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ABSTRACT

Dairy cattle management lacks consideration of fetal breed, the effect of which on
fetal growth and nutrition is unclear. We investigated blood parameters in 12
late-pregnant Holstein heifers with similar (Holstein, n = 5) or different (Japanese Black
[n=4] or F1 cross [n=3]; Holstein x Japanese Black) fetus breeds and in their umbilical
cords and calves. Samples were obtained from dams 1 week before calving (-1 week)
and immediately after calving, from the umbilical vein at calving, and from calves
immediately after birth. Dams with beef fetuses had higher serum glucose levels (-1
week; p < 0.05) than those with Holstein fetuses. Plasma total amino acid, total essential
amino acid, total non-essential amino acid, and other amino acid concentrations were
lower in the umbilical veins of dams with calves of the beef breeds than in those of the
Holstein breeds (p < 0.05). Furthermore, serum glucose and plasma amino acid levels
were lower in the beef calves than in the Holstein calves (p < 0.05). Overall, nutrient
supply from dams to beef fetuses was lower than that to Holstein fetuses. Our findings
may facilitate feeding management of dairy cattle pregnant with beef breeds for

appropriate fetal growth and nutrition.
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Introduction

Recently, the ratio of Holstein cattle receiving artificial insemination or embryo
transfer from the Japanese Black cattle population has been increasing in Japan. The
Japanese feeding standard for dairy cattle (NARO, 2017) states that the nutritional
requirements of dairy cattle pregnant with beef breeds are slightly higher than those of
beef cattle pregnant with beef breeds; however, the differences between dairy cattle
pregnant with similar dairy breeds and those pregnant with beef breeds are not
discussed. In general, pregnant Japanese Black cattle receive individual management,
whereas dairy cattle receive herd management. Therefore, dairy cattle are managed
without considering fetal breeds, and the effect of this on fetal growth and nutrition is
unclear.

The main fetal nutrients for growth are glucose and amino acids (Bell & Ehrhardt,
2002; Nishida, 2009). During late gestation, reduced insulin sensitivity in peripheral
tissues ensures adequate transfer of glucose from the dam to the fetus, which is an
insulin-independent process (Hayirli, 2006). Placental glucose transfer is dependent on
the maternal—fetal plasma glucose concentration gradient, although it is also influenced
by glucose transporters, maternal nutrition, and fetal growth capacity (Bell & Ehrhardt,
2002). Conversely, most amino acids are transported against a fetal-maternal
concentration gradient by active transport processes (Bell & Ehrhardt, 2002). In a
previous study on ewes, short-term fasting during late gestation had an insignificant
effect on the umbilical net uptake of amino acids despite appreciable decreases in the
maternal plasma concentrations of many amino acids (Lemons & Schreiner, 1983). This
study concluded that the supply of amino acids from the dam to the fetus does not

change dramatically during maternal fasting. Alternatively, Kwon et al. (2004) showed
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that long-term maternal nutrient restriction in ewes reduced blood amino acid
concentrations in both fetuses and umbilical veins.

Pregnant heifers are still growing, which results in an increased need for nutrients
beyond that needed for maintenance and pregnancy. As previously mentioned, pregnant
Japanese Black cattle and dairy cattle receive individual and herd management,
respectively. Therefore, we hypothesized that the supply of nutrients may differ
between Holstein heifers pregnant with Holstein and beef fetus breeds. The aim of the
present study was to investigate the blood glucose, total protein, and amino acid levels
in late-pregnant Holstein heifers with similar (Holstein) or different (Japanese Black or
F1 cross; Holstein x Japanese Black) breed fetuses, umbilical cords, and calves

immediately after birth.

Materials and Methods
Animals, feeding, and management

The experimental procedures performed in the present study complied with the
Guide for the Care and Use of Agricultural Animals of Obihiro University (approval
number: #18-127). We examined 12 late-pregnant Holstein heifers with similar
(Holstein, n = 5) or different (Japanese Black [n=4] or F1 cross [n=3]; Holstein X
Japanese Black) fetal breeds. All dams were fed a limited total mixed ration (11.9
kg/day/head, dry matter basis: 133 g of crude protein/kg and a net energy of lactation of
1.54 MJ/kg) consisting of grass silage, maize silage, and concentrate for dry cows and
were offered feed once daily at 11:30 hr. In addition, grass hay, minerals, and water
were freely accessible.

Sampling
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Body condition score (BCS) was assessed one week before the expected
parturition, with the same operator using a 1 to 5 scale with 0.25 unit intervals
according to Ferguson et al. (1994). Blood samples of dams were obtained via caudal
venipuncture at approximately the same time of the day between 07:00 and 08:00 hr
(approximately 3 h before feeding) one week before the expected parturition and
immediately after calving. The umbilical vein at calving was clamped with forceps
before cutting, and then bluntly cut between the forceps and calf. Blood from the
umbilical vein was collected from the dam side. In addition, blood samples were
collected from the jugular veins of calves immediately after birth before the first
colostrum feeding. A non-heparinized and silicone-coated 9 mL tube (Venoject,
Autosep, Gel + Clot. Act., VP-AS109K; Terumo Corporation, Tokyo, Japan) was used
for glucose and total protein analyses and 5 mL tubes containing
ethylenediaminetetraacetic acid (Venoject II, VP-NAO50K; Terumo Corporation, Tokyo,
Japan) were used for amino acid analyses. To obtain serum, blood samples were
coagulated for 10 min at 38 °C in an incubator. All tubes were then centrifuged at 2,328
g for 15 min at 4 °C, and serum and plasma samples were stored at -30 °C until analysis.
Newborn calves were cleaned and dried with a towel and weighed before the first
colostrum feeding.

Measurement of glucose, total protein, and amino acid concentrations in blood

The serum concentrations of glucose and total protein were measured using a
clinical chemistry automated analyzer (TBA120FR; Toshiba Medical Systems Co., Ltd.,
Tochigi, Japan). Plasma concentrations of amino acids were measured using an
ultra-performance liquid chromatography—MS (Waters, Milford, MA, USA) with the

derivatization method (AccQ-Tag Derivatization) provided by Waters.
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Statistical analysis

Two samples from the umbilical veins of the dams with the Japanese Black
fetuses and from the Japanese Black calves were not collected because of stillbirth, and
two samples from the umbilical vein in a dam with the Holstein fetus and a dam with
the F1 fetus were not collected because of umbilical cord cutting before being clamped
with forceps. Therefore, these data were excluded from the analysis. The data between
the dams pregnant with Holstein fetuses (DPH) and the dams pregnant with beef fetuses
(DPB), the umbilical veins of dams pregnant with Holstein fetuses (UVH) and the
umbilical veins of the dams pregnant with beef fetuses (UVB), and the Holstein calves
(HC) and the beef calves (BC) were analyzed using Student’s t-test or the Mann—
Whitney U test after statistical testing for normality using the Shapiro—Wilk test
(SigmaPlot® 13; Systat Software, Inc., San Jose, CA, USA). Results are reported as the
mean + standard error of the mean. p values < 0.05 were considered to indicate a

statistically significant difference.

Results and Discussion

BCS at one week before the expected parturition in DPH and DPB was 3.50 + 0.11
and 3.54 £+ 0.08, respectively (p = 0.76). DPB had higher serum glucose levels (-1 week;
p < 0.05) compared to those in DPH, although other parameters did not differ between
DPH and DPB (Table 1). The body weights of BC (34.5 + 2.2 kg) were lower than those
of HC (42.2 = 1.5 kg, p < 0.05). Figure 1 shows the serum glucose and total protein
concentrations and plasma amino acid concentrations in dams after calving, the
umbilical veins of dams at calving, and their calves immediately after birth. Plasma

alanine concentrations in DPB were lower than those in DPH (p < 0.05). However,
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other parameters were not significantly different between DPH and DPB. In contrast,
plasma total amino acid, total essential amino acid, total non-essential amino acid,
leucine, histidine, lysine, methionine, glutamine, alanine, and proline concentrations
were lower in UVB and BC than those in UVH and HC (p < 0.05). In addition, serum
glucose and plasma isoleucine, valine, threonine, arginine, and glycine levels were
lower in BC than those in HC (p < 0.05).

There is still little research on the nutritional parameters of dams and fetuses and/or
calves, including the umbilical vein at calving in cattle. As the only study on this topic,
to the best of our knowledge, Shen et al. (2019) showed a positive correlation between
adipokine levels in umbilical veins and calf birth weights in Holstein dams and calves,
although this study did not investigate the glucose or amino acid concentrations in
umbilical veins. Thus, the lower body weight of BC may be the main cause of the lower
concentrations of glucose and amino acids in the BC compared to those in HC.
However, the birth weight of the F1 calves in BC (38.9 + 2.7 kg; minimum: 33.6 kg,
maximum: 42.8 kg) was not different from that in HC (minimum: 39.0 kg, maximum:
47.2 kg, p = 0.286). Therefore, it seems that the lower body weight of BC is not the only
factor in the difference in blood glucose and amino acid concentrations between UVB
and UVH, or BC and HC.

Although glucose is a principal energy substrate for fetal and placental metabolism
in all mammals, glucose consumed by the placenta undergoes rapid conversion to
lactate and fructose in the ewe (Bell & Ehrhardt, 2002), and fructose is the most
abundant hexose sugar in fetal fluids of ungulate mammals including cows, sheep, and
pigs (Kim et al., 2012). Moreover, Lucy et al. (2012) showed that a lower blood glucose

level was associated with less glucose and fructose in placental fluids in dairy cows,
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because the fetus and placenta cannot sequester glucose against its concentration
gradient. Therefore, the conversion rate of glucose to lactate in the placenta may differ
between Holstein cattle pregnant with similar and different fetal breeds, and further
research is needed. Paolini et al. (2001) showed that isoleucine, valine, and leucine of
the essential amino acids are the branched-chain acids that are used as sources of muscle
energy, and these amino acids, methionine, and phenylalanine are most rapidly
transported from dam to the fetus, whereas tryptophan, threonine, histidine, and lysine
of the essential amino acids are slowly transported from dam to the fetus in the ewe. In
addition, they indicated that differences in transport rates of the branched-chain acids,
methionine, and phenylalanine are determined primarily by differences in maternal
plasma concentration, although maternal amino acid concentrations changes are not
immediately translated into the fetal circulation because of transport and accumulation
in the placenta (Paolini et al., 2001). However, the blood concentration of most amino
acids in UVB and BC was lower than that in UVH and HC, even though there was no
difference in the blood concentration of these amino acids between DPH and DPB in
this study. In addition, for amino acids grouped in glucogenic amino acids (that can be
converted into glucose through gluconeogenesis), and ketogenic amino acids (that can
be degraded directly into acetyl-CoA), there was no consistency in the presence or
absence of significant differences between UVB and UVH, or BC and HC. Thus, the
reason for the differences in amino acid concentrations in the umbilical veins and in the
calves due to differences in fetal breed cannot be clarified from the present study.
Therefore, further study is needed on differences in placental clearance and transport
systems of amino acids in Holstein cattle pregnant with similar and different breed

fetuses.
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In a previous study, Holstein cows inseminated with Holstein semen had greater
placental weight than those of the Holstein and Japanese Black cows inseminated with
Japanese Black semen (Isobe et al., 2003). In addition, the level and change in plasma
concentration of estrone sulfate during late gestation, which is associated with placental
function and calf birth weight, was different with the combination of the breed of bull
and pregnant cow (Isobe et al., 2003). They suggest that the placental weight and
function reflected by plasma estrone sulfate concentration is affected by the breed of
pregnant cow and bull, and calf birth weight. Therefore, fetal breed and/or fetal body
weight rather than maternal nutritional status in the Holstein late-pregnant heifers could
influence the supply of amino acids and glucose from dams to fetuses. Overall, our data
indicate that the supply of nutrition from dams to the beef fetuses was lower than that to
the Holstein fetuses. This is the first study to show that the transfer of nutrients from
dam to fetus differs depending on the fetal breed, and this finding may help to establish
feeding management of dairy cattle pregnant with beef breeds for ensuring appropriate
fetal growth and nutrition. Therefore, further detailed studies are needed to investigate

the nutritional supply from dams to fetuses, including placental function.
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Figure Legends

Figure 1.

Serum glucose, total protein, and plasma amino acid concentrations in dams after
calving, in umbilical veins of dams at calving, and in calves immediately after birth.
The number of dams pregnant with the Holstein and beef fetus breeds was 5 and 7
(Japanese Black, n = 4; F1, n = 3), respectively. The number of umbilical veins of the
Holstein or beef fetus breeds was 4 and 3 (Japanese Black, n = 2; F1, n = 1),
respectively. The number of Holstein and beef calves was 5 and 5 (Japanese Black, n =
2; F1, n = 3), respectively. Values are presented as mean =+ standard error of the mean.
** Indicates differences of p < 0.01, and * indicates differences of p < 0.05 between the

Holstein and beef breeds.
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Table 1. Blood parameters at 1 week before the expected parturition in dams!

Dams with Holstein fetus Dams with beef fetus

P value
(n=5) (n=7)
Glucose (mg/dL) 698 + 22 927 + 14.6 0.018
Total protein (g/dL) 62 + 02 6.7 £ 02 0.060
Total amino acid (umol/L) 2222 + 19.6 2228 + 123 0.977
Total essential amino acid (umol/L) 100.0 + 10.0 962 + 82 0.776
Total non-essential amino acid (umol/L) 1222 + 10.0 1266 + 4.8 0.673
Isoleucine (umol/L) 13.7 = 1.4 135 £ 1.2 0.891
Valine (umol/L) 269 + 29 257 £ 19 0.709
Leucine (umol/L) 16.5 =+ 1.9 157 £+ 14 0.750
Histidine (umol/L) 6.1 + 08 59 £ 03 0.741
Lysine (umol/L) 8.6 =+ 1.0 87 £ 12 0.960
Threonine (pmol/L) 8.8 =+ 1.5 77 £ 0.8 0.477
Tryptophan (pumol/L) 29 £ 03 30 £ 05 0.910
Phenylalanine (umol/L) 6.1 + 04 59 £ 04 0.762
Methionine (pmol/L) 28 £ 03 27 £ 02 0.805
Arginine (umol/L) 75 £ 05 76 £ 0.8 0.990
Asparagine (umol/L) 36 £ 05 37 £ 04 0.912
Glutamine (pmol/L) 384 + 33 416 = 22 0.410
Serine (pmol/L) 87 = 09 98 £ 03 0.233
Aspartic acid (umol/L) 05 £ 00 05 £ 00 0.519
Glutamic acid (umol/L) 65 £ 09 71 £ 05 0.533
Alanine (umol/L) 216 + 25 208 £ 1.9 0.805
Glycine (umol/L) 309 + 48 310 £ 1.9 0.986
Proline (umol/L) 6.7 £ 06 70 £ 04 0.644
Tyrosine (umol/L) 54 = 07 50 £ 07 0.751

Values are the mean + standard error of the mean.
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Figure 1. Serum glucose, total protein, and plasma amino acid concentrations in dams after calving, in
umbilical veins of dams at calving, and in calves immediately after birth. The number of dams pregnant with
the Holstein and beef fetus breeds was 5 and 7 (Japanese Black, n = 4; F1, n = 3), respectively. The
number of umbilical veins of the Holstein or beef fetus breeds was 4 and 3 (Japanese Black, n = 2; F1, n =
1), respectively. The number of Holstein and beef calves was 5 and 5 (Japanese Black, n = 2; F1, n = 3),
respectively. Values are presented as mean + standard error of the mean. ** Indicates differences of p <
0.01, and * indicates differences of p < 0.05 between the Holstein and beef breeds.
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