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Post–artificial insemination supplementation with calcium salts of soybean  
oil influences pregnancy establishment factors in Bos indicus beef cows1

r. S. cipriano,* r. F. cooke,†2,3 A. d. rodrigues,‡ l. G. t. Silva,‡  
d. W. Bohnert,† r. S. Marques,† J. l. M. Vasconcelos,‡ A. V. Pires,§ and r. l. A. cerri#

*Unisalesiano Auxilium, Araçatuba, SP, Brazil, 16016-500; †Eastern Oregon Agricultural  
Research Center – Oregon State University, Burns 97720; ‡Faculdade de Medicina Veterinária e Zootecnia, 

Universidade Estadual Paulista, Botucatu, SP, Brazil, 18618-970; §Departamento de Zootecnia, ESALQ – Universidade 
de São Paulo, Piracicaba, SP, Brazil, 13418-900; and #Faculty of Land and Food Systems – University of British 

Columbia, Vancouver, BC V6T 1Z4, Canada

ABStrAct: The objective of this experiment was 
to compare hormonal, uterine, and conceptus factors 
associated with pregnancy establishment in Bos indicus 
beef cows supplemented or not with Ca salts of soybean 
oil (CSSO) for 21 d beginning after timed AI. One hun-
dred lactating multiparous Nelore cows were allocated 
to 20 groups of 5 cows/group and timed inseminated on 
d 0 of the experiment. After AI, groups were randomly 
assigned to receive (as-fed basis) 100 g of protein–min-
eral mix + 100 g of ground corn per cow per day, in 
addition to 1) 100 g/cow daily of CSSO (n = 10) or 2) 
100 g/cow daily of kaolin (CON; rumen-inert indigest-
ible substance; n = 10). Groups were maintained in 4 
Panicum maximum pastures (5 groups from the same 
treatment within each pasture) with ad libitum access 
to forage. Groups were segregated daily and individu-
ally offered treatments from d 0 to 21. Blood samples 
were collected and transrectal ultrasonography was 
performed to verify ovulation and corpus luteum (CL) 
volume immediately before AI (d 0) and on d 7 and 15. 
After ultrasonography on d 15, 60 cows (30 cows/treat-
ment and 3 cows/group) diagnosed without the presence 
of a CL on d 0 but with a CL greater than 0.38 cm3 in 
volume on d 7 and 15 were assigned to conceptus col-

lection via transcervical flushing with PBS followed by 
endometrial biopsy in the uterine horn ipsilateral to the 
CL. Additional blood samples were collected for whole-
blood RNA extraction (d 20), and pregnancy status was 
verified by transrectal ultrasonography (d 30) in cows 
not assigned to conceptus collection. Cows receiving 
CSSO had greater (P ≤ 0.04) mean plasma linoleic 
acid concentration, plasma linoleic:linolenic acid ratio, 
plasma progesterone (P4) concentration, and CL vol-
ume during the experiment compared with CON cows. 
Moreover, CSSO supplementation increased (P ≤ 0.04) 
length and mRNA expression of prostaglandin E syn-
thase and interferon-tau by the conceptus as well as 
blood mRNA expression of interferon-stimulated genes 
on d 20 in gestating cows. No treatment differences were 
detected (P ≥ 0.30) for endometrial mRNA expression 
of prostaglandin E synthase and cyclooxygenase-2. In 
summary, post-AI CSSO supplementation to B. indicus 
beef cows increased plasma concentration of linoleic 
acid and enhanced pregnancy establishment factors, 
which included CL development and plasma P4 con-
centration, conceptus growth, and mRNA expression 
of interferon-tau as well as blood mRNA expression of 
interferon-stimulated genes.

Key words: beef cows, calcium salts of soybean oil,  
gene expression, interferon-tau, pregnancy, progesterone
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IntroductIon

Early embryonic loss is a major reproductive chal-
lenge in cow–calf systems and is defined as losses that 
occur from conception to d 27 of gestation (Humblot, 
2001). Therefore, strategies to enhance early embry-
onic survival are warranted for optimal reproductive 
and overall efficiency of cow–calf operations. Our 
group reported that supplementation with Ca salts 
of soybean oil (cSSo) for 21 d beginning after AI—
hence, through the period when maternal pregnancy 
recognition occurs (Spencer and Bazer, 2004)—in-
creased pregnancy risk by 30% in Bos indicus beef 
cows (Lopes et al., 2009, 2011). This outcome was 
credited with enhancing early pregnancy maintenance 
and was later associated with incorporation of linoleic 
acid and its ω-6 derivatives into maternal and embry-
onic tissues (Cooke et al., 2014).

Earlier experiments, however, did not elucidate 
the mechanisms by which CSSO supplementation 
and subsequent tissue uptake of linoleic and ω-6 fatty 
acids benefit pregnancy maintenance in beef females 
(Lopes et al., 2009, 2011; Cooke et al., 2014). Linoleic 
acid serves as precursor for PGF2α synthesis, the hor-
mone refor luteolysis that has been associated with 
reduced pregnancy rates in beef females (Hess et al., 
2008). Moreover, linoleic and ω-6 fatty acids are also 
precursors of PGE2 (Schmitz and Ecker, 2008), which 
is a critical regulator of pregnancy establishment in 
sheep and cattle by promoting synthesis and endo-
metrial activity of interferon-tau (IFnt; Erdem and 
Guzeloglu, 2010; Dorniak et al., 2011). Therefore, we 
hypothesized that CSSO supplementation during early 
gestation favors maternal and embryonic responses re-
quired for pregnancy establishment, including PGE2 
synthesis and the IFNt-signaling cascade. To test this 
hypothesis, this experiment investigated the effects of 
CSSO supplementation during early gestation on hor-
monal, uterine, and conceptus factors associated with 
pregnancy establishment in B. indicus beef cows.

MAtErIAlS And MEtHodS

This experiment was conducted from January 
through March 2016 at a commercial cow–calf operation 
located in Aruanã, Brazil. This work was determined to 
be exempt from review and approval by the Oregon State 
University Institutional Animal Care and Use Committee 
(EFIR17-06). Nevertheless, the animals utilized herein 
were cared for in accordance with the practices outlined 
in the Guide for the Care and Use of Agricultural Animals 
in Agricultural Research and Teaching (FASS, 2010).

Animals and Diets

One hundred lactating multiparous Nelore cows 
(430 ± 5 kg BW; BCS = 2.87 ± 0.02; age = 8.5 ± 0.2 yr; 
152 ± 1 d postpartum) were ranked by BCS and days 
postpartum and allocated to 20 groups of 5 cows/group 
in a manner such that groups had equivalent BCS and 
days postpartum at the beginning of the experiment (d 
−11). To facilitate cattle management and sampling pro-
cedures, groups were randomly divided into 2 lots of 10 
groups/lot. Lots (10 groups/lot and 5 cows/group) start-
ed the experiment over 2 consecutive days following 
the same experimental schedule (d −11 to 30). Groups 
were maintained in 4 Panicum maximum pastures (6 
ha each) with ad libitum access to forage and water 
throughout the experimental period, with 5 groups from 
the same lot within each pasture. From d −11 to −1, 
groups were supplemented with (as-fed basis) 100 g of 
a protein–mineral mix (21.8% CP and 78% TDN, DM 
basis; Centrum Peso 20; MCassab Tecnologia Animal, 
São Paulo, Brazil) + 100 g of ground corn per cow daily. 
Supplement was provided in feed bunks placed within 
each pasture (1.0 m/cow of linear bunk space) and read-
ily consumed by cows.

Groups were enrolled in an estrus-synchroniza-
tion + fixed-time AI protocol (Meneghetti et al., 2009) 
from d −11 to 0. Cows were inseminated on d 0 by the 
same technician, using semen from the same bull and 
batch. Estrus detection aids (Estrotect; Rockway Inc., 
Spring Valley, WI) were applied on d −2 to all cows, 
and occurrence of estrus was recorded at timed AI. 
Estrus was defined as removal of >50% of the rub-off 
coating on the Estrotect patch (Thomas et al., 2014). 
Immediately after AI, groups were randomly assigned 
to receive (as-fed basis) 100 g of a protein–mineral 
mix + 100 g of ground corn per cow daily, in addition 
to 1) 100 g/cow daily of CSSO (Megalac-E; Elanco 
Saúde Animal, São Paulo, Brazil; n = 10) or 2) 100 g/
cow daily of kaolin (con; rumen-inert indigestible 
substance; n = 10). On d 0, groups were reallocated 
in a manner such that each pasture had 5 groups from 
the same lot and treatment. Groups were segregated 
daily and individually offered treatments at the work-
ing facility from d 0 to 21 (0600 to 1200 h), with 
bunk space of approximately 1.0 m/cow. Cows read-
ily consumed treatments within 15 min after feeding. 
Groups were rotated among pastures daily to account 
for potential effects of pasture on the variables evalu-
ated herein. Nutritional and fatty acid concentrations 
of all feedstuffs used herein are described in Table 1. 
Composition and nutritional profile of dietary treat-
ments were similar to that described earlier (Lopes et 
al., 2011; Cooke et al., 2014) and are listed in Table 2.

Samples of pastures and supplement ingredients 
were collected weekly during the experiment, pooled 
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within week, and analyzed for nutrient concentration by 
a commercial laboratory (Dairy One Forage Laboratory, 
Ithaca, NY). All samples were analyzed by wet chemis-
try procedures for concentrations of CP (method 984.13; 
AOAC, 2006), ADF (method 973.18 modified for use 
in an Ankom 200 fiber analyzer; Ankom Technology 
Corp., Fairport, NY; AOAC, 2006), and NDF (Van 
Soest et al., 1991; modified for use in an Ankom 200 
fiber analyzer). Samples were also analyzed for fatty 
acid concentrations using gas chromatography (Agilent 
7890; Agilent Technologies, Inc., Wilmington, DE) ac-
cording to Tripathy et al. (2010). Only fatty acids iden-
tified by the assay were recorded. Calculations for TDN 
used the equations proposed by Weiss et al. (1992), 
whereas NEm was calculated with the equations pro-
posed by the NRC (2000).

Sampling

Blood samples were collected immediately before 
AI (d 0) and on d 7 and 15 of the experiment from either 
the coccygeal vein or artery into blood collection tubes 
(Vacutainer, 10 mL; Becton, Dickinson and Company, 
Franklin Lakes, NJ) containing 158 US pharmacopeia 
units of freeze-dried sodium heparin. After collection, 
blood samples were immediately placed on ice, centri-
fuged (2,500 × g for 30 min at 4°C) for plasma harvest, 
and stored at −20°C on the same day of collection. 
Transrectal ultrasonography (7.5-MHz transducer, 500 V; 
Hitachi Aloka Medical America, Inc., Wallingford, CT) 
was performed concurrent with blood sampling on d 0, 7, 
and 15 to verify dominant follicle diameter (d 0) and es-
timate corpus luteum (cl) volume (d 7 and 15). Corpus 
luteum volume was estimated using the formula for vol-

ume of a sphere: volume = 4/3π × (D/2)3, in which D is 
the maximum luteal diameter (Cooke et al., 2009). When 
the CL had a cavity, the cavity volume was also calcu-
lated as a sphere and subtracted from the CL volume.

Immediately after the ultrasonography exam on d 
15, 60 cows (30 cows/treatment and 3 cows/group) di-
agnosed without the presence of a CL on d 0 but with a 
CL greater than 0.38 cm3 in volume on d 7 and 15 were 
selected for conceptus collection and endometrial biop-
sy. This criterion was based on the smallest diameter of 
a functional CL detected in Nelore cows following in-
duced ovulation, as reported by Figueiredo et al. (1997). 
Selection was randomly performed when groups had ≥4 
cows that met the aforementioned criteria. Conceptus 
collection was performed via transcervical flushing of 
the uterine horn ipsilateral to the CL, according to the 
methods described by Ribeiro et al. (2016). Up to 5 flush-
ings of 20 mL PBS each were performed if no conceptus 
tissue was recovered. The recovered conceptuses were 
transferred to a sterile 100 by 15 mm petri dish (CRAL 
Artigos para Laboratórios Ltda., São Paulo, Brazil) and 
measured for length. The uterine luminal media from the 
first PBS flush was deposited in a 50-mL sterile conical 
tube (Corning Life Sciences, Tewksbury, MA), placed on 
ice, stored at −20°C within 4 h for 5 d, and then stored 
at −80°C until further processing. Following conceptus 
collection, endometrial biopsy was performed in the 
uterine horn ipsilateral to the CL according to Cerri et 
al. (2011). Conceptus and endometrial samples were 
stored into 5-mL sterile cryogenic tubes (CRAL Artigos 
para Laboratórios Ltda.) containing 2 mL of RNA sta-
bilization solution (RNAlater; Ambion Inc., Austin, TX), 
maintained at 4°C for 24 h, and stored at −20°C until 
further processing.

table 1. Nutritional and fatty acid profile (DM basis) of feedstuffs used in the experiment
Item Corn Protein–mineral mix1 Megalac-E2 Pasture3

TDN, % 86 78 193 59
NEm,4 Mcal/kg 2.16 1.89 6.98 1.05
CP,4 % 8.5 21.8 0.8 11.1
NDF,4 % 8.1 19.1 1.2 64.7
Total identified fatty acids,5 % 4.2 2.7 88.3 2.4

Palmitic acid (16:0), % 0.88 2.02 15.77 0.50
Stearic acid (18:0), % 0.03 0.37 4.54 0.13
Oleic acid (18:1), % 0.33 0.00 27.32 0.16
Linoleic acid (18:2), % 2.72 0.02 36.11 0.47
Linolenic acid (18:3), % 0.09 0.11 2.89 0.99

1Centrum Peso 20 (MCassab Tecnologia Animal, São Paulo, Brazil).
2Elanco Saúde Animal (São Paulo, Brazil).
3Panicum maximum pasture.
4Values obtained from a commercial laboratory wet chemistry analysis (Dairy One Forage Laboratory, Ithaca, NY). The TDN concentration was calcu-

lated according to the equations described by Weiss et al. (1992). The NEm concentration was calculated with the following equation (NRC, 2000): NEm 
= 1.37 ME − 0.138 ME2 + 0.0105 ME3 − 1.12, given that ME = DE × 0.82 and 1 kg TDN = 4.4 Mcal DE.

5As a percentage of DM (Tripathy et al., 2010).
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After conceptus collection and endometrial bi-
opsy on d 15, all cows were returned to their respec-
tive groups and pastures. On d 20, blood samples were 
collected from the nonflushed cows (20 cows/treat-
ment and 2 cows/group) into PAXgene tubes (BD 
Diagnostics, Sparks, MD) for whole-blood RNA ex-
traction. On d 21, treatment administration and supple-
mentation were terminated, and pregnancy status of the 
nonflushed cows was evaluated via transrectal ultraso-
nography (5.0-MHz transducer, 500 V; Hitachi Aloka 
Medical America, Inc., Wallingford, CT) on d 30.

Laboratorial Analysis

Plasma Samples. All samples were analyzed for 
fatty acid concentrations using gas chromatography 
(Agilent 7890) with the same procedure used for feed 
samples (Tripathy et al., 2010). Plasma samples collect-
ed on d 7 and 15 from cows that did not have a CL on d 
0 but with a CL greater than 0.38 cm3 in volume concur-
rent with blood collection (Figueiredo et al., 1997) were 
analyzed for progesterone (P4) concentrations using a 
chemiluminescent enzyme immunoassay (Immulite 
1000; Siemens Medical Solutions Diagnostics, Los 
Angeles, CA). All plasma samples were analyzed for 
P4 within a single assay, with intra-assay CV of 5.6% 
and minimum detectable concentration of 0.1 ng/mL.

Uterine Luminal Flushing. The uterine luminal 
media from the first PBS flush collected from cows 
that had a conceptus was analyzed for IFNt concen-
trations using a bovine-specific commercial ELISA 
kit (MyBioSource LLC, San Diego, CA) validated by 
Cooke et al. (2014). All samples were analyzed within 
a single assay, with intra-assay CV of 2.29% and mini-
mum detectable concentration of 0.1 pg/mL.

Tissue Samples. Total RNA was extracted only from 
tissue samples collected from cows that had a conceptus 
using the TRIzol Plus RNA Purification Kit (Invitrogen, 
Carlsbad, CA). Quantity and quality of isolated RNA 
were assessed via UV absorbance (NanoDrop Lite; 
Thermo Fisher Scientific, Wilmington, DE) at 260 nm 
and 260:280 nm ratio, respectively (Fleige and Pfaffl, 
2006). Extracted RNA (100 ng for conceptus and 200 
ng for endometrial samples) was reverse transcribed 
using the High Capacity cDNA Reverse Transcription 
Kit with random hexamers (Applied Biosystems Inc., 
Foster City, CA). Real-time reverse transcription PCR 
(rt-Pcr) was completed using the Fast SYBR Green 
Master Mix (Applied Biosystems Inc.) and gene-spe-
cific primers (20 pM each; Table 3) with the StepOne 
Real-time PCR system (Applied Biosystems Inc.), ac-
cording to procedures described by Cooke et al. (2008). 
At the end of each RT-PCR, amplified products were 
subjected to a dissociation gradient (95°C for 15 s, 
60°C for 30 s, and 95°C for 15 s) to verify the ampli-
fication of a single product by denaturation at the an-
ticipated temperature. Responses were quantified based 
on the threshold cycle (ct), the number of PCR cycles 
required for target amplification to reach a predeter-
mined threshold. The CT responses from conceptus and 
endometrial genes of interest were normalized to the 
geometrical mean of CT values of (Vandesompele et al., 
2002) glyceraldehyde-3-phosphate dehydrogenase and 
ribosomal protein L19 and those of suppressor of zeste 
12 homolog and zinc finger protein 131, respectively. 
The CV for the geometrical mean of glyceraldehyde-
3-phosphate dehydrogenase and ribosomal protein L19 

table 2. Composition and nutritional profile of treat-
ments offered in the experiment1

Item CSSO CON
Ingredients, % as-fed

Ground corn 33.3 33.3
Protein–mineral mix 33.3 33.3
Megalac-E 33.3 –
Kaolin – 33.3

Nutrient profile, DM basis
DM, % 91.7 93.0
TDN,2 % 120.3 53.7
NEm,3 Mcal/kg 3.74 1.32
CP, % 10.2 10.0
NDF, % 9.36 8.94
Total identified fatty acids,4 % 32.8 2.25

Palmitic acid (16:0), % 6.40 0.95
Stearic acid (18:0), % 1.70 0.13
Oleic acid (18:1), % 9.54 0.11
Linoleic acid (18:2), % 13.36 0.89
Linolenic acid (18:3), % 1.06 0.07

Daily intake
DM, g 275 279
TDN,2 g 331 147
NEm,3 Mcal 1.02 0.36
CP, g 28.1 27.4
NDF, g 25.7 24.6
Total identified fatty acids,4 g 90.1 6.2

Palmitic acid (16:0), g 17.60 2.62
Stearic acid (18:0), g 4.67 0.36
Oleic acid (18:1), g 26.24 0.29
Linoleic acid (18:2), g 36.74 2.44
Linolenic acid (18:3), g 2.92 0.18

1Cows received (as-fed basis) 100 g of a protein-mineral mix + 100 g of 
ground corn per cow daily, in addition to: 1) 100 g/cow daily of Ca salts of 
soybean oil (CSSO; Megalac-E, Elanco Saúde Animal, São Paulo, Brazil; 
n = 10), or 2) 100 g/cow daily of kaolin (CON; rumen-inert indigestible 
substance; n = 10).

2Calculated according to the equations described by Weiss et al. (1992).
3Calculated with the following equation (NRC, 2000): NEm = 1.37 ME 

− 0.138 ME2 + 0.0105 ME3 − 1.12, given that ME = DE × 0.82 and 1 kg 
TDN = 4.4 Mcal DE.

4Estimated from the treatment consumption of each individual experi-
mental unit.
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CT values across all conceptus samples was 1.7%. The 
CV for the geometrical mean of suppressor of zeste 12 
homolog and zinc finger protein 131 CT values across 
all endometrial samples was 2.4%. Results are ex-
pressed as relative fold change (2− ΔΔCT), as described 
by Ocón-Grove et al. (2008).

PAXgene Samples. Total RNA was extracted 
from all samples using the PAXgene Blood RNA Kit 
(Qiagen, Valencia, CA). Assessment of quantity and 
quality of isolated RNA, reverse transcription (120 ng 
of extracted RNA), and real-time RT-PCR with gene-
specific primers (20 pM each; Table 3) were performed 
as described for tissue samples. Responses from genes 
of interest were quantified based on CT and normal-

ized to the geometrical mean of CT values from β2-
microglobulin and β-actin (Vandesompele et al., 2002). 
The CV for the geometrical mean of β2-microglobulin 
and β-actin CT values across all conceptus samples was 
2.1%. Results are expressed as relative fold change (2−
ΔΔCT) as described by Ocón-Grove et al. (2008).

Statistical Analyses

Quantitative and binary data were analyzed with 
the MIXED and GLIMMIX procedures, respectively, of 
SAS (SAS Inst. Inc., Cary, NC) and with Satterthwaite 
approximation to determine the denominator degrees 
of freedom for the tests of fixed effects. All data were 

table 3. Primer sequences, accession number, and reference for all gene transcripts analyzed by real-time reverse 
transcription PCR
Target gene Primer sequence Accession no. Source
Genes of interest

20,50-oligoadenylate synthetase
Forward ACCCTCTCCAGGAATCCAGT NM 001040606 Fricke et al. (2016)
Reverse GATTCTGGTCCCAGGTCTGA

Cyclooxygenase-2
Forward TCCTGAAACCCACTCCCAACA NM_174445 Takagi et al. (2008)
Reverse TGGGCAGTCATCAGGCACAG

Interferon-stimulated gene 15
Forward GGTATGAGCTGAAGCAGTT NM_174366 Fricke et al. (2016)
Reverse ACCTCCCTGCTGTCAAGGT

Interferon-tau
Forward GCCCTGGTGCTGGTCAGCTA AF238612 Rizos et al. (2003)
Reverse CATCTTAGTCAGCGAGAGTC

Myxovirus resistance 2
Forward CTTCAGAGACGCCTCAGTCG NM 173941 Fricke et al. (2016)
Reverse TGAAGCAGCCAGGAATAGTG

Prostaglandin E synthase
Forward CGCTGCTGGTCATCAAAAT NM_174443.2 Takagi et al. (2008)
Reverse GGAAGGGGTAGATGGTCTCC

Reference genes
β-actin

Forward CTGGACTTCGAGCAGGAGAT AY141970 Gifford et al. (2007)
Reverse GGATGTCGACGTCACACTTC

β2-microglobulin
Forward GGGCTGCTGTCGCTGTCT NM_173893 Silva et al. (2008)
Reverse TCTTCTGGTGGGTGTCTTGAGT

Glyceraldehyde-3-phosphate dehydrogenase
Forward ACCCAGAAGACTGTGGATGG NM_001034034 Cerri et al. (2012)
Reverse CAACAGACACGTTGGGAGTG

Ribosomal protein L19
Forward ATTGACCGCCACATGTATCA NM_001040516 Monteiro et al. (2014)
Reverse GCGTGCTTCCTTGGTCTTAG

Suppressor of zeste 12 homolog
Forward GAACACCTATCACACACATTCTTGT XM_582605 Walker et al. (2009)
Reverse TAGAGGCGGTTGTGTCCACT

Zinc finger protein 131
Forward AGAAAGAAGCTTTATGAATGTCAGG NM_001101218 Walker et al. (2009)
Reverse GTTTATCTCCAGTGTGTATCACCAG
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analyzed using group as experimental unit as well as 
lot, group(treatment × lot), and cow(group) as random 
variables. The model statement used for dominant fol-
licle diameter, estrus expression, presence of conceptus, 
conceptus length, IFNt concentrations in the uterine 
flushing, and all endometrial and conceptus gene ex-
pression results contained the effect of treatment. The 
model statement used for blood gene expression results 
contained the effects of treatment, pregnancy status on 
d 30, and the resultant interaction. The model statement 
used for CL volume, plasma P4 and fatty acid concentra-
tions, and proportion of cows without a CL on d 0 but 
with CL greater than 0.38 cm3 in volume on d 7 and 15 
contained the effects of treatment, day, and the resultant 
interaction. Plasma fatty acid concentrations were ana-
lyzed using values from d 0 as an independent covariate, 
whereas all reproductive variables included estrus ex-
pression as an independent covariate. The specified term 
for the repeated measure analyses was day, cow(group) 
was the subject, and the covariance structure used was 
first-order autoregressive, which provided the smallest 
Akaike information criterion and, hence, the best fit for 
the variables analyzed. Results are reported as covariate-
ly adjusted least squares means and were separated us-
ing LSD. Significance was set at P ≤ 0.05 and tendencies 
were determined if P > 0.05 and P ≤ 0.10. Results are 
reported according to main treatment effect if no inter-
action containing the treatment effect was significant or 
according to the highest-order interaction detected.

rESultS And dIScuSSIon

Plasma Fatty Acid Concentrations
Plasma concentrations of individual and total 

identified fatty acids did not differ (P ≥ 0.15; data 
not shown) between CSSO-supplemented and CON 
cows on d 0, indicating that cows in both dietary treat-
ments had similar plasma fatty acid concentrations 
and profiles before treatment administration. During 
the experimental period, CSSO-supplemented cows 
had greater (P ≤ 0.03) plasma concentrations of pal-
mitic, stearic, and linoleic acids; SFA and PUFA; 
linoleic:linolenic acid ratio; and total identified fatty 
acids and tended to have greater (P ≤ 0.07) plasma con-
centrations of mystiric acid compared with CON cows 
(Table 4). A treatment × day interaction was detected 
(P = 0.05) for plasma concentration of linolenic acid, 
which was greater (P < 0.01) for CSSO-supplemented 
cows than for CON cows on d 7 (0.144 vs. 0.109 mg/
mL of plasma, respectively; SEM 0.009) but similar 
(P = 0.95) between treatments on d 15 (0.122 vs. 0.123 
mg/mL of plasma, respectively; SEM 0.009). These 
results corroborate the fatty acid content and profile of 

the CSSO treatment (Table 2; predominantly linoleic 
acid), given that plasma fatty acid concentrations di-
rectly reflect intake and duodenal flow of fatty acids 
(Lake et al., 2007; Scholljegerdes et al., 2007; Hess 
et al., 2008). Previous studies also reported that sup-
plementing beef cattle with CSSO increased plasma 
concentrations of linoleic acid and total PUFA (Cooke 
et al. (2011, 2014), although these authors reported 
similar or reduced plasma linolenic acid concentra-
tions in CSSO-supplemented vs. nonsupplemented 
cattle. Nevertheless, CSSO-supplemented cows had 
greater plasma concentrations of linolenic acid only 
on d 7, and the mean linoleic:linolenic acid ratio was 
nearly doubled compared with that in CON cows. 
Hence, supplementing 100 g of CSSO to beef cows in 
the present experiment favored intake and circulating 
concentrations of linoleic acid compared with linole-
nic acid as in Cooke et al. (2011, 2014), particularly 
on d 15 of the experiment, when maternal pregnancy 
recognition begins (Spencer and Bazer, 2004).

Ovarian Variables and Plasma Progesterone 
Concentration

A similar (P = 0.93) proportion of CSSO-
supplemented and CON cows expressed estrus from d 
−2 to 0 (42.0 vs. 44.0%, respectively [SEM 7.2%], which 
corresponds to 21 and 22 cows within 50 cows assigned 
to each treatment). In addition, no treatment differences 

table 4. Plasma fatty acid concentrations (mg/mL of 
plasma) of beef cows supplemented or not with 100 g of 
Ca salts of soybean oil1,2

Item3 CSSO CON SEM P-value
Mystiric acid (14:0) 0.263 0.214 0.018 0.07
Myristoleic acid (14:1) 0.176 0.163 0.011 0.44
Palmitic acid (16:0) 0.219 0.188 0.013 0.02
Stearic acid (18:0) 0.347 0.285 0.020 <0.01
Oleic acid (18:1) 0.197 0.206 0.019 0.39
Linoleic acid (18:2) 0.386 0.199 0.025 <0.01
Linolenic acid (18:3) 0.133 0.116 0.06 0.06
Total SFA 0.964 0.783 0.054 0.03
Total MUFA 0.376 0.367 0.022 0.57
Total PUFA 0.523 0.315 0.033 <0.01
Linoleic:linolenic acid ratio 3.03 1.72 0.17 <0.01
Total identified fatty acids 1.863 1.465 0.073 <0.01

1Cows received (as-fed basis) 100 g of a protein-mineral mix + 100 g 
of ground corn per cow daily, in addition to: 1) 100 g/cow daily of Ca salts 
ofsoybean oil (CSSO; Megalac-E, Elanco Saúde Animal, São Paulo, Brazil; 
n = 10), or 2) 100 g/cow daily of kaolin (CON; rumen-inert indigestiblesub-
stance; n = 10). Treatments were offered from d 0 to 21 of the experiment.

2Blood samples were collected from all cows (n = 100; 50/treatment) on 
d 0 (before the first treatment application), 7, and 15. Values obtained on d 0 
served as covariate; therefore, reported values are covariately adjusted means.

3SFA comprise mystiric, palmitic, and stearic acids; MUFA comprise 
oleic and myristoleic acids; PUFA comprise linoleic and linolenic acids.
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were detected (data not shown) for estrus expression 
within cows assigned (P = 0.51) or not (P = 0.44) to con-
ceptus flushing or within cows assigned to flushing that 
had a conceptus collected on d 15 (P = 0.56). Treatment 
administration began on d 0, which is after the period of 
estrus expression evaluation. Nonetheless, estrus expres-
sion impacts ovarian dynamics (Sá Filho et al., 2010), 
conceptus development, and mRNA expression of genes 
associated with pregnancy establishment in endometrial 
and conceptus tissues (Davoodi et al., 2016), and for 
this reason, it was included in all reproductive analyses 
as an independent covariate. Therefore, all treatment ef-
fects reported herein for maternal and conceptus variables 
should not be associated with differences in estrus expres-
sion among treatments. A similar (P ≥ 0.65) proportion of 
CSSO-supplemented cows and CON cows did not have a 
CL on d 0 but had a CL greater than 0.38 cm3 in volume 
on d 7 (94.2 vs. 92.0%, respectively [SEM 7.3%], which 
corresponds to 47 and 46 cows within 50 cows assigned 
to each treatment) and 15 (92.0 vs. 90.0%, respectively 
[SEM 5.6%], which corresponds to 46 and 45 cows with-
in 50 cows assigned to each treatment). The goal of the 
experiment was not to compare synchronization rate or 
to assess luteolysis between treatments. This information 
is being presented to demonstrate that treatment effects 
on plasma P4 concentration and CL volume were deter-
mined using a balanced data set as in Cooke et al. (2014).

Cows supplemented with CSSO had a greater mean 
plasma P4 concentration (P < 0.01) and mean CL volume 
(P ≤ 0.04) during the experiment compared with CON 
cows (Table 5). The diameter of the dominant follicle on 
d 0 was similar (P = 0.51) between CSSO-supplemented 
cows and CON cows (Table 5); hence, treatment dif-
ferences reported for CL volume and plasma P4 con-
centration were not related to size of the ovulatory fol-
licle (Vasconcelos et al., 2001). Supporting our findings, 
Cooke et al. (2014) reported that CSSO-supplemented 
cows had greater plasma P4 concentration and CL vol-
ume on d 7 after AI compared with nonsupplemented 
cows and attributed these outcomes to hastened CL de-
velopment when CSSO was supplemented. Lopes et al. 
(2009, 2011) also reported that CSSO-supplemented 
cows had greater serum P4 concentrations compared 
with nonsupplemented cohorts on d 7 after AI because 
of increased P4 synthesis and reduced hepatic catabo-
lism of P4 (Hawkins et al., 1995; Staples et al., 1998; 
Sangsritavong et al., 2002). The increase in plasma P4 
concentration in CSSO-supplemented cows reported 
herein also seems to be directly related to their greater 
CL volume compared with CON cows. In turn, hastened 
CL development can be attributed to increased intake 
and incorporation of linoleic and ω-6 fatty acids into lu-
teal tissues of CSSO-supplemented cows as suggested 
by Cooke et al. (2014), although this experiment did not 

evaluate hepatic P4 catabolism or luteal fatty acid con-
centrations. Nonetheless, circulating P4 concentrations 
after breeding have been positively associated with preg-
nancy rates in cattle (Robinson et al., 1989; Stronge et al., 
2005). Therefore, results from this experiment corrobo-
rate that increased circulating P4 concentrations seems to 
be one of the mechanisms by which supplemental CSSO 
after AI improves pregnancy rates in beef cows (Lopes et 
al., 2009; Cooke et al., 2014).

Pregnancy Establishment Factors

No treatment differences (P ≥ 0.75) were detected 
for the proportion of cows that had a conceptus on d 
15 and 30 (Table 5), although the aim of the study was 
not to compare pregnancy risk between treatments 

table 5. Ovarian and pregnancy factors in beef cows sup-
plemented or not with 100 g of Ca salts of soybean oil1,2

Item CSSO CON SEM P-value
Ovarian factors

Dominant follicle diameter  
(d 0), mm

13.2 13.0 0.5 0.51

Corpus luteum volume,3 cm3 3.25 2.76 0.19 0.04
Plasma progesterone,3 ng/mL 4.58 3.89 0.29 <0.01

Pregnancy factors
Proportion of cows with conceptus,4 %

Day 15 40.4 36.3 9.0 0.75
Day 30 43.5 40.1 12.0 0.85

Conceptus length5 2.58 1.15 0.59 0.04
IFNt6 uterine flushing media,5 
ng/mL

19.3 15.6 3.7 0.49

1CSSO =Cows received (as-fed basis) 100 g of a protein-mineral mix + 100 
g of ground corn per cow daily, in addition to: 1) 100 g/cow daily of Ca salts of 
soybean oil (CSSO; Megalac-E, Elanco Saúde Animal, São Paulo, Brazil; n = 
10), or 2) 100 g/cow daily of kaolin (CON; rumen-inert indigestible substance; 
n = 10). Treatments were offered from d 0 to 21 of the experiment. Results 
are covariately adjusted to estrus expression (Estrotect; Rockway Inc., Spring 
Valley, WI; Thomas et al., 2014) from d −2 to 0 of the experiment.

2Transrectal ultrasonography (7.5-MHz transducer, 500 V; Hitachi 
Aloka Medical America, Inc., Wallingford, CT) was performed on d 0, 7, 
and 15 of the experiment. Blood samples were collected for progesterone 
analysis on d 7 and 15. Conceptus and uterine flushing media collected via 
transcervical flushing (Ribeiro et al., 2016) as well as endometrial biopsy 
(Cerri et al., 2011) were performed on d 15. Values reported are overall 
means originated from main treatment effects.

3Evaluated from cows that did not have a corpus luteum on d 0 but 
with a corpus luteum greater than 0.38 cm3 in volume on d 7 (n = 47 for 
CSSO and n = 46 for CON) and 15 (n = 46 for CSSO and n = 45 for CON). 
Corpus luteum volume was calculated using the formula for volume of a 
sphere: volume = 4/3π × (D/2)3, in which D is the maximum luteal diam-
eter (Cooke et al., 2009).

4On d 15, 30 cows per treatment were assigned to transcervical flushing 
for conceptus collection. On d 30, pregnancy status of the nonflushed cows 
(20 cows/treatment) was evaluated via transrectal ultrasonography (5.0-MHz 
transducer, 500 V; Hitachi Aloka Medical America, Inc., Wallingford, CT).

5Evaluated from cows that had a conceptus collected via transcervical 
flushing.

6IFNt = interferon-tau.
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as in Lopes et al. (2009, 2011). Conceptuses collect-
ed from CSSO-supplemented cows had greater (P = 
0.04) length compared with conceptuses from CON 
cows (Table 5). These results contradict Cooke et al. 
(2014), where conceptus length and weight were simi-
lar among CSSO-supplemented cows and nonsupple-
mented cows. In the present experiment, conceptuses 
were collected on d 15 of gestation, which corresponds 
to the beginning of the maternal pregnancy recogni-
tion period (Spencer and Bazer, 2004). Cooke et al. 
(2014) collected conceptuses on d 19—therefore, after 
the critical period for pregnancy recognition, which 
may have prevented proper assessment of early con-
ceptus development. Nevertheless, Cooke et al. (2014) 
reported that post-AI CSSO supplementation to beef 
cows increased concentrations of ω-6 fatty acids in d 
19 conceptuses. Essential fatty acids such as ω-6 have 
important roles on conceptus development through 
maintenance of cell metabolism and membrane fluid-
ity, permeability, and conformation (Thangavelu et al., 
2007; Leroy et al., 2014). Hence, results from this ex-
periment combined with those of Cooke et al. (2014) 
suggest that CSSO supplementation and the resultant 
tissue incorporation of ω-6 fatty acids hastened con-
ceptus development by d 15 of gestation.

Omega-6 fatty acids are precursors for PGF2α syn-
thesis (Yaqoob and Calder, 2007), the hormone respon-
sible for luteolysis and pregnancy termination (Senger, 
2003). In contrast, PGE2 also originates from ω-6 fatty 
acids (Schmitz and Ecker, 2008) and is a critical regu-
lator of conceptus elongation and pregnancy establish-
ment in livestock (Erdem and Guzeloglu, 2010; Dorniak 
et al., 2011). More specifically, PGE2 is synthesized by 
the conceptus and endometrium, modulates synthesis 
and endometrial activity of IFNt, and seems to be fun-
damental for conceptus development and pregnancy 
signaling to maternal tissues (Erdem and Guzeloglu, 
2010; Dorniak et al., 2011). Therefore, mRNA expres-
sion of prostaglandin E synthase and IFNt were greater 
(P ≤ 0.03) in conceptuses from CSSO-supplemented 
cows than those from CON cows (Table 6). These out-
comes also can be attributed to CSSO-supplementation 
effects on conceptus development and plasma P4 con-
centration, given that IFNt synthesis by the conceptus 
has been positively associated with conceptus size and 
circulating P4 concentrations (Bilby et al., 2004; Mann 
et al., 2006). No treatment effects, however, were de-
tected (P ≥ 0.30) for mRNA expression of cyclooxygen-
ase-2 and prostaglandin E synthase in the endometrium 
(Table 6). Contrary to these outcomes, others have re-
ported that ω-6 and ω-3 fatty acids modulate mRNA ex-
pression of cyclooxygenase-2 and subsequent PG secre-
tion by the endometrium (Mattos et al., 2003; Bilby et 
al., 2006; Leroy et al., 2014). Despite collecting endo-

metrial samples 19 d after AI, Cooke et al. (2014) also 
reported similar cyclooxygenase-2 mRNA expression 
between CSSO-supplemented cows and nonsupple-
mented cows. Hence, results from this experiment sug-
gest that CSSO supplementation modulates expression 
of IFNt and prostaglandin E synthase expression in the 
conceptus but not expression of PG-related genes in en-
dometrial tissues on d 15 of gestation.

No treatment effects were detected (P = 0.49) for 
concentrations of IFNt in the uterine flushing media 
(Table 5), despite treatment differences detected for 
IFNt mRNA expression in the conceptus (Table 6). 
The reason for this discrepancy may be associated 
with the time required for mRNA to be translated into 
the active protein (Clancy and Brown, 2008), whereas 
Cooke et al. (2014) reported that IFNt concentration 
in the uterine flushing media tended to be greater in 

table 6. Expression of genes associated with pregnancy 
establishment in the endometrium, conceptus, and blood 
from beef cows supplemented or not with 100 g of Ca 
salts of soybean oil1

Item CSSO CON SEM P-value
Endometrium2

Cyclooxygenase-2 6.90 4.89 1.50 0.37
Prostaglandin E synthase 5.34 4.21 0.76 0.30

Conceptus3

Interferon-tau 21.0 5.1 5.0 0.03
Prostaglandin E synthase 7.89 2.99 1.49 0.02

Blood cells
Interferon-stimulated gene 15

Pregnant 33.8 23.7 2.6 <0.01
Nonpregnant 2.88 5.88 2.2 0.34

Myxovirus resistance 2
Pregnant 47.1 27.6 4.2 <0.01
Nonpregnant 5.70 11.19 3.5 0.27

20,50-oligoadenylate synthetase
Pregnant 48.1 35.2 3.8 0.02
Nonpregnant 5.38 9.80 3.2 0.34

1Cows received (as-fed basis) 100 g of a protein-mineral mix + 100 g of 
ground corn per cow daily, in addition to: 1) 100 g/cow daily of Ca salts of 
soybean oil (CSSO; Megalac-E, Elanco Saúde Animal, São Paulo, Brazil; n = 
10), or 2) 100 g/cow daily of kaolin (CON; rumen-inert indigestible substance; 
n = 10). Treatments were offered from d 0 to 21 of the experiment. Results 
are covariately adjusted to estrus expression (Estrotect; Rockway Inc., Spring 
Valley, WI; Thomas et al., 2014) from d −2 to 0 of the experiment.

2Conceptus and uterine flushing media collected via transcervical flush-
ing (Ribeiro et al., 2016) as well as endometrial biopsy (Cerri et al., 2011) 
were performed on d 15 (30 cows/treatment). Only samples from cows 
with a retrieved conceptus were analyzed. Values are expressed as relative 
fold change compared with the threshold cycle of reference genes analyzed 
within the same sample (Ocón-Grove et al., 2008).

3Blood samples collected from nonflushed cows (20 cows/treatment) 
into PAXgene tubes (BD Diagnostics, Sparks, MD) for whole-blood RNA 
extraction on d 20 of the experiment and analyzed according to cow preg-
nancy status on d 30. Values are expressed as relative fold change com-
pared with the threshold cycle of reference genes analyzed within the same 
sample (Ocón-Grove et al., 2008).
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CSSO-supplemented cows than in nonsupplemented 
cows on d 19 of gestation. Synthesis of IFNt during 
maternal recognition of pregnancy upregulates mRNA 
expression of interferon-stimulated genes (ISG) in 
circulating blood leukocytes (Stevenson et al., 2007; 
Gifford et al., 2008; Green et al., 2010). Consequently, 
mRNA expression of ISG have been used to assess 
IFNt production and conceptus development from d 
15 to 22 of gestation as well as pregnancy diagnosis 
on d 18 of gestation (Fricke et al., 2016). Accordingly, 
treatment × pregnancy status interactions were de-
tected (P ≤ 0.01) for blood mRNA expression of the 
ISG interferon-stimulated gene 15, myxovirus resis-
tance 2, and 20,50-oligoadenylate synthetase on d 20 
of the experiment (Table 6). Expression of these genes 
were similar (P ≥ 0.27) within cows diagnosed as non-
pregnant on d 30 but greater (P ≤ 0.01) for CSSO-
supplemented cows than for CON cows diagnosed as 
pregnant. In addition, cows diagnosed as pregnant had 
greater (P < 0.01) expression of ISG compared with 
cows diagnosed as nonpregnant within and across 
treatments (Table 6). Therefore, the greater mRNA ex-
pression of ISG in CSSO-supplemented cows on d 20 
corroborates with treatment effects detected for IFNt 
mRNA expression in the conceptus on d 15, suggest-
ing that CSSO supplementation enhanced IFNt syn-
thesis by the conceptus during the pregnancy recogni-
tion period (Spencer and Bazer, 2004; Fricke et al., 2016).

Overall Conclusions

In summary, supplementing B. indicus beef 
cows with 100 g of CSSO beginning after AI in-
creased plasma concentration of linoleic acid, plasma 
linoleic:linolenic acid ratio, plasma P4 concentration, 
and CL volume during early gestation. Supplementing 
CSSO also increased conceptus length and mRNA ex-
pression of prostaglandin E synthase and IFNt by the 
conceptus on d 15 as well as blood mRNA expression 
of ISG on d 20 after AI in gestating cows. Collectively, 
results reported herein and by previous research from 
our group suggest that post-AI CSSO supplementa-
tion favors incorporation of linoleic acid and its ω-6 
derivatives into maternal and embryonic tissues and 
increases plasma P4 concentration via hastened CL de-
velopment during early gestation (Cooke et al., 2014). 
In turn, these outcomes enhance IFNt synthesis by the 
conceptus during the maternal pregnancy recognition 
period, which may facilitate the increased pregnancy 
rates in CSSO-supplemented cows reported by Lopes 
et al. (2009, 2011). It is important to note, however, 
that Cooke et al. (2014) evaluated nonlactating cows 
and did not take into account fatty acid uptake by the 
mammary gland (Lake et al., 2007). Hence, results 

from Cooke et al. (2014) may not fully elucidate fatty 
acid uptake by reproductive tissues and conceptus of 
the lactating cows used herein and by Lopes et al. (2009, 
2011). Nevertheless, these research efforts validate that 
supplementing CSSO for 21 d beginning at AI is an al-
ternative to enhance pregnancy establishment and over-
all reproductive performance of B. indicus beef cows
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