk of cows 
receiving SO in the 2nd and 3rd period, although 
this result could not be explained by the plasma 
glucose concentration, which was similar between 
treatments in the three periods (Table 3). A period 
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effect (P<0.05) was observed on the milk fat and 
total solids contents, but no effect (P>0.05) was 
observed on the milk protein and lactose contents 
(Table 4). As a reflection of the progression in 
lactation, and regardless of the treatment, milk 

yield, and fat, protein and total solids production 
was always higher (P<0.05) in the first period 
in comparison to the others, which were similar 
(P>0.05) to each other (Table 4).

The higher intakes of stearic, linoleic and oleic 
acids in the treatment with SO (Table 2) did not 
result in the appearance of these FA in plasma, 
and regardless of treatment, those present in 
higher concentrations were stearic, linoleic, oleic, 
palmitic and α-linolenic acids (Table 5). However, 
the lower content of odd- and branched-chain FAs 
(OBCFA) in the plasma of cows receiving the SO 

Table 4. Effect of period and supplementation with sunflower oil (SO) on milk yield and composition in Holstein x 
Gyr cows grazing on marandu grass.

Variable
Without SO(1) With SO(1)

SEM(3)Period(2) Period(2)

1 2 3 1 2 3
Yield (kg cow-1 day-1)
Milk 14.6 Aa 11.7 Ab 12.2 Ab 13.8 Aa 11.9 Ab 10.6 Ab 0.9270
FCM(4) 15.3 Aa 12.8 Ab 13.1 Ab 13.7 Aa 11.7 Ab 11.4 Ab 1.3884
Fat 0.556 Aa 0.476 Ab 0.486 Ab 0.477 Aa 0.401 Ab 0.417 Ab 0.0591
Protein 0.446 Aa 0.363 Ab 0.381 Ab 0.432 Aa 0.371 Ab 0.334 Ab 0.0337
Lactose 0.642 Aa 0.510 Ab 0.535 Ab 0.630 Aa 0.548 Ab 0.482 Ac 0.0418
Total solids 1.761 Aa 1.449 Ab 1.497 Ab 1.654 Aa 1.423 Ab 1.326 Ab 0.1349
Composition (%)
Fat 3.80 Ab 4.06 Aab 4.14 Aa 3.46 Ab 3.44 Bb 3.93 Aa 0.2041
Protein 3.07 Aa 3.11 Aa 3.21 Aa 3.13 Aa 3.17 Aa 3.16 Aa 0.1150
Lactose 4.40 Aa 4.38 Ba 4.37 Ba 4.56 Aa 4.61 Aa 4.53 Aa 0.0683
Total solids 12.08 Ab 12.41 Aa 12.63 Aa 11.99 Ab 12.09 Aab 12.49 Aa 0.3122

(1)Within the same treatment (inclusion or not of SO), lowercase letters indicate no significant difference (P>0.05) among periods; 
(2)Within the same period, uppercase letters indicate no significant difference (P>0.05) between treatments; (3)SEM – standard error 
of the mean; (4)FCM (RIBEIRO et al., 2014) = Fat-corrected milk = (0.432 + 0.1625*milk fat)*milk yield. 

was notable (Table 5). The OBCFAs are found in 
lipid membranes of ruminal bacteria, and dietary 
supplementation with oils rich in linoleic acid may 
alter the ruminal fermentation pattern, reducing 
the flow of bacteria to the duodenum, resulting in 
lower levels of OBCFA in the plasma and milk 
(VLAEMINCK et al., 2006). 
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Table 5. Effect of dietary inclusion of sunflower oil (SO) on plasma concentrations of fatty acids (FA) in Holstein x 
Gyr cows grazing on marandu grass.

Fatty acid (g 100 g-1 FA)(1)
Treatment

SEM(2) P-value
Without SO With SO

C16:0 9.609 9.550 0.5095 0.9311
C18:0 24.308 23.616 0.5245 0.2188
trans-11 C18:1 1.127 1.067 0.0712 0.4664
cis-9 C18:1 15.564 14.479 0.4810 0.1499
cis-9, cis-12 C18:2 17.150 17.693 0.7733 0.4675
cis-9, cis-12, cis-15 C18:3 2.674 1.964 0.2315 0.0581
cis-9, trans-11 CLA 0.206 0.249 0.0169 0.1175
Odd- and branched-chain fatty acids 3.413 2.735 0.1646 0.0097

(1)Values observed at the 62nd day of concentrate supply; (2)SEM – standard error of the mean.

An effect (P<0.05) of SO supplementation 
on milk fat was observed for most FAs (Table 6), 
except for trans-palmitoleic acid (trans-9 C16:1; 
P=0.06) and dihomo-γ-linoleic acid (cis-8, cis-11, 
cis-14 C20:3; P=0.09).

The higher (P<0.05) intakes of linoleic and oleic 
acids in the treatment with SO (Table 2) promoted 
substantial changes in the typical ruminal BH 
pathways of unsaturated-C18 FAs. The common 
final product in these routes is stearic acid, and 
the main intermediates are trans-6 to trans-16 
C18:1, cis-10 to cis-12 C18:1 and cis-15 C18:1 
FAs, as well as conjugated and nonconjugated 
isomers of linoleic acid (SHINGFIELD et al., 2010; 
BUCCIONI et al., 2012). In fact, supplementation 
with SO was responsible for the intense ruminal BH 
of the linoleic and oleic acids and, to a lesser extent, 
of the α-linolenic acid. Supplementation promoted 
an increase in rumen-derived FA, such as elaidic 

(trans-9 C18:1), vaccenic, rumenic, trans-10 C18:1, 
trans-9, cis-11 CLA and trans-10, cis-12 CLA, as 
well as trans-C18:1 and nonconjugated isomers of 
linoleic acid (Table 6). The SO supplementation 
reduced (P<0.0001) the content of OBCFA in the 
milk (Table 6), indicating the occurrence of adaptive 
changes in the ruminal environment of cows. The 
secreted OBCFAs in milk are mainly originate 
from de novo-synthesized FAs by ruminal bacteria 
and incorporated into membrane lipids of these 
bacteria. Then, the contents of these FA in milk 
fat may be indicative of the activity and growth of 
these microorganisms in the rumen (VLAEMINCK 
et al., 2006). Temporal trends revealed an effect 
(P<0.0001) of sampling day at 62 days of SO 
supplementation (data not shown) on contents of 
OBCFAs in milk, indicating that, in fact, the ruminal 
environment was gradually modified in response to 
the dietary intake of FA from the SO.
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Table 6. Effect of period and supplementation with sunflower oil (SO) on milk fatty acid composition (g 100 g-1 fatty 
acids) in Holstein x Gyr cows grazing on marandu grass.

Variable
Without SO (1) With SO (1)

SEM(3)Period(2) Period(2)

1 2 3 1 2 3
Saturated even-chain fatty acids
Σ 4≤C≤10* 8.99 Aa 8.27 Ab 8.76 Aa 6.74 Ba 5.57 Bb 5.79 Bb 0.270
C12:0* 2.59 Aa 2.51 Aa 2.67 Aa 1.51 Ba 1.27 Bb 1.32 Bb 0.123
C14:0* 9.56 Aa 9.40 Aa 9.61 Aa 6.77 Ba 6.07 Bb 6.26 Bb 0.375
C16:0 27.5 Aa 27.4 Aa 27.9 Aa 20.1 Ba 19.8 Ba 20.1 Ba 0.548
Σ 12≤C≤16* 39.6 Aa 39.3 Aa 40.2 Aa 28.4 Ba 27.1 Bb 27.7 Bb 0.758
C18:0* 11.7 Ba 12.8 Ba 11.5 Ba 15.1 Ab 17.4 Aa 17.5 Aa 0.758
Σ 18≤C≤24 11.9 Ba 13.0 Ba 11.7 Ba 15.3 Ab 17.7 Aa 17.7 Aa 0.766
Σ 4≤C≤24 60.6 Aa 60.6 Aa 60.7 Aa 50.4 Ba 50.3 Ba 51.2 Ba 1.068
cis/trans even-chain monounsaturated fatty acids
trans-9 C16:1 0.10 Aa 0.09 Aa 0.06 Ab 0.12 Aa 0.10 Aa 0.07 Ab 0.009
cis-9 C18:1 21.7 Ba 21.2 Ba 21.7 Ba 29.8 Aa 29.1 Aa 30.0 Aa 0.788
trans-9 C18:1* 0.18 Ba 0.18 Ba 0.19 Ba 0.41 Ab 0.44 Aa 0.35 Ac 0.013
trans-10 C18:1* 0.26 Ba 0.24 Ba 0.25 Ba 0.67 Aa 0.60Aab 0.47 Ab 0.049
trans-11 C18:1* 1.83 Ba 1.97 Ba 2.03 Ba 2.40 Ab 3.23 Aa 2.80 Ab 0.145
trans-C18:1(4)* 3.17 Ba 3.33 Ba 3.34 Ba 5.51 Ab 6.47 Aa 5.44 Ab 0.181
Conjugated (CLA) and nonconjugated (NCLA) isomers of linoleic acid*
Σ NCLA(5) 0.09 Ba 0.10 Ba 0.10 Ba 0.14 Ab 0.18 Aa 0.14 Ab 0.008
cis-9 trans-11 CLA 0.98Bab 0.89 Bb 1.05 Ba 1.41 Aa 1.48 Aa 1.38 Aa 0.102
trans-9 cis-11 CLA 0.015 Ba 0.016 Ba 0.019 Aa 0.028 Aa 0.024 Aab 0.022 Ab 0.002
trans-10 cis12 CLA 0.004 Bb 0.003 Bb 0.006 Aa 0.007 Aa 0.008 Aa 0.006 Aa 0.001
Odd- and branched-chain fatty acids (OBCFA)
Σ OLCFA(6) 2.36 Ab 2.56 Aa 2.31 Ab 1.88 Bb 1.96 Ba 1.83 Bb 0.036
Σ anteiso FA(7) 0.74 Aa 0.75 Aa 0.69 Ab 0.59 Ba 0.58 Ba 0.54 Bb 0.022
Σ iso FA(8) 1.49 Aa 1.58 Aa 1.47 Aa 1.27 Ba 1.33 Ba 1.33 Ba 0.030
Σ OBCFA(9) 4.59 Ab 4.89 Aa 4.46 Ab 3.75 Bb 3.87 Ba 3.70 Bb 0.071
Long-chain polyunsaturated fatty acids
Linoleic 0.82 Ba 0.95 Ba 0.85 Ba 1.12 Aa 1.16 Aa 1.18 Aa 0.056
α-linolenic 0.46 Aa 0.44 Ab 0.44 Ab 0.42 Ba 0.37 Bb 0.38 Bb 0.020
C20:3 DGLA(10) 0.12 Aa 0.12 Aa 0.11 Aa 0.12 Aa 0.12 Aa 0.12 Aa 0.004
C20:4 ARA*(11) 0.10 Aa 0.10 Aa 0.09 Aa 0.08 Ba 0.07 Bb 0.08 Ba 0.004
C20:5 EPA(12) 0.04 Aa 0.04 Aa 0.04 Aa 0.03 Ba 0.03 Ba 0.03 Ba 0.002
C22:5 DPA(13) 0.07 Aa 0.07Aab 0.07 Ab 0.06 Ba 0.06 Bab 0.05 Bb 0.003

*Significant interaction between Lipid supplementation*Period (P<0.05).
(1)Within the same treatment (inclusion or not of SO), lowercase letters indicate no significant difference (P>0.05) among periods; 
(2)Within the same period, uppercase letters indicate no significant difference (P>0.05) among treatments; (3)SEM – standard error 
of the mean; (4)Σ FA trans-C18:1 = trans-4 C18:1 + trans-5 C18:1 + trans 6-8 C18:1 + trans-9 C18:1 + trans-10 C18:1 + trans-11 

continue
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C18:1 + trans-12 C18:1 + trans-13 and trans-14 C18:1 + trans-16 C18:1; (5)Σ NCLA = trans-9, trans-12 C18:2 + cis-9, trans-12 
C18:2 + trans-9, cis-12 C18:2; (6)OLCFA (odd-linear-chain FA) = C5:0 + C7:0 + C9:0 + C11:0 + C15:0 + C17:0 + cis-9 C17:1 
+ C21:0 + C23:0;  (7)Σ anteiso FA = anteiso C15:0; (8)Σ iso FA = iso C14:0 + iso C15:0 + iso C16:0 + iso C17:0 + iso C18:0; (9)

Σ OBCFA = Σ anteiso FA + Σ iso FA + Σ OLCFA; (10)DGLA = dihomo-γ-linoleic acid (cis-8, cis-11, cis-14 C20:3); (11)ARA = 
araquidonic acid (cis-5, cis-8, cis-11, cis-14 C20:4); (12)EPA = eicosapentaenoic acid (cis-5, cis-8, cis-11, cis-14, cis-17 C20:5); (13)

DPA = docosapentaenoic acid (cis-7, cis-10, cis-13, cis-16, cis-19 C22:5).

continuation

A reduction (P<0.0001) in the contents of saturated 
FAs with an even number of carbons C4:0 to C16:0 
was also observed in response to SO supplementation 
(Table 6). These FAs originate mostly from de novo 
synthesis in the mammary gland, and as discussed 
by Mourthé et al. (2015), the reduction of their milk 
contents may be related to the inhibition of mRNA 
abundance and/or the activity of enzymes involved 
in de novo FA synthesis in response to the higher 
intake of unsaturated FAs (Table 2). In addition, 
the selective and preferential incorporation of long 
chain FAs in milk fat triglycerides to the detriment 
of those with short and medium saturated chains, 
is also be associated with this result. The lower 
availability of acetate and β-hydroxybutyrate in 
the mammary gland for de novo FA synthesis in 
response to possible deleterious effects of SO on the 
fermentation of fibrous carbohydrates from pasture, 
may also be considered. Nonetheless, there are 
indications of its minor importance in this process 

(e.g., low EE dietary content and intense ruminal 
BH of FA, indicated by high stearic acid content in 
milk of cows receiving SO). Ribeiro et al. (2014) 
and Mourthé et al. (2015) also reported a significant 
reduction (P<0.05) in C4:0 to C16:0 FA contents 
in milk of cows fed SO in chopped elephant grass-
based diets or managed under grazing on marandu 
grass supplemented with roasted soybean. In 
response to increased intake (Table 2) and the 
probable increased rumen flow because of the 
competition between BH versus passage rate, SO 
supplementation increased the levels of oleic and 
linoleic acids in the milk fat (Table 6). The absence 
(P>0.05) of effect of SO supplementation on the 
stearoyl-CoA desaturase activity indices, especially 
on the oleic:stearic ratio (Table 7), indicates 
the importance of the contribution of oleic acid 
captured from the plasma by the mammary gland 
for its secretion in milk.

Table 7. Effect of period and supplementation with sunflower oil (SO) on activity indices (product-to-precursor ratio) 
of the stearoyl-CoA desaturase enzyme in the mammary gland of Holstein x Gyr cows grazing on marandu grass.

Desaturase indices(1)

Without SO(2) With SO(2)

SEM(4)Period(3) Period(3)

1 2 3 1 2 3
cis-9 C14:1/C14:0 0.092 Aa 0.078 Ab 0.094 Aa 0.097 Aa 0.078 Ab 0.084 Ab 0.0080
cis-9 C16:1/C16:0 0.064 Aa 0.063 Aa 0.064 Aa 0.067 Aa 0.062 Ab 0.060 Ab 0.0039
Oleic/Stearic 0.649 Aab 0.624 Ab 0.652 Aa 0.664 Aa 0.626 Ab 0.633 Ab 0.0159
Rumenic/Vaccenic 0.344 Aa 0.310 Ab 0.343 Aa 0.369 Aa 0.316 Ab 0.334 Ab 0.0150

(1)Calculated according to Silva et al. (2017); (2)Within the same treatment (inclusion or not of SO), lowercase letters indicate 
no significant difference (P>0.05) among periods; (3)Within the same period, uppercase letters indicate no significant difference 
(P>0.05) between treatments; (4)SEM – standard error of the mean.
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For the linoleic acid, the average increase of 
~32% in the milk of cows fed SO (Table 6) was 
not proportional to their intake (on average, ~51% 
higher in SO treatment; Table 2), indicating an 
intense ruminal BH. In fact, this can be proven 
by the presence of several rumen-derived FAs, 
as already discussed, as well as by the expressive 
(Table 6) and fast (Figure 1) increase in stearic acid 
content in milk in response to SO supplementation. 
The high levels of stearic acid in the milk of cows 
receiving SO (on average, ~39% higher than the 
control treatment; Table 6) indicate that the ruminal 
environment did not limit the activity of microbiota 
involved in the BH reactions of unsaturated FA, a 
typical response in cattle managed under tropical 
grasses with high NDF contents. The contents of 
stearic acid in the milk of cows fed SO (Table 6) 
can be considered high and were similar to those 
reported by Ribeiro et al. (2014) of 15.7 and 16.6 g 
100 g-1 FA, respectively, in milk of Holstein cows 
receiving 2.5% and 3.7% SO (on a DM basis) in 
chopped elephant grass-based diets. Regarding the 
similarity (P>0.05) between the treatments relative 
to α-linolenic acid total intake (Table 2), the highest 
content of this FA in the milk of nonsupplemented 
cows (on average, ~15% higher than treatment with 
SO; Table 6) is another result that indicates the 
intensification of the ruminal BH of unsaturated FAs 
when SO was included. As reported by Buccioni et 
al. (2012), forage lipids, which are protected from 
lipolysis and ruminal BH by cell structures, are 
less degradable than those present in free vegetable 
oils. Quadratic effects (P<0.05) were observed for 
the supplementation with SO on the contents of 
stearic and α-linolenic acids in milk. The highest 
concentrations in milk for stearic acid (18.2 g 100 
g-1 FA) and the lowest for α-linolenic acid (0.34 g 
100 g-1 FA) were estimated, respectively, at 45 and 
42 days of SO supply (Figure 1).

Among the isomers of the trans-C18:1 
intermediates of ruminal BH of unsaturated FAs 
and of interest to human health, we can highlight the 
vaccenic, elaidic and trans-10 C18:1 FAs. The latter 

two have been associated with deleterious effects 
on cardiovascular health (ALMEIDA et al., 2014), 
and therefore, the reduction of their milk contents is 
desirable. However, SO supplementation promoted 
an increase (P<0.0001) in the contents of these 
two FAs in milk (Table 6). On the other hand, the 
vaccenic acid, which was the main trans-C18:1 
isomer (Table 6), is the precursor for synthesis of 
rumenic acid on the order of 64% to 97% in bovine 
milk (SHINGFIELD et al., 2010). Therefore, diets 
that promote an increase in the supply of vaccenic 
acid from the rumen to the mammary gland normally 
result in higher concentrations of rumenic acid in 
milk. In addition, 19% of the consumed vaccenic 
acid is converted to rumenic acid in human tissues 
(TURPEINEN et al., 2002). The SO supplementation 
promoted ~45% of increase in the milk content of 
vaccenic acid (Table 6). The regression of milk 
contents (g 100 g-1 FA) of rumenic versus vaccenic 
acids demonstrates the close association between 
these FAs (ŷ = 0.35558*x + 0.35297; r² = 0.47; 
P<0.0001), which was also reported by Mourthé et 
al. (2015) in the milk of cows grazing on marandu 
grass supplemented with roasted soybean. This can 
be better visualized in temporal trends, considering 
the quadratic behaviors observed for the contents 
of these two FAs as a function of elapsed time in 
days from the beginning of the SO concentrate 
supplementation (Figure 1). Vaccenic and rumenic 
acid contents in milk of cows not supplemented 
with SO concentrate (Table 6) are within the 
range of values compiled by Lopes et al. (2015) 
from 10 studies with cows in tropical pastures not 
supplemented with lipid sources. However, the 
values are higher than that normally observed (≤ 
0.67 g 100 g-1 FA) in the milk of cows fed diets based 
on corn silage and concentrates without ingredients 
rich in α-linolenic and linoleic FAs (LOPES et al., 
2011). The results of our study demonstrate the high 
nutraceutical potential of milk produced in pasture. 
On the other hand, the contents of vaccenic and 
rumenic acids in milk of cows receiving SO (Table 
6) were lower than those reported by Ribeiro et al. 
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(2014) of 4.4 and 5.7 g 100 g-1 FA, and 1.6 and 2.1 g 
100 g-1 FA, respectively, in the milk fat of Holstein 

 

 

 

 

 

Figure 1. Fat (%) and fatty acid content (g 100 g-1 FA) in the milk of cows grazing on marandu grass as a 
function of elapsed time (in days) since the beginning of concentrate supply with inclusion (▲ ......) or not (■ 
-----) of sunflower oil. 
 

 
 

Figure 1. Fat (%) and fatty acid content (g 100 g-1 FA) in the milk of cows grazing on marandu grass as a function of 
elapsed time (in days) since the beginning of concentrate supply with inclusion (▲ ......) or not (■ -----) of sunflower 
oil.

cows fed 2.5% and 3.7% SO (on a DM basis) in 
their chopped elephant grass-based diets. 
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As previously discussed, trans-9, cis-11 CLA 
and trans-10, cis-12 CLA are produced in the rumen 
from BH of linoleic and α-linolenic acids, and the 
increase in their concentrations in milk is associated 
with milk fat depression (SHINGFIELD et al., 2010; 
BUCCIONI et al., 2012). In periods 1 and 2, higher 
levels (P<0.05) of these two CLAs were observed 
in the milk of cows fed SO (Table 6), whereas in the 
last period no difference between treatments (Table 
6), indicating a possible adaptation of the microbiota 
to the contribution of unsaturated FA in the rumen. 
Considering the 62 days of trial, temporal trends 
revealed no linear or quadratic effect (P>0.05) for 
the content of these FAs in the milk fat of cows fed 
concentrate with SO. The milk fat contents in the 
1st and 3rd periods were similar (P>0.05) between 
treatments (Table 4). Temporal trends revealed a 
quadratic effect (P=0.05) for milk fat content for the 
treatment with SO, with a minimum value (3.44%) 
estimated at 16 days of lipid supplementation, 
reaching 3.93% after 62 days of SO supply (Figure 
1). From these results, the increases in these two 
CLA isomers in the SO treatment (Table 6) probably 

were not sufficient to promote milk fat depression, 
and in fact, no correlation (P>0.05) existed between 
these variables. The difference (P<0.05) between the 
first and last period (Table 2) in the milk fat content 
of cows fed SO can be explained by the possible 
adaptation of the microbiota to the contribution 
of unsaturated FA in the rumen. At the beginning 
of supplementation, the SO probably promoted a 
change in the ruminal BH of FA, reducing the milk 
fat content, and with the adaptation of microbiota, 
a gradual increase was observed in the milk fat 
content.

The milk fat of cows fed SO had better nutritional 
quality, since there was a reduction (P<0.0001) 
in the IA and IT, and an increase (P<0.0001) in 
the h/H FA ratio (Table 8). This can be attributed 
mainly to the decrease in the milk fat contents of the 
hypercholesterolemic lauric, myristic and palmitic 
FAs (FAO, 2010), and the concomitant increase in 
oleic acid content (Table 6), as well as, specifically 
considering IA and IT, the increase (P=0.0009) in 
the contents of cis ω-6 FAs (Table 8).

Table 8. Effect of period and supplementation with sunflower oil (SO) on nutritional quality indices of milk fat on 
Holstein x Gyr cows grazing on marandu grass.

Variable
Without SO(1) With SO(1)

SEM(3)Period(2) Period(2)

1 2 3 1 2 3
IA(4) 2.97 Aa 2.97 Aa 3.00 Aa 1.55 Ba 1.48 Ba 1.47 Ba 0.122
IT(5) 3.63 Aa 3.76 Aa 3.67 Aa 2.42 Ba 2.58 Ba 2.54 Ba 0.147
h/H FA ratio(6) 0.56 Ba 0.56 Ba 0.56 Ba 1.08 Aa 1.11 Aa 1.11 Aa 0.044
Σ ω-3 cis FA(7) 0.57 Aa 0.54 Ab 0.55 Ab 0.51 Ba 0.45 Bb 0.46 Bb 0.021
Σ ω-6 cis FA(8) 1.08 Ba 1.21 Ba 1.09 Ba 1.36 Aa 1.39 Aa 1.42 Aa 0.057
ω-6/ω-3 FA ratio(9)* 1.91 Bb 2.21 Ba 2.01 Bb 2.65 Ab 3.08 Aa 3.13 Aa 0.099

*Significant interaction between Lipid supplementation*Period (P<0.05).
(1)Within the same treatment (inclusion or not of SO), lowercase letters indicate no significant difference (P>0.05) among periods; (2)

Within the same period, uppercase letters indicate no significant difference (P>0.05) between treatments; (3)SEM – standard error of 
the mean;  (4)IA (index of atherogenicity) = [C12:0 + (4*C14:0) + C16:0]/(cis-9 C18:1 + Σ cis ω-6 FA + Σ cis ω-3 FA); (5)IT (index 
of thrombogenicity) = (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)]; (6)h/H FA ratio (hypocholesterolemic:hypercholesterolemic FA) = (cis-9 C18:1 + Σ cis ω-3 FA)/(C12:0 + C14:0 + C16:0); 
(7)Σ cis ω-3 = cis-6, cis-9, cis-15 C18:3 + EPA C20:5 ω-3 + DPA C22:5 ω-3; (8)Σ cis ω-6 = cis-9, cis-12 C18:2 + cis-6, cis-9, cis-12 
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; (9)ω-6/ω-3 FA ratio (omega 6:omega 
3 FA ratio) = Σ cis ω-6 FA/Σ cis ω-3 FA.
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Notably, in the treatment with SO, the oleic 
acid – beneficial to cardiovascular health because it 
reduces the plasma LDL-cholesterol concentration 
(FAO, 2010) – was the FA present in the highest 
concentration in milk fat (Table 6). The increase 
(P<0.0001) in the ω-6:ω-3 FA ratio in response to 
SO supplementation (Table 8) was a consequence of 
the increase (P=0.0002) and reduction (P=0.0055), 
respectively, of the contents of the linoleic and 
α-linolenic acids in the milk fat (Table 6). However, 
according to the FAO (2010), no scientific consensus 
exists regarding the validity of this index as a metric 
for dietary recommendations aimed at reducing the 
risk of cardiovascular diseases. 

From the 40th to the 43rd day of SO 
supplementation, temporal trends (Figure 1) 
revealed milk fat of better nutritional quality, since 
on days 42, 42 and 40, the lowest levels of lauric, 
myristic and palmitic (respectively, 1.05, 5.57 and 
18.77 g 100 g-1 FA) were found, and on days 40, 
43 and 42, the highest concentrations of rumenic, 
vaccenic and oleic acids (respectively 1.50, 3.08 
and 33.05 g 100 g-1 FA) were obtained. In addition, 
within this interval of days, the lowest IA (1.22 at 41 
days) and the highest h/H FA ratio (1.20 at 42 days) 
were obtained, whereas the IT remained constant 
(P>0.05) during the 62 days of trial. Notably, the 
minimum elaidic acid content (0.451 g 100 g-1 FA) 
occurred at 36 days of SO supplementation, that is, 
between days 40 and 43, and its content was already 
declining.  

Conclusions

The inclusion of sunflower oil in the diet of 
Holstein x Gyr cows grazing on Urochloa brizantha 
cv. Marandu improved the nutritional quality of the 
milk fat because of the increase in oleic, rumenic 
and vaccenic acids, which are beneficial to human 
health, and because of a concomitant reduction of 
hypercholesterolemic saturated fatty acids, such as 
lauric, myristic and palmitic acids. The best results 

were obtained between the 40th and 43rd days of 
sunflower oil supplementation.
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