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Evaluation of body condition,
daily milk production and
biochemical parameters during
the postpartum period according
to calving season in Montbeliard
dairy cows reared in the

semi-arid region - Algeria

E. Chacha®, D. E. Gherissi, R. Lamraoui, E. Bouzebda-Afri and Z. Bouzebda

Abstract

The aim of this study was to evaluate the
effect of calving season on postpartum changes
of certain blood metabolites and minerals and
of the body condition score evaluation (BCS)
in Montbeliard dairy cows reared under semi-
arid conditions. Blood samples were collected
from 74 clinically healthy dairy cows of 10
semi-intensive Algerian dairy herds once
month during a whole year. Animals were
grouped according to the occurrence of their
calving to four different seasons (autumn,
winter, spring and summer). Albumin,
urea, glucose, total cholesterol, calcium,
phosphorus and magnesium plasma levels

were analysed using the colorometric method
adapted to each biochemical parameter. One-
way repeated measures analysis of variance
(ANOVA) showed a significant effect of
season (P<0.05, P<0.01 and at P<0.001) on all
parameters, except BCS. The highest plasma
concentrations of urea nitrogen, albumin, total
cholesterol, and phosphorus were recorded
in summer, though calcium was significantly
lower during this period. A significant
negative correlation was found between blood
glucose, total cholesterol and phosphorus
during winter calving, urea nitrogen in
spring calving, and magnesium and calcium
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in summer calving. The results of this study
highlight the evolutionary pattern of blood
biochemical metabolites and electrolytes, BCS
and daily milk production of Montbeliard
dairy cows during the postpartum period
according to calving season. They provide

Introduction

Milk is an important part of the diet
in Algeria, regardless of income. The
annual per capita consumption increased
from 30.1 L in 1964 to 145 L in 2018, in
comparison to to the average world milk
consumption (ONIL 2018). Dairy cattle
breeding holds an important place in the
national economy. The national cattle
population is estimated at 1,780,591
heads including nearly a million dairy
cows (FAOstat 2019). Despite the size of
the national dairy herd, it remains below
production capacity and covers only 57%
of the raw milk demand at the national
level, and the remainder is covered by
imports (ONIL 2018). Although sheep
farming is the main activity in the semi-
arid regions in Algeria (Lamraoui et
al.,, 2014), cattle farming has gradually
integrated into production systems giving
rise to significant animal diversity. In this
unfavourable semi-arid environment,
breeders often find it difficult to resolve
the various constraints related to
controlling the well-being, health and
productivity of herds, in particular
reproductive performance (Chacha et al.,
2018a,b; Haou et al., 2021).

The postpartum period is a period of
high metabolic stress, during which dairy
cows with a more severe and prolonged
negative energy balance face an increased
risk of disease and culling (Rajala-Schultz
et al., 2001; Butler, 2000; Folnozi¢ et al.,
2016; Folnozi¢ et al., 2019a,b). Significant
associations between nutritional status
before calving and in early lactation with
subsequent reproductive performance
and the incidence of intramammary

reliable information to assess the risk of
metabolic activity failures during these very
important productive stages, i.e., open days,
ascending and peak production periods.

Key words: biochemical profile; body
condition score; season; semi-arid; postpartum

infections have been reported in a
number of studies (Boland and Lonergan,
2003; Konigsson et al., 2008; Kocila et al.,
2013; Puridic¢ et al., 2020a, Dobos et al.,
2022). Metabolic profiles are frequently
used to assess energy status, which also
impacts dairy cow fertility (Wathes et
al., 2007; Turk et al., 2016; Durici¢ et al.,
2020b; Kovacs et al., 2020). Furthermore,
poor nutritional condition during the
peripartum and postpartum periods
leads to a depressed immune system,
which decreases the animal’s ability to
respond to infectious challenges. This is
likely responsible for the high incidence
of diseases and infertility.

In this study, we observed a lack of
information on the blood biochemistry
of dairy cattle in Algeria, particularly
for animals imported from temperate
countries (France) and subjected to
different  bioclimatic conditions in
semi-intensive herds. Thus, this study
evaluated the concentrations of specific
biochemical parameters during the post-
partum period of Montbeliard cows
according to calving season.

Materials and methods

Animals

The study was carried on a producing
herd of 74 Montbeliard dairy cows at
10 semi-intensive dairy farms (Table
1) in Setif Province, Algeria, situated
between 35.5° and 36.5° N and 4.7° and
6° E. The relief is relatively rugged in
the northern part and dominated by
forested mountains, and is rather flat
in the centre and south. Located in the
semi-arid region of Algeria, with a highly
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variable level of precipitation between
years and from north to south, with
averages of 200 to 600 mm per year and
mean temperature oscillations from 5°C
(January) to 26°C (July). The average
altitude varies between 700 and 1300 m.
Setif Province has long been a favourable
region for cereal cultivation and livestock
farming.

Cow age ranged from 3 to 7 years.
The nutritional status and reproductive
condition was examined for a 20 cows that
calved during summer (Jul-Sept, parity =
3.1+1.29; Mean+SD), 13 cows in autumn
(Oct-Dec, parity= 2.07+0.56), 17 cows in
spring (Apr-Jun, parity =2.29 + 0.77) and
24 cows in winter (Jan-Mar, parity = 1.87
+ 1.05). Animals were monitored during
four peripartum months divided into two
periods: prepartum, which included 1
month prior to parturition to calving, and
postpartum, which included calving to
3 months of lactation. All animals in the
study were selected based on a clinically
normal status of the genital tract with no
history of dystocia, caesarean section,
retained foetal membranes, acute mastitis
or periparturient paresis. Common
farming and livestock conditions were
established for all visited farms. In the
winter, the food calendar was based on the
distribution of basic rations incorporating
hay (meadows or oats) and sorghum
silage, complemented by concentrate
supplementary ration according to
individual needs. In spring, herds grazed
on natural grasslands and fallow, while
during summer and fall, the substantial
ration is composed of mowed grass and/
or cereal stubble residues. These animals
are kept in a stall barn housing system.
Reproductive management is based
on natural breeding, though artificial
insemination is also used as a second
choice.

Data and Sample Collection
Blood samples were obtained on
a monthly basis from months 1 to 3

postpartum by puncture of the coccygeal
blood vessel using evacuated heparinized
tubes. Blood samples were centrifuged at
2000 x g and plasma was harvested and
stored at -20°C until analysis. The body
condition score (BCS) was estimated
by the same observer once a month on
a scale of 1-5 (Edmonson et al., 1989)
beginning from 1 month prepartum to 3
months postpartum.

Analytical Procedures

The plasma components were
analysed  spectrophotometrically by
colorimetric method commercial Kkits
(Spinreact®). The metabolic profile test
MPT components and analytical methods
were as follows: indicators used for
protein metabolism were albumin (Alb,
Green bromcresol albumin method)
and blood urea nitrogen (BUN, Urease-
GLDH), for energy metabolism, glucose
(Glc, using an Accu-Chek Active human
blood glucose meter), total cholesterol
(Cho, Cholesterol oxidase), and for
mineral metabolism, plasma calcium

(Ca, o-cresolphtalein  complexone),
plasma inorganic phosphorus (P,
Phosphomolybdate) and magnesium

(Mg, Xylidyl blue method).

Ethical statement

Animals were studied in accordance
with the ethical principles of animal
experimentation and  international
animal welfare guidelines (Terrestrial
Animal Health Code 2018, section 7. Art
7.5.1) and national executive decree No.
95-363 of November 11, 1995 (Algeria).

Statistical analysis

Statistical analysis of data was
performed using XL-stat software
(version 14). Results were subjected to
one-way ANOVA analysis to determine
the effect of physiological stages and
season on the measured biochemical
parameters. The results are described
as mean * standard deviation. The
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differences were considered significant at
P<0.05, P<0.01 and P<0.001.

Results

Body condition score

The pattern of change in body
condition score, occurring between
the last month of the dry period and
the third postpartum month, showed
significant variation during the study
period characterized particularly by a
downward trend visible during the first
month after parturition for dairy cows
calving in autumn, winter or spring
(P=0.01-0.001). This regression is followed
by a recovery that sets in from the second
and third month after calving (Table 1). It
was observed that this situation remains
weak until the third month after giving
birth for calving in the summer (P>0.05).

With respect to the effect of the
calving season on the lost body condition
score; the results of the present study
did not reveal any significant effects. The
decreased score ranged from 0.55+0.23 to
0.82+0.76.

Daily milk production

Cows calving during spring expressed
a good average of daily milk production,
this situation is also verified for the
average peak of lactation. Thus, a highly
significant beneficial effect was observed
in cows calving during this season,
compared to females calving during the
rest of the year (Figure 1).
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Figure 1. Daily milk production during the

postpartum period in relation to season

Evaluation of the biochemical profile
according to calving season

The dynamics of blood metabolite
variation during the first three months
after parturition in relation to calving
season reveals a significant effect (P<0.05,
P<0.01 and P<0.001) for all the studied
parameters.

The mean serum glucose
concentration was significantly low
during the first month after parturition
(0.57 £ 0.05 g/L, P<0.05) in autumn
(Figure 2). Serum cholesterol level
was weakly dependent on seasonal
variations (Figure 3), with a strongly
significant increase in levels observed
from the start to the third month of
lactation (P<0.01) in cows calving in
winter and in summer (P<0.05). The
lowest level of cholesterol was during
the 3rd postpartum month in spring
(P<0.05).

Plasma urea and albumin levels
(Figures 4 and 5) showed a strong

Table 1. Body condition, in pre and postpartum period in relation to the season

Parameters ‘ Season

Autumn 3.92+0.35
Winter 3.88+0.39
BCS Spring 3.88+0.47
Summer 3.98+0.29
P*season 0.86

‘ P*period
3.43+0.46  3.54x0.43 3.98£0.42 0.001
3.19£0.56 3.18+0.50  3.4x0.36 0.006
3.14£0.5  3.29:0.47 3.77x0.53 0.01
3.43t0.46  3.23:t0.51 3.35:0.61 0.48
0.45 0.24 0.03
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Figure 2. Average plasma total cholesterol
concentrations during the postpartum period as
a function of the calving season

Figure 3. Average plasma glucose concentrations
during the postpartum period as a function of the
calving season
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Figure 4. Average plasma wurea nitrogen Figure 5. Average plasma albumin concentrations

concentrations during the postpartum period as
a function of the calving season

difference by calving seasons. In
cows calving in spring, albuminemia
(2.26+0.58 g /L) was observed, while
cows calving in summer had a higher
concentration with a maximum during
the third month after parturition
(3.37+0.62 g/L, P<0.01). The mean
plasma urea level remained relatively
stable throughout the postpartum
period of cows calving during summer.
However, the urea values in dairy
cattle whose  postpartum period
coincides with the autumn season
were significantly (P<0.001) the lowest
(0.14+0.04 to 0.15+0.04 g/L). The plasma

during the postpartum period as a function of the
calving season

blood electrolyte concentration patterns
in cows in relation to calving season
showed that calcium levels remained
stable from the first to third month of
lactation, and that levels were lower
during summer (P<0.01 and <0.001)
(Figure 6).

Phosphorus levels during the
postpartum period, depended on the
calving season (Figure 7), decreased from
the first to the third postpartum month
(7.39+2.63 to 2.85+1.18 mg/dL, P<0.001)
and (4.72+2.74 to 3.45+1.77 mg/dL,
P<0.01) in cows calving during autumn
and winter, respectively.
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Figure 6. Average plasma calcium concentrations
during the postpartum period as a function of the
calving season
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Figure 7. Average plasma inorganic phosphorus
concentrations during the postpartum period as
a function of the calving season
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Figure 8. Average plasma magnesium
concentrations during the postpartum period as
a function of the calving season

A gradual increase of phosphorus
(5.65+0.88 to 7.12+1.88 mg/dL) was
recorded from the first to the second
month of lactation in cows calving

in summer (P<0.01). In cows calving
in spring, this parameter increased
(2.48+1.32 to 4.84+1.68 mg/dL), (P<0.01)
from the first to the second month, and
then declined (to 3.79+1.29 mg/dL) during
the third postpartum month. The mean
levels of plasma magnesium showed a
significant increase (P<0.001) in dairy
cows calving during summer (2.45+0.47
and 2.70+0.43 mg/dL) in comparison
to those calving in spring (1.62+0.40
and 1.9+0.35 mg/dL) in the first two
postpartum months (Figure 8). A similar
trend was observed for magnesium and
phosphorus concentrations. Magnesium
levels decreased (P<0.01) from the first to
third postpartum months in dairy cows
calving in autumn and winter (2.17+0.40
to 1.9740.40 mg/dL and 2.31+0.67 to
1.67+0.34 mg/dL, respectively), opposed
to a significant increase (P<0.001)
observed in cows calving in spring (from
1.62+0.40 to 2.35+0.31 mg/dL). In the third
postpartum month, magnesium levels
were significantly higher in spring and
summer than in winter and autumn
(P<0.05).

Discussion

The mean concentrations of blood
serum parameters assayed on the studied
dairy cows are in agreement with reports
in the literature (Bruger-Picoux, 1995;
Kraft and Diirr, 2005; Graber et al., 2010;
Mouffok et al., 2011; Odhiambo et al.,
2013). This study focused on explaining
the different pattern of changes of
biochemical parameters during the
postpartum period according to calving
season in Montbeliard dairy cows from a
semi-arid region.

Plasma concentrations of glucose
were decreased in the three months of
the postpartum period in animals calving
during summer compared to those
calving in winter, which corroborates
other reports (De Rensis et al., 2002;
Grunwaldtetal., 2005; Nonaka et al., 2008;
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Shehab-El-Deen et al.,, 2010). Possible
mechanisms by which heat stress reduce
plasma glucose concentrations include
an increase in respiratory rate resulting
in a rapid uptake of blood glucose by
the respiratory muscles thus causing a
decrease in blood glucose levels under
thermal stress, as well as a reduction in
DMI (Flamenbaum et al., 1995). Glucose
has also been shown to play a role in the
relationship between energy balance and
postpartum reproductive efficiency in
dairy cows (Folnozi¢ et al., 2016).

The concentrations of total cholesterol
in the plasma recorded here our study
are similar to the variation ranges
reported previously (120 and 220 mg/
dL: McDonald et al., 2002), and are also
close to those reported by other authors
(0.62-1.93 g/L: Taranu et al., 2010),
(0.8-1.3 g/L: Bruger-Picoux, 1995). Some
authors observed a decrease in serum
cholesterol before calving, and then an
increase in the three months after calving,
reaching values of 1.25+0.02 g/L (Kappel
et al.,, 1984) and 1.59 g/L (Douglas et al.,
2006). Folnozi¢ et al. (2015) recorded
significantly lower concentrations of total
cholesterol in late pregnancy compared
to the second week postpartum, then at
60 days after parturition. According to
Douglas et al. (2006), lower cholesterol
concentrations can be observed in
animals on a restricted diet due to lower
DML

In this study, BUN was within the
normal physiological limits (Taranu et
al., 2010; 0.1-0.25 g/L) and (Whitaker
et al, 1983; 0.1-0.3 g/L). In addition,
cows calving in the hot summer season
expressed a higher level of urea nitrogen
than those calving during the temperate
season. Similar results were observed
by Rasooli et al. (2004), Senosy and
Osawa (2013) and Mazzullo et al. (2014).
Exposure of cows to a hot environment
could  stimulate  thermoregulatory
mechanisms and produce a reduction
in the rates of metabolism, feed intake

and productivity (De Rensis et al., 2002).
It has been shown that thermal stress
increases the catabolism of amino acids
(AA) for energy (Rasooli et al., 2004),
which originate from the mobilization
of proteins from muscle tissue, and
therefore caused an increase in BUN
during the summer season.

The concentration of serum albumin
was also within the normal physiological
limits of 23-36 g/L and 25-38 g/L indicated
by Brugere-Picoux (1995) and Tdranu et
al. (2010), respectively. Serum albumin
showed higher levels in females calving
in winter and summer, than those calving
in spring; supporting the findings of
Grunwaldt et al. (2005). The significantly
higher albumin level in winter could be
due to low water consumption during the
wet season (Meyer and Harvey, 1998), but
also to dehydration during the summer
period (El-Nouty et al., 1990; Kaneko et
al., 2008).

The results presented here show that
plasma calcium levels were in agreement
with the acceptable ranges listed by
Puls (1988) (67-90 mg/L) and Taranu et
al. (2010) (80-114 mg/L). However, our
results are lower than those of Brugere-
Picoux (1995) (92-124 mg/L). Research
on calcium levels as a function of
physiological state and seasonal variation
show significantly lower levels in dairy
cows when calving occurred during
summer (Hadzimusic and Krnic, 2012).
In addition to significant lower calcium
values in cows 1 to 5 days after calving,
Krnic et al. (2003) reported basic levels
5 to 10 days before calving. Olayemi et
al. (2001) found that 39% of dairy cows
have a calcium concentration less than 89
mg/L in the postpartum period. Finally,
Khan et al. (2003), Grunwaldt et al. (2005)
and Yokus and Cakir (2006) observed
no significant seasonal effect on blood
calcium levels, and Folnozi¢ et al. (2019b)
did not observe a significant change in
relation to a clinoptilolite-based diet in
comparison to control group.
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The average concentration of inorgan-
ic phosphorus during the postpartum pe-
riod of the studied animals was near that
observed by Lefter et al. (2019), who re-
corded a mean concentration of 32.4 mg/L
in Montbeliard dairy cows. Our results
are also similar to the reported levels in
the postpartum period of Holstein dairy
cattle studied by Yotov et al. (2014), with
a mean score of 34.84+7.77 mg/L. How-
ever, our results are substantially lower
during the same physiological period
(postpartum) than other authors, such as
Barui et al. (2015) and Kida et al. (2003),
who reported levels of 64 mg/L and 54
mg/L, respectively. In addition, Folnozi¢
et al. (2019b) recorded values between
40.5-89.9 mg/L around parturition in
clinoptilolite-fed cows. Phosphorus val-
ues are considered to reflect the amount
of phosphorus in the diet (Whitaker,
2000). Analysis of the results obtained in
this study indicate that the blood phos-
phorus concentration seems to be strong-
ly influenced by sampling season and the
reproductive status of cows.

Low levels of blood phosphorus
can frequently lead to a decrease in
ovarian activity (Jeong et al., 2015) and
conception rate (Costa et al, 2015).
According to Chaudhary and Singh
(2004), this deficiency is responsible for
the delayed onset of puberty and silent
or irregular oestrus in heifers. Moreover,
the same authors indicated that reduced
phosphorus levels are involved in the
failure of oestrus, in a long inter-calving
interval and even in embryonic death
due to a lack of muscle tone. On the
contrary, excess phosphorus makes the
endometrium vulnerable to infections
(Chaudhary and Singh, 2004).

The observed average level of
magnesium is relatively close to that
recorded by many authors during the
postpartum period. Indeed, Roussel et al.
(1982) reported a range between 20 and
35 mg/L, Puls (1988) indicated varying
levels between 18 and 35 mg/L, Brugere-

Picoux (1995) reported levels between
19 and 27 mg/L, and finally Taranu et
al. (2010) reported blood magnesium
levels ranging between 15 and 29 mg/L
in the postpartum period. Moreover,
Folnozi¢ et al. (2019b) reported lower Mg
concentrations around parturition. Our
results also show significantly low values
during late winter and early spring. This
observation agrees with the description
given by Zelal (2017), who described
that the green forage systematically has
low Mg concentrations (<2.0 g/kg dry
matter). Our results are in line with those
of Robinson et al. (1989), Kronqvist (2011)
and Shah et al. (2017).

Conclusion

Both calving season and lactation
stage had a significant influence on the
studied biochemical parameters during
the postpartum period of Montbeliard
dairy cattle reared in a semi-arid region.
Plasma concentrations of urea, albumin,
total cholesterol, phosphorus and
magnesium were significantly higher
in dairy cows calving during summer,
calcium level remained at low levels
during the three postpartum months for
the same cows.

The recorded variations of blood
biochemical indices according to calving
season provide an important indicator
of metabolic status during the open
reproductive period and gives animal
health practitioners and stakeholders
basicinformation for monitoring the main
parameters for determining a metabolic
profile and their importance in breeding
management strategy. This particularly
pertains to adopting reasonable nutrition
strategies in line with lactation stage and
calving season.
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Cilj je ove studije bio procijeniti ucinak
sezone teljenja na promjene nekih metabolita i
minerala u krvi nakon teljenja, kao i na tjelesnu
kondiciju (BCS) u montbeliard mlije¢nih krava
uzgojenih u polususnim uvjetima. Kednom
mjesecno tijekom cijele godine prikupljeni
su uzorci krvi od 74 klinicki zdravih krava
10 poluintenzivnih alZirskih mlije¢nih krda.
Zivotinje su prema teljenju rasporedene na sva
Cetiri godisnja doba, tj. jesen, zima, proljece i
ljeto. Analizirane su: razine albumina, uree,
glukoze, ukupnog kolesterola, kalcija, fosfora i
magnezija u plazmi uporabom kolorimetrijske
metode prilagodene svakom biokemijskom
parametru. Jednosmjerna analiza varijance
ponovljenih mjerenja (ANOVA) pokazala
je znacajan ucinak sezone (P<0,05, P<0,01 te
P<0,001) na sve analizirane parametre, osim
tjelesne kondicije. Najvece koncentracije
amidnog  dusika, albumina, ukupnog
kolesterola, fosfora zabiljeZzene su tijekom

ljeta. Medutim, razina kalcija tijekom ljetnog
razdoblja bila je znacajno niza. Znacajna
negativna korelacija pronadena je izmedu
razli¢itih razina glukoze u krvi, ukupnog
kolesterola i fosfora za teljenje zimi, amidnog
dusika za teljenje u prolje¢e te magnezija i
kalcija za teljenje ljeti. Rezultati ove studije
dobro su pokazali zajednicki evolucijski
obrazac biokemijskih metabolita i elektrolita,
tjelesne kondicije i dnevne proizvodnje
mlijeka prema sezoni teljenja u montbeliard
mlije¢nih krava tijekom razdoblja nakon
teljenja. Oni pruzaju pouzdane informacije
za procjenu rizika zatajenja metabolickih
aktivnosti tijekom vrlo vaznih produktivnih
razdoblja, odnosno tijekom dana od teljenja
do koncepcije, razdoblja porasta i najvise
proizvodnje.

Kljucne rijeci: biokemijski profil, tjelesna
kondicija, sezona, polususno, razdoblje nakon
teljenja
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