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AbstrAct
Developmental programming, defined as a stimulus 
or insult during a critical period in conceptus develop-
ment establishing a permanent physiological response, is 
of growing concern in livestock production. Factors that 
could impact conceptus development include: genet-
ics, maternal age, litter size, maternal activity level, or 
nutrient availability. Decreased nutrient availability dur-
ing early pregnancy may hinder placental development, 
ultimately restricting fetal growth during later stages of 
gestation. Poor dam nutrition during later stages of preg-
nancy can equate to reduced birth weights due to inad-
equate supply of nutrients for the placenta to transfer to 
the fetus. Ultimately, maternal nutritional intake can im-
pact uteroplacental bloodflow, thus nutrient delivery to 
the offspring. Low birth weights not only impact neona-
tal morbidity and mortality, but more recently, has been 
linked to poor growth performance and carcass quality. 
Furthermore, maternal diet has also been shown to im-
pact reproductive performance of the offspring. Critical 
developmental milestones do not only occur in utero, but 
also during the first weeks postnatal. There is limited data 
in livestock separating maternal nutrition during gestation 
from lactation. As maternal nutrition during pregnancy 
impacts mammary gland growth, colostrum yield, and 
milk production, our laboratory has developed a model 
to divorce the effects of maternal nutrition during preg-
nancy with postnatal nutrition in sheep. Current efforts in 
our laboratory are investigating how the maternal envi-
ronment impacts uteroplacental blood flow and potential 
management methods to intervene when maternal nutri-
tional supply may not be adequate. Elucidating the conse-
quences of inadequate maternal intake on the continual 
plasticity of placental function will allow us to determine 
the proper timing and duration for intervention in our live-
stock species.
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IntroductIon
The maternal system can be influenced by many different 
extrinsic factors, including nutritional status and level of 
activity, which ultimately can program nutrient partition-
ing and ultimately growth, development and function of 
the major fetal organ systems (Wallace, 1948; Wallace et 
al., 1999; Godfrey and Barker, 2000; Wu et al., 2006).  The 
trajectory of prenatal growth is sensitive to direct and in-
direct effects of maternal environment, particularly during 
early stages of embryonic life (Robinson et al., 1995), the 
time when placental growth is exponential. Understand-
ing the impacts of the maternal environment on placental 
growth and development is especially relevant as the ma-
jority of mammalian livestock spend 35-40% of their life 
within the uterus, being nourished solely by the placenta. 
Moreover, pre-term delivery and fetal growth restriction 
are associated with greater risk of neonatal mortality and 
morbidity in livestock and humans. Offspring born at an 
above average weight have an increased chance of surviv-
al compared with those born at a below average weight 
in all domestic livestock species, including the cow, ewe, 
and sow. Just as growth restricted human infants are at risk 
of immediate postnatal complications and diseases later 
in life (Barker et al., 1993; Godfrey and Barker, 2000), 
there is increasing evidence that production characteris-
tics in our domestic livestock may also be impacted by 
maternal diet (Wu et al., 2006). Some of the complica-
tions reported in livestock include increased neonatal 
morbidities and mortalities (Hammer et al., 2011), intes-
tinal and respiratory dysfunctions, slow postnatal growth, 
increased fat deposition, differing muscle fiber diameters 
and reduced meat quality (reviewed in Wu et al., 2006).

The objective of this proceeding is to highlight some of 
our laboratories investigations on how maternal environ-
ment can impact uterine and/or umbilical blood flow in 
cattle, sheep, and swine, and how that change may influ-
ence growth and carcass traits in offspring. 

AlterAtIons In globAl nutrItIon to 
the pregnAnt ewe 

In normal pregnancies, resistance of the uteroplacental 
arteries have been documented to decrease as gestation 
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advances. Our laboratory has reported that when preg-
nant ewe lambs are nutrient restricted, lamb birth weight 
is reduced compared to control fed ewes (Swanson et 
al., 2008; Meyer et al., 2010). Moreover, we have dem-
onstrated that when ewes are restricted, there is ~33% 
decrease in endothelial nitric oxide synthase mRNA ex-
pression on d 130 of gestation in the maternal portion of 
the placenta compared to control-fed animals (Lekatz et 
al., 2010). We hypothesized that this reduction in birth 
weight was due to a greater placental vascular resistance 
in restricted ewes compared to control ewes. In order to 
evaluate the effects of maternal nutrition on the percent-
age change in pulsatility and resistance indices (PI and 
RI, respectively) pregnant ewes receiving either 100% of 
NRC recommendations, 60% of the controls, or 140% of 
the controls were fed to individually housed ewes once 
daily from d 40 to 108 of gestation. Umbilical cord he-
modynamics were assessed by using a duplex B-mode 
(brightness mode) and D-mode (Doppler spectrum) pro-
gram of the color Doppler ultrasound instrument (Aloka 
SSD-3500; Aloka America, Wallingford, CT) fitted with a 
5.0 MHz finger transducer (Aloka UST-672). Ultrasonog-
raphy was performed on d 40, 45, 52, 80, 94, and 108 of 
gestation. Maternal diet altered the percentage change of 
both PI and RI with restricted ewes having increased (P = 
0.01) PI and RI compared to control ewes, with overfed 
ewes being intermediate. This could indicate that there 
is a reduction in nutrient delivery to the developing off-
spring. 

Lambs born from ewes that received restricted, control, 
and overfed diets were harvested at 6 mo of age after be-
ing reared under similar management. While USDA yield 
grade (3.2 ± 0.2), carcass wt (23.4 ± 0.9 kg), and dress-
ing percentage (48.1 ± 0.3%) were not influenced by ma-
ternal diet, semimembranosus and psoas major muscle 
weights, as well as internal fat mass, tended to be reduced 
(P ≤ 0.09) in lambs from overfed ewes compared to con-
trol or restricted ewes.  When Minolta readings were tak-
en on the longissimus muscle, lambs from restricted ewes 
had a reduced (P = 0.03) b* to compared to lambs from 
control ewes with lambs from overfed ewes being inter-
mediate (5.2 vs 6.0 and 5.4 ± 0.3 for restricted, control, 
and overfed, respectively). There was no effect of maternal 
diet on L* or a*. Despite similar management postnatally, 
it appears that maternal diet can influence muscle charac-
teristics in lambs. We hypothesize that the delivery of nu-
trients via uterine and umbilical blood flows may be what 
is influencing muscle and fat development later in life.

proteIn supplementAtIon 
While the literature is now booming with increasing evi-
dence of how nutrient restriction impairs several physio-
logical parameters, few concentrate on enhancing postna-
tal growth in livestock species. In a recent series of papers 
in cattle, cows gestated on range (where crude protein of 
forage is  < 6%) that were protein supplemented during 

late gestation had calves similar in birth weight, but had 
calves with increased weaning weight compared to pro-
tein unsupplemented cows (Stalker et al., 2006, Martin et 
al., 2007; Larson et al., 2009).  It is valuable to note that 
the protein supplementation enhanced growth after birth. 
Furthermore, the pregnancy rates in heifer calves born 
from protein supplemented cows were enhanced com-
pared to control cows (93 vs 80%; Martin et al., 2007). It 
was our hypothesis that the increased fertility and growth 
rate of the calves from supplemented dams may be due 
to enhanced uterine blood flow and/or placental nutrient 
transfer.  The increase in uterine blood flow would be ex-
pected to increase nutrient transfer to the fetus, and while 
birth weights may not be altered (as reported by Stalker et 
al., 2006; Martin et al., 2007; Larson et al., 2009), growth 
trajectory of the musculoskeletal and reproductive sys-
tems of the offspring may be enhanced. 

mAternAl ActIvIty
In the U.S. swine industry, the individual stall is com-
monly used during gestation; however producers may be 
required to modify this widely used housing practice to 
increase animal mobility. Lammers et al. (2007) hypoth-
esized the increase in litter size and decrease in stillborn 
fetuses from sows housed in groups during gestation oc-
curred due to the females’ ability to move about during 
gestation.  Exercise during gestation has been studied 
in several animal species including the rat (Garris et al., 
1985; Houghton et al., 2000), and sheep (Lotgering et al., 
1983a; Lotgering et al., 1983b, Chandler et al., 1985) with 
the duration and intensity of exercise impacting both um-
bilical and uterine blood flows (Lotgering et al., 1983a; 
see review by McMurray et al., 1993), as well as birth 
weight (Garris et al., 1985). Our laboratory hypothesized 
that umbilical blood flow to the fetus would increase in 
gilts that were given the ability to increase their activity 
during gestation. Pregnant gilts were individually housed, 
and beginning on d 40 of gestation (gestation length = 
114 d), a subset of gilts were selected to increase their ac-
tivity levels. Whereas control gilts remained in their gesta-
tion stall for the duration of pregnancy, gilts selected for 
exercise were individually walked for 30 min, 3 times a 
week, at the pace of each individual. All animals received 
the same diet and were housed in the same room. Begin-
ning on d 39, and approximately every 14 d until d 94 
of gestation, umbilical blood flow was determined from 
two independent fetuses per litter by Doppler ultrasonog-
raphy and when gilts were in a recumbent position. Gilts 
that had increased activity levels exhibited an increase in 
umbilical blood flow compared to their control counter-
parts. Gestation length, obstetrical interventions, length 
of parturition, average birth weight, and placental weight 
did not differ (P > 0.15). Upon harvest at 6 mo of age, it 
was determined that while hot carcass weight was not dif-
ferent between groups, pigs from the exercised gilts had 
increased carcass quality as measured by muscle color 
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(Minolta L*), muscle pH at 45 min, and water content of 
the muscle. Studies are currently underway investigating 
muscle fiber development within these offspring.

summAry And conclusIons
We hope to improve approaches to management of live-
stock during pregnancy which may impact not only that 
dam’s reproductive success, but her offspring’s growth 
potential and performance later in life. Future applica-
tions of this research may be used to develop therapeutics 
for at-risk pregnancies in our domestic livestock. If these 
therapeutics can be used on-farm, producers would have 
the ability to increase animal health while also reducing 
costs of animal production. While each species is unique 
in its placental development and vascularity, comparative 
studies may ultimately assist researchers in understanding 
how the maternal environmental impacts placental, and 
thus fetal, development.
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