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Abstract
This experiment compared the performance and physiological responses of the offspring from cows supplemented 
with Ca salts of soybean oil (CSSO) or prilled saturated fat (CON) during late gestation. Nonlactating, pregnant, 
multiparous Angus × Hereford cows (n = 104) that conceived during the same fixed-time artificial insemination protocol 
were assigned to this experiment. Cows were ranked by pregnancy sire (one of two sires), body weight (BW), and body 
condition score (BCS) on day −15 of the experiment (day 180 of gestation). Cows were then assigned to receive (dry 
matter basis) 415 g of soybean meal per cow daily in addition to: 1) 195 g/cow daily of CSSO (n = 52) or 2)  
170 g/cow daily of CON (n = 52). Cows were maintained in two pastures (26 cows/treatment per pasture) and received 
daily 12.7 kg/cow (dry matter basis) of grass-alfalfa hay from day −15 to calving. Cows were segregated into 1 of 24 
feeding pens three times weekly and received treatments individually from day 0 to calving. Calves were weaned on 
day 290 of the experiment, preconditioned for 35 d (day 291 to 325), and transferred to a feedyard, where they remained 
until slaughter (day 514). Cows receiving CSSO and their calves had greater (P < 0.01) plasma concentrations of linoleic 
acid and total ω-6 PUFA compared with CON after calving. Concentrations of immunoglobulin G in the colostrum and 
in calf plasma 24 h after birth were greater (P ≤ 0.02) in CSSO vs. CON cattle. Calves from CSSO cows had greater (P ≤ 
0.05) expression of adipogenic (adipocyte fatty acid-binding protein and stearoyl-CoA desaturase) and myogenic (myogenic 
differentiation 1 and myogenin) genes in the longissimus muscle (LM) compared with CON. No treatment differences 
in birth BW, weaning BW, and final preconditioning BW were noted (P ≥ 0.36). Average daily gain and final BW in the 
feedyard were greater (P ≤ 0.05) in steers from CSSO cows compared with CON. The incidence of calves diagnosed 
with BRD that required a second antimicrobial treatment was less (P = 0.03) in calves from CSSO cows, resulting in 
reduced (P = 0.05) need of treatments to regain health compared with CON. Upon slaughter, LM area was greater 
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(P = 0.03) in calves from CSSO cows compared with CON. Collectively, these results are indicative of programming 
effects on postnatal offspring growth and health resultant from CSSO supplementation to late-gestating cows. Hence, 
supplementing CSSO to beef cows during pregnancy might be a feasible alternative to optimize offspring productivity 
and welfare.

Key words:  beef cows, Ca salts of soybean oil, offspring, pregnancy, supplementation

  

Introduction
Maternal nutrition is a major extrinsic factor programming 
nutrient partitioning and development of fetal organ systems 
associated with health, production, and reproduction (Long 
et al., 2010; Silvestre et al., 2011; Garcia et al., 2014). Accordingly, 
nutritional management of late-gestating beef cows has been 
shown to directly impact the performance of the subsequent 
offspring via programming effects (Funston et al., 2010; Bohnert 
et al., 2013; Marques et al., 2016). However, the majority of the 
research conducted within this subject focused on energy and 
protein nutrition, and limited information exists about the 
potential impacts of supplementing polyunsaturated fatty acids 
(PUFA) to gestating cows on offspring productivity.

Research from our group reported that supplementing Ca salts 
of ɷ-3 and ɷ-6 PUFA to beef cows during late gestation improved 
offspring performance (Marques et  al., 2017). More specifically, 
calves born from cows supplemented with ɷ-3  + ɷ-6 PUFA had 
a greater average daily gain (ADG) in the feedlot and increased 
hot carcass weight (HCW), marbling, and longissimus muscle 
(LM) area compared with cohorts from nonsupplemented cows. 
These results were suggestive of programming effects from ɷ-3 + 
ɷ-6 PUFA supplementation, by enhancing fetal skeletal muscle 
hypertrophy and adipocyte development during gestation, which 
translated into increased growth and marbling when offspring were 
provided high-energy anabolic feedlot diets (Harper and Pethick, 
2004; Du et  al., 2010). Nonetheless, the mechanisms underlying 
the outcomes reported by Marques et  al. (2017) still warrant 
investigation, including the specific role of ɷ-3 and ɷ-6 PUFA.

Linoleic acid and its ɷ-6 PUFA derivatives have been 
associated with cell differentiation and development in young 
cattle (Mangrum et al., 2016; Schubach et al., 2019). Ricks et al. 

(2020) recently reported that supplementing ɷ-6 PUFA to beef 
cows during the last trimester of gestation, via Ca salts of 
soybean oil (CSSO), increased offspring growth up to weaning. 
These authors, however, did not evaluate postweaning 
performance of the offspring. In contrast, supplementing Ca 
salts of ɷ-3 PUFA to gestating ewes had limited benefits to lamb 
preweaning and postweaning development (Coleman et  al., 
2018; Carranza Martin et  al., 2018). Therefore, supplementing 
CSSO to gestating beef cows may be more advantageous than 
the combination of ɷ-6  + ɷ-3 PUFA used by Marques et  al. 
(2017) and will help elucidate the specific programming roles 
of ɷ-6 PUFA. Based on this rationale, we hypothesized that 
CSSO supplementation to late-gestating beef cows will improve 
lifelong offspring productivity via programming effects. This 
experiment compared growth, physiological responses, and 
carcass characteristics of offspring from cows supplemented or 
not with CSSO during late gestation.

Materials and Methods
This experiment was conducted at the Oregon State University—
Eastern Oregon Agricultural Research Center (Burns station). The 
animals utilized were cared for in accordance with acceptable 
practices and experimental protocols reviewed and approved by 
the Oregon State University, Institutional Animal Care and Use 
Committee (#4974). A  summary of the experimental design is 
presented in Figure 1.

Cow–calf management and dietary treatments

One hundred and four multiparous, nonlactating, pregnant 
Angus × Hereford cows (unshrunk body weight [BW] = 505 ± 6 kg,  
age  =  5.4  ± 0.3 yr, body condition score [BCS]  =  4.88  ± 0.03 
according to Wagner et  al., 1988) were assigned to this 
experiment at the end of their second trimester of gestation. All 
cows conceived to the same fixed-time artificial insemination 
protocol using semen from two Angus sires, according to the 
breeding management and pregnancy diagnosis described by 
Cooke et al. (2014). Gestation length was 195 d for all cows on 
day 0 of the experiment.

Prior to the beginning of the experiment (day −15), cows were 
ranked by sire, BW, and BCS, and assigned to one of two groups (52 
cows/group) in a manner that all these variables were equivalent 
between groups. Groups were maintained in individual meadow 
foxtail (Alopecurus pratensis L.) pastures from day −15 until calving. 
Grass-alfalfa hay was provided daily at 12.7 kg/cow (dry matter 
basis), and cows had ad libitum access to water and a commercial 
mineral + vitamin mix (Cattleman’s Choice; Performix Nutrition 
Systems, Nampa, ID) containing 14 % Ca, 10 % P, 16 % NaCl, 1.5 % 
Mg, 6,000 ppm Zn, 3,200 ppm Cu, 65 ppm I, 900 ppm Mn, 140 ppm 
Se, 136 IU/g of vitamin A, 13 IU/g of vitamin D3, and 0.05 IU/g of 
vitamin E. No forage was available for grazing due to previous hay 
harvest and snow cover resultant from wintery conditions.

Abbreviations

ADG average daily gain
BCS body condition score
BRD bovine respiratory disease
BS blood sample
BW body weight
CON prilled saturated fat supplementation
CSSO Ca salts of soybean oil
FA fatty acid
FABP4 adipocyte fatty acid-binding protein
FASN fatty acid synthase
HCW hot carcass weight
IgG immunoglobulin G
LM longissimus muscle
LMB longissimus muscle biopsy
MyoD myogenic differentiation 1
PCR polymerase chain reaction
PPAR-γ peroxisome proliferator-activated receptor 

gamma
PUFA polyunsaturated fatty acids
SCD stearoyl-CoA desaturase
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Cows within groups were again ranked by sire, BW, and BCS, 
and assigned to receive (dry matter basis) 415  g of soybean 
meal per cow daily in addition to 1)  195  g/cow daily of CSSO 
(Essentiom; Church and Dwight Co., Inc., Princeton, NJ; n = 52) 
or 2)  170  g/cow daily of prilled saturated fat (EnergyBooster, 
Milk Specialties, Eden Prairie, MN) + 25 g/cow daily of limestone 
(CON, n  =  52). Treatments were formulated to be isocaloric, 
isonitrogenous, and isolipidic but differing in fatty acid (FA) 
composition. Limestone was added to CON to compensate for 
the Ca included in the CSSO source. From day 0 of the experiment 
until calving, cows from both groups were gathered three times 
weekly (Mondays, Wednesdays, and Fridays; Cook et  al., 2017; 
Marques et al., 2017) and individually sorted into 1 of 24 feeding 
pens (1 cow/pen; 6  × 9 m pens). Cows individually received 
treatments (1.42  kg of treatment/feeding, dry matter basis) 
and returned to pasture after their treatment was completely 
consumed. This process was repeated until all cows had been 
individually sorted into pens and consumed their treatments. 
Diets (hay + treatments) were formulated to meet or exceed the 
nutrient requirements for energy, crude protein, minerals, and 
vitamins of late-gestating beef cows (NRC, 2000; Table 1).

Immediately after calving, cow–calf pairs were removed from 
their pasture and assigned to the general management of the 

research herd until weaning (Marques et al., 2016), which did not 
include supplementation with CSSO or CON. Male calves were 
castrated at birth using an elastic castration band. All calves 
were administered One Shot Ultra 7 and Bovi-Shield Gold 5 
(Zoetis, Florham Park, NJ) at approximately 30 d of age.

Calf management

Preconditioning (day 290 to 325)
Calves were weaned on day 290 of the experiment and transferred 
to a 6-ha meadow foxtail (Alopecurus pratensis L.) pasture, which 
had been previously harvested for hay, for a 35-d preconditioning 
period as a single group. Calves were administered One Shot 
Ultra 7, Bovi-Shield Gold 5, and Dectomax (Zoetis, Florham 
Park, NJ) at weaning and received a booster of Bovi-Shield Gold 
5 and UltraChoice 7 (Zoetis) 21 d after weaning (day 311 of the 
experiment). During preconditioning, calves received mixed 
alfalfa-grass hay, water, and the same commercial mineral 
and vitamin mix previously described (Cattleman’s Choice; 
Performix Nutrition Systems) for ad libitum consumption.

Growing and finishing (day 325 until slaughter)
On day 325, all calves were loaded into a livestock trailer and 
transported for 215 km to a commercial feedyard (Cannon Hill 
Feeders LLC., Nyssa, OR), where they were managed as a single 
group until slaughter (day 514 of the experiment) at a commercial 
packing facility (Agri Beef Co., Toppenish, WA). Calves received a 
hormonal implant (Component TE 200; Elanco Animal Health, 
Greenfield, IN, USA) upon feedyard arrival and were offered diets 
(Table 2) that did not contain CSSO or CON.

Sampling

Feedstuffs
Samples of all ingredients fed to late-gestating cows were 
collected before the beginning of the experiment and analyzed 
for nutrient content by a commercial laboratory (Dairy One 
Forage Laboratory, Ithaca, NY). All samples were analyzed by 
wet chemistry procedures for concentrations of crude protein 
(method 984.13; AOAC, 2006), acid detergent fiber (method 
973.18 modified for use in an Ankom 200 fiber analyzer, 
Ankom Technology Corp., Fairport, NY; AOAC, 2006), neutral 
detergent fiber (Van Soest et al., 1991; modified for use in an 
Ankom 200 fiber analyzer, Ankom Technology Corp.), and FA 
concentrations using gas chromatography (Autosystem XL Gas 
Chromatograph, Perkin Elmer, Inc., Waltham, MA) according to 
Sukhija and Palmquist (1988). Only FA that were individually 
identified in the analysis are reported herein. Net energy for 
maintenance was calculated with the equations proposed by 
the NRC (2000).

Figure 1. Experimental design assigned to beef cows receiving diets supplemented with CSSO (n = 52) or CON (n = 52) during the last trimester of gestation. 

Table 1. Composition and nutritional profile of diets containing 
CSSO or CON 

Item CON CSSO

Ingredients, kg/d (dry matter basis)
 Grass-alfalfa hay 12.7 12.7
 Soybean meal 0.415 0.415
 Essentiom1 0 0.195
 EnergyBooster2 0.170 0
 Limestone 0.025 0
Nutrient profile,3 dry matter basis
 Dry matter, % 91.9 92.1
 Net energy for maintenance,3 Mcal/kg 1.28 1.28
 Crude protein, % 8.3 8.3
 FA, % 2.46 2.45
  Palmitic (16:0), % 0.64 0.63
  Stearic (18:0), % 0.61 0.08
  Oleic (18:1), % 0.16 0.41
  Linoleic (18:2), % 0.29 0.65
  Linolenic (18:3), % 0.31 0.35

1Essentiom (Church and Dwight Co., Inc., Princeton, NJ).
2Energy Booster 100 (Milk Specialties, Eden Prairie, MN).
3Values obtained via wet chemistry analysis (Dairy One Forage 
Laboratory, Ithaca, NY).

D
ow

nloaded from
 https://academ

ic.oup.com
/jas/article/98/8/skaa247/5892292 by ASAS M

em
ber Access user on 10 Septem

ber 2020



Copyedited by: SU

4 | Journal of Animal Science, 2020, Vol. 98, No. 8

Cows and newborn calves
Prior to the beginning of the experiment (day −15), individual 
unshrunk BW and BCS (Wagner et al., 1988) were recorded, and 
a blood sample (BS) was collected from all cows via jugular 
venipuncture. Upon calving, cow unshrunk BW and BCS were 
recorded and a BS collected via jugular venipuncture, while a 
colostrum sample was collected via hand milking (50 mL) from 
each cow. Concurrently with cow postcalving sampling, calf 
birth BW and calf gender were recorded, a BS was collected via 
jugular venipuncture, and LM biopsy (LMB) was performed as 
in Schubach et  al. (2019) in all calves. Cows and calves were 
sampled as soon as the calving was completed. However, cows 
that calved at night and their calves were sampled at first light 
the next morning, but within 8 h from calving. Another BS was 
collected from calves 24 h after birth via jugular venipuncture.

Weaning and preconditioning
Cow unshrunk BW and BCS (Wagner et al., 1988) were recorded 
at weaning (day 290). Calf unshrunk BW was recorded over two 
consecutive days after weaning (days 290 and 291) and prior to 
shipping to feedyard (days 324 and 325), which were averaged 
to calculate preconditioning ADG. Calves were observed daily 
for bovine respiratory disease (BRD) signs during the 35-d 
preconditioning period according to the subjective criteria 
described by Berry et al. (2004).

Feedyard
Calves were observed daily for BRD signs according to the 
DART system (Zoetis) and received medication according to the 
management criteria of the feedyard. LMB was again performed 
in all calves (Schubach et al., 2019) on day 485 of the experiment. 
At the commercial packing plant, HCW was collected upon 
slaughter. Final finishing BW was estimated based on HCW 
adjusted to a 63% dressing percentage (Loza et al., 2010). After a 
24-h chill, trained personnel assessed carcass backfat thickness 
at the 12th rib and LM area, whereas a United States Department 
of Agriculture grader recorded all other carcass measures. 
Feedyard ADG was determined based on final preconditioning 
BW, and the final finishing BW estimated from HCW.

Laboratorial analysis

BSs were collected into commercial blood collection tubes 
(Vacutainer, 10  mL; Becton Dickinson, Franklin Lakes, NJ) 
containing either no additive or freeze-dried sodium heparin for 
serum and plasma collection, respectively. After collection, all 

BSs were placed immediately on ice, centrifuged (2,500 × g for 
30 min; 4 °C) for plasma or serum harvest, and stored at −80 °C on 
the same day of collection. Colostrum samples were also stored 
at −80  °C on the same day of collection. All plasma samples 
were analyzed for FA concentration using gas chromatography 
(Agilent 7890, Agilent Technologies, Inc.) as in Schubach et  al. 
(2019). Only FA that were individually identified in the analysis 
are reported. Colostrum and plasma samples collected from 
calves 24 h after birth were analyzed for immunoglobulin G (IgG) 
concentrations (E11-118; Bethyl Laboratories, Montgomery, TX). 

LMB samples were stored in 2-mL tubes containing 1  mL 
of RNA stabilization solution (RNAlater, Ambion, Inc., Austin, 
TX), and stored at −80  °C until further processing. Total RNA 
was extracted from muscle samples 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). Reverse transcription of extracted RNA and real-time 
reverse-transcription polymerase chain reaction (PCR) using 
gene-specific primers (20 pM each; Table 3) were completed as 
described by Rodrigues et al. (2015). Responses from the genes 
of interest were quantified based on the threshold cycle (CT): 
the number of PCR cycles required for target amplification to 
reach a predetermined threshold. A  portion of the amplified 
products was purified with the QIAquick PCR purification kit 
(Qiagen Inc., Valencia, CA) and sequenced at the Texas A&M 
AgriLife Genomics and Bioinformatics Service to verify the 
specificity of amplification. All amplified products represented 
only the genes of interest. The CT responses from muscle 
genes of interest were normalized to the geometrical mean of 
CT values of ribosomal protein S9 and β-actin (Vandesompele 
et  al., 2002). The coefficient of variation for the geometrical 
mean of reference genes across all samples was 2.4%. Results 
are expressed as relative fold change (2−ΔΔCT), as described by 
(Ocón-Grove et al., 2008).

Statistical analysis

All variables were analyzed with cow as the experimental unit, 
and cow(treatment × group) and group as random variables. 
Quantitative data were analyzed using the MIXED procedure 
of SAS (SAS Inst. Inc., Cary, NC), and binary data were analyzed 
using the GLIMMIX procedure of SAS (SAS Inst. Inc.). All data 
were analyzed using gestation days receiving treatment as an 
independent covariate and Satterthwaite approximation to 
determine the denominator degrees of freedom for tests of fixed 
effects. Model statements for cow-related responses included 
the effects of treatment. Analysis of cow plasma FA profile at 
calving also included results from day −15 as an independent 
covariate. Model statements for calf-related responses analyses 
included the effects of treatment, calf sex, and the treatment 
× calf sex interaction. Incidence of BRD signs was analyzed as 
repeated measures using day as a fixed effect and all resultant 
interactions with treatment and calf sex. The subject for the 
repeated statement was cow (treatment × group), and the 
covariance structure utilized was autoregressive by providing 
the best fit according to the lowest Akaike information criterion. 
The expression of LM genes was not analyzed as repeated 
measures, given the substantial interval between samplings 
(~400 d). Results are reported as covariately adjusted least 
square means and separated using least square difference. 
Significance was set at P ≤ 0.05 and tendencies were determined 
if P > 0.05 and ≤ 0.10.

Table 2. Ingredient composition (as-fed basis) of feedyard diets 
offered to cattle

Diets1

Ingredients, % as fed A B C D E

Alfalfa hay 53.0 39.0 19.0 12.0 4.0
Distillers grains 0.0 0.0 2.0 2.0 4.0
Dried corn 0.0 0.0 11.0 10.0 18.0
High-moisture corn 42.0 55.0 46.0 53.3 54.5
Corn Silage 0.0 0.0 18.0 17.0 11.0
Mineral and vitamin mix2 5.0 6.0 4.0 4.5 6.5
Tallow 0.0 0.0 0.0 1.2 2.0

1A = offered for 5 d after arrival receiving; B = offered for 5 d after 
diet A; C = offered for 7 d after diet B; D = offered for 13 d after diet 
C; E = offered for 188 d until slaughter.
2Customized blend of minerals, vitamins, and feed additives 
(Performix Nutrition Systems, Nampa, ID, USA).
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Results and Discussion
Nutrient composition and profile of diets (hay + treatment) 
offered to CSSO- and CON-supplemented cows are described in 
Table 1. The CSSO was supplemented herein at the same daily 
amount that Marques et al. (2017) provided the mix of Ca salts of 
ɷ-3 and ɷ-6 PUFA to late-gestating cows. The CON treatment was 
included to serve as an isolipidic, isocaloric, and isonitrogenous 
control. Both CSSO and CON diets were formulated to represent 
a typical forage-based diet with limited FA content and provided 
adequate amounts of energy and crude protein to pregnant 
cows during the last trimester of gestation (NRC, 2000). Hence, 
results from this experiment should not be associated with 
differences in total FA intake, but with the potential impacts of 
supplemental ɷ-6 PUFA to late-gestating beef cows.

Cow parameters

Cow age, days receiving treatments, and gestation length did 
not differ (P ≥ 0.60) between CSSO and CON cows (Table 4). As 
designed, CSSO and CON cows had similar (P ≥ 0.89) initial BW 
and BCS (day −15), which remained similar (P ≥ 0.40) between 
treatment groups at calving and weaning. These outcomes were 
expected given that CSSO and CON cows consumed similar 
amounts of energy and protein during late gestation and were 
managed as a single group from calving until weaning. Others 
have also reported similar BW and BCS responses between beef 
(Marques et al., 2017; Ricks et al., 2020) and dairy cows receiving 
supplements containing CSSO or other FA sources during late 
gestation (Garcia et al., 2014; Salehi et al., 2016).

Cows assigned to receive CSSO and CON had similar (P ≥ 0.15) 
plasma concentrations of individual and total FA on day −15 
(data not shown), hence equivalent circulating FA profile before 
treatment administration. Upon calving, CSSO cows had greater 
(P < 0.01) concentrations of plasma palmitic, stearic, linoleic, 
dihomo-γ-linolenic, arachidonic, and osbond acids, as well as 
total saturated FA, PUFA, ɷ-6 PUFA, and total FA compared with 

CON-supplemented cows (Table  5). Cows receiving CON had 
greater (P < 0.01) concentrations of plasma myristic, palmitoleic, 
oleic, and α-linolenic acids, as well as total monounsaturated 
and ɷ-3 PUFA, compared with CSSO cows (Table 5). These results 
corroborate the FA content and intake of treatments, given 
that plasma FA profile reflects the intake and intestinal flow 
of FA (Klusmeyer and Clark, 1991; Lake et al., 2007; Hess et al., 
2008). The decrease in plasma α-linolenic acid and ɷ-3 PUFA 
concentrations in CSSO-supplemented cattle has also been 
reported by our group in research with mature and growing beef 
cattle (Brandão et al., 2018, 2020; Schubach et al., 2019).

Table 3. Primer sequences, accession number, and reference for all gene transcripts analyzed by real-time reverse transcription PCR

Target Primer sequence Accession no.

FABP4 (Li et al., 2018)  
 Forward AAACTTAGATGAAGGTGCTCTGG AJ4160220
 Reverse CATAAACTCTGGTGGCAGTGA  
FASN (Jeong et al., 2012)  
 Forward ATCGAGTGCATCAGGCAAGT AF479289
 Reverse TGTGAGCACATCTCGAAAGCCA  
MyoD (Muroya et al., 2002)  
 Forward ATCCTGCGCAACGCCATCCGCTATATCGA AF093675
 Reverse CTCGCTGTAGTAAGTGCGGTCGTAGCAGT  
Myogenin (Muroya et al., 2002)  
 Forward GAGAAGCGCAGACTCAAGAAGGTGAATGA AF091714
 Reverse TCTGTAGGGTCCGCTGGGAGCAGATGATC  
PPAR-γ (Li et al., 2018)  
 Forward GCATTTCCACTCCGCACTAT AY137204
 Reverse GGGATACAGGCTCCACTTTG  
SCD (Li et al., 2018)  
 Forward GCCAACAACTCTGCCTTTATG GU947654
 Reverse CACCAATGACTGACCACCTG  
Β-actin (Bong et al., 2012)  
 Forward AGCAAGCAGGAGTACGATGAGT NM_173979
 Reverse ATCCAACCGACTGCTGTCA  
Ribosomal protein S9 (Jeong et al., 2012)  
 Forward CCTCGACCAAGAGCTGAAG AF479289
 Reverse CCTCCAGACCTCACGTTTGTTC  

Table 4. Performance of beef cows receiving diets supplemented with 
CSSO (n = 52) or CON (n = 52) during the last trimester of gestation1,2

Item CON CSSO SEM P-value =

Cow age, yr 5.33 5.39 0.41 0.93
Days receiving treatments, d 85.5 85.1 0.6 0.60
Gestation length, d 280 280 0.6 0.60
BW, kg
 Initial (day −15) 504 505 9 0.89
 Calving 545 554 9 0.48
 Weaning (day 290) 568 564 9 0.78
BCS
 Initial (day −15) 4.88 4.88 0.04 0.92
 Calving 4.74 4.82 0.07 0.59
 Weaning (day 290) 5.19 5.09 0.08 0.40

1Cows received (dry matter basis) 195 g/cow daily of CSSO 
(Essentiom; Church and Dwight Co., Inc., Princeton, NJ) or 170 g/
cow daily of CON (Energy Booster 100; Milk Specialties, Eden Prairie, 
MN). Treatments were provided from day 0 (day 195 of gestation) to 
calving.
2Unshrunk BW and BCS (Wagner et al., 1988) were recorded prior to 
the beginning of the experiment (initial; day −15), within 8 h after 
calving, and at weaning (day 290).
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Colostrum IgG concentration was greater (P  =  0.02) in 
CSSO vs. CON cows (Table  6). Ricks et  al. (2020) also reported 
increased colostrum IgG concentrations in cows supplemented 
with CSSO during the last trimester of gestation compared 
with cows receiving an isocaloric and isonitrogenous diet 
containing corn gluten feed. Supplementing CSSO and other 
ɷ-6 PUFA sources regulates immune responses in cattle, 
including proinflammatory reactions that stimulate humoral 
responses (Hess et  al., 2008; Schmitz and Ecker, 2008; Garcia 
et al., 2016). The majority of the IgG in the colostrum of cows is 
derived from their systemic synthesis and circulatory reserves 
(Hurley and Theil, 2011). Perhaps the increased colostrum IgG 
concentrations in beef cows receiving CSSO noted herein and 
by Ricks et al. (2020) are a resultant from heightened humoral 
immunity. Nonetheless, research investigating the impacts 
of supplementing CSSO or other ɷ-6 PUFA sources to late-
gestating cows on colostrum quality is limited and deserves 
further investigation given its importance to lifelong offspring 
development (Besser and Gay, 1994; Wittum and Perino, 1995).

Calf birth, weaning, and preconditioning parameters

All cows assigned to the experiment on day −15 gave birth to 
a live calf; hence, the calving rate was 100% across treatments 
(Table 6). No treatment effects were detected (P ≥ 0.36) for calf 
birth BW and proportion of male calves born (adjusted or not; 
BIF, 2010), whereas calf sex influences birth BW and subsequent 
growth responses (Koger and Knox, 1945; Table 6). Calves from 
CSSO cows had greater (P  <  0.01) concentrations of plasma 
linoleic, dihomo-γ-linolenic, and arachidonic acids, as well as 
total PUFA and ɷ-6 PUFA, compared with calves from CON-
supplemented cows (Table 7). Calves from CON cows had greater 
(P ≤ 0.05) concentrations of plasma palmitoleic and α-linolenic 

acids, as well as total monounsaturated and ɷ-3 PUFA, 
compared with CSSO cohorts (Table 7). These results corroborate 
differences noted in plasma FA profile of CSSO and CON cows 
at calving, given that maternal circulating FA are transferred to 
the fetus via the placenta (Noble et al., 1978; Garcia et al., 2014). 
These differences could also be associated with the colostrum 
FA profile as a few calves may have nursed cows before sample 
collection, particularly those born at night. Accordingly, Ricks 
et  al. (2020) reported greater concentrations of linoleic acid 
and PUFA in colostrum from CSSO-supplemented cows, and 
colostrum FA content reflects cow prepartum FA intake and 
circulating FA profile (Long et al., 2009; Leiber et al., 2011; Garcia 
et al., 2014). Nonetheless, Ricks et al. (2020) also collected BSs 
from calves immediately after birth and before calves were 
capable of standing and suckling. These authors also reported 
greater serum concentrations of linoleic and arachidonic acid in 
calves born from CSSO-supplemented cows, corroborating the 
differences in calf plasma FA profile noted herein (Table 7).

Calves from CSSO cows had greater (P ≤ 0.05) mRNA expression 
in the LM of adipocyte fatty acid-binding protein (FABP4) and stearoyl-
CoA desaturase (SCD) at birth, as well as tendency for the same 
outcome for peroxisome proliferator-activated receptor gamma (PPAR-
γ) compared with CON cohorts (Table 8).  No treatment effect was 
noted (P = 0.36) for mRNA expression of FA synthase in the LM at 
birth (Table  8). The CT values of housekeeping genes, analyzed 
individually or as geometrical mean, did not differ (P ≥ 0.95) 
between CSSO and CON calves at birth (22.66 vs. 22.69 for Β-actin, 
SEM = 0.14; 19.41 vs. 19.45 for ribosomal protein S9, SEM = 0.10; 20.99 
vs. 20.99 for the geometrical mean, SEM = 0.11), corroborating the 
validity of these mRNA expression analyses. All genes of interest 
analyzed in this experiment are associated with adipogenic 

Table 5. Plasma FA profile (µg/mL of plasma) at calving of beef cows 
receiving diets supplemented with CSSO (n  =  52) or CON (n  =  52) 
during the last trimester of gestation1,2

Item CON CSSO SEM P-value

Myristic (14:0) 6.34 4.76 0.17 <0.01
Palmitic (16:0) 83.0 102 3.5 <0.01
Palmitoleic (16:1, ω-7) 10.3 4.39 0.36 <0.01
Stearic (18:0) 98.7 113 4.0 0.01
Oleic (18:1, ω-9) 90.0 60.5 3.3 <0.01
Linoleic (18:2, ω-6) 145 342 12 <0.01
α-Linolenic (18:3, ω-3) 60.5 34.2 1.5 <0.01
Dihomo-γ-linolenic acid (20:3, ω-6) 8.63 12.1 0.4 <0.01
Arachidonic (20:4, ω-6) 13.3 19.2 0.7 <0.01
Osbond (22:5, ω-6) 20.3 26.9 1.1 <0.01
Docosapentaenoic (22:5, ω-3) 6.77 7.28 0.27 0.20
Total saturated FA 201 233 7 <0.01
Total monounsaturated FA 104 67 4 <0.01
Total polyunsaturated FA 270 450 15 <0.01
Total ω-3 polyunsaturated FA 67.4 41.7 1.7 <0.01
Total ω-6 polyunsaturated FA 202 408 13 <0.01
Total identified FA 575 750 25 <0.01

1Cows received (dry matter basis) 195 g/cow daily of CSSO 
(Essentiom; Church and Dwight Co., Inc., Princeton, NJ) or 170 g/
cow daily of CON (Energy Booster 100; Milk Specialties, Eden Prairie, 
MN). Treatments were provided from day 0 (day 195 of gestation) to 
calving.
2BSs were collected from all cows on day −15 of the experiment 
and within 8 h after calving and analyzed for FA profile according 
to Schubach et al. (2019). Values form day −15 were used as an 
independent covariate within each individual FA analysis.

Table 6. Calving, weaning, and preconditioning responses from 
offspring of beef cows receiving diets containing CSSO (n  =  52) or 
CON (n = 52) during the last trimester of gestation1

Item CON CSSO SEM P-value

Calving results 
 Calving rate, % 100 100 — —
 % of male calves born 56.6 51.0 7.0 0.57
 Calf birth weight, kg 37.0 37.7 0.6 0.42
 Adjusted calf birth weight2, kg 38.3 39.1 0.6 0.36
 Colostrum IgG, mg/mL 373 423 15 0.02
 Calf plasma IgG 24 h after  

birth, mg/mL
55.7 97.9 9.0 < 0.01

Weaning results
 Weaning rate, % 96.0 100 2.0 0.17
 % of male calves weaned 56.9 51.0 7.0 0.56
 Calf weaning age, d 209 209 0.1 0.91
 Calf weaning weight, kg 262 264 4 0.72
 Calf 205-d adjusted weaning  

weight2, kg
267 270 4 0.57

Preconditioning results
  ADG, kg/d 0.68 0.67 0.05 0.84
 Final BW, kg 287 289 4 0.77

1Cows received (dry matter basis) 195 g/cow daily of CSSO 
(Essentiom; Church and Dwight Co., Inc., Princeton, NJ) or 170 g/
cow daily of CON (Energy Booster 100; Milk Specialties, Eden Prairie, 
MN). Treatments were provided from day 0 (day 195 of gestation) 
to calving. Calves were weaned on day 290 of the experiment, 
preconditioned for 35 d (day 291 to 325), and transferred to 
a feedyard (Cannon Hill Feeders LLC., Nyssa, OR) where they 
remained until slaughter (day 514). All BWs collected were 
unshrunk.
2According to BIF (2010).
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activities in the LM (Schubach et  al., 2019). More specifically, 
PPAR-γ regulates adipogenesis and lipid metabolism through 
the induction of genes mediating these processes (Houseknecht 
et al., 2002) and has been identified as a candidate gene related to 
adipogenesis of bovine intramuscular adipose tissue (Lim et al., 
2011). The FABP4 is a target gene of PPAR-γ (Taniguchi et al., 2008), 
involved in adipocyte differentiation, lipid hydrolysis, and acts as 
an intracellular FA chaperone (Michal et al., 2006). The SCD is a 
key regulatory enzyme in the lipogenic pathway modulated by 
PPAR-γ (Ntambi, 1999), and increased expression is associated 
with adipocyte hypertrophy (Martin et  al., 1999). Linoleic acid 
and ɷ-6 PUFA regulate PPAR-γ mRNA expression in a ligand-
dependent manner (Houseknecht et al., 2002), stimulating PPAR-γ 
function and mRNA expression (Xu et al., 1999; Thoennes et al., 
2000; Spurlock et al., 2000). Hence, CSSO supplementation to late-
gestation cows increased the supply of ɷ-6 PUFA to the fetus, 
resulting in the increased expression of LM genes within the 
PPAR-γ lipogenic pathway at birth.

Calves from CSSO cows also had greater (P ≤ 0.04) mRNA 
expression in the LM of myogenic differentiation 1 (MyoD) and 
myogenin at birth compared with CON cohorts (Table 8). Myogenin 
and MyoD are regulatory factors expressed by myocytes that 
regulate postnatal muscle growth, through differentiation and 
fusion with existing muscle fibers (Le Grand and Rudnicki, 
2007; Perdiguero et  al., 2009). Increased mRNA expression of 
these genes may indicate a greater proliferation of myocytes 
in the LM of CSSO offspring at birth, which terminally develop 
into muscle fibers upon myogenin expression (Du et  al., 2010, 
2011). The mechanisms by which ɷ-6 PUFA upregulates these 
genes deserve further investigation, as ɷ-3 PUFA are typically 
associated with increased expression of LM genes that regulate 
muscle development and function (Hiller et al., 2012). Perhaps, 
the increased supply of ɷ-6 PUFA during gestation to CSSO 
offspring promoted the differentiation and development of 

muscle cells via proinflammatory pathways (Cooke, 2019). 
Arachidonic acid is a precursor of prostaglandin E2 via the 
cyclooxygenase-2 pathway, which promotes myogenesis in 
skeletal muscle by stimulating myoblast proliferation (Bondesen 
et al., 2004; Mo et al., 2015; Ho et al., 2017). Accordingly, calves 
from CSSO cows had greater concentrations of arachidonic acid 
compared with CON cohorts after birth, although research is 
warranted to validate this rationale in beef cattle.

Calves from CSSO cows had greater plasma concentrations 
of IgG at 24 h after birth compared with CON cohorts (Table 6). 
These outcomes are partially resultant from increased colostrum 
IgG concentration in CSSO cows, given that circulating IgG 
concentration in nursing calves are positively correlated with 
colostrum IgG when the colostrum intake is not limited (Devery-
Pocius and Larson, 1983; Morin et al., 1997). Moreover, calves from 
CSSO cows likely had greater ability to absorb colostrum IgG, as 
PUFA incorporated into intestinal cells upregulates IgG receptors 
(e.g., neonatal Fc receptor) responsible for IgG absorption in 
neonates (Israel et al., 1997; Mayer et al., 2002). Ricks et al. (2020) 
also reported greater serum IgG concentrations 24 h after birth 
in calves born from CSSO-fed cows in their study and stated that 
increased passive transfer of IgG due to CSSO supplementation 
could help mitigating subsequent calf morbidity and mortality.

No treatment differences were noted herein (P ≥ 0.17) for the 
weaning rate and proportion of male calves weaned, as well 
as preconditioning ADG and final BW (Table  7). No BRD signs 
were observed in calves during the preconditioning period. 
Alternatively, Ricks et  al. (2020) reported greater preweaning 
growth in calves from cows receiving CSSO during gestation. 

Table 7. Plasma FA profile (µg/mL of plasma) at birth from offspring 
of beef cows receiving diets supplemented with CSSO (n = 52) or CON 
(n = 52) during the last trimester of gestation1,2

Item CON PUFA SEM P-value

Myristic (14:0) 12.9 12.7 1.5 0.92
Palmitic (16:0) 96.5 96.9 6 0.96
Palmitoleic (16:1, ω-7) 15.9 3.6 0.8 0.04
Stearic (18:0) 36.5 36.6 1.6 0.98
Oleic (18:1, ω-9) 91.4 83.6 3.7 0.14
Linoleic (18:2, ω-6) 24.5 41.9 4.2 <0.01
α-Linolenic (18:3, ω-3) 1.23 0.100 0.285 <0.01
Dihomo-γ-linolenic acid (20:3, ω-6) 3.63 5.69 0.39 <0.01
Arachidonic (20:4, ω-6) 7.98 11.6 0.69 <0.01
Osbond (22:5, ω-6) 0.912 0.379 0.328 0.25
Docosapentaenoic (22:5, ω-3) 0.621 0.233 0.279 0.32
Total saturated FA 150 150 9 0.99
Total monounsaturated FA 121 107 5 0.05
Total polyunsaturated FA 40.1 60.6 4.6 <0.01
Total ω-3 polyunsaturated FA 2.50 1.05 0.50 0.05
Total ω-6 polyunsaturated FA 37.6 59.5 4.4 <0.01
Total identified FA 311 319 15 0.73

1Cows received (dry matter basis) 195 g/cow daily of CSSO 
(Essentiom; Church and Dwight Co., Inc., Princeton, NJ) or 170 g/
cow daily of CON (Energy Booster 100; Milk Specialties, Eden Prairie, 
MN). Treatments were provided from day 0 (day 195 of gestation) to 
calving.
 2BSs were collected from all cows within 8 h after calving and 
analyzed for FA profile as in Schubach et al. (2019).

Table 8. Expression of LM genes in the offspring of beef cows 
receiving diets containing CSSO (n = 52) or CON (n = 52) during the 
last trimester of gestation1,2

Item CON CSSO SEM P-value

FABP4
 Birth 35.0 73.9 14 0.03
 Feedyard 6.09 6.97 0.80 0.44
FASN
 Birth 1.77 1.92 0.11 0.36
 Feedyard 4.36 4.61 0.44 0.69
MyoD
 Birth 13.3 22.6 3.0 0.02
 Feedyard 3.76 3.89 0.30 0.76
Myogenin
 Birth 7.03 9.77 1.00 0.04
 Feedyard 2.45 2.60 0.18 0.55
PPAR- γ
 Birth 3.16 4.55 0.56 0.07
 Feedyard 2.66 3.00 0.28 0.38
SCD
  Birth 3.43 4.54 0.34 0.05
 Feedyard 3.16 3.60 0.31 0.33

1Cows received (dry matter basis) 195 g/cow daily of CSSO 
(Essentiom; Church and Dwight Co., Inc., Princeton, NJ) or  
170 g/cow daily of CON (Energy Booster 100; Milk Specialties, 
Eden Prairie, MN). Treatments were provided from day 0 (day 
195 of gestation) to calving. Calves were weaned on day 290 of 
the experiment, preconditioned for 35 d (day 291 to 325), and 
transferred to a feedyard (Cannon Hill Feeders LLC., Nyssa, OR) 
where they remained until slaughter (day 514).
2Samples of the LM were taken via needle biopsy within 8 h after 
birth and on day 485 of the experiment. 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). 
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This response, however, was mostly noted in primiparous 
cows and associated with improved milk production from 
supplementing fat to growing females (Bellows, 1999), whereas 
the current experiment used multiparous cows only. Supporting 
our results, others have also reported similar birth and 
weaning BW, as well as preconditioning performance in calves 
from multiparous cows supplemented or not with ω-6 PUFA 
during gestation (Banta et al., 2006, 2011 Marques et al., 2017). 
Collectively, calving to preconditioning results indicate that 
supplementing CSSO to late-gestating beef cows did not impact 
offspring birth BW and subsequent growth rates compared 
with CON-supplemented cohorts, despite differences noted in 
calf plasma FA profile, mRNA expression of LM genes, and IgG 
concentrations near birth.

Calf feedyard and carcass parameters

All calves were shipped to the packing plant on day 513 and 
slaughtered on day 514 of the experiment; hence, days on feed 
for both treatments was 188 d. A  treatment × day interaction 
was detected for the incidence of BRD signs in the feedyard 
(P  =  0.03). A  greater (P ≤ 0.05) proportion of CON cattle were 
observed with BRD signs from day 333 to 337 of the experiment 
(day 8 to 12 after feedyard arrival; Figure 2), although cumulative 
BRD incidence did not differ (P  =  0.16) between treatments 
(Table  9). No BRD signs were noted beyond 3  wk of feedyard 
arrival until slaughter. Nonetheless, the incidence of calves 
diagnosed with BRD that required a second antimicrobial 
treatment was less (P = 0.03) in calves from CSSO cows, resulting 
in reduced (P  =  0.05) need of treatments compared with CON 
(Table 5). These results indicate improved immunocompetence 
of calves from CSSO-supplemented cows upon feedyard entry, 
when BRD incidence is typically elevated (Snowder et al., 2006). 
Such outcomes may be associated with supplemental ω-6 PUFA 
during gestation, as these FA play critical roles in immune 
system development, maturation, and function (Schmitz and 
Ecker, 2008; Cooke, 2019). Improved immunity of calves from 

CSSO cows should also be attributed to their greater plasma 
IgG concentrations 24 after birth, which positively impact calf 
immunity later in life (Wittum and Perino, 1995).

No treatment effects were detected (P ≥ 0.33) for mRNA 
expression of LM genes during the feedyard phase (Table 8). 
The CT values of housekeeping genes also did not differ  
(P ≥ 0.55) between CSSO and CON calves on day 485 (21.73 
vs. 21.80 for Β-actin, SEM = 0.08; 20.58 vs. 20.58 for ribosomal 
protein S9, SEM  =  0.06; 21.15 vs. 21.19 for the geometrical 
mean, SEM = 0.04), further validating these mRNA expression 
analyses. Therefore, CSSO supplementation to late-gestating 
cows appears to modulate mRNA expression of adipogenic 
and myogenic genes in the calf LM at birth, without continuing 
effects later in life when supplemental CSSO or ω-6 PUFA 
are not provided to offspring. Treatment × sex interactions 
were detected (P ≤ 0.03) for feedyard ADG, final BW, and HCW 
(Table  9). These responses were greater (P ≤ 0.05) in steers 
from CSSO cows compared with CON and did not differ  
(P ≥ 0.59) between heifers (Table  9). The proportion of 
male calves slaughtered did not differ among treatments 
(P  =  0.56) and were equal to the proportion of male calves 
weaned (Table  7) given that no calf mortality was observed 
in the feedyard. A  treatment effect was detected (P  =  0.03) 
for carcass LM area, which was greater in calves from CSSO 
cows compared with CON across sexes (Table  9). Different 
than ADG and HCW, the treatment × sex interaction was not 
significant for this latter variable (P = 0.31). The LM area was 
greater (P = 0.02) in steers and tended to be greater (P = 0.10) in 
heifers from CSSO cows compared with CON cohorts (82.0 vs. 
78.5 cm2 in steers and 82.9 vs. 80.7 cm2 in heifers, respectively; 
SEM = 1.1). No treatment differences were detected (P ≥ 0.43) 
for the remaining carcass traits evaluated, including marbling 
and proportion of carcasses graded as Choice (Table  9). 
Feedyard results indicate that CSSO supplementation to late-
gestating beef cows improved BW gain in the male offspring 
only, but increased LM development across offspring sexes. 

Figure 2. Cumulative incidence of BRD, during the initial 3 wk after feedyard arrival, from the offspring of beef cows receiving diets containing CSSO (n = 52) or CON 

(n = 52) during the last trimester of gestation. Cows received (dry matter basis) 195 g/cow daily of CSSO (Essentiom; Church and Dwight Co., Inc., Princeton, NJ) or 

170 g/cow daily of CON (Energy Booster 100; Milk Specialties, Eden Prairie, MN). Treatments were provided from day 0 (day 195 of gestation) to calving. Calves were 

weaned on day 290 of the experiment, preconditioned for 35 d (day 291 to 325), and transferred to a feedyard where they remained until slaughter (day 514). Calves 

were observed daily for respiratory disease signs based on the DART system (Zoetis, Florham Park, NJ) and received medication according to the management criteria 

of the commercial feedyard. A treatment × day interaction was detected (P = 0.03), whereas no BRD incidence was noted beyond 21 d relative to feedyard arrival. Within 

days, *P ≤ 0.05.
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The reason for the treatment × sex interaction on ADG and 
HCW is unclear, as steers and heifers were equally managed 
as a single group in the feedyard.

Treatment differences noted in LM area were observed 
without an equivalent response in MyoD and myogenin mRNA 
expression on day 485 (te Pas et al., 1999). However, myogenic 
factors are downregulated as cattle mature and muscle fibers 
are fully developed (Picard et al., 2002; Du et al., 2010; Schubach 
et al., 2019). Improved feedyard ADG and carcass LM area should 
also be associated with enhanced immunocompetence of calves 
from CSSO cows, given that the number of BRD treatments is 
negatively associated with feedlot performance and carcass 
merit (Blakebrough-Hall et  al., 2020). Maternal dietary fat 
content appears to impact appetite regulation in the offspring 
(Gupta et al., 2009), and greater feed intake of calves from CSSO 
cows may have contributed to their improved feedyard growth 
and immunity responses (Cooke, 2017). Collectively, treatment 
differences noted in the feedyard support our hypothesis, at 
least partially, as supplemental CSSO during gestation had 
beneficial impacts on offspring development via programming 
effects. Increased marbling was also expected from CSSO 
supplementation, given the ɷ-6 PUFA effects on adipocyte 
development (Houseknecht et  al., 2002; Mangrum et  al., 2016; 
Schubach et  al., 2019) and treatment effects on adipogenic 

genes at birth. The major benefits of CSSO supplementation 
during late gestation, however, were limited to muscle growth. 
Accumulation of ɷ-6 PUFA into fetal tissues during gestation 
appears to have enhanced the development of muscle fibers, 
which translated into increased carcass and LM growth when 
offspring were provided anabolic feedlot diets (Harper and 
Pethick, 2004).

Overall conclusions

Supplementing forage-fed beef cows during late gestation 
with CSSO did not impact cow performance, calving rate, or 
calf birth BW. After calving, plasma concentrations of ɷ-6 
PUFA were greater in CSSO cows and their offspring, as well 
as IgG concentrations in the colostrum and in calf plasma, 
compared with CON cohorts. Calves from CSSO cows were 
also born with upregulated mRNA expression of adipogenic 
and myogenic genes in the LM. No treatment differences in 
offspring growth were observed from birth to weaning and 
subsequent 35-d preconditioning period. Upon feedyard arrival, 
offspring from CSSO cows had improved response to BRD 
antimicrobial treatment, whereas ADG was improved in male 
offspring and LM area were increased across sexes compared 
with CON cohorts. These results are indicative of programming 
effects on postnatal offspring growth and health resultant from 
CSSO supplementation to late-gestating cows (Funston et  al., 
2010; Marques et al., 2017), although CSSO impacts on muscle 
development vs. adipogenesis and carcass marbling warrant 
further investigation. Nevertheless, these outcomes indicate 
that supplementing CSSO to beef cows during pregnancy might 
be a feasible alternative to optimize offspring productivity, 
welfare, and carcass merit in beef systems.
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