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SUMMARY

The aim of the study was to evaluate the efficacy of a bolus containing natural glycosides extracted from Solanum glaucopyllum,
rich in 1,25-dihydroxyvitamin D; glycosides (1,25(OH),D;), in the prevention of subclinical hypocalcaemia, and of its correlated
health and production problems in transition dairy cows.

A total of 60 pregnant Holstein Friesian cows were balanced for parity and assigned to one of the two study groups: Control (15
cows) and Treatment (45 cows), receiving a bolus containing either 0 or 500 ug of 1,25(OH),D; extracted from S. glaucophyl-
lum. Blood total (tCa) and ionized (Ca?*) calcium, phosphorus (P) and magnesium (Mg) were evaluated at different time points.
Data related to health status, production and reproductive efficiency were evaluated, both considering the two entire popula-
tions and separately for healthy and sick cows that undergone to retained placenta and metritis.

The treatment has led to a significant increase in the blood tCa (2.26 mmol/L) and Ca?* (2.19 mmol/L) at calving, compared to
prepartum (respectively 2.05 and 1.98 mmol/L), while in the Control there was a significant decrease in both blood tCa and Ca**
(respectively, 1.76 mmol/L and 1.74 mmol/L at calving vs 2.12 and 2.02 mmol/L prepartum) (P<0.05), with also a significant
difference at calving between the two groups (P<0.05). No significant differences were found in terms of Mg and P concentra-
tions. The treatment has led to a significantly lower incidence of subclinical hypocalcaemia at calving (13.33% vs 80.00% con-
sidering tCa, and 24.44% vs 86.67% considering Ca?*) (P<0.0001) and after 24h (35.56% vs 73.33% considering tCa) (P=0.009).
The treatment increased significantly Ca** levels at calving (1.95 vs 1.56 mmol/L) (P<0.05) in sick cows. The incidence of metri-
tis was significantly reduced by the treatment (2.22 vs 20.00%) (P<0.05).

Milk production (27.93 vs 25.70 L/head/day), dry matter intake (DMI) (19.11 vs 18.30 kg/head/d dry matter) and feed conver-
sion rate (FCR) (1.46 vs 1.40), in the first 15 days of lactation (DIM), and days to first heat (36.55 vs 41.86 days) and day to preg-
nancy (97.51 vs 107.47 days) were improved in treatment group compared to Control (P<0.05).

Similarly, also in sick animals, milk production (treatment 23.48 vs 19.22 L/head/d in Control), DMI (15.29 vs 13.86 kg dry mat-
ter/head/d) and FCR (1.53 vs 1.39), in the first 15 DIM, and days to first heat (53.00 vs 67.66 days), and days to pregnancy (125.50
vs 153.67 days) were improved by the treatment (P<0.05).

The results of the present study highlight a potential effectiveness of boluses containing 1,25(OH),D; extracted from S. glauco-
phyllum in reducing the incidence and severity of hypocalcaemia in transition dairy cows, with positive effect of both animal
welfare and productivity.
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INTRODUCTION

opment as well as the production of colostrum and the onset
of lactation, required extensive endocrine, physiologic, im-

The transition period, from three weeks before to three weeks
after calving, is the most challenging phase in the dairy cows
farming system [1]. Sustaining the last stages of foetal devel-
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munological and metabolic alterations, exasperate also by the
reduced dry matter intake, that lead to a concomitant negative
energy and protein balance [1]. Failure to adapt to these changes
may result in the development of clinical diseases in the post-
partum period [2].

Specifically, strong changes occur in terms of calcium balance
between the dry period and the onset of lactation. Indeed, dry
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dairy cows need about 20 g of calcium per day, while the re-
quirements reach 70g per day during the colostrum and ear-
ly milk production [3]. Those increased needs, require im-
provements in the mechanisms of calcium absorption and re-
lease from the bone tissues, as well as a reduction in the uri-
nary excretion [4]. Normocalcemic animals, with a correct cal-
cium balance, usually have a calcium level greater or equal to
2.0 mmol/L [5]. Conversely, failure in the adaptation of those
mechanisms led to the development of hypocalcaemia [6].
Hypocalcaemia is commonly classified as clinical or subclin-
ical, basing on the presence or not of clinical symptoms, and
on blood calcium levels [5,7,8]. Clinical and subclinical
hypocalcaemia are common issues in the dairy industry, re-
spectively with an incidence of 1-10% [4] and more than 25%
for primiparous and 50% for multiparous [3,5]. Clinical cas-
es are characterized by the typical signs of milk fever such as
paresis, difficultness in stand up, in maintaining the standing
position, and tremors accompanied also by systemic symptoms
such as loss of appetite, nervousness and fever, together with
a blood calcium level lower than 1.4 mmol/L [5,9,10]. Con-
versely, subclinical hypocalcaemia can be defined when the cal-
cium serum levels are below 2 mmol/L, usually within 24h post
calving, without any other clear symptoms [5,11]. Even if thresh-
old of <2mmol/L of the blood calcium levels is the most used
in the current literature and practical approaches, there are some
recent studies that underline that also higher threshold (2.15-
2.2 mmol/L) can be indicators of subclinical hypocalcaemia,
due to their association with negative health or production out-
comes [8,12]. Indeed, if the negative effects of the clinical form
on health and production efficiency are well-known, also the
subclinical one is associated with a variety of negative seque-
lae and can be considered as the gateway for other common
post-partum diseases [6,13,14]. It is well know that an inad-
equate concentration of calcium in the blood can impair both
the smooth muscle contraction and the immune cell function,
especially in terms of functionality of neutrophils. Those al-
terations predispose to various puerperal diseases such as dys-
tocia, uterus prolapse, placental retention, metritis, mastitis and
ketosis [5,15,16]. Moreover, a reduced muscle contractility can
lead to impaired ruminal functionality and increased risk of
abomasum displacement, further reducing the feed intake and
consequently the energy balance [13]. Hypocalcaemia also re-
duces fertility and reproductive efficiency [17,18,19], and the
contractility of the teat sphincter muscle, responsible for the
closure of the teat orifice after milking, increasing the risk of
mastitis [13].

Several strategies have been developed to prevent this health
issue. At calving, calcium can be administered directly in the
form of boluses, or even injection, to increase rapidly the blood
calcium levels, especially in cows that are more at risk of milk
fever, such as the multiparous ones [20]. Specific preventive nu-
tritional strategies are applied also during the dry period and
consist mainly in a restrictive use of calcium, together with a
correct content of magnesium and vitamin D, and in the ad-
ministration of anionic salt. Those two strategies are used to
maintain and increase the responsiveness of bone cell recep-
tors to parathyroid hormone (PTH) with the final aim to in-
crease calcium absorption from the bones [21].

Also, vitamin Dj is strongly involved in the calcium homeostasis.
Thus, its integration is used to prevent milk fever and hypocal-
caemia-related problems. However, vitamin D, per se is an in-
active compound that, to be activated, must be converted to

calcitriol (1,25-dihydroxyvitamin D, - 1,25(OH),D;), through
a calcium-dependent mechanism [22], but transition cows have
a limited capacity to convert vitamin D;into its active form cal-
citriol (1,25(OH),D;). In this meaning, the direct external sup-
ply of 1,25(0OH),D;, can be faster and more effective in pre-
venting hypocalcaemia and milk fever. Since it is the final ac-
tive metabolite of vitamin D and no further metabolism is re-
quired prior to acting on target cells in bone and intestine, the
onset of action is more immediate and the potency greater than
other metabolites [22]. Calcitriol increases circulating calcium
levels by multiple mechanisms, upregulating the intestinal ab-
sorption and the osteoclasts formation and activity. In addi-
tion, it induces the reabsorption of calcium in the kidney dis-
tal tubules [23]. However, 1,25(OH),D, is not available as vet-
erinary product, but it is contained in the S. glaucophyllum plant,
in the form of glycosides [22]. The plant S. glaucophyllum can
be administered directly, but delayed hypocalcaemia has oc-
casionally been observed after the end of the administration,
mainly due to an upregulation of the 1,25(OH),D;-inactivat-
ing enzyme 24-hydroxylase [10,22].

Conversely, the glycosides from S. glaucophyllum can be ex-
tracted and condensed in specific products, such as boluses and
tablets. Besides being easier to manage and administer to the
cows, those products can modulate the speed of release of the
1,25(OH),D; compound, combining rapid and long-acting slow
release of 1,25(OH),D, in the rumen. This combination ensures
both a rapid increase in blood calcium levels able to counter-
act the calcium drop around calving, as well as a slow reduc-
tion of its efficacy, reducing the risk of delayed hypocalcaemia
[18,19,22].

The aim of the present study was to evaluate the efficacy of the
administration of a bolus containing natural glycosides extracted
from S. glaucopyllum, rich in 1,25(OH),D;, in the prevention
of subclinical hypocalcaemia, and of its correlated health and
production problems in Holstein dairy cows.

MATERIALS AND METHODS

2.1. Animals, diet and experimental
design

The trial was carried out at the Del Santo farm, located in Castel-
gerundo (Lodi - Italy), with, on average, 350 lactating dairy cows,
and management and structural characteristics that well reflects
the typical situation of the intensive dairy farms.

A total of 60 pregnant dry Holstein Friesian dairy cows were
balanced for parity and, in sequence to their expected calving
date, assigned to one of the two study groups: (i) control with
15 cows (average lactation number of 2.2); (ii) treatment with
45 cows (average lactation number of 2.3).

Both the control and treated cows received a bolus composed
of a capsule (8 cm * 2.4 cm) filled with dolomite as ballast and
containing either 0 (Control) or 500 pg of 1,25(0OH),D,

Table 1 - Characteristics of the two different study groups:
interval between bolus administration and calving.

Group Interval bolus-calving, d
Treatment 4.5
Control 4.5



(Treatment) in the form of tablets containing S. glaucophyllum
leaf extracts (SGE) (Herbonis Animal Health GmbH, August,
Switzerland). The boluses were administered using a bolus ap-
plicator on average 5 days before the expected calving day.
Considering the natural variability in the calving timing and
the optimal windows for SGE administration derived from phar-
macokinetics studies [18], an interval between the bolus ad-
ministration and calving of 3 to 6 days was allowed. The cows
that did not calve within this interval were excluded from the
trial and replaced. The registered interval between bolus ad-
ministration and calving in the different groups were 4.5 d,
All the animals were fed with the same dry and lactating diets
(Table 2), formulated to meet or exceed the requirements for
all nutrients, as reported by the NASEM [24].

The diets were administered ad libitum in the form of a total
mixed ration (TMR) and distributed once a day in the morn-
ing through the use of a mixer wagon (Grizzly 71.26/2, capacity
of 26 cubic meters mixing system with 2 vertical augers, Sgari-
boldi, Codogno, 2685 - LO, Italy), equipped with a balance, and
designed to weigh both the inclusion of the individual ingre-
dients and the unloaded TMR. Water was available ad libitum.
All the cows were housed together in a free-stall barn on straw
bedding during the dry period and then, on average 5 days pri-
or to parturition when the boluses were administered, moved
to individual straw-bedded calving pens. The calves were sep-
arated from the cows right after calving. Two days after calv-
ing, the cows were moved to the lactation barn, on concrete floor
with straw-bedded cubicles. All the cows were milked twice a
day, in the morning at 07:00 and in the evening at 17:00, in a
herringbone milking parlour that allows the simultaneous milk-
ing of 16 cows (8 + 8).

S. Grossi et al. Large Animal Review 2022; 28: 273-284 275

2.2. Sample collection and parameter
recorded

The effects of the treatment were evaluated on blood param-
eters connected to hypocalcaemia as well as on production per-
formances, fertility rate, health status and body condition score.

2.2.1. Blood parameters

Blood sample were taken at bolus administration (d-5), at calv-
ing (d0), at 24h (24h), 48h (48h) and 5 days (d5) after calving,
from the jugular vein, using serum vacutainer without anti-
coagulant. The vacutainers were centrifuged, at room tem-
perature, at 3500 g for 15 min right after the collection and the
retained serum was stored frozen until analyses. Those serum
samples were analysed for the total calcium (tCa), phospho-
rus (P) and magnesium (Mg) concentrations. Contextually,
blood samples were anaerobically collected, for plasma ionized
calcium (Ca**) analysis, in a disposable heparinized 2.5-ml sy-
ringe. Ca** concentrations were immediately determined us-
ing a blood pH gas-analyser (AVL Opti CCA, Idexx Italia, Mi-
lan, Italy). Conversely, tCa, P and Mg concentrations were
analysed by an automatic spectrophotometer using o-Cresolph-
thalein complexone according to the manufacturer’s instruc-
tions (BT3500 VET, Biotecnica Instrument, Rome, Italy). The
threshold of 2 mmol/L of tCA and Ca?®* in the serum was used
to evaluate the prevalence and risk of subclinical hypocalcaemia.

2.2.2. Production performances

Feed intake (kg/head/d) was recorded daily during the 7 days
before calving and for the 15 days in milk (DIM), by weight-
ing the TMR administered and the residue in the feed bunk af-
ter 24h hours. The feed intake was expressed as kg of dry mat-

Table 2 - Composition and nutritional values of the dry and fresh diets, as predicted by the rationing software (Plurimix).

Feed, kg/head/d as fed Dry diet Fresh diet
Corn silage 340731 10.00 22.50
Corn meal 5.00
Corn High Moisture with cobs 6055 - 3.00
Raygrass Silage 401050 2.00 3.00
Soybean meal 44% CP! 1.50 3.00
Alfaalfa Hay 1556 2.00
Raygrass hay 8.00 2.00
Linseed meal 33 CP 1.30
Rapeseed meal 33 CP 0.80
Mineral and Vitamins CalaMilk600 = 0.60
Mineral and Vitamins Dry and Heifers 0.15 -
kg/head/d
As fed, kg 21.65 43.20
DM?, kg 12.54 23.60
Analysis, % of DM.in the TMR

DM, % 57.91 54.62
Energy, Mcal/ kg DM 1.24 1.58
UFL%/kg DM 0.73 0.93
CcP 12.51 15.40
CF* 1.86 2.93
NDF?® 51.36 34.22
ADF® 29.33 20.08
ADL’” 3.96 3.98
Starch 8.95 28.70
Ca® 0.63 0.64
(2 0.30 0.40

1CP= crude protein; 2DM= dry matter; *UFL= feed units for lactation; “‘CF= crude fats ;°NDF= neutral detergent fiber; ADF= acid detergent fiber; ADL= acid detergent lignin; ®Ca= calcium;

9P=phosphorus.
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ter (d.m).

The daily milk yield (L/head/day) was recorded for each cow
in the two groups for the first 15 days of lactation (DIM). The
milk yield was recorded using a program, similar to the
DairyComp programs, developed specifically for the farm by
the Farm Computer System company (Cremona, Italy). More-
over, milk production was also evaluated monthly during the
first 3 months of lactation, using the data collected by the Lom-
bardy Regional Breeders Association (ARAL).

Milk quality was analysed monthly during the first 3 months
of lactation in terms of fat, protein, and urea percentages, and
somatic cell count. Milk quality analyses were performed by the
ARAL laboratory, with the Milkoscan TM FT 6500 Plus in-
strument (Foss, Hillered, Denmark) that employs the Fouri-
er Transform Infrared Spectroscopy (FTIR) measuring prin-
ciple.

2.2.3. Health status

The health status of each cow was checked daily by the farm
veterinary and qualified staff.

The threshold of 2.0 mmol/L of tCa and Ca** in the serum at
calving (d0) and at 24h (24h), was used to evaluate the preva-
lence and risk of subclinical hypocalcaemia.

Each hypocalcaemia-related problems as milk fever, retained
placenta and metritis were recorded. Cases of milk fever were
defined by the farm veterinary staff when the cows showed the
typical clinical symptoms, in particular difficultness in stand
up, in maintaining the standing position, and tremors. Retained
placenta was defined as failure to expel spontaneously the pla-
centa between 12h after calving and the veterinary staff has to
intervene. Cases of metritis was defined as the presence of a fetid
reddish to brownish uterine discharge, accompanied or not by
systemic signs of illness in the first days after calving. Fur-
thermore, each case of mastitis, lameness and other pathological
issues were recorded in each group.

2.2.4. Body condition score

At the bolus administration, at 5 days after calving and at 30
days of lactation, each cow was individually evaluated for body
condition score (BCS) by the farm veterinary staff, as proposed
by Edmonson et al. (1989) and Ferguson et al. (1994), through
a visual and tactile evaluation of body fat reserves using a 5-
point scale with 0.25-point increments (1—very thin cow; 5—
excessively fat cow) where 3 represents the average body con-
dition [25,26]. The evaluation focused on the rump and loin.
2.2.5. Fertility rate

Individual data about days to first heat, days to first service, days
to pregnancy, number of services to pregnancy and reproductive
dysfunctions (ovarian cysts, metritis etc.) were recorded by the
farm staff for all the cows involved in the trial.

2.3. Statistical analyses

Data analysis was conducted using SAS statistical software (SAS
9.4, SAS Cary NC).

Data distribution and homogeneity of variances was tested us-
ing PROC UNIVARIATE (SAS 9.4 SAS Institute Inc., Cary, NC).
Data about blood parameters and production performances
(milk yield, feed intake) were analyzed using a mixed model
for repeated measures (PROC MIXED) which took into account
the fixed effect of the treatment and the time of detection. The
Tukey post-hoc test was applied to differentiate multiple
comparisons. Blood parameters and feed intake and produc-

tion performance, during the first 15 days of lactation, were also
analysed separately for cows that undergone to health problems
(retained placenta and metritis), to evaluate a potential efficacy
of the Treatment in reducing the severity of those disease cor-
related with the calcium levels.

The incidence of subclinical hypocalcemia, highlighted by a
blood tCa and Ca*' than 2 mmol/L, was evaluated in the two
study groups through a chi-square test (PROC FREQ)

The parameters related to fertility were evaluated using a mixed
model (PROC MIXED) that took which took into account the
fixed effect of the treatment. Reproductive parameters were also
analyzed separately for healthy and sick cows that undergone
to retained placenta and metritis disease correlated with the cal-
cium levels. The BCS values were also evaluated, in terms of
average values for each time point, using a mixed model (PROC
MIXED) that took which took into account the fixed effect of
the treatment. Non-continuous variables such as BCS distri-
bution in the different thresholds, and incidence of patholo-
gies, were evaluated through a chi-square test (PROC FREQ).
The single subject was used as experimental unit in all the sta-
tistical evaluation. Statistical significance was considered with
P<0.05.

RESULTS AND DISCUSSION

The trends in tCa and Ca** concentrations in the two study
groups are reported in Figure 1 and 2. The trend in P and Mg
concentration are reported in Figure 3 and 4. As visible in Fig-
ure 1 and 2, the treatment has led to significant differences in
the Ca concentrations between the different time points, com-
pared to the Control animals. In the Control group the tCa (1.76
mmol/L) and Ca?* (1.74 mmol/L) levels significantly drop at
calving (d0), compared to the prepartum levels (respectively
2.12 and 2.02 mmol/L) (d-5) (P<0.05). Conversely, in the Treat-
ment group there was a significant increase in tCa (2.26
mmol/L) and Ca** (2.19 mmol/L) levels at calving (d0) com-
pared to the prepartum levels (respectively 2.05 and 1.98
mmol/L) (d-5) (P<0.05). Consequently, at calving (d0) both
tCa and Ca** levels were significantly higher in treated animals
compared to controls (P<0.05). Those results are in line with
the findings of Bachmann et al. (2017), that reported an in-
creased serum Ca concentration around calving compared to
the prepartum levels in cows treated with a bolus containing
S. glaucophyllum extract, that was significantly higher compared
to untreated cows [22]. Even if there was a significant drop in
the tCa and Ca?* levels in the first 24h after calving, in treat-
ed animals the levels were higher than the selected threshold
of 2 mmol/L (respectively 2.05 and 2.01 mmol/L) (P<0.05),
while in the Control group the threshold was reached only 48h
after calving. Those data are in line with the findings of Mey-
er-Binzegger et al. (2022), that found a drop in Ca levels in the
first 24h after calving also in animals treated with boluses con-
taining S. glaucophyllum extract, but lower than in the control
cows [19].

No significant differences were found in the trends and con-
centrations of both P and Mg between the two study groups.
In both groups, the P levels increased at calving (d0) compared
to pre-partum levels (d-5). After calving the P levels decreas-
es continuously in both groups, without significant differences.
A significant effect of time was detected in the Treatment group
between calving (2.28 mmol/L) (d0) and five days of lactation
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Figure 1 - Total calcium concentration, expressed as average values with standard errors, in Treatment vs Control cows. Different letter

between different lines at same time point highlight significant differences (a, b P<0.05). Different letters in the same line (x, y) highlight signi-
ficant differences between time points (x,y P<0.05).
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Figure 2 - lonized calcium concentration in Treatment vs Control cows. Different letter between different lines at same time point highlight
significant differences (a, b P<0.05). Different letters in the same line (x, y) highlight significant differences between time points (x,y P<0.05).
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(2.04 mmol/L) (d5) (P<0.05). The increase in the P concen- compared to the pre-partum levels (d-5) (respectively 0.931 vs

trations around parturition is in line with the findings of Bach- 0.99 mmol/L in Treatment and 0.933 vs 0.98 mmol/L in Con-
mann et al. (2017) [22]. Conversely to the present study, Bach- trol) (P<0.05), while after calving the concentrations were sta-
mann et al. (2017), found significantly higher P concentration ble. Conversely, Meyer-Binzegger et al. (2022), found that cows
in cows treated with S. glaucophyllum extract pre-partum com- treated with bolus of S. glaucophyllum undergone to a lower
pared to Control ones [22]. Mg drop at calving and maintain a more stable Mg concen-
Considering the trend in Mg concentration, as visible in Fig- trations during the entire period compared to control animals
ure 4, in both groups there was a significant drop at calving (d0), [19]. Altogether, the average plasma Mg concentrations in both
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Figure 3 - Phosphorus concentrations in Treatment vs Control cows. No significant differences were found between the two groups (a, b
P<0.05). Different letters in the same line (x, y) highlight significant differences between time points (x,y P<0.05).
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Figure 4 - Magnesium concentrations in Treatment vs Control cows. No significant differences were found between the two groups (a, b
P<0.05). Different letters in the same line (x, y) highlight significant differences between time points (x,y P<0.05).
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groups were in the normal range of normomagnesemia (be-
tween 0.75 and 1 mmol/L) [13].

In Figure 5 and 6 is reported the incidence of subclinical
hypocalcaemia, expressed as the percentage of animals with
blood Ca levels (tCa and Ca?* respectively), lower than the
threshold of 2 mmol/L, for each time points. Considering tCa,
the treatment has led to a significantly lower incidence of sub-
clinical hypocalcaemia at calving (13.33% vs 80.00% in Con-

trol) (P<0.0001) (d0) and after 24h (35.56% vs 73.33% in Con-
trol) (P=0.009) (24h). Considering Ca?*, the treatment has led
to a significantly lower incidence of subclinical hypocal-
caemia at calving (24.44% vs 86.67% in Control) (P<0.0001)
(do).

The better Ca status in treated cows, together with the lower
incidence of subclinical hypocalcaemia, has led to improvement
in the overall health status and production parameters during
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Figure 5 - Percentage of animals with total (tCa) calcium levels <2 mmol/L in the two study groups in the different time points
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Figure 6 - Percentage of animals with ionized calcium (Ca2+) levels <2 mmol/L in the two study groups in the different time points
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Table 3 - Health status in the two study groups.

Group Retained placenta, % (n) Clinical milk fever, % (n) Metritis, % (n) Mastitis, % (n) Lameness, % (n)
Control 20.00 (3) 13.33 (2) 20.00 (3) 0.00 (0) 6.67 (1)
Treatment 8.89 (4) 4.44 (2) 2.22 (1) 2.22 (1) 8.89 (4)
P-value ns ns <0.05 ns ns

Table 4 - Ca?* concentrations (mmol/L) in sick cows with retained placenta and metritis in the two study groups.

Ca?, mmol/L Treatment Control P-Value
d-5' 1.77 1.86 ns
do? 1.95 1.56 <0.05
24 h? 1.72 1.70 ns
48 h* 1.87 1.85 ns
d5° 2.05 1.82 ns

d-5= 5 days before calving; 2d0=at calving; 24h= 24 hours after calving; “48h= 48 hours after calving; °d5= 5 days after calving

Table 5 - Feed intake in the last 7 days of the dry period and production parameters in the first 15 days in milk (DIM), considering the two

entire study populations.

Parameter, unit Treatment

Feed intake, last 7d of dry period 11.54 (+ 0.76)'

Milk yield, L/head/d 27.93 (+2.23)
19.11 (+1.85)

1.46

Feed intake, kg d.m./head/d
Feed Efficiency, L/kg d.m.

Tresults are present in terms of average values + standard deviation

the first days of lactation.

As visible in Table 3, even if the differences were not statisti-
cally significant, the treatment has led to a numerically lower
incidence of the two main pathologies related to the Ca lev-
els, retained placenta (8.89 vs 20.00% in Control) and clinical
milk fever (4.44 vs 13.33% in Control). Conversely, the inci-
dence of metritis was significantly reduced by the treatment
(2.22 v5 20.00%) (P<0.05).

The significantly higher blood Ca levels highlighted in treat-
ed animals can explain the lower incidence of milk fever but
also retained placenta, due to an improved activity and reac-
tivity of the uterine muscles, as well as due to an increased func-
tionality of the immune systems [27]. Indeed, Rodriguez et al.
(2017), found that the occurrence of retained placenta was 3.4
times higher in cows that had subclinical hypocalcaemia than
in animals with normocalcaemia [15].

Moreover, in the present condition, the positive effect of the
treatment on blood Ca levels was visible also in animals that
undergone to retained placenta and metritis, as reported in Table
4. Indeed, sick animals in the Treatment group showed sig-
nificantly higher Ca** levels at calving compared to sick ani-
mals in the Control group (1.95 vs 1.56 mmol/L) (P<0.05) and
also a faster recovery of the Ca?* levels. Specifically, in sick con-
trol cows the Ca** levels were still under the threshold of 2
mmol/L at 5 days after calving. Both higher Ca** levels and faster
Ca** recovery in case of retained placenta, improved overall
health status, production parameters and reproduction, low-
ering the risk of other correlated pathologies, like milk fever,

Control P-Value
11.51 (x 0.38) ns
25.70 (+3.48) <0.05
18.30(+2.24) <0.05
1.40 <0.05

metritis, ketosis, abomasal displacement and mastitis, improving
also milk production efficiency [22].

In the present study, all the control cows with retained placenta
have suffered from metritis with a statistically significant dif-
ference compared to treated cows (20.00% vs 2.22%, P<0.05).
Youngquist and Threlfall (2007), reported that the risk of de-
veloping metritis is higher in cows that undergone to more se-
vere cases of placenta retention, connected also to a slow re-
cover of the normal blood calcium levels, as highlighted in sick
control cows in the present conditions. Indeed, severe cases of
retained placenta can cause an important inflammation re-
sponse that predispose to metritis [28]. Rodriguez et al.
(2017), highlighted a 4.3 times higher risk of developing metri-
tis in cows with hypocalcaemia, due to an impaired function-
ality of the immune systems, especially of neutrophils [15].
Considering the two study populations, production efficien-
cy resulted to be improved by the Treatment, as visible in Table
5. No statistically significant differences were found in the feed
intake before calving, with also similar pattern in both groups,
with the typical decrease during the last days before calving (Fig-
ure 7). Otherwise, after calving feed intake was significantly
(P<0.05) increased by the Treatment (Table 6), of 0.82 kg
d.m./head/d, corresponding to a 4.5% improvement compared
to Control. After calving, cows undergo to a strong reduction
in the feed intake, as a consequence of stress and physiologi-
cal changes related to calving, that also lead to an important
reduction in the immune functionality. An increase in the feed
intake in the first days after calving, in addition to being a sign
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Table 6 - Production parameters in the first 15 days in milk (DIM) in sick cows with retained placenta and metritis and in healthy cows in
the two study groups

Parameter, unit Treatment Control P-Value

Sick cows (retained placenta and metritis)

Milk yield, L/head/d 23.48 (x2.31)! 19.22 (+0.46) <0.05

Feed intake, kg d.m./head/d 15.29 (+0.34) 13.86 (+0.26) <0.05

Feed Efficiency, L/kg d.m. 1.58 1.39 <0.05
Healthy cows

Milk yield, L/head/d 28.37 (+1.64) 27.32 (+0.99) <0.05

Feed intake, kg d.m./head/d 19.49 (+1.52) 19.41 (z1.51) ns

Feed Efficiency, L/kg d.m. 1.45 1.41 ns

results are present in terms of average values + standard deviation

Table 7 - Monthly milk production in the first three months of lactation in the two study groups.

Milk, L/head/d Treatment Control P-Value
First month 34.41 (x2.73)" 33.46 (+2.74) ns
Second month 35.54 (£2.79) 34.67 (£2.78) ns
Third month 35.70 (+2.42) 34.88 (+2.43) ns

Tresults are present in terms of average values + standard deviation

Table 8 - Milk quality parameters in the first three months of lactation in the two study groups

Month Treatment Control P-Value
Fat, %
First month 3.75 (x0.23)" 3.79 (x0.23) ns
Second month 3.71 (x0.17) 3.77 (x0.17) ns
Third month 3.77 (£0.14) 3.78 (+0.14) ns
Protein, %
First month 3.29 (+0.24) 3.27 (x0.24) ns
Second month 3.35 (+0.19) 3.32 (x0.19) ns
Third month 3.26 (x0.09) 3.25(+0.09) ns
Caseins, %
First month 2.81(+0.30) 2.82 (+0.30) ns
Second month 2.80 (x0.22) 2.83 (x0.21) ns
Third month 2.82 (x0.23) 2.84 (+0.23) ns
Urea
First month 22.06 (£1.79) 21.83 (+1.80) ns
Second month 22.16 (x2.94) 22.30 (x2.95) ns
Third month 22.49 (+1.74) 22.21 (£1.74) ns

Somatic cells count

First month 136.430 (+33.28) 118.688 (+33.21)
Second month 138.711 (+33.18) 136.839 (+32.08)
Third month 144.375 (+26.59) 140.174 (+22.95)

results are present in terms of average values + standard deviation

Table 9 - Average body condition score (BCS) in the two experimental groups

Parameter Treatment Control
5 days before calving 3.57 3.58
5 days after calving 2.98 2.97

30 days after calving 3.22 3.22

ns
ns
ns

P-Value

ns
ns

ns



282 Effect of the administration of a ruminal bolus containing 1,25-dihydroxyvitamin D, glycosides

11.80
11.70
11.60
11.50
11.40
11.30

kg/head/d d.m.

11.20
11.10

11.00
d-7 d-6 d-5

days before calving

e Treatment

d-4 d-3 d-2 d-1

s Control

Figure 7 - Feed intake in the last 7 days of the dry period in the two groups.

of health, lead to a higher and faster capacity to respond to the
stressful events, improving the health status. Moreover, a high-
er feed intake better support the increased energy and nutri-
ents requirements at onset of lactation, reducing the body re-
serves mobilization and improving the metabolic status and
reproductive activity in the first lactation phase. Indeed, in the

present study, the treatment significantly (P<0.05) improved
milk production during the first fifteen DIM by 2.23 L/head/day,
corresponding to an increase of 8.68% compared to control
cows. As shown in Figure 8, milk production started to differ
from the third day DIM, with a faster and greater increase in
treated cows. Those improvements can be ascribed to the re-

34.00

32.00

30.00

28.00

26.00

24.00

Milk production, L/head/d

20.00

18.00

d1 d2 d3 dd d5 db d7
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days after calving

o Treatment s Control

Figure 8 - Daily milk production in the first 15 days in milk production (DIM) in the two study groups.



duced incidence and severity of both subclinical hypocalcaemia
and of clinical cases of retained placenta and metritis.
Indeed, milk production (23.48 vs 19.22 L/head/d), feed intake
(15.29 vs 13.86 kg/head/d d.m.) and feed efficiency (1.53 vs 1.39
L/kg d.m.) (P<0.05) during the first fifteen DIM, were high-
er in treated animals that undergone to retained placenta and
metritis compared to sick control ones, as visible in Table 6. If
only healthy cows were considered, the difference in milk pro-
duction was more limited, even if still significant (28.32
L/head/d on average in treated vs 27.32 L/head/d in control
cows) (P<0.05) (Table 5). Several research shown that retained
placenta led to a strong reduction both in feed intake and milk
production [29].

No significant effects of the Treatment were seen in terms of
monthly milk production and quality during the first three

Table 10 - Body condition score distribution in the different classes
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months of lactation, as visible in Table 7 and 8. Also, BCS was
not affected by the Treatment, both in terms of average values
as well as of distribution in the different classes, as reported in
Table 9 and 10.

As aresult of a better health status and a faster recover of both
calcium and energy balance, also the reproductive parameters
were improved by the Treatment (Table 11), with a significantly
(P<0.05) lower intervals between calving and first heat (36.55
vs41.86 days) and calving and conception (79.31 vs 85.06 days)
in Treatment compared to Control group. Also, in sick animals
with retained placenta and metritis (Table 12), the intervals be-
tween calving and both first heat (53.00 vs 67.66 days) and preg-
nancy (125.50 vs 153.67 days) were significantly lower in treat-
ed cows compared to controls one (P<0.05). The results
highlighted the strong negative effect of both retained placenta

BCS thresholds Treatment Control P-value
BCS 5 days before calving, % (n)
3.25 31.11 (14) 26.67 (4) ns
3.50 31.11 (14) 26.67 (4)
L7 13.33 (8) 33.33 (5)
4.00 13.33 (8) 13.33 (2)
4.25 1.67 (1) 0.00 (0)
BCS 5 days after calving, % (n)
2.50 2.22 (1) 0.00 (0) ns
2.75 33.33 (15) 33.33 (5)
3.00 35.56 (16) 46.67 (7)
3.25 24.44 (11) 20.00 (3)
3.50 4.44 (2) 0.00 (0)
BCS at 30 days of lactation, % (n)
2.75 0.00 (0) 6.67 (1) ns
3.00 31.11 (14) 26.67 (4)
3.25 51.11 (23) 40.00 (6)
3.50 13.33 (6) 26.67 (4)
3.75 4.44 (2) 0.00 (0)

Table 11 - Reproductive performance in the two study groups.

Group Retained placenta, % (n) Clinical milk fever, % (n)
Control 20.00 (3) 13.33 (2)
Treatment 8.89 (4) 4.44 (2)

P-value ns ns

Metritis, % (n) Mastitis, % (n) Lameness, % (n)

20.00 (3) 0.00 (0) 6.67 (1)
2.22 (1) 2.22 (1) 8.89 (4)
<0.05 ns ns

Table 12 - Reproductive performance in cows that undergone to retained placenta and metritis in the two study groups.

Group Days to first heat, d Days to first service, d Days to pregnancy, d Service to pregnancy, d
Sick cows (retained placenta, metritis)

Control 67.66 111.67 153.67 3.00
Treatment 53.00 99.25 125.50 2.25

P-value <0.05 ns <0.05 ns

Healthy cows

Control 35.41 78.42 95.91 1.83
Treatment 34.95 77.36 94.78 1.80

P-value ns ns ns ns
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and metritis on the reproductive efficiency. Rodriguez et al.
(2017), found that normocalcemic cows, were more likely to
show their first oestrus sooner after calving than hypocalcaemic
cows, even if no correlation was found with the other repro-
ductive parameters [15]. Martinez et al. (2012), reported that
both time to first oestrus and pregnancy were delayed in cows
with subclinical hypocalcaemia compared with normocalcemic
cows [14]. More recently, Caixeta et al. (2017) reported that cows
with normocalcaemia were 1.8 times more likely to return in
oestrus by the end of the voluntarily waiting period than cows
classified as having subclinical hypocalcaemia (defined as blood
Ca <2.00 mmol/L) [30].

CONCLUSIONS

The results of the present study highlight a potential effectiveness
of boluses containing 1,25(OH),D; extracted from S. glauco-
phyllum in reducing the incidence and severity of hypocalcaemia
in transition dairy cows, with positive effect of both animal wel-
fare and productivity.

The better calcium levels highlighted in the Treatment group
around calving, have led to both an important reduction in the
incidence and severity of hypocalcaemia-related pathologies,
such as retained placenta and metritis, with positive effects on
both milk yield and reproductive performances.
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