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Supplementation of cows with linseed: effects on antral follicle
count, oocyte quality, and nutritional and plasma metabolite
parameters
Suplementação de fêmeas girolando com linhaça: efeitos sobre
contagem de folículos antrais, qualidade oocitária, parâmetros
nutricionais e metabólitos plasmáticos
Christopher Junior Tavares Cardoso1*; Ana Caroline Bini de Lima1; Wilian
Aparecido Leite da Silva2; Mirela Brochado Souza-Cáceres3; Daniela Moraes
Pereira1; Marcus Vinicius Morais de Oliveira4; Ériklis Nogueira5; Fabiana de
Andrade Melo-Sterza4
Abstract
Linseed is distinguished by its composition of fatty acids, which are rich in unsaturated acids, and by
the slow release of oil in the rumen, consequently providing a greater amount of lipids of interest for
intestinal absorption. The aim of this study was to evaluate the effect of linseed supplementation on the
antral follicle count (AFC) and oocyte quality of Girolando cows, as well as their digestive parameters
and plasma metabolite. Twelve Girolando cows were used in the study and were randomly distributed
in two experimental groups: control (CTL, n = 6) and linseed (LINS, n = 6). During the 126 days of
supplementation, seven transvaginal ultrasound-guided ovum pick-up (OPU) sessions were performed
at intervals of 21 days. AFC was performed in each OPU session. The cows fed with linseed showed
no significant difference in the dry matter coefficient of digestibility (63.11 and 62.88), crude protein
(62.7 and 55.26), neutral detergent fiber (NDF; 75.36 and 77.15), or acid detergent fiber (ADF; 72.45
and 74.77) for LINS and CTL, respectively. On the contrary, a higher level of ethereal extract was
observed for LINS (69.31 vs. 40.7). There was no effect (p > 0.05) of lipid supplementation on plasma
metabolite between groups and OPU sessions. There was no difference (p > 0.05) in the mean number
of antral follicles (CTL: 31.14 ± 1.97; LINS: 25.52 ± 2.68), cumulus oocyte complexes recovered (CTL:
6.45 ± 1.66; LINS: 5.28 ± 1.18), or oocyte quality (CTL: 60.48% ± 8.46; LINS: 64.54% ± 7.77). The
supplementation of 800g of linseed in the diet of Girolando cows did not alter the apparent digestibility
of nutrients, AFC, or quality of oocytes obtained by OPU.
Key words: Polyunsaturated fatty acid. Reproduction. Digestibility.
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Resumo
A linhaça destaca-se pela composição de ácidos graxos insaturados e por apresentar lenta liberação
do óleo no rúmen e consequentemente fornecendo maior quantidade de lipídios de interesse para
absorção intestinal. O objetivo deste estudo foi avaliar o efeito da suplementação com linhaça sobre
a contagem de folículos antrais e a qualidade oocitária de vacas Girolando, bem como parâmetros
digestivos e metabólitos plasmáticos. Foram utilizadas doze fêmeas bovinas da raça Girolando
distribuídas aleatoriamente em 2 grupos experimentais: controle (CTL n = 6) e linhaça (LINS, n = 6).
Durante os 126 dias de suplementação foram realizadas 7 sessões de aspiração folicular guiada por
ultrassonografia (OPU) com intervalo de 21 dias entre si. A cada sessão de OPU a CFA era realizada.
Os animais alimentados com linhaça não apresentaram diferença no coeficiente de digestibilidade de
matéria seca (63,11 vs. 62,88), proteína bruta (62,7 vs. 55,26), fibra em detergente neutro (75,36 vs.
77,15), fibra em detergente ácido (72,45 vs. 74,77) para LINS e CTL respectivamente. Por outro lado,
os níveis de extrato etéreo foram superiores para LINS (69,31 vs. 40,7). Não houve efeito (P > 0,05)
da suplementação lipídica sobre os metabólitos plasmáticos entre os grupos e as sessões de OPU. Não
houve diferença (P > 0,05) no número médio de folículos antrais (31,14±1,97 vs. 25,52±2,68), COCs
recuperados (6,45±1,66 vs. 5,28±1,18) e na qualidade dos oócitos (60,48%±8,46 vs. 64,54%±7,77) para
LINS e CTL respectivamente. A suplementação de 800 g de linhaça na dieta de vacas Girolando não
alterou a digestibilidade aparente dos nutrientes, bem como o número e a qualidade dos oócitos obtidos
por OPU.
Palavras-chave: Ácido graxo poli-insaturado. Reprodução. Digestibilidade.

Introduction
The inclusion of lipids in the diet of ruminants
can interfere with the digestion of other nutrients,
as the added fat itself (JENKINS; JENNY, 1989).
These effects can occur in several ways, such as
through physical coverage of dietary fiber, which
prevents the attack of microorganisms, and through
modification of the microbial population of the
rumen owing to the toxic effects of fat on ruminal
microorganisms (PALMQUIST; JENKINS, 1980;
CAVALIERI et al., 2005).
Lipids also have direct effects on reproduction,
improving the fertility of animals in different
situations, such as ovulation and pregnancy rate
(GUARDIEIRO et al., 2011). Effects of fatty acids
on ovarian follicular development, corpus luteum,
and oocyte quality have been observed (STAPLES
et al., 1998). Although the effects on follicular
development resulting from changes in nutrition for
prolonged periods, particularly dietary restriction,
have been studied extensively in animals, the
effects of polyunsaturated fatty acid (PUFA)
supplementation are less understood.

The effects of the supply of fat on ovarian
follicular count have been observed for dairy and
beef cattle in all stages of lactation (GUARDIEIRO
et al., 2011; FOULADI-NASHTA et al., 2009).
Some authors have observed an increase in
follicular count as a result of fat supplementation
with Megalac® in beef cows (NOGUEIRA et al.,
2012).
In addition, when PUFAs are included in the
diet, they have been found to increase circulating
concentrations of progesterone (LOPES et al.,
2009), PGF 2α (MATTOS et al., 2000), and IGF-1,
as well as embryonic quality (CERRI et al., 2009;
SARTORI et al., 2016).
Dietary fatty acids alter the fatty acid (FA)
composition of cumulus cells, granulosa cells,
and oocytes, which may be relevant for oocyte
quality (KIM et al., 2001). In another study, when
feeding PUFAs to sheep, changes in phospholipid
FA composition in plasma and cumulus cells as
well as changes in oocyte membrane properties and
quality were observed (ZERON et al., 2002). In the
same study, small changes in the FA composition of
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oocytes were found, and higher numbers of grade
1 oocytes were collected from PUFA-supplemented
ewes (ZERON et al., 2002). Kim et al. (2001)
also found differences in FA composition between
grade 1 and grade 2/3 oocytes, suggesting that the
appearance of the ooplasm may reflect lipid and FA
content. These differences did not directly influence
oocyte maturation, but effects on oocyte competence
cannot be discounted and might be responsible for
differences in fertilization rate and developmental
potential (KIM et al., 2001).

Sul approved all the procedures performed in the
experiments (Protocol No. 012/2014).

In this context, several studies were performed
to evaluate the effect of different sources of fatty
acids, which were provided to increase energy
density in the diet, on reproductive performance
in dairy cattle. Some studied sources of FA include
soybean oil (PONTER et al., 2012), sunflower
seeds (THANGAVELU et al., 2007), and linseed
(FOULADI-NASHTA et al., 2009). Linseed is rich
in polyunsaturated fatty acids, especially linolenic
acid, and, because it is in the grain form, linseed
oil may have a slower release, thereby reducing
ruminal biohydrogenation (CAVALIERI et al.,
2005). Our hypothesis was that supplementation of
PUFAs in the donor diet might promote an increase
in antral follicle count (AFC) and improve oocyte
quality depending on the time of supplementation.

The animals were maintained in a rotational
grazing system in six paddocks of 1.2 hectares each,
planted with Mombasa grass (Panicum maximum
sp.), and with free access to water and mineral
supplementation (Montana 87®, Montana Mineral
Supplements and Rations Ltd., Jardim, MS, Brazil).

Based on this, the aim of this study was to
evaluate the effect of linseed supplementation on
AFC and oocyte quality in Girolando cows, as well
as apparent digestibility and plasma metabolites
(glucose, albumin, and cholesterol).

Material and Methods
The experiment was carried out at the
following geographical coordinates: altitude 181
m, latitude 20º28’ south and longitude 55º47’
west, in Aquidauana, Mato Grosso do Sul, Brazil,
between December 2014 and June 2015. The
Committee for Ethics in Animal Experimentation
from Universidade Estadual de Mato Grosso do

Animals and experimental design
Twelve cows of the Girolando breed (3/4
Holstein × 1/4 Gir), which were non-pregnant and
non-lactating, 5.16 ± 1.97 years old, 558.41 ± 67.6
kg body weight, and with a body condition score
(BCS) of 4.06 ± 0.41 (HOUGHTON et al., 1990),
were used in this experiment.

The cows were divided into two homogeneous
groups, considering mean body weight, age, BCS,
and mean AFC. The cows were assigned to receive
the experimental diets, which consisted of the
control diet (n = 6; no additional linseed) and LINS
(n = 6, additional 800 g of linseed - Natubom, 7M
Foods, Campo Grande, MS, Brazil). Initially, a 15day adaptation period was established to stabilize
the desired consumption amount. After this period,
the animals received 0.8 kg linseed/day for 126 days.
Food management and sample collection
The animals had free access to Mombasa grass,
the chemical composition of which was 29% dry
matter (DM), 7.5% crude protein (CP), 66.2%
neutral detergent fiber (NDF), 31% acid detergent
fiber (ADF), 1.5% ethereal extract (EE), and
9.6% mineral matter (MM). The linseed for the
supplemented group was supplied once daily during
the morning period; the chemical composition and
fatty acid profile of the supplement are described
in Table 1. The analysis was carried out in the
Nutrition Laboratory of Catholic University Don
Bosco (UCDB), Campo Grande - MS, Brazil.
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All animals were handled together. To eliminate
the environmental effects of management, all
the animals were taken to the corral daily, and
only the animals in the LINS group received the
experimental diet. The experimental diet was

supplied individually so that the animals consumed
the desired amount without competition, and they
were only released after consuming all the product
supplied to ensure total consumption of the product.

Table 1. Bromatological composition and fatty acids present in linseed.
Components
DM (%)
CP (%)
NDF (%)
ADF (%)
EE (%)
MM (%)
C12:0 - Lauric acid
C14:0 - Myristic acid
C16:0 - Palmitic acid
C16:1 - Palmitoleic acid
C18:0 - Stearic acid
C18:1 (trans) - Elaidic acid
C18:1 - Oleic acid
C18:2 - Linoleic acid
C18:3n3 - Linolenicacid (omega 3)
C20:0 - Arachidic acid
C20:1 - Cis-11-eicosenic acid
C22:0 - Behenic acid
Polyunsaturated fatty acids
Monounsaturated fatty acids
Saturated Fatty Acids

Values
92.90
21.99
40.09
20.59
27.35
7.03
Fatty acids (g kg−1)
0.12 ± 0.01
0.24 ± 0.01
6.20 ± 0.12
0.11± 0.01
3.21 ± 0.03
0.25 ± 0.02
16.32 ± 0.05
15.68 ± 0.01
51.89 ± 0.14
0.10± 0.01
0.16 ± 0.04
0.13 ± 0.01
69.95 ± 5.68
16.85 ± 0.09
10.00 ± 0.07

Dry matter (DM); crude protein (PB); ethereal extract (EE); neutral detergent insoluble fiber (NDF); acid detergent insoluble fiber
(FDA); mineral matter (MM).

In this experiment, it was inferred that the
Mombasa grass presented a high forage yield, with
an initial biomass production of 4.830 kg DM/
hectare, a forage accumulation rate of 188 kg DM/
hectare/day, and a residue after grazing of 2.220 kg
DM/hectare, with a mean proportion of the fractions
in the dry matter of 59% leaf, 33% stalk, and 8%
senescent material.

The biomass of the Mombasa grass in the picket
was determined through the exclusion cage method,
where on the day the animals entered, one iron cage
was placed, wired with a screen of 4 m2 (2.5 and
2.0 m width and height, respectively), and the grass
near the ground on the left side of the cage was
collected. On the day the animals left the picket,
the grass on the adjacent right side of the cage was
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collected, in addition to a sample from an area of Reproductive evaluation
equal size outside the cage (grazed grass residue).
During the experimental period, seven sessions
After weighing the grass, the leaf fractions, stalk,
of transvaginal ultrasound-guided ovum pick-up
and senescent material were separated. The daily
(OPU) were performed, the first being performed
dry matter accumulation rate (TAD) was calculated
one day before starting the animal’s adaptation
according to the method described by Campbell
period. D0 was the day after the end of the
(1966).
adaptation, in which the animals started to consume
(OPU) were performed, the first being performed one day before starting the animal’s adaptation period. D0
the desired amount of linseed. From D0 on, 6 OPU
was the day after the end of the adaptation, in which the
animalswere
started
to consume
the desired
sessions
performed
in both
groups,amount
with aof
interval
of 21with
daysa (Figure
1). For of
statistical
linseed. From D0 on, 6 OPU sessions were performedmean
in both
groups,
mean interval
21 days
analysis,
only
the
data
from
the
6
OPUs
performed
(Figure 1). For statistical analysis, only the data from the 6 OPUs performed after the adaptation period were
after the adaptation period were used.
used.
Figure1.
1. Schematic
Schematic representation
of the
in which
the donors
submitted
to the OPU to
during
experimental
Figure
representation
of days
the days
in which
the were
donors
were submitted
the the
OPU
during the
period.
experimental period.
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and 80 cm in length, attaching the needle directly to
a 50 mL plastic tube containing 5 mL of collection
medium, which consisted of DPBS supplemented
with 1% fetal bovine serum (Gibco BRL) and
20 IU sodium heparin mL-1 (Hepamax®, Blau
Pharmaceuticals, Cotia, SP, Brazil) at a temperature
of 37 °C. The collected material was filtered (WTA
Watanabe Tecnologia Aplicada Ltda.) and washed in
the suction solution described above. The recovered
COCs were evaluated under stereomicroscopy and
classified as viable or non-viable. Grade I and II
COCs (cytoplasmic oocytes with homogeneous
granulations and at least three layers of compact
cumulus cells) were considered viable.
Nutrient digestibility
The Mombasa grass dry matter intake by the
animals was determined indirectly using indigestible
ADF as an internal marker, according to the method
described by Cochran et al. (1986).
Grass samples were collected from the entrance and
exit of each paddock at different periods throughout
the experiment using the simulated grazing technique
described by Clipes et al. (2005). The collection was
performed for a period of 40 min, starting before
feeding. The animals were monitored from less than
2 m to observe their grazing habits and preference
for the structural components of the forage. Thus, in
a synchronized manner with the cows, forage was
manually harvested. Subsequently, the material was
homogenized and a subsample of approximately 500
g was stored for further bromatological evaluation.
Feces samples were collected directly from the
animal’s rectal bulb, always on the date of the
OPUs. The total fecal production of the animals was
determined by performing a total collection of feces
in a period of 24 h, which was carried out on the last
day of feeding.
The apparent digestibility coefficients of the
nutrients in the total digestive tract (DATT) were
calculated by the difference between the amount
of nutrient consumed and the amount excreted in

the feces of the same nutrient using the following
equation: DATT (%) = [((DM ingested × % Nutrient)
– (DM excreted × % Nutrient) / (DM ingested × %
Nutrient)) × 100].
Sample analysis
The samples of grass and feces were pre-dried
in a forced ventilation oven (65 °C, 48 h) and then
ground to 2 mm in a Wiley mill, placed in plastic
pots, identified, and stored for further determination
of dry matter (DM) and crude protein (CP)
according to the methodology proposed by Silva and
Queiroz (1981). The levels of NDF and ADF were
determined according to the method described by
Van Soest et al. (1991), and the contents of ethereal
extract (EE) and MM were determined according to
the method described by Silva and Queiroz (1981).
The lipid profile of linseed was determined
according to the methodology of Nunes et al.
(2015), using gas chromatography (Agilent 6890N,
Ramsey - MN, USA) to obtain individual peaks of
fatty acid methyl esters. The analysis was carried
out in the Nutrition Laboratory, Catholic University
Don Bosco (UCDB), Campo Grande-MS, Brazil.
At each OPU session, blood samples were
collected from all animals via venipuncture
(coccygeal vein) into 10 mL vacutainer tubes for
quantification of glucose, albumin, and cholesterol.
After collection, they were centrifuged at 3000 rpm
for 10 min to separate the serum, and then stored
at -20 °C until further analysis as described by
Cardoso et al. (2018a).
The levels of total cholesterol (enzymatic
colorimetric method), albumin (enzymatic
colorimetric-bromocresol green method), and
glucose
(enzyme-hexokinase
method
with
commercial kits) were quantified using COBAS®
automated spectrophotometry (Roche-Hitachi). All
analyses of plasma metabolites were performed at
the Laboratory of Veterinary Clinical Pathology, at
the Federal University of Mato Grosso do Sul.
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Statistical analysis

Results

The study design was completely randomized
with two treatments. For each variable studied, the
normality of variance distribution was verified using
the Shapiro-Wilk test. The data were transformed
if necessary. For the variables of dry matter intake,
nutrient digestibility, AFC, and oocytes quality, the
PROC GLIMMIX procedure was used. The model
included the fixed treatment effects, OPU day and
interaction treatment vs. OPU day, random effect of
animal tested within treatment, and residual error.
Blood metabolite data were analyzed as repeated
data using the PROC MIXED procedure. The SAS
System for Windows (Statistical Analysis System,
version 9.3) was used for all analyses. The data
are presented in average, and for all analyses,
differences of p ≤ 0.05 were considered significant.

Animals fed with linseed had an increase in
apparent digestibility of EE (P < 0.0001), and no
effects (p > 0.05) of treatment were observed on
DM, CP, NDF, or ADF digestibility (Table 2).There
was no effect (p > 0.05) of the addition of linseed on
plasma concentrations of glucose (CTL: 59.4 mg/dL
vs LINS: 59.2 mg/dL), albumin (CTL: 3.61 g/d L
vs LINS: 3.5 g/dL), or cholesterol (CTL: 104.1 mg/
dL vs LINS: 116.3 mg/dL; Figure 2). The observed
values are considered normal for cattle (glucose:
45.00 to 75.00 mg/dL, albumin: 3.3 to 3.55 g/dL,
and cholesterol: 80 and 120 mg/dL).
AFC and oocyte quality showed no interaction
among OPU sessions and treatment, and the averages
of all OPU sessions were grouped per treatment. No
difference was observed in AFC, recovered COCs,
viable oocytes, or quality rate (p > 0.05) between
the groups (Table 3).

Table 2. Daily intake of DM and diet digestibility coefficients of bovine females managed under grazing and treated
with linseed.
Diets

Parameters
DMI - kg/day
DMD (%)
DCP (%)
DNDF (%)
DADF (%)
DEE (%)
TDN (%)

Control
12.67±0.33
62.88±0.96
55.26±6.35
77.15±0.72
74.77±1.05
40.70±0.22
62.89±1.82

Linseed
12.92±0.23
63.11±0.97
62.70±6.37
75.36±0.69
72.45±1.11
69.31±0.21
63.83±2.00

P Value
0.5452
0.8394
0.2541
0.0579
0.1194
<0.0001
0.2179

Daily dry matter intake (DMI), dry matter digestibility % (DMD); digestibility crude protein (DCP); digestibility neutral detergent
fiber (DNDF); digestibility acid detergent fiber (DADF); digestibility ethereal extract (DEE) and total digestible nutrients (TDN).
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Figure 2. Serum concentration of metabolites in the Girolando cows maintained under grazing regime on the
Mombasa
grass concentration
with linseed of
supplementation.
Figure 2. Serum
metabolites in the Girolando cows maintained under grazing regime on the Mombasa
grass with linseed supplementation.
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Table 3. Average ± SD of the antral follicle count (AFC) number of oocytes recovered (viable and nonviable) and

Table
Average
± SDcows
of supplemented
the antral follicle
count(LINS)
(AFC)
number of oocytes recovered (viable and
viability3.rate
of Girolando
with linseed
or (CONTR).
nonviable) and viability rate of Girolando cows supplemented with linseed (LINS) or (CONTR).
Variables*
CONTR
P Value
Variables*
CONTR
(n=6) (n=6)
LINSLINS
(n=6) (n=6)
P Value
OAFP
(n)
31.14±1.97
25.52±2.68
0.7136
AFC (n)
31.14±1.97
25.52±2.68
0.7136
Total
oocytes
recovered
(n)
6.45±1.66
5.28±1.18
0.3495
Total oocytes recovered (n)
6.45±1.66
5.28±1.18
0.3495
Oocytes
and II)
II)(n)
(n)
4.16±1.04
3.64±0.59
0.2853
Oocytes(grades
(grades II and
4.16±1.04
3.64±0.59
0.2853
Non-viable
oocytes
(n)
2.28±0.85
1.64±0.96
0.2925
Non-viable oocytes (n)
2.28±0.85
1.64±0.96
0.2925
Viability
60.48±8.46
64.54±7.77
0.2209
Viabilityrate
rate (%)
(%)
60.48±8.46
64.54±7.77
0.2209
* No significant difference was observed between treatments (P> 0.05).
* No significant difference was observed between treatments (P> 0.05).
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Though it had a high lipid content, the inclusion
of 800 g of linseed in the diet of Girolando cows did
not significantly affect the intake of dry matter and/
or nutrients, digestibility of nutrients, or metabolic
parameters, indicating that the linseed has low
ruminal degradability, with little effect on the
ruminal microbiota, especially cellulolytic bacteria,
or the lipolysis and biohydrogenation of the fatty
acids present in linseed. However, an increase was
observed in the apparent digestibility of the EE,
owing to the high availability of the polyunsaturated
fatty acids present in the linseed at the intestinal
level, which passed through unharmed by the
ruminal environment and reached the duodenumjejunum. They were potentially solubilized by bile
salts and broken down by lipolytic enzymes, with
subsequent absorption by enterocyte cells followed
by re-esterification of fatty acids and transport via
chylomicrons to the liver (WU; PALMQUIST, 1991).
It is known that unsaturated fatty acids are
generally toxic to gram-positive bacteria. The
mechanism might involve a change in cell membrane
permeability, which reduces the ability of cells to
regulate intracellular pH and nutrient uptake. Oleic,
linoleic, and linolenic fatty acids significantly
inhibit the growth of cellulolytic bacteria, such as
Butyrivibrio fibrisolvens, Ruminococcus albus, and
R. flavefaciens, thus reducing the degradability of
fiber (NRC, 2001).
The degree of instauration is, possibly, the most
important trait that influences digestibility either
because it affects the formation of micelles and
the movement of fatty acids in the adjacent water
layer microvilli of the small intestine (NRC, 2001)
or because they are re-esterified faster within the
enterocyte, facilitating its removal from the cytosol
and thereby increasing the rate of absorption (WU;
PALMQUIST, 1991).
In this experiment, the animals fed with linseed
showed higher EE digestibility than the control group
animals, demonstrating efficiency in the absorption
of these lipids, but no effects on dry matter intake or

apparent digestibility of DM, NDF, NDA, CP, and
TDN were observed. Contrasting results were found
by Petit et al. (2002), who observed a reduction (p
< 0.05) in the apparent digestibility of DM, NDF,
ADF, and EE in dairy cows fed with linseed as
grains as compared to animals fed with Megalac®
or micronized soy. The authors further stated that
the access by rumen microorganisms or intestinal
enzymes was greater in Megalac® fat (calcium
soap of fatty acid) and micronized soybean than
in linseed, in which fat would be associated with
the matrix fiber-protein grain. Differences in the
composition of the diet provided to the animals can
explain the opposing results. In this experiment,
linseed was not combined with another ingredient
in the experimental diet.
In the present experiment, the supplementation
period was 126 days since, according to Webb et
al. (2004), in cattle, preantral follicles (primordial
follicle) take approximately three months to grow
to the preovulatory follicular stage. Therefore, the
hypothesis of this experiment was that the period of
ingestion of linseed influenced oocyte development,
and we expected an increase in oocyte viability in
accordance with the period of supplementation. Two
OPUs were performed when theoretically all oocytes
would be under the effect of the supplementation.
No direct effects of lipid supplementation on AFC
were found in Girolando cows supplemented for
126 days with 800 g of linseed. After seven OPU
sessions, no difference was observed in AFC among
sessions of cows supplemented or not supplemented
with linseed. The effects of the addition of PUFAs
in the diet of cattle on AFC are quite controversial,
and studies showing positive effects or no effect can
be found (BILBY et al., 2006; FOULADI-NASHTA
et al., 2009; PONTER et al., 2012; NOGUEIRA et
al., 2012).
Additionally, a few similar studies were
performed with Bos taurus × Bos indicus, the main
milk breed used in the hottest regions of Brazil.
Cavalieri et al. (2005) reported that increased PUFA
in the cow’s diet increased the number of follicles,
2645
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but this increase appeared to be independent from
the fatty acid profile in the diet. Diets rich in linoleic
acid, similar to that present in linseed, or with
the addition of soybean oil to their formulations
increase hepatic gluconeogenesis owing to
the increase of rumen propionate production
(THOMAS; WILLIAMS, 1996). The increase
in gluconeogenesis has been associated with
elevations in plasma concentrations of insulin and
IGF-1, which are capable of increasing the number
of small and medium follicles in Nelore heifers
(NOGUEIRA et al., 2012). On the contrary, Bilby et
al. (2006) found that supplementing dairy cows with
mono and polyunsaturated fatty acids did not lead to
a difference in the number of follicles present in the
ovaries. Similarly, Guardieiro et al. (2011) observed
that the elevation of the circulating concentration of
IGF-1 in Nelore heifers supplemented with rumenprotected fat did not increase AFC, confirming the
data in the present study.
The results found in the literature reporting
the effects of lipid supplementation on oocyte
quality are also controversial (BILBY et al., 2006;
FOULADI-NASHTA et al., 2009; PONTER et
al., 2012; NOGUEIRA et al., 2012). It is believed
that such differences are variable depending on the
initial body condition of the animals (NOGUEIRA
et al., 2012). It has been reported that an increased
energy supply in the bovine diet is beneficial for the
oocyte quality of animals with moderate BCS and
deleterious in animals with high BCS. In the present
study, the mean BCS of the cows of both groups
was high (4 on a scale of 1 to 5) and the quality
rate (70%) of the both groups was similar to that
found in the literature (NOGUEIRA et al., 2012;
FOULADI-NASHTA et al., 2009).
The effect of dietary PUFAs on oocyte
quality may be partially mediated by changes in
follicular fluid fatty acid composition; that is, the
microenvironment surrounding the COC during
its development and maturation (CHILDS et al.,
2008; FOULADI-NASHTA et al., 2009). However,
changes in the fatty acid composition of oocytes

are relatively small, indicating that they have a
mechanism of selective uptake of PUFAs (SANTOS
et al., 2008).
These changes may influence nuclear maturation
and the level of expansion of cumulus cells, critical
points for oocyte post-fertilization development
(MAREI et al., 2009). In this sense, it can be
assumed that even though there is no difference in
oocyte viability, oocyte quality might be related to
fatty acid composition, especially the phospholipid
fraction. However, changes in the lipid profile
increase the fluidity of the plasma membrane and
consequently show improvement in subsequent
early embryonic development, as well as having a
beneficial effect on the cryopreservation process
by increasing the cryotolerance of these structures
(LEÃO et al., 2015; ACCORSI et al., 2016). In other
studies from our research group, it has been observed
that linseed has low potential for degradability
in the rumen, around 20.7% (CARDOSO et al.,
2018b), and when associated with the increase in
EE digestibility, it can be inferred that the animals
absorbed the fatty acids of linseed. Thus, despite
being available in the bloodstream and reaching
the follicular microenvironment, the fatty acids are
consequently absorbed by the COCs, and thus may
not be sufficient to achieve the expected benefits.
In this study, no effect of supplementation was
observed on glucose concentrations (P > 0.05).
These results corroborate those of other authors
who provided diets enriched with PUFAs for
bovine females (PETIT, 2002; BILBY et al., 2006;
NOGUEIRA et al., 2012). Boland et al. (2001)
previously documented the importance of glucose
as a source of energy for the ovary of bovine females
and post-implanted embryos. Owing to the glucoselowering mechanisms of ruminants, effects of
treatments on plasma glucose concentrations are not
normally expected, which explains the maintenance
of glycemia (GAGLIOSTRO; CHILLIARD, 1991).
No differences were found in total plasma
albumin concentration between the groups (P >
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0.05). Evaluation of plasma albumin is a way to
control the protein intake of food (NOGUEIRA et
al., 2012). Although CP consumption was higher
(p < 0.05) in the LINS group, it was not sufficient
to alter plasma albumin concentrations, which
remained within the normal range for the species
(ECKERSALL, 2008).

cholesterol on oocyte quality, as mentioned above.
Considering that 0,8 Kg/cow/day didn´t bring
heathy problems and that this animals were with a
very good BCS, the increase of this amount could
show better results. It is also possible that better
results could be seen in lactating cows with a lesser
BCS.

The administration of fat to cows stimulates
the synthesis and accumulation of cholesterol
and cholesterol esters in tissues and body fluids,
including in the ovaries (THOMAS; WILLIAMS,
1996; NOGUEIRA et al., 2012). The lipoproteins
predominantly present in the bloodstream of
ruminants are high-density lipoproteins (HDL),
which appear to be the only lipoproteins with access
to the intrafollicular compartment (HAWKINS et
al., 1995). Ryan et al. (1995) evaluated the number
of follicles responsive to superovulatory treatment
and the number and quality of embryos produced,
providing diets with and without supplementation
of soybean oil. The authors observed an increase
in the number of mean follicles, total cholesterol
concentration, and progesterone in the follicular
fluid of heifers receiving supplementation. However,
there was no change in the superovulatory response
or number or quality of embryos produced. These
results confirm the hypothesis of Mihm et al.
(2002), who suggested that the increase in the
number of follicles recovered could be explained by
the increase in plasma and follicular levels of HDL
cholesterol owing to the increase in fat intake. HDL
cholesterol, which is free in the luteal cells of the
granulosa, would stimulate the production of IGF-1
and other growth factors. According to Monniaux
et al. (1997), growth factors modulate growth,
maturation, and follicular atresia. These factors are
determinant in the development of small follicles
until they become dependent on gonadotrophins.
In the present study, no differences were found
in plasma cholesterol concentrations between
groups, although there was a trend (p = 0.0507) in
the correlation of cholesterol with the number of
viable oocytes, which suggests a possible effect of

Thus, these results suggest the use of PUFAs in
the diet of cattle to provide better quality oocytes
and embryos. However, it is clear that research on
this subject needs to be continued.

Conclusion
In conclusion, supplementation of Girolando
cows with 0.800 kg/day of linseed did not alter the
AFC, quality of oocytes, or glucose, albumin, or
cholesterol concentrations. The linseed provided
in grain form to Girolando cows did not alter the
digestibility of nutrients, except for the ethereal
extract.
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