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Rectal temperature (RT) and heat production (HP) were measured continuously during
the first day of life, using indirect calorimetry, in 16 eutocial and 13 dystocial Holstein-
Friesian (HF) calves held at 10°C. Blood parameters were determined 0, 2, 4, 6, 12
and 24 h after birth. Twin eutocial calves, as well as calves born after early surgical
removal showed variations in RT, HP, and blood parameters similar to those of single
eutocial calves. However, dystocial calves, especially those born after a very difficult
and delayed parturition, had severe and prolonged acidosis, with high lactataemia and
alaninemia, and lower plasma NEFA, T3, and T4 levels during the first hours of life
than did eutocial calves. They were also less physically active and frequently did not
shiver. Their HP was, on average, 22% lower than that of eutocial calves 2 h after
birth and 14% lower from 13 h of life onwards. The difference was 26-36% in a
dystocial calf born after a delayed surgical removal. RT of dystocial calves decreased
by 2.9 + 0.7°C, on average, and increased slowly. Their appetite was low or nil and
immunoglobulin absorption was delayed and reduced, which can explain the high
mortality and morbidity rates of dystocial calves during the first week of life. The results
are discussed in relation to the effects of hypoxia and acidosis on metabolism.

Key words: Calf, newborn, energy metabolism, thermoregulation, calving conditions,
dystocia

[Metabolisme énergétique et thermorégulation du veau nouveau-né. Influence des
conditions de vélage. ]

Titre abrégé: Métabolisme énergétique des veaux dystociques.

Nous avons mesuré en continu au cours du premier jour de vie la température rectale
(RT) et la production de chaleur (HP) de 29 veaux Holstein X Frisons: 16 veaux euto-
ciques et 13 veaux dystociques maintenus 2 la température de 10°C. Les parametres
sanguins ont été mesurés 0, 2, 4, 6, 12 et 24 h apres la naissance. Les veaux jumeaux
eutociques présentent des variations de RT, HP et des paramétres sanguins semblables
a ceux des veaux simples eutociques. En revanche, les veaux dystociques présentent
une acidose grave et durable, une lactatémie et une alaninémie élevées et des concentra-
tions plasmatiques d’AGNE, de T3 et de T4 inférieures a celles des veaux eutociques.
Les veaux dystociques ont une activité physique réduite et souvent ne frisonnent pas.
Leur production de chaleur est inférieure a celle des veaux eutociques, en moyenne
de 22% deux heures apres la naissance et de 14% a partir de 1’age de 13 heures. La
RT des veaux dystociques diminue en moyenne de 2,9 + 0,7°C apres la naissance
puis augmente lentement. Leur appétit est faible ou nul et I’absorption des immuno-
globulines colostrales est retardée et réduite. Ces résultats sont discutés en tenant compte
des effets connus de 1’hypoxie et de I’acidose sur le métabolisme.

Mots clés: Veau, nouveau-né, métabolisme énergétique, thermorégulation, conditions
de mise-bas, dystocie
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The rate of difficult parturition differs widely
among breeds: Angus or Hereford, 16%;
Friesian, 7% ; Charolais, 8% and Salers, 1%.
Furthermore, it is much higher in heifers
calving at 2 yr of age than in multiparous
cows: 43 vs. 10% in Angus and Hereford,
15.6 vs. 4.7% in Friesian and 46.5 vs. 6.6%
in Charolais breeds (Laster and Gregory
1973; Philipsson 1976; Menissier 1979). In
2-yr-old Charolais heifers, surgical removal
is performed in 43% of difficult parturition
cases (Menissier 1979).

Still births and early postnatal mortality rate
(0-24 h) is much higher in dystocial than in
eutocial calves, being 21.2 vs. 0.9% and
24.7 vs. 3.5% in adult Friesian cows and
heifers, respectively (Philipsson 1976), and
19.8 vs. 4.4% in Charolais heifers (Menissier
1979). Similarly, total mortality rate is greater
in twin than in single calves (29 vs. 10.9%),
especially at birth and during the first 5 h of
life (18.9 vs. 7.9% in Charolais calves; Vallet
1983). After surgical removal dystocial calves
had a higher mortality rate than did eutocial
calves during the first two days of life, i.e.,
5.6 vs. 2.3% in Charolais calves (Vallet
1983). Finally, mortality and morbidity rates
of low-vitality dystocial calves are increased
by adverse climatic conditions (Martin et al.
1975).

The aim of the present experiment was,
therefore, to study the effects of difficult
calving conditions (severe calf pulling,
delayed parturition, surgical removal) on the

thermoregulation and energy metabolism of
single or twin calves during the first day of
life.

MATERIALS AND METHODS

Animals and Management

The experiment was carried out on 29 Holstein-
Friesian calves, consisting of 10 single and 6 twin
eutocial (E) calves born without or with minor
assistance; 5 calves born after difficult parturition
(D, when 2 or 3 people pulled); 5 calves born after
very difficult (VD, 3 people pulled with mechani-
cal assistance) or delayed parturition; and 3 calves
born by surgical removal (SR). Birth weight of the
calves and parity of their dams are presented in
Table 1. The calves were born between October
and December. Their dams were fed a mixed diet
based on maize silage for 1 or 2 mo according to
allowances before calving.

The vitality of calves at birth was estimated
according to clinical criteria. Good vitality calves
breathed spontaneously within the first 10 s after
birth and had normal locomotory reflexes and head
stand. Very low vitality was characterized by an
absence of spontaneous breathing, limited move-
ments and often elimination of meconium in utero.
Very low vitality calves were revived by several
treatments: hanging by hind legs, cleaning the
respiratory tracts, rhythmic compression of breast,
or administration of respiratory and cardiac
analeptics and of oxygen. Other treatments of calves
were described in a previous paper (Vermorel et
al. 1988). The calves were taken immediately after
birth and wiped off with straw. Two hours after
birth, they were fed warm colostrum (5% of
liveweight) from a frozen pool (9.6 g gamma

Table 1. Distribution of the newborn calves according to calving conditions (means and standard errors of
treatment means)

Calves and Number Birth
calving conditions of calves weight (kg) Parity of the dams¥

Easv parturition Single 10 40.5 + 1.2 3 Prim., 7 Mult.
Y P Twins 6 333+ 1.9 3 Prim., 3 Mult.
Difficult parturitioni 5 42.4 + 3.8 4 Prim., 1 Mult.
Very difficult parturition} 5 46.5 + 3.5 3 Prim., 2 Mult.

Early 2 46.0 1 Prim.
Surgical removal 63.5 1 Mult.
Delayed 1 56.0 1 Mult.

FPrim., primiparous; Mult., multiparous.
See text.



Can. J. Anim. Sci. Downloaded from pubs.aic.ca by 142.68.244.83 on 05/07/12
For personal use only.

VERMOREL ET AL. — ENERGY METABOLISM IN DYSTOCIAL CALVES 115

globulins per liter of colostral serum) either from
a nipple or, when necessary, by stomach tube. A
second meal was offered in the respiration
chamber, using a tube with a nipple on the end,
at 12 h of age, and voluntary intake was recorded.

Measurements of Rectal Temperature,
Metabolic Rate and Blood Parameters

Rectal temperature (RT) was measured about 5 min
after birth in all calves, then recorded every 5 min.
Heat production was determined continuously by
indirect calorimetry at an ambient temperature of
10°C, using two open-circuit respiration chambers
(Vermorel et al. 1988). It was computed for 1-h
periods and expressed in W m 2. The time spent
standing was recorded when the calves were in the
respiration chambers. Physical activity and
shivering were observed during the first 4 h of life
and, thereafter, before each blood sampling.
Resting HP was computed when the calves were
lying down and quiet.

Venous blood samples were taken within 10 min
after birth by jugular venipuncture, then at 2, 4,
6, 12 and 24 h after birth by means of a jugular
catheter. Blood pH was measured immediately;
glucose, lactate, alanine, glutamate, nonesterified
fatty acids (NEFA) and immunoglobulin levels
were determined in the defrost plasma (Vermorel
et al. 1988). A seventh blood sample was taken
by jugular venipuncture 48 h after birth. Triio-
dothyronine (T3) and thyroxine (T4) contents were
determined in the seven plasma samples by radi-
oimmunoassay (RIA kit T3 and RIA kit T4,
Amersham).

Statistical Analyses

The experiment was based on a factorial design
using calving conditions as the main factor with
repeated measures to take account of the time trend.
The results were analyzed using the GLM proce-
dure, option repeated time, of the SAS package
(Statistical Analysis System Institute, Inc. 1985).
Discrete variables were treated by two-way analy-
sis of variance. The results are expressed as means
and standard errors of treatment means.

RESULTS

Effect of Twin Birth

Twin calves were born, on average, 5d
before single calves and were 7.2 kg lighter
(P<0.01, Table 1). Their RT varied differ-
ently from that of single calves (P <0.05). It
was 0.4°C lower at birth, similar 2 h later and

0.5°C higher up to 12 h of age. Their HP was
not significantly different from that of the
single calves when expressed per square
metre of body surface, but 5% higher per kg
body weight. Their respiratory quotient (CO,
production/O, consumption) was signifi-
cantly lower (0.77 vs. 0.81 on average;
P <0.001). Therefore, twin calves seemed to
use relatively more lipids than single calves
for heat production. Blood pH at birth
(7.32 4+ 0.02) and plasma metabolite levels
during the first day of life were not signifi-
cantly different in twin and single calves born
under good conditions.

Effects of Difficult Parturition

Dystocia was mainly due to large calves
in multiparous cows and to the smaller size
of the pelvic opening in heifers calving at
2 yr (Table 1). All the dystocial calves had
a low or very low vitality and most of them
had to be revived. Their appetite was very
low or nil 2 h after birth and the colostrum
was fed by stomach tube. Furthermore, they
drank less colostrum than eutocial calves
at the 12-h meal (0.24 + 0.08 vs. 0.91 +
0.023 L, P<0.01).

VARIATIONS OF RECTAL TEMPERATURE.
Rectal temperature varied significantly with
time (P <0.05) and with calving conditions
(P<0.01, Fig. 1). It was higher at birth in
dystocial than in eutocial calves: 39.72 +
0.24, 39.52 4+0.20 and 38.98 £0.18°C in
VD, D and E calves, respectively. Rectal
temperature decreased by 0.5 + 0.4, 1.1 £
1.0 and 2.9 £0.7°C 1.5 h after birth in the
E, D and VD calves, respectively. It then
increased rapidly in the E and D calves but
remained 0.4°C lower in the D calves up to
10 h of age. In the VD calves RT increased
very slowly between 3 and 10 h of age and
stabilized 0.5°C below that of E calves

(Fig. 1).

TOTAL AND RESTING HEAT PRODUCTIONS
HP). Total HP decreased curvilinearly with
time due to haircoat drying, but the variation
was significant (P<0.002) only up to 6 h
of age. Total HP also varied with calving
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Fig. 1. Variations of rectal temperature of
Holstein X Friesian calves during the first day of
life depending on calving conditions. e , eutocial
calves; o, difficult parturition; a , very difficult
parturition. (Means and standard errors of treat-
ment means.)

conditions. It was 16% and between 22 and
13% lower in D and VD calves, respectively,
than in E calves from 1.5 to 6 h of age
(P<0.002, Fig. 2). Heat production of VD
stabilized 14% below that of E calves from
13 h of age onwards (P <0.02).

The lower HP of dystocial calves could be
partly due to their reduced physical activity and
to the frequent absence of or reduced shivering
after a very difficult parturition. They laid still
and did not try to stand up in the respiration
chambers. Furthermore, their resting HP
decreased significantly with time (P<0.01)
and was 10% lower in the VD than in the E
calves (P <0.05) during the first day of life
(Fig. 2). The respiratory quotient did not vary
significantly with time and calving conditions
and averaged 0.80 from 3 h of age onwards.

BLOOD PARAMETERS Blood pH varied sig-
nificantly with time (P<0.001) and calving
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Fig. 2. Variations of total heat production of Hol-
stein X Friesian calves during the first day of life
depending on calving conditions. e, eutocial
calves; o, difficult parturition; a , very difficult
parturition. (Means and standard errors of treat-
ment means.)

conditions (P < 0.001). It was lower in the VD
(7.01 4+ 0.04) and D calves (7.17 £+ 0.04)
than in the E calves (7.31 £ 0.03) at birth.
It increased rapidly in the E calves to 7.37 +
0.02 2 h after birth, but increased slowly in
the VD calves and took 12 to 24 h to reach
the normal range (7.38 — 7.40; Fig. 3).
Lactataemia also varied significantly with
time (P<0.001) and calving conditions
(P<0.001). It was three or two times higher
in the dystocial than in the eutocial calves at
birth: 15.8 + 1.1, 109 + 1.5, and
5.2 +0.6 mmol L™! plasma in the VD, D
and E calves, respectively. It decreased slowly
in the D calves over 6 h and reached a plateau
60% higher than that of E calves (Fig. 4). In
the VD calves, lactataemia was 5, 4, 3, 2.2
and 2 times higher than in eutocial calves 2,
4, 6, 12 and 24 h after birth, respectively.
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Fig. 3. Variations of blood pH in eutocial calves
(@) and dystocial calves born after difficult (O)
or very difficult ( o) parturition, during the first
day of life. (Means and standard errors of treat-
ment means.)
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The variations of alaninaemia were similar
to those of lactataemia and significant with
time (P<0.001) and calving conditions
(P<0.001). Plasma levels of alanine were,
on average, 40% higher in D than in E calves
during the first day of life (Fig. 4). Further-
more, in the VD calves, alaninaemia was very
high at birth and even increased for 4 h, being
3, 5 and 4 times higher than that of the E
calves, 0, 2 and 4 h after birth. Plasma ala-
nine concentrations then declined regularly
and were close to those of D and E calves 1 d
after birth.

Glutamataemia varied significantly with
time (P<0.001), decreased during the 2 h
after birth and increased after the colostrum
meal, but this increase was delayed in the VD
calves (Fig. 5). Glutamataemia did not vary
significantly during the first day of life but
in VD calves plasma glutamate levels were
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Fig. 4. Variations of plasma lactate (a) and alanine (b) levels of Holstein X Friesian calves during
the first day of life depending on calving conditions. e, eutocial calves; o, difficult parturition; a,
very difficult parturition. (Means and standard errors of treatment means.)
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Fig. 5. Variations of plasma glutamate (a) and glucose (b) levels in Holstein X Friesian calves during
the first day of life depending on calving conditions. e, eutocial calves; o, difficult parturition; 4,
very difficult parturition. (Means and standard errors of treatment means.)

3.3 times higher than in E calves at birth and
2 h later.

Similarly, plasma glucose concentrations
varied significantly with time (P<0.001)
and calving conditions (P <0.05). They were
60% higher in D than in E calves at birth and
2 h later; thereafter, they decreased rapidly
and were similar from 6 h of age on-
wards (Fig. 5). The variations of glycaemia
were similar in the VD and E calves, but
the plasma glucose level was 40% lower
in VD than in E calves during the first day
of life.

Plasma NEFA level varied significantly
with time (P<0.001) but not with calving
conditions during the first day of life (Fig. 6).
It increased to 1.0 mmol L ! during the first
2 or 4 h of life then stabilized at 0.85 mmol
L~!. However, it was 30% lower in the D
calves at 0 and 2 h of age and 30, 41 and 37%
lower (P <0.05) in the VD calves at 0, 2 and
4 h of age, respectively, than in the E calves.

Plasma immunoglobulin (Ig) level varied
significantly with time (P<0.001). It
increased rapidly from the colostrum mean
(2h) to 6 h, then slowly to 24 h of age
(Fig. 6). The variations were similar in
the E and D calves. However, the increase
in plasma Ig level was much slower in the
VD calves and the differences amounted
to 74, 36 and 41% at 6, 12 and 24 h of
age, respectively (P<0.02).

The plasma thyroid hormone levels
varied significantly (P<0.005) with time.
They increased during the first 6 h of life
then decreased up to 1d (T3) or 2 days
(T4) of life (Fig. 7). They did not vary
significantly with calving conditions dur-
ing the first 2 d of life; however, they
were 42% lower at birth (P<0.05) in
dystocial than in eutocial calves, and the
plasma T4 level was still 30% lower 2 h
after birth, but the differences were not
significant thereafter.
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Fig. 6. Variations of plasma nonesterified fatty acid (NEFA) (a) and immunoglobulin levels (b) in
Holstein X Friesian calves during the first day of life, depending on calving conditions. e, eutocial
calves; o, difficult parturition; a , very difficult parturition. (Means and standard errors of treatment
means.)
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Fig. 7. Variations of plasma thyroxine (T4) (a) and triiodothyronine (T3) (b} levels in Holstein X
Friesian calves during the first 2 d of life depending on calving conditions, e, eutocial calves; O,
dystocial calves. (Means and standard errors of treatment means.)
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Effect of Surgical Removal (SR)
Energy metabolism was studied in three
calves born after an early or after a delayed
surgical intervention (Table 1). The two
calves born after an early surgical removal
due to excess weight had a good vitality, stood
up 1 h after birth and spent much time
standing in the respiration chambers. The
variations of RT and HP of both calves during
the first day of life were similar to those of
eutocial calves. Blood pH, lactataemia, and
alaninaemia at birth were very close to those
of eutocial calves. Plasma NEFA levels were
lower than in eutocial calves during the first
2 h of life, but immunoglobulin absorption
was not affected by early surgical removal.
The delayed surgical removal was due to
excess weight and bad presentation of the calf.
This calf had to be revived, and its RT
dropped from 40.0 to 35.5°C in 2 h. Stomach
infusion of 2.8 L warm colostrum was fol-
lowed by a 0.8°C increase in RT. In spite of
shivering, RT dropped to 34.9°C at 3 h of age
then stabilized at 37°C by 7 h after birth. HP
decreased continuously and was 26-35%
lower than that of E calves. The low HP was
related to the severe acidosis of the calf. Blood
pH decreased from 7.18 to 7.10, and lac-
tataecmia increased from 12.5 to 15.6 mmol
L ! during the first 2 h of life, after which
they stabilized at 7.28 and 11 mmol L',
respectively. Plasma T3 and NEFA levels
were very low at birth and increased slowly;
immunoglobulin absorption was delayed and
reduced. Blood parameters, HP, and RT
variations of this calf were similar to those
of the VD calves during the first hours of life,
but it was unable to maintain its HP after 9 h
and died from pneumonia during the second
day of life.

DISCUSSION AND CONCLUSION
The higher RT of dystocial calves at birth
could result from both uterus contractions
over a long period and reduction in utero-
placental exchanges during parturition
(Schwartz et al. 1978). Gradual loosening of
placental cotyledons and crushing of the
umbilical cord also cause an oxygen deficit.

Hypoxia produces an intensive stimulation of
both the central nervous system, which
induces secretion of ACTH and cortico-
steroids, and of the sympathetic nervous
system, followed by a massive secretion of
catecholamines (Comline and Silver 1966;
Jones 1977; Lewis et al. 1982).

The drop in blood pH and the high levels
of plasma lactate and alanine observed at birth
in the dystocial calves may result from liver
glycogen mobilization induced by adrenaline
and cortisol secretions (Jones and Ritchie
1978; Massip 1980) and from anaerobic
glycolysis caused by oxygen deficit. In less
than 10 min after the calf began to breathe,
respiratory acidosis disappeared; conversely,
metabolic acidosis increased during the first
minutes of life, probably due to diffusion of
lactate from the muscles to the blood
(Vermorel et al. unpubl. data). The slow
decrease in lactataemia and alaninaemia in the
VD calves (Fig. 4) could result from a reduc-
tion of gluconeogenesis, which was observed
by Warnes et al. (1977) in hypoxic lambs. The
high glutamataemia of the dystocial calves at
birth may arise from protein catabolism and
from the fight against acidosis through elimi-
nation of H' ions in the form of NH,™
(Chartier 1981). The increase in glutama-
taemia 6 and 12 h after birth in the eutocial
calves could result from amino acid absorp-
tion, the colostrum being rich in glutamate
(Patureau-Mirand 1984). This increase would
be postponed in the VD calves, due to delayed
colostrum digestion.

Severe hypoxia during parturition inhibits
cortisol secretion after birth (Stott and
Reinhard 1978) and could depress the sym-
pathetic nervous system, thereby reducing
catecholamine secretion (Eales and Small
1980). This phenomenon was experimentally
demonstrated in asphyxiated newborn calves
(Comline and Silver 1966), but was not
observed in newborn calves prevented from
breathing at birth (Davicco et al. 1986).

The drop in RT of the VD calves during
the first 2 h of life was in agreement with the
results obtained in newborn lambs by Alex-
ander and McCance (1958) and Vermorel and
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Vernet (1985). It could result from both a
higher heat loss and lower heat production
than in eutocial calves. As a matter of fact,
Tahti et al. (1972) showed that, in a newborn
hypoxic baby, peripheral vasoconstriction was
inhibited. Furthermore, severe hypoxia
reduces muscular tonicity and inhibits
shivering after birth (Stott and Reinhard
1978), which are important factors of ther-
mogenesis in newborn calves.

Reduction of plasma thyroid hormone
levels at birth and during the first hours of
life in the dystocial calves (Fig. 7) was also
observed in hypoxic lambs (Klein et al. 1979).
It probably limits the cellular metabolic
activity during this period, as blockage of T3
and catecholamine production in lambs caused
a stronger drop in RT than inhibition of
catecholamine secretion alone (Andrews et al.
1979).

The low plasma NEFA level of dystocial
calves at birth and its delayed increase
(Fig. 6) may arise from a limitation of lipid
mobilization due to deficiency of thyroid hor-
mones (Wrutniak and Cabello 1984), inhibi-
tion of catecholamine secretion, and
hyperlactataemia (Bjorntrop 1965). The
reduction of available energy sources
associated with an oxygen deficiency (Alex-
ander and Williams 1970) and acidosis (Malan
1978) may reduce the metabolic activity of
brown adipose tissue, which normally plays
an important role in thermogenesis of the
newborn calf (Thomson and Bell 1976).

All of these phenomena may account for the
reduced thermogenesis of the dystocial calves,
which was 22% lower on average than that
of eutocial calves at 2 h of age. This differ-
ence decreased during the first day of life as
acidosis was progressively overcome.

Finally, dystocial calves, mainly the VD
calves, had reduced and sometimes no physi-
cal activity and no appetite. These observa-
tions agree with those of Edwards (1982)
showing that hypoxia and hypothermia reduce
teat-seeking activity and colostrum intake by
calves. Furthermore, our results demonstrate
that, in the VD calves, absorption of nutrients
and immunoglobulins is delayed and reduced

(Fig 6), probably associated with the lower
plasma thyroid hormone levels (Cabello and
Levieux 1978). Hypothermia may also be
responsible for the delay of immunoglobulin
absorption (Olson et al. 1980). All these
factors contribute to reducing the resistance
of dystocial calves to cold and infectious dis-
eases, which can explain their high mortality
and morbidity rates during the first day and
week of life. By contrast, twin calves born
under good conditions and calves born after
an early surgical removal exhibited blood
parameters and heat production similar to
those of eutocial calves. Therefore, the main
causes of early postnatal mortality of twin
calves may be prematurity, bad presentation,
or simultaneous presentation of two fetuses,
and prolonged parturition.
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