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Introduction

k fever (hypocalcaemia; parturient paresis)
ill one of the diseases, of major economic
gortance to the dairy industry. It is caused
a temporary imbalance between calcium
supply and demand at the time of
ition. The daily body turnover of Ca

hin 72 h after calving (Goff et al., 1991;
jt e, 2013)

rrent evidence suggests that milk fever may
gur in cows as a result of excessive dietary
ions. High cation diets may cause milk fever
dairy cows as they induce a metabolic
alosis reducing the ability of the cow to
intain calcium homeostasis at the onset of
tation. Milk Fever (total blood Ca < 1.'4
nol/L) as well as sub-clinical hypocalcaemia
tal blood Ca 1.4-2.0 mmol/L) are risk
ttors for many other diseases cc?nnectefi to
btation including mastitis, ketosis, retan}ed
acenta, displaced abomasum and uterine
olapse. Hypocalcaemia is also a risk fa.ctm;
* reproductive disorders and is an 1qduec
sk factor for increased culling (Degars and
san, 2009; Gof, et al., 2014; Hunter, 2015).
difers serum  Ca concentration  Was
gintained at a consistently higher levelz(t)l:;g}
I multiparous cows (Chan et &l 2
3 eiro, et al., 2016). he dairy COW
alcium homeostasis in the .
ernandez, and Weaver, (2016) Blood Ca 10
be adult cow is maintained b?jti‘:l‘ia;nbl()'o 4Ca

Oncentration occurs between

S mmolL. Typically, th MO 4 24 after
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calving and blood samples obtained around

this time can reveal the extent of
hypocalcaemia (Yamagishi et al, 1996).

Nearly 25 % of heifers will have blood Ca

concentrations <2 mmol/L. About 50 % of
older cows fall into this category (Goff, 2008).

A 500-kg cow needs up to 31 g Ca in order to

meet the daily maintenance and demands of
the foetus in late gestation (Goff et al., 1991).
Cows producing 10 L of colostrums loose
about 23 g of Ca in a single milking. This
amount is about nine times higher than the
entire plasma Ca pool of the cow (Horst et al,,
1997).

In order to prevent blood Ca from decreasing
at the onset of lactation the cow must replace
the Ca losses to the milk. She does this by
withdrawing Ca from the bones and by
increasing the efficiency of absorption of
dietary Ca. The dairy cow is programmed to go
into a state of lactational osteoporosis,
mobilizing bone Ca to help her achieve
normocalcaemia in early lactation. This will
typically result in losses of 9-13 % of her
skeletal Ca in the first month of lactation
(which is reversible later in lactation). Bone
Ca mobilization is regulated by parathyroid
hormone (PTH) which is produced whenever
there is a decline in blood Ca. Renal tubular
reabsorption of Ca is also enhanced by PTH.
However, the total amount of Ca that can b-e
recovered by reducing urinary Ca excretion 1s
relatively small as only small amounts of
calcium are typically lost to urine each day. A
second hormone, 1,25-dihydroxyvitamin Ps, is
required to stimulate the intestine to efficiently
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B

d Weaver,

hormone is
(GofT,

absorb dietary Ca (Hernandez, an
2016; Yamagishi et al., 1996). This
made from vitamin D by the kidneys
2008).

Net acid-base excrction (NABE)
(Donat, et al., 2016; Rerat, and Schlegel,
2014), For determination of NABE, (WO
variations can be used: the fractional NABE
and the simple NABE (Bender et al. 2003;
Lachmann, 1981).

The determination of NABE is based on the
idea of titration. The titration determines the
value or the concentration of the unknown
substance, by using substances of known
concentration, with a defined pH value of
discolouration of the indicator (Donat, et al,
2016; Rerat, and Schlegel, 2014).

In the fractional NABE, HCI can determine the
total excreted bases, NaOH the total content of
acids e.g., after fixation by formaldehyde also
the quantity of titrated NH, (Lachmann, 1981).
Based on the received quantities, the content of
excreted bases, acids, NH,, the acid base
balance and the NABE may be calculated.
Using these results the acidosis or alkalosis
situation of the animal could be evaluated
(Davenport, 1973).

Monitoring the Calcium metabolism around
time of parturition

The monitoring of the Calcium metabolism
around time of parturition is necessary because
cows might consume less amount of diet due to
the physiological changes of late pregnancy
and parturition Loor, et al., (2013).

Changes in urine pH as an index of body acid-
base status has proved a valuable and
inexpensive means of monitoring the success
of addition of anions to prepartal rations to
prevent milk fever in the field (Gaynor et al.,
1989; Davidson et al., 1995; Jardon, 1995). To
monitor a sufficient effect of anionic salts,
urine samples have to be analyzed for pH &
net acid-base excretion (NABE) (Gelfert et al.,
2007). Urinary pH was very indicative of
changes in the acid-base status of dairy cows
with DCAD, (Vagnoni and Oetzel, 1998; Hy
and Murphy, 2004). Urine pH generally
reflects the acid-base status of an animal,
Many investigators measure the urine pH of
pre-fresh cows (cows in the final three weeks
prior to their due date) to monitor the
effectiveness of a ration containing anionjc
salts.
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pH on high cation diets is Benery|
8.2. LLimiting dietary cations wij| reducy
arine pH only @ small amount (down (o 78)
For Optimul CO“‘{'OI Icl)t' ‘ SubcliniCaI
hypocalcacmia the zwemgbe p ‘of the urine of
Holstein cOWS should ‘be‘ et(‘;f“.e" 6.2 and 6§
which essentially requires addition of anjgpg o

y cows the average urine pH

[ rse
he ration. InJe |
z)f tl‘xc close-up cOWS has to be reduceq i,

between 5:8 and ‘6,3 for effective contro] of
hypocalcaemia. If the average urine pH g
between 5.0 and 5.5, cxcess‘lve a_nlon.s Induceq
an uncompensated lnetfibO!lC acidosis ar}d the
cows will suffer a decline 1n dry matter intake
(Goof, 2008; Goff, 2014).
Materials and methods

Blood samples were .drawn from the vepy
jugularis into Vacutainer tubes (Vacutainer,
silicone coaled). A sample of blood was
collected from each cow weekly, on the day of
calving and the next two days. All blood
samples were taken at 07:00 about one hour
after the cows finished the morning feed,
Samples were stored on ice during transport
and centrifuged immediately after arrival at the
laboratory. All blood samples were centrifuged
for 10 min at 4000 g. The serum was separated
into polyethylene tubes serum and stored at —
20 °C immediately until the analyses were
performed.
Urine Samples, The cows were manually
stimulated to urinate by gentle massaging of
the perineum, one day each week before
parturition, at the day of parturition and daily
after parturition for 2 consecutive days, at
approximately the same time of blood
sampling for the duration of the experiment.
When stimulation to urinate failed, urine
samples were collected using a sterile Riisch®
catheter after washing the vulva with a septical
soap  (Betadine, Provet AG, Lyssach,
VSV»:l/;tzerland). .A sample of midstream urine

collected in a 30 ml container. 2 ml of the
sample were separated in Eppendorf tubes and
goazl‘;[slis f?lfheSUbse‘Iuent Ca .and Creatil.lin:
for furtl;er nl3St a5 toeen, In the cqnmnee
excretion (Nag%}]::s]s of pH nd I 2 e b?rs.e
analyses were per)f:ongeﬁcg;m Che_mncal ur;nc

centrifuged ur

Samples by 2 fully selected chemistry
Autoanalyzer Hi - TR CHE
Dia : _Hitachi 911®@ (RO

Enostics, Vienna, Austria). The methods
were applied according to the manufacturers
TeCommendatjong Quali teria

uality control ma

Urine
above
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H, (mmol/)) =
. = Volum of NaOI12 »10
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nal zed prior to each ruy tq
atc function of the assays,

ilution NABE

. ?&l{](Tmol/l) = (Volum of HCI x10 — (Volum of
SO]phthalem. ' --_\_lo‘hwlz_» <10

1 as determined immediately, ysip,

¢ calibrated, with pH 7.0 ang 1%8

Kre
{Jrine pl

; « 1! Statistical analysis

, W, Weilheim, Gern

affers (WT Calcie lany). é::g;’n/: h:vn?f ltlse.d. In this analysis, the
pemical urine analyses were performed op effects and th: iﬂfijvsza: Ozr:s'r(ji?:(‘i::)ll:lhbfar::ﬁ)l:
centfifuged urine samples by a.fully selected Dunnett-t-test was carried out as a post—hoc-.
emistry .Autoapalyzef Hitachi 911® test to compare the changes of cach test day, to
ROCHE Diagnostics, Vienna, Austria), The day zero. The level of significance was fixed at
methods wer’e applied according to {he p=0, 05 for each single parameter.
panufacturers recommendations.  Quality

control material was anz.alyzed prior to each run . Results

1o check adequate function of the assays, '!able 1: Composition of the dry ration in Kg,

o 10r. pregnant dairy cows and the dietary cation-
] Creatinine anion difference (DCAD) in the first group
Urine creatinine was determined by an (CG) and second groups

enzymatic assay with automated predilution
and Urine-Calcium by a chromogenic test with

o-Kresolphthalein. Alfalfa Silage | 8 8

first group scond group

i etion
Fractional excreti Hay 1st Cut 5 5

' Fractional excretion of Ca was calculated using
the following formula: Hay 2 3
. FE Ca% = Urinary_Ca / Serum Concentrates | 1,5 1,5
e x100
Dry  matter | 10,92 kg/d 10,92 kg/d
‘ Urinary Creatinine/ Serum intake
- Creatinine ‘

Quantities of | per kg dry matter (DM)

~ Net acid-base excretion (NABE) Elements in %
<lements 1n 7o

' Urinary bases, urine acids and ammonium

' were measured by titration (table 1) of urine _ = —
- samples according to Kutas (1965). After Potasstum , :
 fitration NABE was calculated by using .the Sodiin e 019
concentrations of bases, acids and ammonium
- s follows: Chlorid 0,63 0,63
- NABE (mmol/) = 10 x (10 X bases (mmol/l) - TSulfur 0,22 0,52

(acids (mmol/1) + ammonium (mmol/1)- 3E

|
DCAD (mEq) | 610

;I;agl;le 2: Determination of NABE by Kutas L
(1963,

incidence of

P sarraiasy] Table 2: Total numbers of cows,
| ?ctmnal ciet ) milk fever ;

iR gml urine is titrated with 1n HClto 2 pH of 3,5
it seconds heatin g

3 C0oling

. {iation with 0,1 n NaOH to # pH of 74

M Ml 20% Formaldhyd solution added
{ation with 0,1 n NaOH to a pH of 7.4 fisad

Total numbers | Recumbancy

20 2

first group

e
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—— A decrease from the pq
== cCOWS (??.31).8.0 to 7.4 indicates an in::,: PH
Second group | 20 4 values Igi dity o
; 4 . '
Total 40 g;,eitrir,yand Beede, (2013), Thc; Optima| py in
the urine for the preveI;:UO':i 9 Jm'lk fever
Table 3: Mean concentration of different not been clearly Hd . fl‘ng £o 7al‘don (1.995)
parameters in serum and urine of dairy cows Il considered that a p 01997 Wwas Optimg),
i . roposed §
the last three weeks before parturition whereas Horst et al (1997) prop S 1o
. 1. (1997) also considereq th
T F 6.2. Horst et @ ; d that 5
Gro |D [Ur[B [A [N [N |Se|Ur £ H <5.5 should be avoided ?eca'us.e it mj
P |y |in fas i | Hep A ‘ndicate that the metabolic acidosis is cloge
ar e |d B g ar | ;)eing uncompensated. Urinary pH of 67,
y | . E 5 éa optimal for Holstein cattle and a pH of 5.5_¢ ¢
1}71 m|m|m|m WI;S optimal for Jersey cattle to indjcy,
ol fol ol jmym |m metabolic acid051s..Charbonneau et al. (2006)
A | [N fol {m fm concluded that a urinary pH of 7.0, regardleg
/l 7]1 ;)I/ of breed, may be more appropriate (Degaris
: 0. | 2009).
f i o R R WA L z’ g’ g’ lai}}(ijnI;:;n;;H wa)s very indicative of changes iy
o 14 |8, (36[9 |4, [26[2, |0, |0, the acid—base status of dairy cows with DCAD,
L% 34913 12412 10, ]9 especially when DCAD was low or negatiye
i;i 8, §8 ;2 20 ;i 1 g’ g’ (Vagnoni and Qetzel, 1998; Hu and Murphy,
S 3313516, 20 R 2004).
2 |8 327513232 |1, |0, Goff)and Horst (1997) proved urinary pH to be
Sec 12118 |31195]4, [21[2 |1, [0, an casy and sensitive mean of monitoring the
ond 14718, [27[10[4 [16]2 |2 |0, acid base status of cows, shortly before
ST 8o 5]z |1, [0, calving. Urine pH has the advantage of being
Ca|7, | 1717916, |91]1, [0, [0, more stable and less expensive than blood gas
1d |8, (27|82 |4, [18]1, |0, [0, and pH analysis. Urine pH may also prove
2 (8 |33]10(4 [2371, [0, |0, more sensitive than blood pH, because blood

Table 4: Results of the Post-hoc-Test showing
the statistical significance between the 2
groups.

Gr|Uri|N |B C |Uri|F
Grlou {mar [A |as |A |a | nar E
ou |p |y B |e [ci|se|y Ca
P pH [ E ds [ru | Ca

m

1st

Discussion
These results agree with the study of Goff et a].
(2004). Urine pH is easily measured and hag
proven useful in the field to adjust djet
cation-anion difference (DCAD). Also
agreement with the results of this g
et al. (2004) reported high urine P

in
tudy, Seifi
H in norma]
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pH was unable to distinguish between cows,
fed the 2.1 and 3.1% K diets.

The pH of urine generally reflects the acid-
base state of an animal, monitoring the pH of
urine is an inexpensive and sensitive method to
monitor the effect of the diet on the pH of
blood and assess the risk of milk fever (Goff
and Horst., 1998).

The urinary PH is an effective indicator of the
extracellular fluid acid—base balance, and
multiparous Holstein cows in late gestation
may benefit from consuming negative DCAD
diet, for blood calcium homeostasis and

improvement of the healt Wu et al,
2008), ealth status (

ISlalcium concentration in serum
© changes in mean values of serum calcium
concentration during the gestation period were

noticed between the tw, the day of
Parturition 0 groups. At

calcium levels  decreas
emarkably in the groups,
The results disa . BIDCk
(1994) ang T gree with the research of

ucker et al, (1991), [n response 10
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0 studies on pregnant cows (B
obser.v(e)itlzel et al., 1988; Moore et al,, 2(0(;8)01(,
00 Goff, 2014), The nadir of
l;mﬂ observed on the day of calving is

p
Jue grdlolostrum production (Kume et g
Cﬂ0 3), The findings of the present study agre;i,
2ch qudies bY other authprs. They did not
ﬁ;ld anges in serum calcium concentrations
(Block 1991; T ucker et al., 1992; Leite et al,,
Vagnoni and Oetzel, 1998). As the
metabolism is strictly controlled by
(Hartmann and Bandt, 2000:
1995), it might depend on the timé
he check  for alterations of calcium
pcentrations is carried out, whether the

findings are statistically provable,

calCiUm
hormones

Urinary calcium concentration

mean values of urinary calcium
concentration in the 2 groups during the late
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