
  ABSTRACT 
  Research involving fat supplementation 

to heifers has shown positive reproductive 
effects, but the effect of lipid composition 
has had little investigation. Heifers (n = 
118) were blocked by age, breed, and BW 
and pen-fed alfalfa hay. Heifers were 
individually fed 1 of 3 isocaloric supple-
ments: control (CON) or either half 
the CON diet with 0.2 kg of a rumen-
protected unsaturated fatty acid source 
(USFA) or a rumen-protected saturated 
fatty acid source (SFA) fed 5 d/wk. Heif-
ers received treatments for 3 wk before 
starting the 7-d controlled intravaginal 
drug release estrus synchronization pro-
tocol. Heifers remained on treatment for 
28 d after AI. Pregnancy was determined 
at d 30 post-AI via transrectal ultra-
sonography and by rectal palpation at 

150 d post-AI. Serum progesterone and 
leptin were measured by RIA and serum 
triglycerides; cholesterol was measured 
by colorimetric procedures. Heifers BW 
gain during supplementation was similar 
(P = 0.35) between treatment groups (32 
± 2 kg). Percentage of heifers cycling 
tended to be less (P = 0.08) for USFA 
heifers compared with CON and SFA 
treatments (36 vs. 55 and 56%, respec-
tively). Pregnancy rates by AI of heifers 
detected in estrus were similar (P = 
0.35) between treatments. Serum total 
and specific fatty acids, cholesterol, and 
triglycerides were greater (P < 0.05) at 
d 21 and 56 in fat-supplemented heif-
ers compared with CON heifers. At d 56 
of treatment, USFA had greater (P < 
0.05) plasma leptin compared with SFA, 
with CON heifers having further reduced 
serum leptin concentration. Feeding 
rumen-protected fats to heifers increased 
circulating lipid and leptin, but did not 
influence reproduction rates. 

  Key words:    fat ,  heifer ,  reproduc-
tion ,  serum fatty acid 

  INTRODUCTION 
  Previous research has been focused 

on management practices that may 
improve reproductive efficiency in 
yearling heifers, which may affect 
lifetime reproductive and cow per-
formance. Wiltbank et al. (1969) 
demonstrated that a high level of 
nutrition decreased the age of puberty 
onset. Gasser et al. (2006) reported 
that increasing dietary energy intake 
in early weaned heifers decreased age 
at puberty regardless of the diet fed. 
Conception occurring earlier, during 
the first breeding season for a heifer, 
resulted in positive effects on repro-
ductive performance for that cow for 
the rest of her lifetime (Lesmeister 
et al., 1973). It has also been shown 
heifers that calve earlier in their first 
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calving season weaned heavier calves 
through 6 parturitions (Cushman et 
al., 2013).

The use of dietary fats in beef heif-
ers have been thoroughly reviewed 
by Hess et al. (2008), who indicated 
that fat feeding of heifers resulted in 
increased pregnancy rates but raised 
concerns of differences in response 
between well developed and underde-
veloped heifers. Rumen-protected fat 
has been used to meet or exceed en-
ergy needs of cattle while minimizing 
DMI reductions and decreasing OM 
digestion associated with fat supple-
mentation (Spicer et al., 1993; Moal-
lem et al., 1997; Filley et al., 2000). 
Feeding of heifers a rumen-protected 
fat source for 60 d before the breeding 
season resulted in increased preg-
nancy rates compared with heifers fed 
only the carrier (Long et al., 2007). 
Recent research has shifted to feeding 
fat for a shorter time before breeding 
and extending supplementation for a 
period after insemination (Hess et al., 
2008). Long-term feeding of diets with 
different fatty acid profiles starting at 
7 mo of age resulted in no difference 
in the amount of heifers pubertal at 
10, 12, or 14 mo of age, and heifers 
fed a diet high in fat tended to have a 
lower conception rate compared with 
control heifers (Shike et al., 2013). 
Little research has been done utilizing 
rumen-protected fats that are saturat-
ed or unsaturated before and after AI 
in beef heifers. We hypothesized that 
feeding a rumen-protected fat source 
before and after AI will improve beef 
heifer conception rates and overall 
reproductive efficiency with possible 
different effects of fatty acid source.

MATERIALS AND METHODS
Animals

All animals were handled in ac-
cordance with procedures approved 
by the University of Arizona Animal 
Care and Use Committee. Bos taurus 
heifers (n = 120) were blocked by 
age (range 320–430 d), breed (polled 
Hereford, Hereford cross, or Angus 
cross), BW (261 ± 3 kg), BCS, and 
reproductive tract score (LeFever and 

Odde 1986) into 1 of 3 groups, result-
ing in 40 heifers/treatment groups. 
All heifers were pen-fed alfalfa hay 
(1.37 mCal/kg of NEm, 26.3 % ADF, 
and 16.8 % CP on a DM basis, as 
analyzed by commercial laboratory, 
Serve-Tech Laboratories, Dodge City, 
KS) at 4.5 kg/heifer per day at 0700 
h each day. Then, heifers were indi-
vidually fed 1 of 3 isocaloric supple-
ments: a control (CON), which con-
tained 90 % beet pulp (1.21 mCal/kg 
of NEm, 19.1% ADF, and 9.5% CP) 
and 10% molasses at 1.0 kg as fed, 
or either 0.5 kg of the CON with 200 
mg of Strata 113 (USFA) or EnerGII 
(SFA; Virtus Nutrition, Corcoran 
CA) fed 5 d/wk at 1700 h along with 
1.4 kg of sudangrass hay (1.21 Mcal/
kg of NEm, 35.8 % ADF, and 8.2 % 
CP on a DM basis, as analyzed by 
a commercial laboratory). Nutrient 
composition and fatty acid composi-
tion of the fat sources are provided in 
Table 1. Heifers received the supple-
ment for 3 wk before the controlled 
intravaginal drug release (CIDR; 
Pfizer Animal Health, New York, NY) 
was inserted for 7 d. Blood samples 
were collected at 0700 h before morn-
ing feeding 12 d before CIDR inser-
tion and then every 4 d until CIDR 
insertion. Blood was collected by tail 
venipuncture into evacuated blood 
collection tubes (BD Vacutainer, 
Franklin Lakes, NJ). Blood was al-
lowed to coagulate for approximately 
an hour at room temperature and 
then refrigerated at 4°C overnight be-
fore centrifugation at 2,000 × g for 20 
min. Serum was aliquoted and stored 
at −20°C pending analysis. Heifers 
were detected for estrus every 12 h 
after the prostaglandin F2α (PGF2α; 
Lutalyse, Pharmacia and Upjohn Co., 
Kalamazoo, MI) injection at the time 
CIDR was removed. Heifers were then 
artificially inseminated via a single 
sire for polled Hereford heifers and 
2 sires for the crossbreed heifers 12 
h after estrus was detected following 
the AM/PM rule. Estrus detection 
was aided with the use of Estrotect 
heat detection patches (Rockway Inc., 
Spring Valley, WI). Only heifers that 
were detected in estrus were insemi-
nated. Heifers remained on treatment 

supplementation for 28 d after insemi-
nation. One heifer from both of the 
fat-supplemented treatment groups 
was removed from the experiment due 
to bloat associated with alfalfa hay on 
the same day. A blood sample before 
morning feeding was collected at the 
end of the supplementation period 
as previously described. Heifers were 
exposed to a bull that had passed a 
breeding soundness exam starting at 7 
d post-AI for an 80-d natural service 
breeding period. Pregnancy to AI was 
determined 30 to 32 d post-AI via 
transrectal ultrasonography (Aloka 
500-V with a 7.5-MHz probe, Coro-
metrics Medical Systems, Wallingford, 
CT). Overall pregnancy rates were 
determined at ~150 d post-AI by 
rectal palpation.

Blood Hormone and Lipid 
Analysis

From the serum samples collected 
before CIDR insertion, progesterone 
concentrations were analyzed by RIA 
with a sensitivity of 0.10 ng/mL (Sie-
mens Medical Solutions Diagnostics, 
Los Angeles, CA; Long et al., 2010). 
Serum progesterone concentrations 
greater than 1.0 ng/mL in any of the 
4 samples were used as the criteria 
to establish heifers that were puber-
tal; from these data, the percentage 
of heifers in each group that are in 
estrous at start of the synchroniza-
tion protocol was determined. Serum 
samples (8 randomly chosen per 
treatment) at CIDR insertion and at 
the end of the supplementation were 
analyzed for plasma lipid profile via 
gas chromatograph. Briefly, duplicate 
1-mL samples of serum were lyophi-
lized for 24 h and then transmethyl-
ated according to the method of Park 
and Goins (1994). An Agilent 6850 
gas chromatograph equipped with 
an Agilent 7673A automatic sampler 
(Agilent Technologies Inc., Santa 
Clara, CA) was used for this analysis. 
Separations were accomplished using 
a 100-m Supelco SP-2560 (Supelco, 
Inc., Bellefonte, PA) capillary col-
umn (0.25 mm i.d. and 0.20 µm film 
thickness), according to Duckett et 
al. (2002). Individual fatty acids were 
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identified by comparison of retention 
times with standards (Sigma, St. Lou-
is, MO; Supelco; Matreya, Pleasant 
Gap, PA). The fatty acids were quan-
tified by incorporating an internal 
standard, methyl tricosanoate (C23:0) 
acid, into each sample during methyl-
ation and expressed as a percentage of 
total fatty acids. In addition, 24 heif-
ers per treatment group were random-

ly chosen based on pregnancy status 
to AI for triglycerides and cholesterol 
analysis from serum samples collected 
at CIDR insertion and the end of the 
supplementation. Heifers were blocked 
by treatment to assay plate (n = 
3 plates per time period). Plasma 
triglyceride and cholesterol concentra-
tions were determined by colorimetric 
procedures using a 96-well plate with 

standards and liquid reagents (Pointe 
Scientific, Inc., Canton, MI). Serum 
samples from 15 heifers/treatment at 
CIDR insertion and the end of supple-
mentation were analyzed for serum 
leptin concentrations by RIA (Multi-
species leptin RIA, Linco Reseach, St. 
Charles, MO), previously validated by 
Long and Schafer (2013).

Statistical Analysis

Heifer age, BW, BCS, and reproduc-
tive tract scores were analyzed within 
day of treatment using the GLM 
procedure of SAS (SAS Institute 
Inc., Cary, NC) with treatment in 
the model. Binary reproductive data 
was analyzed using the GLIMMIX 
procedure of SAS with treatment in 
the model and for AI pregnancy rates 
and AI technician (n = 2); bull was 
also included in the model statement 
as a random effect. Serum fatty acids, 
triglyceride, and cholesterol were 
analyzed with the GLM procedure 
of SAS within day of treatment with 
treatment in the model statement. Se-
rum leptin was analyzed as repeated 
measurements using the MIXED mod-
el of SAS with treatment and day of 
treatment and their interaction in the 
model statement. Data are presented 
as least squares means ± SEM and 
considered significantly different when 
P ≤ 0.05; a tendency was indicated 
when P ≤ 0.10.

Table 1. Nutrient analysis and fatty acid (FA) composition of fat sources 
used to supplement heifers1 

Item Unsaturated2 Saturated2

DM, % 98 98
Calcium, % 9.3 9.2
Ether extract, % 80.6 82.5
Total FA, % DM 80.1 81.8
Total FA, % ether extract 99.3 99.1
C12:0, % total FA DM 2.6 0.4
C14:0, % total FA DM 4.5 1.2
C16:0, % total FA DM 21.4 50.1
C16:1, % total FA DM 8.8 0.2
C18:0, % total FA DM 9.2 4.3
C18:1t, % total FA DM 2.0 0.3
18:1c, % total FA DM 21.3 35.2
18:2, % total FA DM 6.1 8.1
18:3, % total FA DM 2.0 0
20:5, % total FA DM 8.3 0
22:6, % total FA DM 8.6 0
Other FA, % total FA DM 5.2 0.2
1Data provided by Kevin Murphy (Virtus Nutrition, Corcoran, CA).
2Unsaturated fat source from Strata 113 and saturated fat source from EnergII (Virtus 
Nutrition).

Table 2. Body weight, BCS, and reproductive tract scores of heifers fed hay and individually fed an isocaloric 
supplement containing no bypass fat or either a saturated or unsaturated rumen bypass fat source at the 
beginning, middle, and end of supplementation 

Item Control Unsaturated1 Saturated1 P-value

n 40 39 39  
Age at start of experiment, d 377 ± 3 380 ± 3 379 ± 3 0.787
BW at start of experiment, kg 260 ± 5 261 ± 5 261 ± 5 0.979
BCS at start of the experiment 5.3 ± 0.1 5.5 ± 0.1 5.4 ± 0.1 0.573
Reproductive tract score at start of experiment 2.8 ± 0.1 3.0 ± 0.1 2.9 ± 0.1 0.584
BW at CIDR insertion (d 21 of treatment), kg 280 ± 5 282 ± 5 281 ± 5 0.962
BW at end of experiment (d 56 of treatment), kg 293 ± 5 291 ± 5 295 ± 5 0.854
BCS at end of experiment 6.2 ± 0.1 6.2 ± 0.1 6.2 ± 0.1 0.982
BW gain during experiment, kg 33 ± 2 30 ± 2 34 ± 2 0.354
1Individually fed 0.2 kg of either an unsaturated fat source from Strata 113 or a saturated fat source from EnergII (Virtus Nutrition, 
Corcoran, CA).
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RESULTS AND DISCUSSION
Heifer age, BW, BCS, and repro-

ductive tract score at the beginning 
and BW and BCS throughout the 
experiment are presented in Table 2. 
Age at the start of the experiment 
was not different between treatments 
(P = 0.79) and averaged 379 ± 3 d. 
The range of age at the start of the 
experiment was 320 to 430 d; this 
was a result of almost a 100-d breed-
ing season that produced the heifers 
used in the current experiment. Heifer 
BW at the start of the experiment 
averaged 261 kg and was not differ-
ent between treatments (P = 0.98). 
This BW is ~52% of a 500-kg mature 
cow weight, which is the goal at the 
university ranch. Heifer BW gain dur-
ing treatment was similar (P = 0.35) 
between treatments. This should be 
expected given the individual isoca-
loric supplementation and the hay 

being pen fed at a similar amount 
per heifer per day. Heifer BCS was 
similar at the beginning and end of 
the supplementation period (P = 0.57 
and 0.98 respectively).

Ours is the first report of supple-
mentation of 2 different rumen bypass 
fats that differ in lipid composition in 
beef heifers that investigated repro-
ductive performance associated with 
lipid type. The use of underdeveloped 
heifers, heifers that are only ~52 % of 
mature BW, is a unique, unplanned 
factor in this experiment and repre-
sents a common scenario in the US 
beef industry. This level of heifer de-
velopment is within a range of recent 
research reports that developed heif-
ers to between 50 and 55% of mature 
BW and reduced development cost 
without reductions in total breeding 
pregnancy rates (Martin et al., 2008; 
Roberts et al., 2009). The lack of 
differences in final BW and BCS and 

overall BW gain during supplementa-
tion indicated the supplements were 
isocaloric as formulated.

Even though heifers were allotted 
to treatment based on age, BW, and 
reproductive tract scores to prevent 
differences between treatments, the 
heifers in the USFA treatment had a 
tendency for a reduced estrous cycle 
rate at the time of CIDR insertion 
compared with the other treatment 
groups (P = 0.08; Table 3). Repro-
ductive performance of heifers was 
similar between treatment groups 
(Table 3). A difference was noted in 
the estrous behavior in the heifers, 
with more heifers in the 2 fat-supple-
mented treatments in estrus at 49 to 
56 h after CIDR removal (P = 0.04, 
Table 4), as well as a trend for total 
heifers detected in estrus (P = 0.09, 
Table 4). There is limited information 
on the effects of supplemental fats 
on estrous activity in cattle. It has 

Table 3. Percentage of heifers cycling at controlled intravaginal drug release (CIDR) insertion and AI and total 
breeding season conception rates in heifers fed hay and individually fed an isocaloric supplement containing 
no bypass fat or either a saturated or unsaturated rumen bypass fat source 

Item Control Unsaturated1 Saturated1 P-value

n 40 39 39  
Exhibiting estrous at CIDR insertion, % 55 36 56 0.08
AI conception rate in heifers detected in estrus, % of AI heifers 81 77 63 0.58
AI conception rate total, % of exposed heifers 43 53 49 0.63
Pregnancy rate at palpation, % of exposed heifers 84 84 87 0.89
1Individually fed 0.2 kg of either an unsaturated fat source from Strata 113 or a saturated fat source from EnergII (Virtus Nutrition, 
Corcoran, CA).

Table 4. Number of heifers detected in estrus in hours after a prostaglandin F2α injection at controlled 
intravaginal drug release removal in heifers fed hay and individually fed an isocaloric supplement containing 
no bypass fat or either a saturated or unsaturated rumen bypass fat source 

Treatment <48 h 49–56 h 57–68 h 69–80 h 81–92 h ≥93 h Total

Control 8 4a 4 3 1 1 21A

Unsaturated1 5 12b 3 3 2 2 27AB

Saturated1 6 11b 3 4 3 3 30A

a,bMeans within a time period between treatments with different lowercase superscripts differed (P = 0.04).
A,BMeans within a time period between treatments with different uppercase superscripts differed (P = 0.09).
1Individually fed 0.2 kg of either an unsaturated fat source from Strata 113 or a saturated fat source from EnergII (Virtus Nutrition, 
Corcoran, CA).



Long et al.506

been shown in postpartum cows that 
the duration of estrus or number of 
mounts received was not influenced 
by BCS at calving or postpartum 
protein supplementation (Lents et al., 
2008). However, it has been reported 
that BCS tended to influence estrus 
length in postpartum cows treated 
with exogenous estrogen (Long et al., 
2009). In postpartum lactating beef 
cows, oilseed supplementation did 
not influence the number of mounts 
received or percent of cows that were 
nonresponders after the 7-d CIDR 
synchronization protocol (Scholljeg-
erdes et al., 2011).

The tendency for reduced cycling 
rates at the start of synchronization 
in USFA-supplemented heifers cou-
pled with similar AI pregnancy rates 
could indicate some positive reproduc-
tive effects of USFA supplementation. 
It has been reported that feeding 
supplement before the breeding season 
is probably the most effective time to 
supplement fat to heifers (Hess et al., 
2008). This has been confirmed by 
Long et al. (2007), who showed that 
feeding rumen-protected saturated 
fat to heifers for 60 d before breeding 
resulted in greater reproductive rates 
in heifers. The use of unsaturated fats 
in cows and heifers has been recently 
investigated, with supplementation 
beginning before breeding and being 
maintained after breeding (Moriel 
et al., 2012). The period of supple-
mentation before AI should allow the 
difference in plasma lipids to develop 
and influence the ovary, and possibly 
the uterus. Post-AI supplementation 
should allow for fatty acids to pos-
sibly affect pregnancy loss. In dairy 
cattle, feeding flaxseed results in 
improved embryo quality (Thangavelu 
et al., 2007), decreased pregnancy loss 
(Ambrose et al., 2006), and increased 
conception rate (Petit et al., 2002; 
Ambrose et al., 2006). In heifers, 
feeding oilseeds from 9 d before timed 
AI until 18 d post-AI resulted in no 
difference in conception rate to AI 
(Scholljegerdes et al., 2011). Using ru-
men-protected unsaturated fat sources 
in lactating postpartum beef cows re-
sulted in no difference in reproduction 
when supplemented from 10 d before 
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to 30 d after timed AI (Moriel et al., 
2012). Other reports have shown that 
rumen-protected PUFA supplemented 
before and for 28 d after timed AI im-
proved pregnancy rates in Bos indicus 
cows (Lopes et al., 2009). Feeding of 
fish meal, a naturally high source of 
n-3 fatty acids, to beef cows has been 
shown to be able to change endo-
metrial n-3 fatty acid composition 
(Burns et al., 2003). In addition, fish 
meal supplementation has been shown 
to decrease uterine PGF2α synthesis in 
heifers that have low serum progester-
one (Wamsley et al., 2005).

The serum analyses, unlike the 
reproductive results, show a clear dif-
ference between treatments. In Table 
5, total and specific serum fatty acids 
are given at d 21 and 56 of feeding. 
At d 21 of feeding, USFA increased 
(P < 0.01) serum 16:1, 20:4, 20:5 
(eicosapentaenoic acid), and 20:6 
(docahexaenoic acid) concentrations 
compared with CON and SFA heifers. 
At d 21 of treatment, USFA-treated 
heifers had reduced (P < 0.01) 18:1c9 
and increased (P < 0.05) 16:0 serum 
fatty acids concentrations compared 
with control heifers. Treatment of 
heifers with SFA resulted in increased 
(P < 0.05) serum concentrations of 
16:0, 18:0, 18:1c9, and 18:2 fatty acids 

compared with CON and USFA-treat-
ed heifers. Heifers supplemented with 
SFA had increased (P < 0.05) serum 
20:4 fatty acids compared with CON 
heifers. At d 21 of treatment, total 
serum fatty acids were increased (P < 
0.01) in both fat-supplemented treat-
ment groups compared with CON 
heifers. At d 56 of feeding, USFA-
treated heifers had increased (P < 
0.02) serum concentrations of 16:1, 
20:4, 20:5 (eicosapentaenoic acid), 
22:5 (docasapentaenoic acid), and 22:6 
(docahexaenoic acid) compared with 
CON and SFA-treated heifers. At d 
56 of treatment, USFA-treated heifers 
had increased (P < 0.01) serum 16:0 
and total fatty acids concentrations 
compared with CON heifers. Heifers 
supplemented with SFA had increased 
(P < 0.01) serum 16:0, 18:0, 18:1c9, 
18:2, and total fatty acids compared 
with CON and USFA-treated heifers. 
Serum leptin was increased in both 
of the fat supplement treatments at 
d 21 of treatment (P < 0.05; Figure 
1). However at d 56 of treatment, 
the USFA heifers had greater plasma 
leptin compared with SFA-treated 
heifers, with CON heifers having a 
lower serum leptin concentration (P < 
0.05). Serum triglycerides and cho-
lesterol at d 21 (CIDR insertion) and 

d 56 are shown in Figure 2. Heifers 
that were supplemented with rumen 
bypass lipid, regardless of lipid type, 
had elevated serum triglycerides and 
cholesterol concentrations compared 
with control heifers (P < 0.05) at d 
21 of supplementation. This difference 
in serum triglycerides and cholesterol 
concentrations remained (P < 0.05) 
at d 56 of supplementation.

The current experiment is also the 
first, to our knowledge, demonstrating 
that supplementing unsaturated fats 
can increase serum leptin to a greater 
extent than supplementation of an 
isocaloric amount of saturated fats. 
Leptin is an adipose-derived hormone 
that acts on the hypothalamus as 
an indicator of energy homeostasis 
and regulates food intake (Chilliard 
et al., 2005). The role of nutritional 
intake or specific nutrients on plasma 
leptin is still not completely known. 
Plasma insulin has been shown to be 
increased along with leptin in beef 
cows fed a diet high in CP and energy 
(Ciccioli et al., 2003). When supple-
mentation ended, both plasma leptin 
and insulin decreased as soon as 1 
wk after diet change, indicating that 
insulin may influence leptin secre-
tion. This conclusion is supported by 
the observation that insulin has been 
shown to increase the expression and 
secretion of leptin from bovine adi-
pose tissue (Houseknecht et al., 2000). 
In the current experiment, insulin was 
not measured, thus the role of insulin 
cannot be determined. Propionate has 
been shown to not be an important 
regulator of plasma leptin in dairy 
cows (Bradford et al., 2006). Supple-
mentation of dietary lipids in the 
form of calcium salts have been shown 
to increase serum leptin in beef heifers 
(Long et al., 2007). This experiment 
confirms the findings of the previous 
research and expands on them and 
shows that lipid composition further 
influences serum leptin.

Some discussion of the biohydroge-
nation or rumen degradation of cal-
cium salts of fatty acids has occurred, 
particularly regarding the calcium 
salts containing unsaturated fatty ac-
ids. Work in dairy cows indicated that 
calcium salts of fish oil at 2 different 

Figure 1. Serum leptin concentrations in heifers fed an isocaloric supplement given 
5 d/wk (control; n = 15), or a supplement containing 200 g of saturated (n = 15) or 
unsaturated (n = 15) rumen-protected fat sources at d 21 and 56 of treatment. Letters 
that differ (a–d) show means differ (P < 0.05).
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doses resulted in extensive rumen bio-
hydrogenation (Castañeda-Gutierrez 
et al., 2007). This fact may not be 
true for beef cows. Ashes et al. (1992) 
found that unprotected fish meal was 
able to escape rumen biohydrogena-
tion and result in an increased plasma 
n-3 fatty acid composition. Burns et 
al. (2003) showed that supplement-

ing fish meal to beef cows was able 
to increase plasma and endometrial 
n-3 fatty acids. The specific fatty acid 
sources used in the current experi-
ment have been shown to increase n-3 
fatty acids in muscle and liver of for-
age finished steers (Rule et al., 2011). 
The plasma fatty acid composition in 
our experiment showed the supple-

mentation strategy resulted in a dras-
tic increase in long chain unsaturated 
fatty acids, such as eicosapentaenoic 
acid and docahexaenoic acid.

IMPLICATIONS
Isocaloric supplementation of 

calcium salts of fatty acids increased 
plasma triglycerides and cholesterol 
and increased the number or heifers 
in estrous earlier after PGF2α admin-
istration. After 28 d of supplementa-
tion, serum leptin was increased in 
heifers treated with dietary lipid. 
Heifers supplemented with USFA 
had greater serum leptin at the end 
of supplementation compared with 
heifers supplemented with SFA. There 
appeared to be possible positive 
reproductive effects associated with 
USFA supplementation, but a need 
for further research exists to confirm 
this fact. This conclusion is in addi-
tion to increased insulin sensitivity 
that has been shown in growing steers 
to be associated with feeding of USFA 
(Cartiff et al., 2013).
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