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Effect of Calcium bolus at calving

on postpartum performance and milk
composition in dairy cows
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SUMMARY

During the late stages of gestation, calcium requirements increase to support the development of the calf and the production of
colostrum. Low blood calcium after calving can result in various issues such as reduced feed intake, decreased milk production,
muscle weakness, and in severe cases, recumbency. The study aimed to investigate the effect of calcium supplementation after
calving on performance and milk composition of dairy cows during the first 28 days of lactation and lactational performance
(days open, lactation length, cumulative lactation milk yield, and 305-d mature equivalent milk). Holstein cows (parity num-
ber: 2.6 + 0.46) were randomly allocated into 2 groups: (1) oral supplement of Calcium bolus (CaB; n=9) containing calcium
formate and lithothamnion calcareum (red coral alga) immediately and 12 - 18 h post-calving and (2) Control (CON;#n =11)
that did not receive oral Ca. Milk yield was recorded daily and data of body weights and milk composition were collected week-
ly from calving to 28 d postpartum. Blood sampling was performed between partum and 72 h from the coccygeal vein after morn-
ing milking and before feeding. Ca supplementation at calving tended to increase daily milk yield (P= 0.062) and increase total
milk yield (P= 0.049) for 28 d postpartum. Also, CaB treatment significantly increased (P= 0.038) blood total Ca levels (2.15 mmol/L
vs 1.87 mmol/L) in the first 72 hours after calving but did not affect magnesium and phosphorus concentrations. However, body
weights and milk composition (total solids, fat, protein, fat:protein ratio, lactose, casein and urea-N), and lactational perform-
ance (energy and fat corrected milk, fat and protein yields) did not differ between treatments. Also, there was no effect of the
treatments on days open, lactation length, 305-d mature equivalent milk, and lactation milk yield. In conclusion, supplement-
ing dairy cows with oral Calcium boluses at parturition improves milk yield during early lactation, but not entire lactation.
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INTRODUCTION el effects on cow health and production (2). In fact it is a usu-
ally accepted risk factor for periparturient diseases (e.g. displaced

Calcium (Ca) is the most plentiful mineral found in the ani- abomasum, metritis, mastitis, retained placenta, ketosis) and,

mal body. Nearly 100% of the body Ca is found as a constituent
of the skeleton and teeth. Moreover, Ca is an important com-
ponent of body cells and tissues fluids. It plays roles in nerve
impulse transmission, muscle contractile properties, as well as
blood coagulation (1).

Calcium is a crucial part of metabolism, immune system, and
defence against inflammation because of its roles in muscle con-
traction and immune function (2). Due to the dramatically in-
creased demand of Ca at the beginning of the lactation, post
- calving dairy cows are often hypocalcemic (3, 4). Clinical
hypocalcemia or parturient paresis affects less than 5% of post-
partum cows. Subclinical hypocalcemia (SCH), however, is less
apparent but much more common (5), thus creating herd-lev-
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also, decreased milk production. It was reported that cows with
SCH are 3 to 5 times more likely to develop postpartum dis-
eases and 50% more likely to be culled from the herd in ear-
ly lactation contrast to normocalcemic cows (6).

Practically, the giving of alow DCAD prepartal diet improves
postpartum Ca status in multiparous cows with improvements
in production and health (7). However, such diets require ap-
propriate balancing, attention to stocking density, and cow
movement patterns (6). Even using a negative DCAD diet in
prepartum high incidence of SCH still exists. It has been pro-
posed that oral Ca supplementations is a recommended ap-
proach for cows which experience hypocalcemia without any
symptoms (8). In fact, when supplying substantial amounts of
highly soluble Ca forms, a high concentration gradient will oc-
cur between the alimentary canal and interstitial fluids, sub-
sequently, leading to the passive absorption of ionized Ca (9).
Oral Ca may be provided as gel, liquid, paste or bolus; how-
ever, boluses are preferred since it is the best form to minimize
the risk of pneumonia aspiration (8, 10).
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Table 1 - Descriptive statistics at the experiment start [mean + standard error (min - max)].

Control (n=11)
2.5+0.48 (1 -5)
627.6 + 15.40 (551 - 710)
383 + 33.62 (254 - 599)
8736 + 409 (6604 - 11940)

Lactation number
Body weight at partum (kg)
Previous lactation length (day)

Previous lactation milk yield (kg)

Data are lacking from controlled studies to determine the ef-
fects of Ca bolus supplementation at parturition on lactational
performance of postpartum first month and long - term du-
ration. Also, currently, no data are available to evaluate
whether Ca bolus would change the whole lactation per-
formance. Therefore, the objective of this study was to deter-
mine the effect of Ca bolus at parturition on blood total cal-
cium (tCa), magnesium (Mg) and phosphorus concentrations
within 72 h, and body weight, milk yield and milk composi-
tion during the first 28 d postpartum. Measurements were ex-
tended to lactational performance (days open, lactation length,
305-d mature equivalent milk and total milk yield).

MATERIAL AND METHODS

All procedures involving animals were complied with the In-
stitutional Animal Care and Use Committee of Cukurova Uni-
versity (protocol number: 2022 - 8). The herd consisted of main-
ly Holstein-Fresian cows (100 - 150 lactating cows, 50 - 75 re-
placement heifers and dry cows, and 100 calves). The average
lactation yield for the herd was 7847 + 865 kg/cow (meanzstan-
dart deviation).

Animals, management and diets

Thirty dry cows (Table 1) were moved from a far-off pen to a
close-up pen 1 month before the expected parturition date. The
cows were moved into maternity pens when they showed signs
of impending calving (for example, relaxation of the pelvic lig-
aments, udder enlargement, and milk let-down). Wheat straw
was used as a bedding material in maternity pens. Calves were
separated from dams after parturition. Fresh cows were
moved from the fresh cow pen to a colostrum pen for calf nu-
trition during the first 72 - 96 hours twice daily.

After calving, the cows were sheltered in a free stall - barn. Dur-
ing the experiment (prepartum and early lactation period) all
cows were fed the same balanced TMRs that prepared to meet
the requirements of dry and early lactating cows (11). In briefly,
the prepartum TMR consisted of 33.7% corn silage, 15.5% al-
falfa hay, 16.1% wheat straw, 11.5% corn ground, and 23.2%
concentrate and mineral mix on a DM basis (DM: 53.4%, and
on a DM basis CP: 11.1%, NDF: 48.0%, ADF: 28.1%). The ear-
ly lactating cows TMR consisted of 31.7% corn silage, 10.6%
alfalfa hay, 10.9% wheat straw, 46.8% concentrate and mineral
- vitamins mixture on a DM basis (DM: 53.7%, and on a DM
basis CP: 15.3%, NDF: 38.8%, ADF: 24.8%). Cows received, ap-
proximately, 15-17 kg of TMR per cow (on a dry matter ba-
sis) in prepartum while 20-23 kg of TMR per cow in early lac-
tation period. The TMRs was delivered twice daily at 08:00 and
14:00 h. The feed was pushed in front of the cows 2 or 3 times
a day to ensure maximum feed consumption. Cows had free
access to water. Constant management conditions (TMR dis-

Calcium Bolus (n=9)
2.7+043(1-4)
617.8 + 22.11 (537 - 780)
341 + 13.93 (276 - 414)
8497 + 387 (6834 - 10590)

tribution, working routine, etc.) were maintained during the
study. The herd policy of manipulating DCAD was not enforced.

Experimental groups

During the dry period of the study, cows were randomly allo-
cated into two groups; treatment or control. Cows in the treat-
ment group (CaB, n = 9) received one Ca Bolus immediately
after calving and a second bolus approximately 12 - 18 h lat-
er. The cows were observed for a while (5 - 10 minutes) following
bolus administration to verify they did not throw up the bo-
lus. Cows in the control group (n= 11) were unsupplement-
ed with Ca bolus. Oral supplement of Ca bolus (Calseatec, Vit-
tek Vitamin Teknolojileri Ila¢ Hayvancilik San. ve Tic. Ltd. Sti,
Adana, Turkiye) containing 21 g Ca (from Lithotman and Cal-
cium Formate, Table 2) was used.

Blood samples were collected thrice (at the bolus administra-
tion, 24 h, and 72 h from the administration of the bolus) from
the coccygeal venipuncture after morning milking and before
feeding. Plain tubes (10 mL; Ayset, Turkiye) were used for draw-
ing of blood. Serum was separated by centrifugation (2,136 X
g, for 5 min at 4°C) and stored at —20°C until further analy-
ses. Blood total calcium(tCa), magnesium (Mg), and phos-
phorus (P) were analyzed according to the following colori-
metric methodologies: total calcium: Arsenazo III (Mindray
CA0102); magnesium: Xylidyl Blue (Mindray MGO0102);
phosphorus: Fosfomolibdat (Mindray P0102). Before the
start of blood analysis, biochemistry analyzer (BS-120 Vet, Min-
dray, China) was calibrated with control calibrator serum (Min-
dray Multi Control Sera N and P).

Cows were milked twice daily (04:30 and 16:00 h) and milk
yields were recorded at each milking for individual cows. Milk
samples were taken on days 7, 14, 21 and 28 postpartum for
total solids, protein, casein, urea - N, fat, and lactose analysis
(FOSS Milkoscan FT - 120, Denmark). The following equation
was used to calculate 4% fat corrected milk (FCM) of each cow
(12):

4% FCM (kg)= [(0.4 X kg milk) + (0.15 x kg milk x fat %)].
The yield of energy-corrected milk (ECM) was calculated by
the following formula (13):

ECM (kg)= Milk production (kg) x (383 x fat% + 242 X pro-
tein% + 783.2)/3140.

Table 2 - Composition of Calcium Bolus used in the experiment.

Component name 1 Bolus/90 g
Lithothamn (g) 6.30
Magnesium oxide (g) 3.70
Magnesium stearate (g) 0.70
Vitamin D3 (IU) 25750
Calcium formate (g) 14.70



Table 3 - Effects of Calcium Bolus on lactation performance of postpartum Holstein cows during 28 days.
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S P-value
Trt Week TrixWeek

11.76 0.470 <0.01 0.440
0.89 0.062 <0.01 0.735
23.47 0.049 - -
1.15 0.202 <0.01 <0.01
1.14 0.148 <0.01 <0.01
0.05 0.243 <0.01 <0.01
0.04 0.393 <0.01 0.512

53

Treatment’
Iltems Control CaB
Body weight® (kg) 583.8 596.1
Milk yield (kg/d) 27.2 29.8
Total milk yield (kg) 763.0 833.8
ECM* (kg/d) 25.7 27.9
FCM® (kg/d) 26.1 28.5
Fat yield (kg/d) 1.00 1.09
Protein yield (kg/d) 0.85 0.90

'Control= received no Calcium bolus, CaB: Calcium bolus; 2SEM: Standard error of means; *Body weight at calving; “ECM: Energy corrected milk; *(FCM: Fat corrected milk.

All cows were weighed weekly before morning feeding during
the study. Days open, lactation length, cumulative lactation milk
yield and 305-d mature equivalent milk yield were obtained
from the milking system (De Laval, Tumba, Sweden) of the herd.

Statistical analysis

Cows (n =9) that developed a clinical disease (lameness, mas-
titis, and metritis) and cow (n = 1) that had twins were excluded
from the study. The final data set included 20 cows. All statis-
tical analyses were conducted using SAS (14). Data were test-
ed with PROC UNIVARIATE for normality by the Shapiro-
Wilk. In the case of non-Gaussian distributions, parameters were
normalized by box-cox transformation. Blood tCa, Mg, P, milk
yield and composition were analyzed as repeated measures by
using a Mixed model (PROC GLIMMIX (15). The model in-
cluded oral Ca bolus (with and without), time and 2 ways in-
teraction as fixed effects and body weights at parturition as a
covariate. Cow nested within oral Ca bolus was a random term.
Time (hour for blood analysis and week for milk analysis) was
included in the model as a repeated variable. Compound sym-
metric (CS), autoregressive order 1 (AR(1)), unstructured (UN),
heterogeneous compound symmetry (CSH), heterogeneous au-
toregressive 1 (ARH(1)), antedependence 1 (ANTE(1)), spa-

tial power (SP(POW)), autoregressive moving average
(ARMA(1)) were used as covariance structures (16). The struc-
ture that best fitted the model was chosen based on the small-
est values of Akaike information criteria (AIC). Results are re-
ported as least - squares means. Statistical significance was de-
clared at P < 0.05, and tendencies were considered when 0.05
< P =<0.10.

RESULTS

Postpartum body weight (P= 0.470), ECM (P= 0.202), FCM
(P=0.148), fat yield (P= 0.243), and protein yield (P=0.393)
were not different between the Control and CaB groups
(Table 3). Interactions of treatment and week were observed
for ECM (P< 0.01), FCM (P< 0.01), fat yield (P< 0.01). Dai-
ly milk yield (P=0.062) and total milk yield (P=0.049) for post-
partum 4 wk were higher for the CaB group than those for the
Control group (Table 3).

Blood tCa, Mg and P concentrations within 72 h and milk com-
position during the first 28 days post-calving are reported in
Table 4. The CaB administered cows had a higher tCa con-
centration (2.15 mmol/L vs 1.87 mmol/L) in their blood than

Table 4 - Effects of Calcium Bolus at partum on blood tCa, Mg and P within 72 h and milk composition during 28 days.

Treatment'
ltems Control CaB
Blood*

tCa (mmol/L) 1.87 2.15
Mg (mmol/L) 0.84 0.89
P (mmol/L) 2.38 2.03
Milk
Total solids (%) 11.4 11.3
Fat (%) 3.71 3.65
Protein (%) 3.11 3.03
Fat:Protein ratio 1.19 1.22
Lactose (%) 4.52 4.61
Casein (%) 2.42 2.37
Urea N (mg/dl) 12.1 11.4

- P-value
Trt Week® TrtxWeek?®

0.18 0.038 0.258 0.647
0.07 0.546 0.197 0.453
0.13 0.789 0.354 0.651
0.18 0.769 <0.01 0.040
0.14 0.764 <0.01 0.014
0.08 0.468 <0.01 0.776
0.04 0.646 0.112 0.045
0.10 0.513 0.186 0.670
0.06 0.499 <0.01 0.558
0.453 0.296 0.271 0.829

'Control= received no Calcium bolus, CaB: Calcium bolus; 2SEM: Standard error of means; *Hour and week were for blood and milk analyses, respectively. “tCa: total calcium, Mg: magne-

sium, P: phosphorus.
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Table 5 - Effects of Calcium Bolus at partum on lactational performance .

Treatment'

ltems Control
Days open (d) 120.7
Lactation length (d) 315
Cumulative lactation milk yield (kg) 7679.5
305-d mature equivalent milk (kg) 7864.8

Control= received no Calcium bolus, CaB: Calcium bolus; 2SEM: Standard error of means.

Control cows. In contrast to the tCa, the concentrations of Mg
(10.84 mmol/L vs 0.89 mmol/L) and P (2.38 mmol/L vs 2.03)
were similar between treatments.

No significant differences (P> 0.05) were observed in on to-
tal solids, fat, protein, fat:protein ratio, lactose, casein and urea-
N between Control and CaB groups. There was a Trt by Week
interaction on total solids, fat, and fat:protein ratio. Relative to
the Control cows, the CaB administered cows increased total
solids, fat and fat:protein ratio after week 3 (data not shown).
There was no effect of the treatments on days open (P=0.962),
lactation length (P= 0.768), 305-d mature equivalent milk (P=
0.136), and lactation milk yield (P= 0.380).

DISCUSSION

The present study was designed to evaluate the effect of oral
Ca bolus administration at parturition on blood tCa, Mg, and
P concentrations within 72 h, body weight, milk production,
milk components during the first 4 weeks of lactation, and lac-
tational performance (days open, lactation length, 305-d ma-
ture equivalent milk, and cumulative lactation milk yield). Sup-
plementing oral Ca bolus increased daily and total milk yield
for 28 days of lactation, respectively 9.6% and 9.3% compared
with unsupplemented cows. However, milk composition and
lactational performance were not different between the Ca bo-
lus administered cows and the Control cows. Therefore, the pos-
itive effect of Ca bolus is not sustained through the whole lac-
tation.

Normocalcemic cows produced 1.1 to 2.9 kg/d more milk com-
pared with clinical hypocalcemic cows (3, 6, 17). Oral Ca bo-
luses, also, improved milk yield in grazing cows =3 lactations
(18). However, Domino et al. (19) reported that oral or sub-
cutaneous Ca supplementation did not improve average dai-
ly milk yield compared with nontreated cows (47.0 kg/d, 47.1
kg/d and 46.7 kg/d, respectively). Reasons for the differences
in the results of the experiments were attributed to parity, the
threshold applied, Ca sampling time, and the type of Ca salts
used (2, 20). The positive effects of Ca boluses may be attrib-
uted to their significant role in facilitating smooth muscle con-
tractions and supporting nerve function (8, 21). Therefore, de-
creased blood Ca probably negatively affects skeletal muscle
strength and gastrointestinal motility and is thought to be causal
to reduced DMI and milk yield (8, 23).

Because of the role of Ca in muscle contraction, hypocalcemia
affects organs including the uterus, forestomach and aboma-
sum (24 - 26). These organs depend on the contraction of
smooth muscles to carry out their functions. When the rumi-
noreticular motility is compromised by hypocalcemia, struc-
tural carbohydrate degradation and subsequently acetate pro-

P-value
SEM?
CaB
120.0 19.41 0.962
323.1 18.93 0.768
8914.6 591.20 0.380
8942.7 472.48 0.136

duction can reduce. Therefore, lower milk fat levels may be ob-
served in the Control cows. However, why this effect was seen
after 3 weeks is unclear. Valldecabres and Silva-del-Rio (27)
found that milk fat and protein concentration during the first
3 monthly tests were not affected by oral Ca supplementation.
Similarly, a study administering Ca subcutaneously postpar-
tum observed no effect on milk fat and protein concentration
across the first 3-month test (28).

Martinez et al. (29) implied that the Ca supplement affected
productivity as gradualy and time dependent manner, name-
ly, the oral Ca supplement did not affect milk yield during post-
partum 150 DIM while there was a difference in milk pro-
duction during the early lactation days. In other words, the ef-
fect of Ca bolus on milk yield diminished as the lactation ad-
vanced.

No positive effect of CaB on days open was detected in the cur-
rent study which is in line with previous experiments looking
into the effect of oral Ca supplementation at parturition on re-
productive performance. Similarly, Oetzel and Miller (22) and
Valldecabres et al. (17) reported no difference in time to con-
ception or pregnancy to first service between bolus treated and
untreated cows. However, management strategies that improve
the Ca balance in the transition cows will likely have a positive
effect on reproductive outcomes such as days to first heat, time
to first service, time to conception (3, 30). Therefore, the mag-
nitude of the effect may change with management, nutrition
and parity. Also, observed results vary with the timing of blood
sampling, threshold values, and study design. Due to the lim-
ited sample size of cow in this study, our results should be tak-
en with caution.

Immediately after parturition, supplementing oral Ca bolus pro-
vided a short-term effect on lactation performance without al-
tering milk composition. Future research should work on a high-
er number of cows or should be done on large-scale dairy farms
while considering metabolic profiles.
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