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ABSTRACT

The objective was to determine whether maternatitirtal status and milk production during early
gestation influenced or were correlated with paremeseof the calf at birth and at 1 month of agenkr
parturition until 90 days pregnant, blood samplesrevcollected every 14 days in dairy cows and
plasma was assayed for concentrations of glucodedtydroxybutyrate (BHBA). Calves (n = 39)
born from these cows were measured for blood presaund size characteristics as well as carotid
artery hemodynamics measured via Doppler ultras@apiy Pulsatility Index (Pl) and Resistance
Index (RI). Several values were then calculatechdsess the cardiovascular health of the calf. The
GLM and CORR procedures of SAS were used to analgta and significance was determined when
p<0.05 and tendencies were discussed when p>0.05<@nt0. In calves at birth, mean milk
production of dams during early gestation was poaly correlated with heart girth. Length of
gestation was positively correlated with heart lgiof calves at birth and at 1 month of age. Mean
concentration of glucose in dams was positivelyrelated with wither height in calves at 1 month of
age. Length of gestation was negatively correlatéth Rl in calves at 1 month of age. Milk
production in the dam was positively correlatedhwitip and wither height and PI but negatively
correlated with mean arterial pressure in 1 monith @alves. At birth, twins weighed less than
singletons and females had an increased heartcatgared to males. At 1 month of age, size
parameters and mean blood flow differed betweemlsions and twins. Males had lesser blood
velocity but greater area of the carotid artery pared to females. These data lead to speculati&n th
early gestational environment may impact growth hathodynamic parameters in calves.

Keywords: Bovine, Developmental Programming, Doppler BlodaiF

1. INTRODUCTION weight, size and immune function (Gab al., 2012).
Maternal nutritional and endocrine characteristics
Growth characteristics and cardiac function in a influence the growth of the placenta and fetusmfras
young calf may affect health and production early as a few days after fertilization. Negative
characteristics later in life. Previous researctlicates  influences on the placenta impact fetal developrasuit
the importance of maternal diet and nutrient abdity subsequent offspring development (Robinsen al.,
to the health and viability of her offspring. Theeegy 1995). Maternal nutrition can alter blood flow thet
density of the diet pre-partum can impact neonateuterus, changing nutrient availability to the fetia the
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placenta (Vonnahme and Lemley, 2012). Blood flow is to a 60 day voluntary waiting period and then gitfly
an important indicator of cardiac health and nuatrie inseminated after detected in standing estrus om as
availability to particular tissues. timed artificial insemination after synchronizaticof
Undernutrition in early pregnancy followed by re- ovulation, per normal herd procedures. Cows were
alimentation to adequate nutrition in later pregnan inseminated with frozen thawed semen by trained
alters placenta vascularity and blood flow to therus technicians. Due to negative effects of heat stiass
(Vonnahmeet al., 2007; 2013) which may impact fetal Mississippi during summer months, this herd was
growth and development. The compensation of themanaged with a seasonal breeding season with no
placenta to insults may improve some outcomes infemales being inseminated from the end of May td-mi
offspring. However, these mechanisms cannot yet peNovember. Therefore, cows were evaluated between
fully explained. Further, the implications of a méige ~ September, 2011 and August, 2012. Pregnancy
energy balance or undernutrition in early lactatin ~ diagnosis was performed by palpation per rectum on
dairy cows have not been investigated. This ingult ~aPProximately 32 days post-Al by a herd veterimaead

early gestaton may or may not alter offspring cOnfirmed between 60 and 90 days post-Al.
characteristics at birth and later in life. Furthéris Beginning an estimated 3 weeks prior to calving and

unknown as to when measurements should be collecte§V€"Y 14 days after unt.|I-90 days in gestation, cowere
in neonatal calves to best assess these impactéssessed for body con_d|t|on scores (Edmoasah, 1989)
Collecting measurements at birth are difficult dioe byl one b(l)f ;WO tralmed obserl\llers.ds_ubsequxt to
timing and scheduling and variation may be incrdase ©2'VIN9, Dl00C samples were co ected Into evaatiate

due to difficulty of parturition as well as otheactors. t;”sjzs (Bicton D|pk|nsor|1, Frankiin Llikzs’ NJA?nd
But it is not known as to whether measurementsnat o ) without anticoagulants every ays. After

month of age, which are easier to schedule, arecoIIect|on, samples were placed on ice until re¢drn

adequate representations of the neonatal calf. Zooct:hfe Iazboora?oryp?nd then centlrllfuti:]ec;j atd3]:000t<g ?
Therefore, the first objective of this charactetiza or min. Flasma was collected and trozen at-

study was to determine whether the nutritionalustatf ?%_Qdunt;l analy?;]s. Duek;[o a }/{E\Jr“atl(;)n n d?ys rmd,;fzz

the dam during early gestation was correlated with 'NAV! du? COVQVS’ 1; numboer ot blood samples caedc
growth, development and hemodynamics of her rangg rom t_o ' o .
offspring. The second objective was to determine if  Milk production was recorded daily in the parloavi
measurements collected from calves at birth and at Westfalia Surge — Milk — Meters (GEA  Farm
month of age were correlated. These results will T€chnologies, Bonen, Germany). For analysis, milk
facilitate the planning of future experiments desgto ~ Production was averaged between two consecutive
elucidate the mechanisms and impacts of underimutrit Milkings at four time points (date of artificial

during ear|y gestation on Offspring' insemination and 30, 60 and 90 d pOSt'artiﬁCial
insemination) during the first trimester of pregogn
2. MATERIALSAND METHODS The range in this calculated mean was 21 to 54 kg
among cows with an overall mean of 40.4 kg per day.
2.1. Cows
2.2. Calves

All procedures in this study were approved by the ) ]
Institutional Animal Care and Use Committee of  Thirty nine calves (25 female, 14 male; 30
Mississippi State University. Holstein, 9 Jersey; 34 singletons, 5 twin calvesinb

Initially, 135 Holstein and Jersey cows from the from these dams were evaluated at birth and at 1
Mississippi State University Bearden Dairy Researchmonth of age (August, 2012 to February, 2013).
Center were evaluated from an estimated 3 weeks pri Calves were weighed at birth. Within 2 days of tirt
to calving until 90 days post-conception. Cows were calves were measured for size characteristics (@row
housed in 2 free-stall barns with access to watkr a to rump length, heart girth and hip and wither h¢)g
libitum and were fed twice daily a total mixed cati  and a blood sample was collected from the jugular
formulated to meet or exceed dietary requiremehtsyo vein. Samples were collected, processed and stored
or lactating cows (NRC, 2001). All cows were subjec  the same as samples from cows.
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Blood pressure (systolic and diastolic pressures)) a 3.RESULTS
heart rate were evaluated using a blood pressure
sphygmomanometer (Omron Healthcare, Inc., Forrest3.1. Cows
Lake, IL, USA) while the calf was in a lateral posi. ) )
From these measurements, Mean Arterial Pressure [N cows that had calves included in the study, the
(MAP; diastolic + [0.33333*(systolic-diastolic)])nd  average milk yield across the four time points ¢tiof
pulse pressure (systolic-diastolic) were calculated artificial insemination, 30, 60 and 90 days after
Hemodynamic characteristics of the carotid artery conception) was 40.4+8.3 kg of milk (range 21 tokgj
were evaluated using Doppler ultrasonography The range of days in milk at the time of conceptieas
(Micromaxx, SonoSite, Inc., Bothell, WA, USA). Cticb 43 to 167 days. The concentration of glucose anaihg
artery hemodynamic values were recorded by plaiting ~ samples from included cows was 3.5+0.7 mmdl Che
probe (L52x, Micromaxx, Sonosite, Inc) of the udwand ~ concentration of BHBA among all samples from
on the skin near the jugular groove. Three cardiade included cows was 905.3+505.2 umof.LMean length
waveforms were used to calculate systolic velo¢ty  of gestation was 279.7+3.8 days.
cm/second), diastolic velocity (d; cm/second) ands Mean concentrations of BHBA were not different (P
ratio, Pulsatility Index (Pl) and Resistance Indgx) = 0.503) between Holstein and Jersey cows, with
using preset functions on the Doppler ultrasound.Holsteins having a mean of 898.6+107.4 pmadl and
Following these calculations, vessel area of thetch  Jerseys having a mean of 1,007.8+161.9 pmblMean
artery was determined. From these measurements) meaoncentrations of BHBA were also not different (P =
blood velocity ((s-d)/Pl) and blood flow (mean bibo 0.985) in cows which had twin calves (951.2+195.7
velocity *cross sectional area of vessel *60 sefcihe pumol L) compared to those which had singletons
carotid artery were calculated. These measurenteiats (955 2+484.3 pmol IY). Mean concentrations of glucose
blood pressure and hemodynamics) were recordeidtat b\, are not different (P = 0.122) between the two bsee

and when the calf was 1 month (¢4 days) of age. with Holstein cows having a mean of 3.4+0.2 mmdldnd

2.3. Analysis of Serum Jersey cows having a mean of 3.8+0.3 mmidl Mean

S les f d cal | (goncentrations of glucose were similar (P = 0.766)
Erum samples Irom Cows and calves Were analyz€q,qoyyeen cows which had twin calves (3.5£0.4 mmd) L
for concentrations of glucose (Stanbio Glucose i-iqu

UV, Boerne, TX and USA) and concentrations fof and those which had singletons (3.6+0.2 mmat).L

hydroxybutyrate (BHBA; Randox Ranbut, Ireland, UK) A_vera_ge milk production during the eval_uat|0n pdrio
to assess nutritional status. For both assaysytaisge ~ did differ (P = 0.003) between Holsteins (41.6+1.8
was measured via a spectrophotometer (SpectraMaxd/day) and Jerseys (31.7£3.0 kg/day). Howeverk mil
Plus384, Sunnyvale, California and USA) following Production did not differ (P = 0.430) in cows whibsad
respective manufacturers’ instructions. twins (38.0+3.3 kg/day) compared to those which had

o ) singletons (35.3+1.6 kg/day).
2.4. Statistical Analysis

, 3.2. Parametersin Calves at Birth
The GLM Procedure of SAS (SAS Institute, Cary,

NC) was used for all ANOVA analyses and LS Mean’s +  Concentration of glucose in dams tended to be
SEM are presented. Pearson correlation coefficieate  related to heart girth in calves but was not relaie
derived using the CORR procedure of SAS (SAS birth weight, concentration of glucose, crown-rump
Institute) and means + SD are presented. For afletso  length, hip height, wither height, mean heart rate,
tested within GLM, independent variables were mean arterial pressure, mean RI, mean PIl, meardbloo
categorized. For BHBA data, cows were categoringnl i velocity, carotid artery blood flow, or blood flow
8 groups: 420 to 599, 600 to 699, 700 to 799, 8089, relative to body weight at birth T@ble 1).

900 to 999, 1,000 to 1,099, 1,100 to 1,199 and@@0 Concentration of BHBA in dams was not related b ca
2,293 pmol [* (there were no values between 1,174 andbirth weight, concentration of glucose, crown-rump
2,065 pmol [Y). For maternal glucose data, cows were length, heart girth, hip height, wither height, médeart
categorized into 3 groups: < 2.9, 3.0 to 3.9 a&4dd0 rate, mean arterial pressure, mean RI, mean Plnmea
mmol L™ and for milk production data, cows were blood velocity, carotid artery blood flow, or blodidw
categorized into 4 groups: < 31, 31 to 40, 41 tp4H relative to body weight (data not shown). Matemm#k
kg/day. Significance was set ak@05 and tendencies production did significantly affect crown-rump lehg
were discussed when p>0.05 k0t 10. heart girth, hip height and blood flow relative liody
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weight and tended to affect wither height, pulse
pressure and carotid artery blood flowable 1). It did
not affect calf birth weight, concentration of ghse,
mean heart rate, mean arterial pressure, mean &nm
Pl, or mean blood velocityT@ble 1).

At birth, calves born as twins weighed less (P

0.017; 25.4%43.2 kg) than calves born as singletons

(34.2+1.4 kg). In addition, female calves tendetidoe

an increased (P = 0.063) heart rate (132+6 beats pe

min [bpm]) compared to male calves (119+6 bpm). All
other parameters at birth (concentration of glugcose
crown rump length, heart girth, hip height, wither

sec?) than in males (41.2+6.3 cm 58c Mean blood
flow was greater (P = 0.025) in twin calves (653.84

mL min?) than in singletons (445.0+48.1 mL riinand
greater (P = 0.048) in males (640.4+76.4 mL Hithan

in female calves (458.3+48.1 mL mth Males also had

a greater (p<0.001) area of the carotid artery @msipto
females. All other parameters at one month of age
(concentration of glucose, mean arterial pressumegn
pulse pressure, mean Rl and mean Pl were similar
(p>0.10) between singletons and twins and between male
and female calves.

height, mean arterial pressure, mean pulse pressure3.4. Correations

mean RI, mean PI, mean blood velocity, mean blood

flow and blood flow per kilogram of body weight veer
similar (p>0.10) between singletons and twins and
between male and female calves.

3.3. Parametersin Calvesat One Month of Age

Concentration of glucose in dams was significantly
related to crown rump length, heart girth, hip kheig
wither height and mean blood velocity and it tended
be related to blood flow in calves at one montragé
(Table 2). Maternal glucose did not affect concentration
of glucose in calves, mean RI, mean Pl and blood fl
(Table 2). Concentration of BHBA in dams was related
to (P = 0.047) concentration of glucose in calveth w
dams in the mid-range of BHBA (699, 799, 899, 986 a

1099) having calves with decreased concentratidns o

glucose (4.1+0.3, 3.8+0.3, 4.1+0.2, 3.7+0.2 and+3(8B2
mmol/L, respectively) than calves born from cowsha
599 category (4.8+0.4 mmoll) and the 1199 and 1999
categories (4.1+0.3 and 5.0+0.3 mmof,Lrespectively)
of BHBA. It was not significantly related to crowamp
length, heart girth and hip height, wither heighigan

Growth parameters including heart girth, hip
height and wither height were positively correlatad
calves at birth and at one month of age (p<0.001;
Table 3). No other parameters measured were
correlated between birth and one month of dgble 3).

Heart girth in calves at birth was positively cdated
to the mean milk yield of the dam (P = 0.05) anuyté
of gestation (P 0.02Table 4). All other growth
characteristics at birth were not significantly retated
to variables measured in the damalfle 4). Mean
arterial pressure in calves at birth tended to dmtively
correlated to mean concentration of glucose indém
(P = 0.07;Table 4). Pulse pressure in calves at birth
tended to be negatively correlated to the mean
concentration of BHBA (P = 0.0G;able 4) in the dam.

All other cardiovascular characteristics of theveal at
birth were not correlated to the measurementsinsda

At one month of age, heart girth in calves was no
longer correlated with mean milk yield of dams (P =
0.14;Table 5) but still tended to be (P = 0.09) positively
correlated to gestation length. Hip height in calaéone
month of age was (P = 0.02) positively correlatedtlk

RI, mean PI, mean blood velocity and blood flow yield in dams. Wither height in calves at one mooth
(data not shown). Maternal milk production was age was positively correlated to mean concentraibn
significantly related to crown rump length, heairtlyg glucose (P = 0.02) and gestation length (P = 0i01)
hip height and wither height but did not affect dams. Wither height at one month of age also tended
concentration of glucose, mean RI, mean PI, bloodbe (P = 0.07) positively correlated to milk yiefddams.

flow and mean blood velocityT@ble 2).

Concentrations of glucose in calves at one montygef

Compared to singletons, calves born as twins hadwere positively correlated to concentrations of BHBf

decreased (P = 0.008) crown rump length (84.0+%0 V
94.2+2.1 cm), decreased (P
(77.4£3.0 Vs. 85.9+2.1 cm), decreased (P = 0.00%) h
height (76.4+2.2 Vs. 84.4+1.6 cm) and decreased (P
0.001) wither height (74.0£2.0 Vs. 82.7+1.4 cm).dvle
blood velocity tended (P = 0.069) to be greatetwims
(54.3+6.3 cm seéd) than in singletons (40.5+4.0 cm

their dam (P 0.03Table 5). Gestation length was

0.022) heart girthnegatively correlated to mean resistance indexabs at

one month (P = 0.0Ifable 5). Mean milk yield of dams
tended (P = 0.08) to be negatively correlated tame
arterial pressure but tended to be positively tabad to
mean pulsatility index of calves at one monftal{e 5).
Mean blood velocity at one month was negatively

sec’) and greater (P = 0.098) in females (53.6+4.0 cmcorrelated to milk yield as well (P = 0.0lable 5).
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Table 1. LSMeans + standard errors for parameters measucadi/es at birth by categories of concentratirgducose and daily milk production in dams

Glucose Milk Production
Parameter at birth <2.9 mmol'L 3.0to 3.9mmol I* >4.0 mmol'L <31 kg 31t040 kg0 41 to 45 kg >46 kg
Weight (kg) 31.3+2.500 34.3+2.200 27.8+4.300 27.9880 31.843.100  28.4+4.000  36.4+4.800
Glucose (mmol/L) 4.1+0.3000 4.1+0.300 4.0+0.400 +0.8000  4.3+0.300 4.2+0.300  3.8+0.400
Crown rump length (cm) 85.2+2.200 84.0+1.500 84.380 79.84:1.700  86.7£2.00 82.842.20 86.5+2.00
Heart girth (cm) 75%1.20 76.2+1.00 70.6+2.00 70.7%1.400 75.8+1.4 7184150 79.4%+1.6
Hip height (cm) 76.9+1.400 78.5+1.100 73.3+2.400 .3#1.600 77.5:1.61 758%1.80 79.6+1.90
Wither height (cm) 73.8+1.900 74.9+1.300 71.643.200 70.541.800  76.21.60 73.8+1.70  76.4+2.00
Mean heart rate (beats per minute) 127.1+8.00 $BALD0 148.1+16.10  141.0+11.400 132.7+10.20 1283 137.8+15.10
Mean arterial pressure (mmHg) 76.4+3.300 79.842.500  90.4+6.600 77.9+4.7000 87.4+4.200 80.0+4.500 8&RZWD
Pulse pressure (mmHg) 43.5+2.300 44.2+1.700 496804,  43.7+2.600 38.%+1.90 454+2.10  46.%2.40
Mean RI 0.82+0.050 0.86+0.03 0.80+0.08 0.86+0.050 .894£0.05 0.924#0.05  0.70+0.08
Mean Pl 2.1+0.4000 2.6+0.300 1.7+0.800 2.3+0.5000 .8+0.600 2.940.600  1.7+0.900
Mean blood velocity (cm/second) 46.5%6.000 42.400.2 48.4+10.20 45.445.2000  42.0+4.700 38.1+4.900 9+B1000
Carotid blood flow (mL/minute) 386.8+58.8 377.4428. 426.3+98.70  483/865.40 380.0+58.5 239.0461.6 445 #4755
Carotid blood flow/BW(mL/minute/kg) 16.4+2.100 1416900 16.1+5.100 22°92.500  9.#+2.700 10.6:2.70  19.6+3.600

aPwjithin parameters, means without a common sugptdetter differ (5<0.05)
*¥Z Within parameters, means without a common sugptdetter differ (0.10)

Table2. LSMeans + standard errors for parameters measuredes at one month of age by categories of ctrat®ns of glucose and daily milk
production in dams

Glucose Milk Production
Parameter at one monthof age <2.9mmol/L 3.0 to 86t >4.0mmol/L <31kg 31to40kg 41 to 45kg >46kg
Glucose (mmol/L) 4.2+0.2 4.3+0.1 3.840.3 4.1+0.3 9+8.3 4.0+0.3 4.2+0.7
Crownrump length (cm) 89°81.9 93.6+1.5 78.3+37  83.3+22 87.8:21 84.9+26  93.6+26
Heart girth (cm) 81517 85.5+1.3 69.6+3.3 763420  79.4%19 76.5+2.4 83.6+2.3
Hip height (cm) 81%1.4 84.06+1.1 73.8+2.8 72.3+1.6  77.5+16 758%1.8  79.6+1.9
With rheight (cm) 78%81.0 81.3+0.8 71.6+1.9 7558+1.1  77.4+1.1  73.98+14 81.6+1.3
Mean RI 0.80+0.06 0.9040.04 0.88+0.09 0.87£0.05 160806 0.97+0.07 0.83+0.09
Mean PI 3.4+0.6 2.5+0.5 2.4+0.9 1.9+1.0 2.2+#1.0 +2.3 2.9+1.5
Mean blood velocity (cm/second) 51.3+5.1 44.7+4.1 5.347.6 52.2+6.4 55.3+5.6 42.4+7.6 42.8+7.4
Carotid blood flow (mL/minute)  508663.8 342.%51.1 535.5:95.7 337.2#84.8 542.0473.4 493.9+100.8 421.3+97.1

abewithin parameters, means without a common suggptdetter differ (< 0.05)
Y% Within parameters, means without a common supptdetter differ (g 0.10)

Table 3. Measurements of calves at birth and one montlgefmean + SD)
Measurements of calves

Parameter At birth At 1 mo of age
Glucose 4.2+1.1 mmol [* 4.2+0.5 mmol [*
Heart girth”™ 77.0+4.4 cm 86.6+5.2 cm

Hip height™ 79.5+4.1 cm 85.3+3.9 cm

Wither height” 76.2+4.3 cm 82.8+4.1 cm

Mean heart rate 129.5+21.3 beats per min 110.2436a% per min
Mean arterial pressure 80.1+8.8 mmHg 95.3+16.6 mmHg
Pulse pressure 42.8+7.0 mmHg 49.2+9.5 mmHg
Mean resistance index 0.8+0.2 0.8+0.1

Mean Pulsatility index 2.4+1.3 2.4£1.0

Mean blood velocity 41.8+15.2 cm/second 46.3+150%sec
Carotid blood flow 395.53202.2 mt.min 431.5+172.9 mt* min

***Parameters positively correlated (p<0.001) betweirth and one month of age
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Table4. Pearson correlations (r) between growth and caadizular measurements in calves at birth and irs dlaming early gestation
Measurements in dams during early gestation

Measurements at birth in calves Mean milk yield Mehucose Mean BHBA Gestation length
Heart girth 0.41 0.11 0.01 0.45
Hip height 0.310 0.30 -0.09 0.22
Wither height 0.230 0.19 0.15 0.29
Glucose -0.31 0.07 0.30 -0.18
Mean heart rate -0.29 0.06 -0.06 -0.14
Mean arterial pressure 0.010 038 0.07 0.07
Pulse pressure 0.260 -0.26 -0.38 0.13
Mean resistance index -0.32 -0.21 0.01 -0.14
Mean pulsatility index -0.06 -0.26 -0.13 0.06
Mean blood velocity -0.19 0.17 0.08 0.13
Carotid blood flow -0.21 0.26 0.19 0.09
*p<0.05

tp>0.05 buk 0.10

Table5. Pearson correlations (r) between cardiovasculasanements in calves at one month of age and is darimg early gestation
Measurements in dams during early gestation

Measurement at 1 month in calves Mean milk yield aglucose Mean BHBA Gestation length
Heart girth 0.390 0.39 -0.10 043
Hip height 0.60 0.06 -0.14 0.39
Wither height 0.4% 0.57 -0.17 0.62
Glucose 0.180 -0.09 0.58 -0.38
Mean heart rate 0.170 -0.39 0.02 -0.23
Mean arterial pressure -046 -0.25 -0.05 0.01
Pulse pressure 0.080 0.31 0.19 -0.11
Mean resistance index 0.110 -0.19 0.27 -0.59
Mean pulsatility index 0.44 -0.14 0.03 -0.39
Mean blood velocity -0.61 -0.13 0.13 0.02
Carotid blood flow -0.30 0.31 0.30 0.10
*p<0.05
tp>0.05 buk 0.10

4. DISCUSSION differ between Holstein and Jersey cows but diddifter

between cows with singletons and those with twinesa
A period of negative energy balance at some paint i Ewes gestating singleton versus multiple fetuses

early lactation is common among high-producing ydair have been identified as a compromised pregnancy
cows. The effects on offspring which were conceived model due to the intrauterine growth restrictioratth
during a nutritional insult (less than adequateriant occurs (Grazul-Bilskaet al., 2006). For example,
intake) have yet to be investigated in the daidustry. gestating multiple fetuses causes a 30% decrease in
This characterization study was designed to isitibtat ~ fetal weight and a 23% decrease in uterine blood fl
avenue of research and to potentially provide exideof (Reynoldset al., 2006). In addition, this decrease in fetal
changes in the offspring to be further evaluatedthis weight specific to twins has been associated with a
current study, Holstein and Jersey breeds of coarew attenuated postnatal hypothalamic-pituitary-adrenal
included and concentrations of BHBA and glucoseewer response (Bloomfiel@t al., 2007). In beef cattle, post-
not different between the two breeds. Five twirveal natal average daily gain is increased in singlenes
were also included and concentrations of BHBA andversus twins (Gregoryet al., 1996); however, these
glucose did not differ between cows that had stoge  differences in growth rates are more than likely a
versus those with twins. Milk production, as expdctid combination of physiological limitations of the ute and
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mammary gland. A paucity of information exists on relationships identified in this current study amclear;

cardiovascular function in twins versus singletdasing

however it is likely that maternal nutrition doaapact

the neonatal period. Although the current experimen parameters in offspring to some extent.

contained a limited number of twins it is still @nésting
to note the differences in blood flow at one mauitlage.

B-hydroxybutyrate was measured as an indicator of
the process of fat mobilization that dairy cows emake

This developmental plasticity of the cardiovascular during a time of negative energy balance, ofteeary

system may allow for specific adaptations to pramot
blood flow and growth during early life.

lactation, to make up for their diet or intake nmteting
their nutritional requirements. Cows included iristh

nutritional availability to the developing embnyilis and

placenta. Dams with the greatest concentration of

glucose tended to have calves with the smallesttthea
girth at birth and mean arterial pressure in cabtdsirth
tended to be positively correlated to mean conaéntr
of glucose in the dam. Wither height in calves at o

first artificial insemination after calving occudeno
sooner than 60 days post-calving. Because of typica
conception rates to artificial insemination, thevas a
significant range in days in milk at the time of
conception and this led, in part, to an extensarge in
milk production during the collection period (timaf
artificial insemination, 30, 60 and 90 days after

month of age was positively correlated to mean conception). The variation in milk production caipaend

concentration of glucose. Maternal undernutrition i
early pregnancy may cause hypertension in offspaisg
human adults (Hulét al., 2010; Ravelliet al., 1976) as
well as metabolic syndrome (impaired glucose toleea

hypertension and increased triglycerides) in human

(Barkeret al., 1993; Bonet al., 2005; De Rooigt al.,
2007; Yarbrougtet al., 1998). It is yet to be determined

if concentration of glucose in the dam during early |,;

the average production for individual cows alsaéased
the variation in milk production. ConcentrationsBHiBA
were quite variable, no doubt due to the rangealysdn
milk which is often tied to energy balance. Becaofsthis
gange, only three cows were considered to have
concentrations of BHBA high enough to constitute a
subclinical case of ketosis. Regardless, concémtsainf
BHBA in dams did not alter any parameters in calaes
rth but did affect concentration of glucose irvea at

gestation might impact calves as they grow and joingne month of age which was also positively coreelab

the lactating herd or whether
compensation takes place instead.
Undernutrition during early to mid-pregnancy folledv
by dietary realimentation alters place tome vasityla
antigenic factor expression and uterine blood fiovbeef
cattle (Vonnahmeet al., 2007; 2013). Specifically,
undernutrition during early pregnancy followed by
realimentation increased uterine artery blood flamd
placental artery sensitivity to the vasodilatordyikinin
during late gestation when the majority of fetabwgth
occurs (Vonnahme and Lemley, 2012).
nutrient restriction during early pregnancy may ioye
late gestation placental functional capacity intleat

a method of concentrations of BHBA of their dam. Pulse pressore

calves at birth tended to be negatively correlatedhe
mean concentration of BHBA in the dam.

Although general undernutrition during pregnancy
has been studied extensively, particularly in huspan
particular  micronutrient  availability has been
investigated less. Lacking iron during early geetat
was associated with greater mean arterial pressude
systolic blood pressure in humans (Bourgeteal.,
2008; 2012; Gamblingt al., 2003; Lewiset al., 2001;

Therefore, Lisle et al., 2003). Similarly, in cattle increased arterial

pressure and enlargement of the aorta have beenvels
in offspring born to dams subjected to early gestat

however, the mechanisms behind this compensatoryundernutrition (Mossaet al., 2013). As stated above,

response remain elusive. Birth weight is often elated
with nutritional availability throughout pregnanityovine
models of intrauterine growth restriction (Reynoétisl.,
2005; 2006); however, similar nutrient restrictistadies
in cattle have shown limited alterations to birthigit and
early post-natal growth (Moss al., 2013). Expectedly,
concentration of glucose in dams did not cause
difference in calf birth weight in the current spud
Moreover, undernutrition was not induced in thisdst it
could be that milk production alone did not create
stressed gestational environment. The mechanisrtigeof
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substantial evidence exists that supports thatientitr
availability in early gestation can impact metaboli
characteristics in offspring, particularly if netnit
availability dramatically changes between the eminent
in the uterus and out of the uterus (Lakshmy, 2013)
However, it would be speculative to suggest thaBBHn
athe dams directly changed concentration of glucodbe
calves at one month of age based on these datac#
warrant further investigation.

Maternal milk production is an indicator of the
nutritional demands placed on the dam during early
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gestation. Production is related to the geneti@aciy of
the cow to produce milk and also stage of lactatiod
nutrition, among other things. Milk production teadto
affect wither height, pulse pressure and caroticbo®!
flow. It was also positively correlated to hearttigiin
calves at birth and this may be because larger temdé
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