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Assessing the correlation between metabolic parameters | Research Article

and risk factors in transition cows

ABSTRACT

Our objective in this study was to evaluate the correlation between metabolic
parameters included beta-hydroxybutyric acid, nonesterified fatty acids, magnesium,
calcium, and lactate as being continuous variables and some factors (age, lactation
number, lactation stage, body condition score, and feeding type) in transition cows.
For this purpose, clinically healthy appearance Holstein cows (n=53) from different
farms were assessed for analysing at the transition period. Blood samples were
collected and measuring of parameters were done with cow-side monitor weekly
during the study. As a result, it has been seen that beta-hydroxybutyric acid,
nonesterified fatty acids, and calcium were affected by the lactation stage with
statistically significant (p<0.01). Moreover, effect of body condition score on
nonesterified fatty acids was found to statistically higher in 2<body condition score<3
group (p<0.05). Differently, mean calcium was established statistically important
(p<0.01) and higher feeding with total mix ration. The results of this study indicated
that plasma beta-hydroxybutyric acid, nonesterified fatty acids, and calcium were
affected by the lactation stage related to energy haemostasis in the transition period.
Unlike, among other variables, lactate and magnesium were not changed in response
to all factors.
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NTRODUCTION

The transition period being important physiological and
metabolic alteration (Herdt, 2000) is defined as a time from the last 3
weeks of prepartum to postpartum (Grummer, 1993). This period
induces negative energy balance (NEB) consisted as energy demands
exceed the energy intake of lactation cows and NEB is initially resulted
in the mobilization of fat from adipose tissue in the form of non-
esterified fatty acids (NEFA) as required metabolic fuels for completing
energy deficit (Sordillo and Raphael, 2013). On the other hand, some
NEFA are partially oxidized to betahydroxybutyric acid (BHBA) or
turned to triglycerides in the liver (Drackley et al., 2001; Reynolds et al.,
2003). Elevation of these two metabolites (NEFA and BHBA) are
considered as an indicator of NEB and cursor of early lactation diseases
(Bicalho et al., 2017; Herdt, 2000; Ospina et al., 2010).

In addition to fat mobilization, the calcium (Ca*?) homeostatic
mechanism of lactation cows particularly impairs and increased Ca*?
requirements for supporting colostrum and milk synthesis brings about
clinical and subclinical hypocalcemia (Goff, 2008).
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Especially subclinical hypocalcemia ignored for
less clinical signs have associated with impaired
immune function (Martinez et al., 2014) and
some postpartum diseases (Caixeta et al., 2017;
Rodriguez et al., 2017).

Out of these three commonly studied
parameters, magnesium (Mg*?) and lactate are
considered as biomarkers in this study. Mg*? as
an intracellular cation regulates enzyme
activation resulting in neural, hormonal, and
metabolic control (Kleczkowski et al., 2013).
Hypomagnesemia existing mostly in subclinical
form was found frequently within lactation
probably related to disease condition in
epidemiologic study describing metabolic
disease of transition cows (Erb et al., 1985;
Fiorentin et al., 2018).

The major source of endogenous production
of L-lactate is skeletal muscles and intestines
but also occurs as a result of hypoperfusion or
bacterial fermentation in tissues (Hove et al.,
1999). Increased lactate concentration has a
reliable prognostic value of determining the
severity of endotoxemia and monitoring
mortality in ruminants due to inflammatory
conditions (Coghe et al., 2000). It is also
reported that it can be variated during lactation
for used as a source of gluconeogenesis in
ruminants (Figueiredo et al., 2006).

The objective of this study was to evaluate
the correlation between some metabolic
parameters included BHBA, NEFA, Mg,
Ca*?, and lactate as being continuous variables
and some factors [age, lactation number,
lactation stage, body conditions core (BCS) and
feeding type] in transition COWS.
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MATERIALS and METHODS
Animals and management

This experiment was conducted in different
commercial farms through March 2019-
September 2019. Totally 53 healthy appearance
Holstein cows with different age and body
weight to be formed 3 groups determined as
prepartum (14 to 2 d), parturition (0. d), and
postpartum (2 to 14 d) in the transition period
were enrolled. Farms management was
generally done to freestall housing equipped
with self-locking headgates, feeding with total
mixed ration (TMR) or separate feeding (SF)
twice a day, ad libitum access to water, and
milked two times a day. Visiting of farms was
actualized weekly during the study.

Blood analysis and parameters assay

Blood samples were weekly withdrawn from
coccygeal vein to each anticoagulant tubes
including K3sEDTA and lithium heparin at
prepartum (14 to 2 d), parturition (0. d), and
postpartum (2 to 14 d) period at 6 to 8 hours
after early feeding. AIll samples including
lithium heparin were centrifuged at 6000 rpm
by cow-side device (Sprout, Healthrow
Scientific, USA) for separating to plasma
following collection.

Heparinized plasma NEFA, Mg*?, Ca*?, and
lactate were measured using biochemical
solution working by enzymatic colorimetric
method according to instructions of cow-side
device (Vet Photometer 700 DP, Diaglobal,
Germany). And also plasma BHBA was
measured from blood samples including
K3EDTA using enzymatic colorimetric method
depending on the oxidation of BHBA to
acetoacetate in presence of the BHBA
dehydrogenase, after that, reduction of NAD+
to NADH with cow-side handheld device (Vet
TD-4235 B-Keto, Antalya, Turkey) (Figure 1).
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Figure 1. a) Taking blood from V. coccygea, b) Preparating of cows for BCS, ¢)-d) Cow-side
devices for measuring of parameters, e) image of different farms breeding Holstein

Lastly, BCS was performed weekly
according to Edmonson et al. (1989) and
classified based on 1) 2<BCS<3, 2) 3< BCS <4,
and 3) 4> BCS for statistic model.

Evaluation
analysis

As continuous variables, BHBA, NEFA, Mg*?,
Ca*2, and lactate parameters were evaluated to
be the main risk factors. For revealing possible
effects, statistical models were formed. The
factors affecting to emphasized features were
grouped among themselves during formed of
models. Cows age ranged from 2 to 8 years and
each age was considered as a one group.
Lactation number to be primiparous (first
lactation) and multiparous (> 2 lactation) cows
and lactation stage with prepartum (14 to 2 d),
parturition (0 d), and postpartum (2 to 14 d)
were evaluated as another factors. Feeding type
was taken qua factor due to different ration
contents including TMR and SF used in farms
and being a reason of effect to emphasized

of data wusing multivariate

features. Other factor BCS were grouped as
2<B(CS<3, 3<BCS<4, and 4>BCS.

From this viewpoint, the analysis of the
obtained data was performed by using repeated
measurement modeling. This model has subject
for independent variables with multiple
measurements at a certain time on the same
individual.

The model included;

Model I:

Yiikimn =+ a;+ bj+Vksdyy+d;+ 1y, +
o) + ATk + +€ijkimn

Yijmn: 1. age, j. lactation number, level k of
BCS, 1. stage, m. feeding type, n. cow’s BHBA
concentration at transition period,

Model I1I:
Yijklmn =u+a;+ b] + Vks dkl + dl +r,t
o) + ATk + +€ijkimn

Yijkmn 1. age, j. lactation number, level k of
BCS, 1. stage, m. feeding type, n. cow’s NEFA
concentration at transition period,
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Model I11:
Yijklmn =u+a;+ b] + Vks dkl + dl +r,+
ok + ATk + +€ijkimn

Yijkimn i. age, j. lactation number, level k of
BCS, 1. stage, m. feeding type, n. cow’s lactate
concentration at transition period,

Model 1V:

Yijklmn =u+a;+ b] + Vks dkl + dl +r,+
Tnk) + Ak + +€ijkimn

Yijkimn: 1. age, j. lactation number, level k of
BCS, 1. stage, m. feeding type, n. cow’s Mg*2
concentration at transition period,

Model V

Yi]'klmn =u+t+a;+ b] + Vks dkl + dl +r,+
k) + Ay + +€ijkimn

Yijkimn: 1. age, j. lactation number, level k of

BCS, I. stage, m. feeding type, n. cow’s Ca*?
concentration at transition period,

w: population mean,
ai: the effect of age (i: 2, 3, 4, 5, 6,7, 8)

bj: the effect of lactation number (j: primiparous
(lactation number =1), multiparous (lactation
number >1 and 2 to 5)],

BCSk: the effect of body condition score (I:
2<BCS<3, 2: 3<BCS<4, 3: 4>BCS),

di is the effect of lactation stage [l:1 prepartum
(14 to 2 d), 2 parturition (0. d), 3 postpartum (2
to 14 d)],

rm: effect of feeding type [m: 1(TMR), 2 (SF)],

Tk - Random effect of experiment unit at
level k of BCS

Vks dy,;: Interaction effect,

dm,: Interaction effect among experiment
unit and lactation stage at the level k of BCS

eijklmn: residual error.
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Statistical analyses

As continuous variables, BHBA, NEFA, Mg*?,
Ca*?, and lactate parameters were evaluated to
be the main risk factors. In the evaluation stage
of the data obtained from the study, appropriate
statistical methods were used to reveal both the
possible relationships and differences between
the features emphasized. For this purpose, it
was used to MS Excel for the preparation of
obtained data, SPSS 18 for determining
descriptive statistics of emphasized features and
analysis of variance, and Duncan Test was used
for multiple comparison of subgroups (Duncan,
1995).

Ethical scope

This study was approved by Aydin Adnan
Menderes University Animal Experiments
Local Ethics Committee with number of
64583101/2016/104.

RESULTS

Mean Values of Parameters

Regarding data of BHBA, NEFA, Mg*?, Ca*?,
and lactate were presented in Table 1. The only
effect of the lactation stage on BHBA
concentration was  observed statistically
significant (p>0.01) and BHBA levels tended to
increase from prepartum to postpartum period
(p<0.01).

Likewise, BHBA, lactation stage also had a
significant effect on NEFA concentration (p
<0.01). NEFA concentration of parturition and
postpartum period was found to be approximate
value, of prepartum was obtained lower,
differently. On the other hand, evaluated of the
relation between the BCS and NEFA, NEFA
was found to statistically higher in 2 <BCS <3
group (p <0.05).

Similarly, BHBA, Ca'? levels found to be
increase from prepartum to postpartum period
and parturition levels were found to be
associated with other stages (p<0.01).

M
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It was found that there was no effect of
factors on lactate and Mg*? concentrations.

Accordingly, effect of feeding type on mean
Ca*? levels were established statistically
important (p<0.01) and higher in feeding with

TMR.

Table 1. The least squares mean and standard errors of parameters according to the variables included in the model
BHBA (mmol/L)

Factors

NEFA
mEq/L

Lactate (mmol/L)

Mg*2 (mmol/L)

Ca*?(mmol/L)

X £S, X+S, XS, X £S, X £S,
Age NS NS NS NS NS
2 8 0.86+0.125 0.54+0.102 1.46+0.195 0.61+0.058 1.66+0.249
3 6 0.94+0.642 1.09+0.187 1.67+0.272 0.67+0.042 1.72+0.239
4 11 0.817+0.107 1.14+0.175 1.77+0.193 0.63+0.068 1.83+0.092
5 7 1.16+0.13 1.06+0.223 2.69+0.713 0.72+0.136 1.69+£0.129
6 9 0.82+0.18 0.81+0.93 1.81+0.394 0.74+0.043 1.66+0.161
7 8 0.85+0.125 0.99+0.117 1.67+0.302 0.53+0.105 1.71£0.143
8 4 1.19+0.177 1.01+0.157 1.88+0.273 0.65+0.027 1.53+0.188
Lactation number NS NS NS NS NS
Primiparous 19 0.98+0.0.114 0.98+0.122 1.87+0.307 0.68+0.043 1.65+0.126
Multiparous 34  0.88+0.043 0.92+0.071 1.82+0.137 0.64+0.035 1.73+0.067
BCS NS * NS NS NS
2<BCS<3 5 0.82+0.146 1.35%¢+0.231 2.06+0.295 0.55+0.131 1.60+0.189
3<BCS<4 37  0.89+0.042 0.86%£0.070 1.79+0.132 0.67+0.077 1.73+£0.077
BCS >4 11 1.03+0.182 1.05°+0.137 1.89+0.504 0.65+0.027 1.67+0.162
Feeding type NS NS NS NS faied
TMR 37  0.95+£0.064 0.94+0.80 1.86+0.188 0.65+0.029 1.84%0.066
SF 16 0.84+0.067 0.97+0.099 1.77+0.160 0.67+0.061 1.40°+0.102
Lactation stage ** *x NS NS il
prepartum (14to2d) 53 0.74%0.0031 0.69%£0.079 1.82+0.213 0.65+0.031 1.202+£0.79
parturition (0. d) 53 0.822+0.041 1.10°+0.123 1.68+0.188 0.66+0.047 1.598+0.131
postpartum (2to 14d) 53  1.18°+0.106 1.04°+0.110 1.9940.243 0.66+0.046 2.345+0.1

a.b.c: Significant differences between the subgroups of each variable and the mean with different letters on the same line, *: p<0.05,
** p<0.01, NS : nonsignificant, TMR: total mix ration, SF: separate feeding, NEFA: non-esterified fatty acids, BHBA: beta hydroxy

butyric acid, Mg: magnesium, Ca: calcium, BCS: body condition score

DISCUSSION

The purpose of this study was to evaluate the
correlation between some metabolic parameters
included BHBA, NEFA, Mg*?, Ca*?, and lactate
as being continuous variables and some factors
included age, lactation number, lactation stage,
BCS, and feeding type in transition cows.

Observed data established that BHBA and
NEFA increased with statistically significant
towards postpartum period without NEFA value
of postpartum (p<0.001). Gradually increased
BHBA levels towards postpartum might be

related to decreased DMI around parturition
(Drackley et al., 2005) with decreased
oxaloacetate produced of rumen fermentation
and mediated NEFA enter to TCA cycle in the

liver (Drackley et al., 2006; Grummer, 1993).
On the other hand, it can be explained that
anaplerotic pathway in which oxidized acetyl-
CoA exceed TCA cycle capacity or exactly
opposite cataplerotic pathway in which
increased acetyl-CoA esterified to triglyceride
or oxidized to ketone bodies of oxaloacetate:
Acetyl-CoA balance in the liver (van Knegsel et
al., 2005). Decreased NEFA levels in the
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advancing postpartum period can be supported
that increased DMI related to feeding with high
energy ration along with lactation and became
loose of NEB (McGuire et al., 2004; Moallem
et al., 2000).

Similarly, Ca* was gradually increased
compared to lactation stage (p<0.01). As known
decreased Ca*? levels a few days before calving
is quite a little at 12-24 hours after calving and
get back to normal levels until three to four
days later (Goff, 2008; Martinez et al., 2012).
Considering to Ca*? levels are lowest at
postpartum first two days (Goff, 2008) and
increase after postpartum 3rd day (Martinez et
al., 2012), postpartum increased Ca*? levels in
our study may be explained with the feeding of
dairy cows after calving, development of
ruminal contraction (Wynn et al.,2015) and
with postpartum blood analysis performed at 1st
and 2nd weeks not first 2 days in our study.

In relation with the effect of feeding type on
parameters, there was only established
statistical importance (p<0.01) on mean Ca*?
levels and higher feeding with TMR. The
freedom of a cow for a preferred choice of
forage, i.e alfa alfa hay or corn silage may be
offered due to their unfamiliar protein and
mineral contents. Given the roughness of a
nutritional balanced diet animals time to time
select a greater amount of calcium in
relationship with alfa alfa hay diet in which
might involve greater amounts of calcium
(Muller et al.,, 1977; Schingoethe, 2017).
Although flavor preferences for nourishing
supplements (Coppok et al., 1981), TMR might
decrease or eliminate feeding problems
(Schingoethe, 2017) furthermore digestive
absences or fed conditions excite less frequently
with TMR feeding (Hernandez-Urdaneta et al.,
1976). On the other hand, SF results in more
balance nutrition whereas TMR diets are
consumed more slowly which could influence
Ca*? metabolism (Schingoethe, 2017). Finally,
cows were fed with TMR in state of SF
judiciously devour several feed components in
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which this behavior has been dominated and
there is seen in dairy cows selecting small
particular of grain which could entirely affect
Ca*2 metabolism. This may be briefly explained
elevated and statistically significant observed
Ca*? levels of feeding with TMR.

Body condition score is a useful tool for
evaluating body fat stores for estimating energy
reserves in dairy cows and correlated with some
metabolic parameters for observing lactation
disease (Pires et al., 2013; Wildman et al.,
1982). In our study, there had just been a
relation between BCS and NEFA to being
highest (1.35+0.231 mEqg/L) in cows with lower
BCS and lowest (0.86+0.070 mEq/L) in
3<BCS<4 group. Practically warranted
optimum BCS in dairy cows breeding is 3.25
(3-3.5) especially at dry period and calving
(Treacher et al., 1986; Wildman et al., 1982).
According to Barletta et al. (2017), lower BCS
of transition cows has been associated with
higher NEFA and welfare. Increasing of milk
yield in the early postpartum period with low
dry matter intake in close-dry period brings
about NEB in high yielding dairy cows with
higher NEFA mobilization from adipose tissue
(Treacher et al., 1986), and this station causes
of excessive depletion of body reserves and be
changing of body condition related to energy
balance (Barletta et al., 2017). Our findings
were parallel with the literature data related to
NEFA levels that were determined to be higher
in 2 <BCS <3 group (p <0.05) than the others.

The altered metabolic status of dairy cows
by NEB was resulted in the mobilisation of
more NEFA and BHBA to energy deficiency in
the transition period and insufficiently
metabolizing of NEFA in the liver. Excessive
NEFA and BHBA negatively influence of
postpartum cow health. Subclinical
hypocalcemia with increased NEFA and BHBA
has been linked to risk for uterine disease and
postpartum culling. The results of this study
indicated that plasma NEFA, BHBA, and Ca*
concentrations were affected by the lactation
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stage related to energy hemostasis in the
transition period. Unlike, among other
variables, lactate and Mg*? were not changed
statistically in response to all factors.

CONCLUSION

One of the present authors’ (S.E.) herein declare
that this study was independent field research,
in which she completed her PhD thesis like this
subject. On the other hand, it must be notified
that the subject, material, animal population,
and conditions of the present study totally differ
to her previous PhD study. The only similarity
is that analyzes method and geographical
variations, apart from several farms enrolled.
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