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The lack of assistance in parturition during the night time and the calves’ high birth weight
causes increased incidence of dystocia and can result in mortality of the cow, the calf or
both parties. As a calf is largely the sole output in the beef cattle industry, these factors
have an economically important matter. The aim of this study is to investigate the feeding
interval affecting the time of birth, as well as the birth weight of beef calves born in spring
time. The data of calving’s was collected from one Hereford beef cattle farm situated in
Southern Finland over the years 2003-2017. The data was statistically analysed with
software STATA 14.2. When dams are fed only during the evenings, the odds of parturition
to occur during the night hours was OR 1.10 (95% CI 0.43-2.86) when compared to
feeding twice a day. This result was statistically insignificant (p = 0.837). The birth weight
of calves was reduced by -2.77 kg when dams were fed only once a day during the late
gestation period compared to feeding twice a day (p = 0.001). These results are
corresponding to earlier conducted scientific studies. Further research is needed in order
to fully understand the relationship between feeding intervals, the calving time and birth

weight of calves.
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Oosel poegimine kui jarelevalve on puudulik ja vasikate suur siinnikaal on lihakarja
lehmadel sage raske poegimise pbhjus ning tagajarjeks voib olla vasika ja/vdi lehma
hukkumine. Kuna vasikas on peamine lihaveisekasvatuse toodang on see majanduslikult
oluline probleem. Selle 16putdé eesmark oli uurida lihaveise lehmade tiinuse viimase
kolmandiku aegse s66tmise intervalli m&ju lehmade sunnitus ajale (66sel voi paeval) ja
vasikate suinnikaalule. Andmed poegimiste kohta koguti aastatel 2003-2017 (ihest Luna-
Soomes asuvast Herefordi tdugu lihaveiseid kasvatavast farmist. Kui lehmade s66tmine
tiinuse viimase kolmandiku ajal toimus ainult dhtuti, siis ei erinenud 66sel toimunud
poegimiste arv vorreldes ajaga kui lehmi soddeti kaks korda péevas (OR 1,10, 95% ClI:
0,43-2,86; p =0,837). Kui lehmi s66deti ainult 6htuti siis vasikate stinnikaal oli keskmiselt
2,77 kg vaiksem vorreldes ajaga kui lehmi soddeti kaks korda paevas (p = 0,001). Need
tulemused vastavad varasematele uuringutele. Tdiendavaid uuringuid on vaja selleks, et
paremini mdista lihatdugu lehmade s66tmise intervalli, poegimisaja ja vasikate stinnikaalu

seoseid.

Marksbnad: Lihaveised, tiinuse viimane kolmandik, sd6tmise intervall, vastsindinud

vasikas
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INTRODUCTION

All over the world, beef cattle have an unique role of converting low quality forage to high
quality protein for human consumption (Diskin and Kenny, 2016). Unlike dairy cattle, the
vast majority of beef cow herds have seasonal calving (Diskin and Kenny, 2016).
Reproductive performance is the key for profitability and efficiency, and therefore the birth
weight of calves has been having an economical importance for a long time in the beef cattle
industry (Gutiérrez et al., 2007). The calf is largely the sole output in the beef industry, thus
reproductive efficiency is a key determinant of profitability (Diskin and Kenny, 2016).

High weaning weight is important in beef cattle, and therefore there is a desire for the
selection towards a higher weaning weight (Chud et al., 2014). This desire causes, due to
genetic correlation, increased birth weight of calves (Ahlberg et al., 2016). This therefore
can affect calving difficulty (Chud et al., 2014). Another important factor for beef cattle is
the viability of calves. Small birth weight can cause reduced viability and increased
occurrence of different neonatal diseases (Eriksson et al., 2004; Vinet et al., 2018). The goal
in the beef cattle industry is to produce optimal size calves to maximise the productivity
without compromising the health of the calf and the dam (Diskin and Kenny, 2016; Nelson
et al., 2016).

Although the high birth weight is one of the major reasons for the dystocia, and therefore
calve mortality, the lack of assistance is a contributing factor on the mortality associated
with parturition (Jaeger et al., 2008; Purohit et al., 2012). During the night-time there is
reduced observation of the dams and thus a lack of assistance in difficult parturitions (Jaeger
et al., 2008). Naturally, the herdsmen are eager to reduce the mortality associated with these
problems and therefore they want to influence the time of the parturition and the birth weight
of the beef calves.
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1. LITERATURE VIEW

1.1. Feeding interval affecting the time of birth

In the beef cattle industry, calves are one of the main outputs and carry a big economical
value (Diskin and Kenny, 2016; Vinet et al., 2018). Therefore, many beef cattle producers
are eager to be present during the parturition in order to assist where needed and to avoid
dystocia and potential mortality associated with it (Jaeger et al., 2008). Increasing the
likelihood of parturition during the day time would reduce the mortality rate associated with
a lack of assistance during nightly hours (Jaeger et al., 2008). Herdsmen being present during
calving time can reduce the distress on the cow and calf (Jaeger et al., 2008). Feeding once

a day decreases the workload of the herdsmen as well.

The common believe amongst beef cattle farmers in Finland and other countries is that when
beef cattle are fed once a day during the evenings, the likelihood of calving during the night
time is decreased. Jaeger et al. (2008) also implicated on their research study that when cattle
is provided feed in the evening, it may result in a smaller number of calves being born during
the night hours. Controversially, Pennington and Albright (1985) concluded in their 2 year
research study that there weren’t significant effects on the calving time when dams were fed
once a day during the late gestation period. It could be concluded that the feeding time per
se may not influence the time of the calving in cattle so significantly but there can be other
management or varying factors that may alter the distribution of parturitions (Pennington
and Albright, 1985, Jaeger et al., 2008).

Although the feeding interval may affect the time of the parturition in beef cattle to some
extent, there are also other aspects that may alter it, such as rhythmic hormonal secretion,
physical activity, the amount of light and the ambient temperature (Jaeger et al., 2008).
Pennington and Albright, 1985 observed that the higher low temperature on the day of

calving seemed to affect the parturition time in dairy cattle. Jaeger et al. (2008) also
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concluded in their research that the heifers appear to pattern their parturition time from their

dams, therefore the parturition time might have in some extent genetic background.

1.2. Importance of optimal birth weight in beef calves

1.2.1. Cause of dystocia

For the beef industry it is important to produce calves which have a high mature weight and
thus will be more productive (Hickson et al., 2006). The issue is that the mature weight and
the birth weight of calves are positively correlated and this desire produces high birth
weights in calves (Eriksson et al., 2004; Hickson et al., 2006). When the birth weight
increases remarkably over a certain level, it causes the incidence of difficult calvings to be
higher (Eriksson et al., 2004). The level of this threshold is dependent of the parity and the
breed of the dam (Eriksson et al., 2004).

Dystocia is a difficult or delayed parturition (Lombard et al., 2007) which can result in the
mortality of the calf, cow or both parties (De Amicis et al., 2018). Dystocia can happen due
to maternal or fetal reasons, but in 65.62% of the cases the dystocia is caused by a fetal origin
(Puronhit et al., 2012). When dystocia is due to a fetal origin, the most common reason for
dystocia is the increased size of the fetus (Purohit et al., 2012). Fetal oversize can be caused
by fetal death, emphysema and sex of the calf, but most importantly by an increased weight
(Purohit et al., 2012). Research has shown that the likelihood of dystocia increases with 13%
for every additional kilogram of birth weight (Johanson and Berger, 2003) when weight was
measured above the threshold. Nix et al. (1998) in contrast got result that calving difficulty
score increase 0.23% for each increased birth weight kilogram. Due to this the birth weight
can be used as an indicator trait for the avoidance of difficult calving’s (Eriksson et al.,

2004).



Prevalence of dystocia in beef cattle is measured to be 4.4% (De Amicis et al., 2018).
Primiparous and second parity cows have significantly higher prevalence of dystocia when
compared to multiparous cows (Purohit et al., 2012; De Amicis et al., 2018). Primiparous
beef and dairy cows have an average of 11.0% prevalence in dystocia, while mature cows
have a prevalence of only 3.5% (De Amicis et al., 2018). Eriksson et al. (2004) got quite
similar results, as they concluded that the first parity Hereford cows have 6.2% incidence of
calving difficulty and the later parities only 1.2%. Heifers often have a smaller pelvic size
and the fetus can be oversized compared to the birth canal, which can cause fetopelvic
disproportion (Purohit et al., 2012). This feto-maternal disproportion is a predominant

reason for dystocia in first parity dams (Hickson et al., 2006).

Difficult birth may cause trauma to the calf and the cow and in severe cases it can cause
mortality of either or both parties (Johanson and Berger, 2003). The probability of death of
the calf within 48 hours after the birth, with birth weights of 29, 35, 40, 46, and 52kg were
2.1, 2.5,3.4,5.1, and 9.6% respectively in Holstein cattle (Johanson and Berger, 2003). De
Amicis et al. (2018) got results that the mortality rate for calves and cows in case of dystocia
can be as high as 19.8% and 6.0% respectively. Therefore the birth weight is often lower
with normal birth and mild traction, and higher in those births associated with heavy traction
and Caesarean section (Nix et al., 1998). Nix et al. (1998) instead got result that the mean
birth weight of dead calves would be 36 + 8 kg, while calves which were alive at 24 h after
birth are 36 + 6 kg. The optimal birth weight depends although on the breed (Nelson et al.,
2016). An oversized fetus doesn’t only cause dystocia, but it can also cause uterine infection,
reduce milk production, decrease fertility and can lead to additional veterinary costs
(Johanson and Berger, 2003). Therefore the birth weight of the calves is not associated solely
with dystocia but it can also be responsible for the increased production costs, and therefore
it has an economical importance (Gutiérrez et al., 2007; Chud et al., 2014).
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1.2.2. Low birth weight affecting liveability

The calf’s birth weight needs to be properly balanced (Nelson et al., 2016). When a calf is
too big there is an increased risk of dystocia, and when the calf is too small it might not be
healthy (Nelson et al., 2016), as small calves may have reduced viability (Eriksson et al.,
2004). These calves can be the result of the shorter gestation length (Martinez et al., 1983).
Salehi et al. (2016) concluded that there is an increased risk of dystocia when the gestation
length is short, <265 days. With this decreased gestation length the calf can be still slightly
premature which causes them to be small and weak after the parturition (Martinez et al.,
1983). Therefore the mortality rate can be higher for the premature calves as well (Martinez
et al., 1983). In dairy cattle the low birth weight calves are more likely to be from
primiparous dams or older dams with higher milk yields (Wathes et al., 2008). A possible
explanation for this is that the maternal growth or milk production is limiting the available
nutrients for the fetal growth (Wathes et al., 2008).

A low birth weight can be associated with poor vitality, increased occurrence of diseases and
therefore higher mortality (Tudor, 1972; Vinet et al., 2018). Low birth weight calves can
also have a higher occurrence of early life diarrhoea (Vinet et al., 2018). In mice it has been
investigated that the offspring of undernourished dams have 27% lower birth weight than in
the control group (Beauchamp et al., 2015). This fetal undernourishment can cause
decreased glucose tolerance and increased adiposity later in life (Beauchamp et al., 2015).
The study concluded that the undernutrition in utero is connected with metabolic diseases in
the adulthood of mice (Beauchamp et al., 2015). Calves with low birth weight are not able
to produce high weaning weights compared to average weight calves (Eriksson et al., 2004;
Chud et al., 2014). Calf liveability is therefore improving farm productivity (Vinet et al.,
2018).
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1.3. Factors affecting birth weight of calves

1.3.1. Parity of the dam

Many researches have discussed the influence of dam’s parity in calves birth weight. The
age of the dam and birth weight of the calf doesn’t only vary greatly between the breeds but
also by analysis (Rumph and Van Vleck, 2004). Some study researches have shown that the
birth weight of calves from primiparous cows were higher than in a case of multiparous cows
calves (Nelson et al., 2016). Nelson et al. (2016) concluded in their research that multiparous
cows had 0.3-0.6 kg decrease in offspring’s birth weight when compared to the heifers. They
also discovered that if a dam at its first calving was older or 2.5 years old, the calf was
estimated to be 0.5 kg lighter than the calf from heifers younger than 2.5 years (Nelson et
al., 2016).

However, some other researches have been getting reverse results. Heifers are not fully
mature yet during their gestation period, and thus they require energy not just for gestation,
maintenance and lactation but also for their own growth (Rumph and Van Vleck, 2004). Due
to this the calves from primiparous cows are generally smaller at birth and during the
weaning than calves from multiparous cows (Rumph and Van Vleck, 2004). Female calves
born from second or third parity cows have 7-8% higher birth weight than calves born from
heifers (Kertz et al., 1997). Male calves have a similar pattern of increased birth weight with
increased parity, but the increase is not that high in percentage compared to female calves
(Kertz et al., 1997). Other factors that can cause a smaller birth weight in calves from first-
parity cows is that they usually have a shorter gestation length (Johanson and Berger, 2003).
Although gestation length varies by the breed (Casas et al. 2012), in Holstein heifers
gestation is measured to be 1.3 days shorter than in multiparous cows (Johanson and Berger,
2003). Belgium Blue primiparous cows also have 10 days shorter gestation length compared
to cows with three or more parturitions (Fiems and Ampe, 2015). In the same research it was
concluded that heifers generally have a shorter gestation period than multiparous cows
(Fiems and Ampe, 2015). Birth weight increases on average 0.15-0.38 kg per each gestation
day, and as a result the calves with longer gestation also have increased weight (Crews, 2006;
Hickson et al., 2006).
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1.3.2. Maternal nutrition

Maternal nutrition is not only important for the cow’s maintenance of the energy balance
during gestation but it also has a critical role in the fetal growth and development (Radunz
et al., 2012). It has been proven that late gestation diets of dams can alter the fetal growth
and birth weight, and may even affect a long-term body composition of calves (Radunz et
al., 2012). It would be beneficial to regulate and restrict the dam’s feed intake during a late
pregnancy to decrease the average birth weight of calves, without impairing postnatal growth
of the calf or affecting the rebreeding performances of the dam (Prior and Laster, 1979).
Many studies have been performed to investigate a different diet’s impact to the calves’ birth

weight and dam’s performance.

Nutrient demand grows rapidly during gestation due to the growing fetus, mammary gland
regeneration and colostrogenesis for lactation (Diskin and Kenny, 2016). Fetal growth is
altered by glucose supply to the fetus which is determined by placental blood flow and
maternal glucose concentration (Baumann et al., 2002), thus birth weight is greater for calves
born from cows fed excessive dietary energy (Wilson, 2015). Glucose levels in maternal
blood are regulated by insulin which can be stimulated by propionate, glucose and amino
acids in ruminants (Harmon, 1992). Different feeding is expected to alter insulin levels in
cattle and therefore effecting the fetal growth and calf’s birth weight (Kawashima et al.,
2016). Insulin resistance has been recorded to happen in dairy cattle (Kawashima et al.,
2016) but has not been well documented in beef cattle (Radunz et al., 2012). Cows with
insulin resistance have a lower body condition and glucose concentration before calving, and
after parturition they have lower milk yield and earlier resumption of luteal activity
(Kawashima et al., 2016). Cows suffering from insulin resistance produce calves with lower
birth weight, decreased plasma insulin-like growth factor 1 concentration and higher plasma
insulin concentration (Kawashima et al., 2016) which can result into a compromised glucose
regulation at the calf’s early life (Maresca et al., 2018). Controversially, in some other
researches it has been concluded that the dam’s nutrition during gestation doesn’t affect

calf’s serum insulin concentration after the birth (Radunz et al., 2012; Maresca et al., 2018).

Many studies have been conducted to find out how the difference in prepartum protein levels

affect the dam and the calf. When dams are fed high protein diet during gestation their
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progeny tends to be heavier at birth than the calves from dams with low protein diet (p =
0.06) (Maresca et al., 2018). This could be explained with calves from high protein dams
having increased insulin-like growth factor 1 concentration which may be associated with
increased body mass index at birth (Maresca et al., 2018). High amounts of amino acids
from high crude protein diets in dams may be one of the factors causing greater plasma
insulin concentration in dams when given certain diet such as dried distiller grains (Radunz
et al., 2010; Radunz et al., 2012). This high insulin level in dams can cause calves to have
higher birth weight (Radunz et al., 2012). High protein level during prepartum time tends to
increase the body weight and body condition score of the dam, without having negative
consequences on the reproductive performance, milk yield and quality (Lépez Valiente et
al., 2018). Controversial results have been obtained in this subject. Some of the studies have
concluded that the higher protein intake in prepartum time doesn’t affect serum insulin
concentration in dams when compared to cows with lower protein intake (Lopez Valiente et
al., 2018). In the same research it was found out that cows with low and high protein intake
didn’t have changed serum insulin-like growth factor 1 concentration (L6pez Valiente et al.,
2018). Besides of the controversy results of the different studies, Radunz et al. (2010)
concluded that excess crude protein intake is not the only plausible explanation for the

differences in calves birth weights, but can explain the differences in certain dietaries.

Cows can be supplemented with for example oilseed or sunflower to increase the fat content
of the diet during their last trimester of gestation with the aim to improve the dam’s ovarian
function and reproductive performance after the parturition (Bellows et al., 2001; Salehi et
al., 2016). Salehi et al. (2016) concluded in their research that when dams were given
supplemental oilseed during gestation, their progeny were heavier at birth and the gestation
lasted longer than without the supplementation. In their study the gestation lasted 3 to 4 days
longer than the average length, which they concluded to be controversial compared to other
studies performed in the veterinary medicine field (Salehi et al., 2016). Calf birth weight
was also significantly influenced (p = 0.02) by the interaction between sex and the oilseed
supplementation diet, as female calves were 5 kg heavier in cows that received supplement
during prepartum period (Salehi et al., 2016). Controversially, other studies have concluded
that supplemental fat during gestation does not affect the calves’ birth weight significantly
(Bellows et al., 2001; Petit and Berthiaume, 2006). In conclusion, prepartum fat

supplementation causes decreased milk yield, decreased dry matter intake, increased or no
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affect in calves birth weight without significantly improving ovarian function or

reproductive performance of the dam (Bellows et al., 2001; Salehi et al., 2016).

When cows are given more energy by feeding high-concentrate diets, they also have more
energy to be shared with the fetus instead of only maintaining the maternal tissues (Radunz
et al., 2012), and thus the birth weight of the calves is higher (Wilson, 2015). When
underfeeding cows in attempt to limit birth weight it also results in compromised
performance of the dam in early lactation (Hickson et al., 2006). Underfeeding cows in
attempt to avoid dystocia is not beneficial as the incidence of dystocia doesn’t decrease and
thus it is indicated to use alternative methods to reduce occurrence of dystocia (Hickson et
al., 2006). Cows can be fed as little as 70% of their total feed intake during gestation, without
affecting the calf’s birth weight (Shell et al., 1995). If the calves are having prenatal
undernutrition, it can cause inappropriate pancreas development which can lead to decreased
insulin-like growth factor 1 concentration in early life (Maresca et al., 2018). Because not
all nutritional parameters affecting calves’ birth weight are absolutely determined, it can be
concluded that the changes in maternal metabolism affects the energy portioning of nutrients
to the fetus and fetal growth (Radunz et al., 2010).

1.3.3. Genetics

Birth weight of calves is to some extent inheritable (Purohit et al., 2012). Selecting a bull
with a low birth weight is a good way to decrease the calves’ birth weight (Purohit et al.,
2012). However, it can affect the subsequent growth rates at weaning age as a birth weight
is positively correlated to the growth rate (Eriksson et al., 2004). Effects of the sire breed
and their different genes for the birth weight is significant (Casas et al., 2012). This can be
illustrated as a variation of average birth weights of calves born from different breed sires,
for example Angus calves are on average heavier (37.9 kg) than Wagyu calves (31.0 kg)
(Casas et al., 2012). Based on the heterosis, crossbred calves are on average heavier than
purebred ones (Casas et al., 2012). There is a genetic correlation between birth weight and

gestation length, even up to 0.52 (Crews, 2006). The gestation length affects the birth weight
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as the birth weight increases 0.15-0.38 kg by each gestation day (Crews, 2006) which can

cause increased incidence of dystocia (Nix et al., 1998).

Direct heritability of birth weight varies from moderate to high (Eriksson et al., 2004). In
Herefords and Charolais direct heritability varies for birth weight from 0.44 to 0.51 (Eriksson
et al., 2004). These results are similar for the first and later parities (Eriksson et al., 2004).
Other research studies have been getting similar results. Gutiérrez et al. (2007) discovered
in their research about beef cattle that the direct heritability for the birth weight would be
0.390 £ 0.030. Chud et al. (2014) got a lower value of 0.25 + 0.02 whereas Mujibi and Crews
(2009) got a higher value of 0.46 + 0.03. The genetic correlation between birth weight and
calving difficulty is positive and moderate to high in magnitude (Ahlberg et al., 2016). This
means that when the birth weight of the calf increases, the calving difficulty score also
increases (Ahlberg et al., 2016). Birth weight can only explain approximately 41% of the
genetic variation of calving difficulties, suggesting that the birth weight is only an indicator
trait, and doesn’t explain all the relevant genetic variations (Ahlberg et al., 2016). Due to
this, selecting bulls to reduce the dystocia in their calves will only have a small effect on the

calving difficulties which their daughters may experience in the future (Ahlberg et al., 2016).

Maternal heritability varies quite a bit in a different research. One of the researches
discovered that the maternal heritability of birth weight in Herefords and Charolais is 0.06
to 0.15 for the first and later parities (Eriksson et al., 2004). Similar values have been found
from the other studies, ranging from 0.05 until 0.21 (Gutiérrez et al., 2007; Chud et al., 2014;
Vinet et al., 2018). These maternal effects are less heritable (Ahlberg et al., 2016). Maternal
effects are factors that are regulated by the genotype and the permanent environment of the
dam that affect the fetus (Hickson et al., 2006). The variance of permanent environmental
effects on dams is 5% or more of the total birth weight variance (Eriksson et al., 2004). In
case of dystocia these effects are for example the dam’s genetic potential for pelvic area or

the likelihood of feto-maternal disproportion (Hickson et al., 2006).
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1.3.4. Other factors

Sex of the calve is clearly one of the factors affecting the birth weight of the calf. Male calves
tend to be in average 2.3-3 kg heavier in birth than female calves (Echternkamp, 1993;
Eriksson et al., 2004; Nelson et al., 2016; Vinet et al., 2018). Kertz et al. (1997) also
discovered in their research that male calves mean birth weight was 8.5% more than that of
female calves. This can be due to longer gestation time of a male calves, which is measured
to be 1 to 1.26 days longer than in female calves (Crews, 2006; Purohit et al., 2012). The
higher birth weight causes the survival of male calves to be 95% when female calves have
an average rate of 97% (Vinet et al., 2018). Due to the increased birth weight of bull calves,
they are also more likely (p < 0.001) to require assistance at birth which increases their risk
of dystocia (Lombard et al., 2007).

As previously discussed, the gestation length affects the calves’ birth weight (Tudor, 1972).
Male calves tend to be carried a few days longer regardless of parity of dam (Martinez et al.,
1983), and the first parity cows have 1 day shorter mean gestation length than multiparous
cows (Martinez et al., 1983). Therefore heifers’ calves can have decreased birth weight
(Fiems and Ampe, 2015). Tudor (1972) discovered that a 1 day increase in the gestation
period results into approximately 0.2 kg increase in the birth weight. Reynolds et al. (1980)
instead showed that each 1 day increase in gestation length increases the birth weight by an

average 0.25-0.30 kg per day.
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2. AIMS OF THE STUDY

This study was made to investigate the effects of feeding intervals in beef cattle during the
late gestation period on calving and new-born calves. The specific aims of this study were:

1. Toestimate the effects of feeding once or twice a day on the parturition time of spring
calving beef cattle.
2. To evaluate the effects of feeding once a day, compared to feeding twice per day, on

the calves’ birth weight in spring calving beef cattle.
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3. MATERIALS AND METHODS

3.1. Study design

3.1.1. Animals

This study was conducted based on the data collected from one farm over the years 2003 -
2017. The farm is in Southern Finland and has been breeding purebred Hereford beef cattle
over 30 years. During the data collection, the number of dams in gestation have been
increasing over the years. In 2003 the data was collected from 21 dams while in 2017 the
number of participating dams was 65. Data available for the study depended on different
years, based on how well the data was collected in each year. Most of the parturitions in this
farm occurred during the spring time, on average starting on the March and lasting until end
of the May. During the data collection the time of the birth was recorded. In this study the
night time was considered to be 07:00 —22:00. On the Table 1. it is demonstrated the number
of parturitions which occurred during the years 2003 — 2017. The table illustrates the number
of parturitions which occurred during each particular month and the number of parturitions

during the day or night time.
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Table 1. lllustrates the number of parturitions which occurred during each particular year.

In the table, all of the parturitions are divided based on the month of the parturition and if

the parturition occurred during the night time, 20:00 — 07:00, or during the day time, 07:00

— 20:00.

Month of parturition Time of parturition

Year No. of January, March April May Summer | 20:00 - 07:00 -
parturitions February 07:00 22:00
2003 21 0 16 4 1 0 8 13
2004 23 0 14 7 1 1 6 17
2005 24 0 5 6 10 3 3 21
2006 20 0 2 8 10 0 6 14
2007 23 1 12 6 2 2 6 17
2008 30 0 20 7 1 2 11 19
2009 38 1 24 10 2 1 12 26
2010 47 0 29 16 2 0 16 31
2011 52 0 37 12 3 0 19 33
2012 57 1 47 6 2 1 19 38
2013 52 0 34 11 5 2 18 34
2014 S7 1 36 16 3 1 15 42
2015 56 4 38 9 4 1 25 31
2016 64 3 42 19 0 0 18 46
2017 65 4 49 11 1 0 21 44

3.1.2. Feeding during the late gestation

During the years 2003 and 2011 the dams were fed twice a day dry hay with a good

nutritional value. The feeding happened twice a day, usually around 09:00 and 16:00.

Additionally, dams received selenium and vitamin additives 2 to 3 times weekly. No

carbohydrate or fatty acid substitutes were added to the diet. The amount of feed given was

estimated based on the amount of feed left on the feeding table, aiming to have an empty

table by the next feeding time. During these years, the dams were able to walk freely in the
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paddock. Since 2010, and during the day time, the dams have been outside on the pasture
during the late gestation. High quality straw has been used as a bedding material during the

gestation and calving period.

During the years 2012-2017 the feeding interval during the late gestation was changed. At
the start of each year the feeding is changed from twice daily to once a day. The dams then
receive high quality dry hay which is distributed in the evenings around 19:00-20:00 o’clock.
The amount of feed distributed is estimated with the idea that it will all be consumed by the
next morning. Timothy-grass straw is available throughout the day from circular feeder. As
previously stated, dams only receive additionally selenium and vitamin additive 2-3 times a

week. The bedding material used is straw.

The farm changed gradually to organic feeding in 2016-2017.

3.1.3. The logbook

The study material was collected from the farm’s own logbook. No scientific study settings
were done on the farm. The feeding changes has been performed by the farmers with their

own views and visions.

The farm owners have collected information of the calving’s in their own logbook.
Information gathered included; dam, sire, calving date, calving time, weight of the calf, sex
of the calf and details of the calving process. In the case parturition was not seen, a calf was
dead upon the birth or died within the first week of life, this observation was written down

in the logbook.

The recordings from the logbook were transferred into a Microsoft Excel table. By using the
Finnish online database of the farm, www.minunmaatilani.fi, the dam and sire names were
able to be changed to their identification number. In case the dam was inseminated, the sire
was marked with identification number of 0001. If the calf was the result of an embryo
transfer, the sire identification was marked as 0002. With the same program, the dam’s
offspring number could be marked for each year. The birth weight of the calves was

measured within 24 hours after the birth.
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The following observations were marked;

1. Birth date of calve

2. The time of calves’ birth

3. Dam’s identification number

4. The dam’s number of offspring

5. Sire’s identification number

6. The sex of the calve: 0 = female, 1 = male
7. Calves birth weight in kilograms

8. Liveness of the calve: 0 = alive, 1 = death within 24 hours, 2 = death during the first week
of life

9. Assistance on calving: 0 = Easy, no help needed, 1 = a little assistance given, 2 = Difficult
birth, assistance needed

10. Number of offspring: 0 = single calf, 1 = twin calf

3.2. Statistical analysis

The effect of feeding once or twice a day to the birth time of calves was analysed using a random
logistic regression model. The calves’ birth time during the day time (07:00-22:00) or during the
night time (22:00-7:00) was the outcome variable and the dam was included as a random factor.
The feeding schedule (once or twice a day), the categorized month of birth (January-February,
March, April, May and summer months), the calves’ gender (male or female), the number of
siblings (single or twin) and the cows parturition category (1., 2., 3.-5. and >6. parturition) were
included as categorical explanatory variables and the calves birth weight was included as a
continuous explanatory variable.

To compare the feeding interval (once or twice a day) with the birth weight of the calves, random
regression model was used. The calves’ birth weight was used as outcome variable and the dam
was included as a random factor. The feeding schedule, the categorized month of birth, the
calves’ gender, the number of siblings, the cow’s parturition category and the sire of the calf

were included as categorical explanatory variables.
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A stepwise backwards elimination procedure was used for the final models. Statistically

significant level p < 0.050 was used.

For the statistical analysis, statistical software STATA 14.2 (Stata Corporation, TX, USA) was

used. The table was created by Microsoft Word and the bar charts were created with software
Meta-Chart.
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4. RESULTS

The sample size for the statistical analysis was 629 parturitions. From these, 278 calving’s
occurred between the years 2003 and 2011, and 351 calving’s occurred between the years
2012 and 2017. Not all of parturitions had all recordings stated above available and therefore
the sample size varied for different analyses performed. The number of observations for

which all the data were available was 542.

4.1. Influence of the feeding to time of the parturition

The relationship between feeding once a day during the evening hours and the calving time
was evaluated. The hypothesis was that when the spring calving beef cattle were fed only
once a day during the evening hours, it would be less likely for them to calf during the night

time.

When dams are fed once a day in evening, the odds of giving birth during the night hours is
OR 1.10 (95% C1 0.43-2.86) when compared with feeding twice a day (p = 0.837). The two
different feedings were compered in the bar charts (Figure 1 and 2). In both feeding intervals,
the parturitions are quite evenly distributed over the day without a clear division related to

the feeding intervals.
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Distribution of parturitions on the day with twice a day feeding interval
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Figure 1. Distribution of the parturitions during the years 2003-2011 with feeding twice a
day
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Figure 2. Distribution of the parturitions during the years 2012-2017 with feeding once a
day
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4.2. Factors affecting the birth weight

Different factors that can affect the birth weight of the calf were evaluated in the study. Once
and twice a day feeding during the end of gestation period was evaluated on its influence on
the birth weight. When dams received feed once a day their calves birth weight was smaller
-2.77 kg compared to twice a day feeding (p = 0.001). Other factors affecting calves’ birth
weight were noticed as well, such as the parity of the dam and sex of the calf. The parameters
were compared in Wald chi square test. In the statistical analysis the overall effects of the

sires were considered (p = 0.01) but aren’t displayed in the table (Table 1.).
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Table 2. The results of random regression model to investigate factors associated with birth
weight of calves. The data included 170 cows and 542 calves (1-10 calves per cow, mean
3.2 calves). The dam was included as random factor and the sire (n = 68) as fixed variable

(data not shown). Wald-test p-value for overall sire effect was 0.009.

Variable n Coef. SE p-value Wald test
p-value

Feeding:

Twice a day 198 0

Once a day 344 -2.77 0.81 0.001

Cow’s parturition
<0.001

category:

1. parturition 138 0

2. parturition 101 3.97 0.79 <0.001

3-5. parturition 196 5.40 0.74 <0.001

>6. parturition 107 5.11 0.87 <0.001

Siblings:

Single 519 0

Twin 23 -10.89 1.38 <0.001

Month of birth: 0.006

January-February 14 0

March 368 2.79 1.49 0.061

April 125 2.60 1.57 0.097

May 27 1.39 1.83 0.447

Summer 8 9.43 2.72 0.001

Gender:

Female 267 0

Male 275 2.38 0.46 <0.001

Intercept 37.40 1.71 <0.001
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5. DISCUSSION

5.1. Effects of the feeding intervals on the parturition

One of the aims of this study was to evaluate if feeding beef cattle during their late gestation
time would affect the time of their calving. The hypothesis was that if dams are fed only
once a day during the evening hours, they would spend more time eating, ruminating and
being active during the night time rather than giving birth. This result would decrease the
workload of the farmer and possibly decrease the mortality associated with dystocia due to

better calving assistance during the day time (Jaeger et al., 2008).

In the statistical analysis, it was concluded that the feeding interval affecting the time of birth
was statistically insignificant. (p = 0.837). Other research studies had controversial results.
Jaeger et al. (2008) concluded in their research that the number of calves born during the
night may be smaller when dams are fed only during the evening. Pennington and Albright
(1985) in other hand summarised the effect of the dams feeding on the parturition time to be
insignificant. They also found a difference on the activity parameters of the cows on different
feeding patterns. Cows which were fed during the night time were more active and lying less
during the night time than the control group (Pennington and Albright, 1985). These results

are in controversy on the earlier hypothesis stated above.

From the literature there is little indication about the feeding time affecting the time of the
birth. The time of calving is not only dependent on the feeding interval of the dams but is
effected by many other factors as well, such as temperature of the day, hormonal secretions,
physical activity and the amount of light (Pennington and Albright, 1985, Jaeger et al.,
2008). Due to this, evaluating the effects of dams feeding habits on the parturition time is
more challenging. Our study was conducted from data collected over a several years,
comparing once a day during evening fed dams with control group from different years.
Therefore, our study is more likely to have some biases such as different weather conditions
during calving seasons. Another factor possibly affecting the results is the management
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factors of the feeding. Evening fed dams received also a lower nutritional value feed
throughout the day which could affect the amount of feed ingested during the evening
feeding. More research would be needed to evaluate the significance of once a day feeding

during the evening hours to the time of the parturition.

5.2. The relationship between once a day feeding of dams and decreasing

the calves’ birth weight

Another aim of this research study was to compare the effects of twice a day to once a day
feeding of dams on the birth weight of the calf. Once a day feeding reduced the birth weight
of the calves significantly. When dams were fed once a day during the late pregnancy, the
birth weight of the calves was reduced. This decreased weight during the birth is important
as dystocia due to high birth weight is one of the major factors causing mortality of the new
born calves (Johanson and Berger, 2003). The weight of the calves in this study was not
reduced so excessively that the mortality due to decreased liveability would have occurred.

Cows are mandatory ruminants and therefore they use on average 7 hours per day for
rumination (Beauchemin, 2018). Lactating cows can use 2.4 to even up to 8.5 hours a day
for eating (Beauchemin, 2018). When cows are fed twice a day they, they consume feed 10
minutes longer than when compared to once a day feeding intervals (Devries et al., 2005).
They also tend to spend more time eating after the delivery of the feed (Devries et al., 2005).
Although the feed is distributed only once a day, cows still tend to eat throughout the day
(Devries et al., 2005). As the cows feed many hours during the day and the feeding is
distributed throughout, they require a longer access to the feed. Therefore, on this specific
farm, from which the research study was conducted, they offered a lower-quality feed from

the circular feeder for the dams throughout the day.

The heifers require energy during gestation more than multiparous cows as they need it for
the fetal growth as well as for their own growth (Rumph and Van Vleck, 2004). Multiparous
cows don’t require as much energy, and therefore the birth weight will be greater for these
calves born from cows fed excessive dietary energy (Wilson, 2015). In our research study

the dams were fed a good quality feed once a day, and the feed offered during the other hours
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was nutritionally lower, on purpose to avoid excessive dietary energy conducted by the
dams. The purpose of this lower-quality feed was more for the mechanical fill of the rumen
than for the nutritional value. In some other scientific researches cattle were not offered
additional feed besides the single feeding during the evenings (Pennington and Albright,
1985, Jaeger et al., 2008). Some of the reasons why this was not conducted in this specific
farm is that the farmers wanted the dams to be able to fill their species-specific need of
feeding and ruminating throughout the day. As mentioned above, cows tend to eat
throughout the day and they can use even up to 19 hours a day for feeding and ruminating
(Devries et al., 2005, Beauchemin, 2018).

The birth weight of the calves is to some extent inheritable (Purohit et al., 2012). In the beef
cattle industry, breeding has been going towards the smaller birth weight and higher weaning
weight (Eriksson et al., 2004, Chud et al., 2014). Similarly, on this farm the breeding
selection has been favouring these characteristics of the dams and sires. In the statistical
analysis the genetic effects of the sires and the dams on the birth weight of the calves were

considered and therefore they should not influence our final results.

In the analysis we are comparing once a day to twice a day feeding of the cattle which
occurred during different time periods. The data analysed in the study was collected between
the years 2003 and 2011. During this time period there may be other changes next to the
feeding that could affect the birth weight results. As we are comparing different years, there
are possibilities that the quality of the feed has been changing over time. More research
studies, in which feeding intervals are compared during the same time period and the same

external factors, would be required.

5.3. Other factors affecting the birth weight of the calves

The effect of the dam’s parity to the birth weight of the calf has controversial results in
researches. Nelson et al. (2016) concluded that primiparous cows have higher birth weight
calves than multiparous cows. Rumph and Van Vleck, (2004) instead concluded in their
research that primiparous cows generally have smaller birth weight calves than multiparous

cows. One of the reasons for this is that the heifers are not fully mature during their gestation
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period and they might have a shorter gestation length when compared to multiparous cows
(Johanson and Berger, 2003; Rumph and Van Vleck, 2004). Our analysis gave similar results
to this. Dams on their second or higher parturition have higher birth weight calves than dams

on their first parturition.

Male calves tend to be heavier at birth than female calves, on average 2.3-3 kilograms more
than female calves (Echternkamp, 1993; Eriksson et al., 2004; Nelson et al., 2016; Vinet et
al., 2018). In our study the male calves were on average 2.38 kilograms heavier than the

female calves.
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6. CONCLUSIONS

These results suggest that feeding dams once a day during the evenings might not
significantly alter the time of the calves’ birth. Feedings dams once a day with their main
feeding material may decrease the birth weight of the calves. To better understand the effects
of the feeding interval on the time of birth and birth weight of the calves, more research is

required.
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