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ABSTRACT

The objective of this study was to determine the
effects of feeding synthetic zeolite A for 3 wk before
expected calving on peripartal serum mineral concentrations, hypocalcemia, oxidant status, and performance. Holstein cows (n = 55) entering their second
or greater lactations were assigned randomly to 1 of 2
dietary treatments starting 21 d before expected calving: control (CON: 40% corn silage, 33% wheat straw,
and 27% concentrate; n = 29) or experimental [EXP:
CON plus zeolite A (X-Zelit, Protekta Inc., Lucknow,
ON, Canada/Vilofoss, Graasten, Denmark; n = 26) at
an inclusion rate of 3.3% of dry matter, targeting 500
g/d as-fed]. Cows were fed the same postpartum diet
and housed in individual tiestalls through 28 d in milk.
Cows fed EXP had higher serum Ca concentrations
as parturition approached and during the immediate
postpartum period. Serum P concentrations were lower
for the EXP-fed cows during the prepartum period and
the first 2 d of lactation, whereas serum Mg concentrations were lower than those of the CON-fed cows only
during the immediate periparturient period. Cows fed
EXP had decreased prevalence of subclinical hypocalcemia (SCH) from d −1 through 3 relative to day of
parturition, with the largest difference occurring within
the first day postpartum. Prepartum dry matter intake
tended to be decreased and rumination was decreased
in cows fed EXP; however; postpartum dry matter
intake, rumination, milk yield, milk component yield,
and colostrum measurements did not differ between
treatments. Cows fed EXP tended to have increased
hazard of pregnancy by 150 d in milk when controlling for parity compared with CON-fed cows; potential
reproductive benefits merit further study. This study
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demonstrated that zeolite A supplementation during
the prepartum period results in markedly improved serum Ca concentrations around parturition and similar
postpartum performance compared with controls and
is effective at decreasing hypocalcemia in multiparous
Holstein cows.
Key words: synthetic zeolite A, hypocalcemia,
transition cow, mineral metabolism
INTRODUCTION

A cow’s demand for calcium increases as gestation
progresses due to the growing fetus; however, the
demand increases at least 2-fold around the time of
parturition because of colostrogenesis and subsequent
milk production (House and Bell, 1993; Goff and Horst,
1997). In combination with decreased peripartal DMI,
this puts cows at risk for hypocalcemia (Goff and Horst,
1997). Research has shown that hypocalcemia increases
the risk for other health disorders (Kimura et al., 2006;
Chapinal et al., 2011; Martinez et al., 2012) and is associated with decreased milk production (Chapinal et al.,
2012) and poorer subsequent reproductive performance
(Chapinal et al., 2012; Martinez et al., 2012; Caixeta
et al., 2017).
Different nutritional strategies have been developed
to prevent hypocalcemia. One strategy for preventing
hypocalcemia is to feed a Ca-deficient (<20 g/d of absorbable Ca) diet during the prepartum period, which
will cause a slight decrease in blood Ca and stimulate
parathyroid hormone (PTH) secretion (Goings et al.,
1974; Kichura et al., 1982; Goff, 2006). Parathyroid hormone mobilizes skeletal Ca when blood Ca concentrations decrease and stimulates the conversion of the hormone 1,25-dihydroxyvitamin D from vitamin D (Goff,
2006). This hormone increases the absorption efficiency
of Ca in the small intestine and Ca reabsorption in the
kidney (Goff, 2006). Formulating prepartum diets sufficiently low in Ca to induce these physiological changes
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is difficult because of generally higher concentrations of
Ca in common feedstuffs; therefore, prepartum dietary
strategies to improve Ca metabolism during the periparturient period have focused on manipulation of the
prepartum DCAD (Horst et al., 2005).
One approach to actualize a low-absorbable-Ca diet
would be to add a compound to the prepartum diet
that would bind dietary Ca and thereby decrease absorption. Synthetic zeolite A is composed of sodium
aluminum silicate that can be added to the diet to bind
Ca. Thilsing et al. (2006) demonstrated that synthetic
zeolite A had the capacity to bind to Ca, P, and Mg in
rumen fluid at varying pH levels in an in vitro system,
which was supported by subsequent in vivo work that
reported numerical decreases in Ca, P, and Mg concentrations in rumen fluid (Grabherr et al., 2009b).
One of the first studies evaluating prepartum dietary
zeolite A demonstrated that feeding zeolite A for 4
wk before expected calving improved Ca status on d
1 postpartum; however, there was a limited number of
cows in that study as only 9 Jersey cows were fed zeolite
A (Thilsing-Hansen and Jørgensen, 2001). Subsequent
studies limited zeolite A supplementation to 2 wk before
expected calving (Thilsing et al., 2007; Pallesen et al.,
2008; Grabherr et al., 2009a) but also indicated that
feeding zeolite A prepartum increased circulating concentrations of total Ca postpartum. Commercial dairy
farms in North America typically group dry cows into
1 or 2 groups; a single-group dry cow pen or a far-off
dry cow pen with animals typically moving to a closeup pen 21 to 28 d before expected day of parturition;
therefore, it is of interest to evaluate feeding synthetic
zeolite A in such a system.
The objective of this study was to determine the
effects of supplementing zeolite A for 21 d before
expected day of parturition to multiparous Holstein
cows on serum mineral status, plasma oxidant status,
DMI, rumination, colostrum, milk yield and composition, health outcomes, and time to pregnancy within
150 DIM. We hypothesized that supplementation of
synthetic zeolite A would increase serum Ca concentrations, decrease hypocalcemia, and potentially improve
aspects of postpartum performance.
MATERIALS AND METHODS
Study Population, Experimental Design,
and Treatments

All animal protocols were approved by the Cornell
University Institutional Animal Care and Use Committee. Cows entering second or greater lactation at the
Cornell University Ruminant Center Dairy Research
Farm were enrolled between March and May 2017 in
Journal of Dairy Science Vol. 102 No. 6, 2019

a completely randomized design, with randomization
restricted to balance for parity group (entering second
vs. third and greater lactation) and previous 305-d
mature-equivalent milk production. Sixty cows were
enrolled in the study, of which 55 remained in the final
data set as described below. Animals were housed in
individual tiestalls with individual feed bins and bedded with sawdust. Cows were moved into the tiestall
barn on 1 d per week and fed the control diet (Table 1)
for at least 7 d beginning between 28 and 35 d before
expected parturition. At 21 d before expected parturition, cows were assigned as described above to 1 of 2
treatment groups. The control (CON) diet was based
on corn silage, wheat straw, and a concentrate mixture
as commonly fed to prepartum cows in the northeast
and Upper Midwest. The experimental (EXP) treatment consisted of the CON diet with the addition of
synthetic zeolite A (X-Zelit, Protekta Inc., Lucknow,
ON, Canada/Vilofoss, Graasten, Denmark) mixed into
the TMR before feeding. Cows were fed their respective
treatments until calving. After calving, all cows were
fed the same postpartum diet (Table 1) and housed in
tiestalls until 28 DIM, at which point the cows were
moved to a freestall pen and fed the same diet until
63 DIM. The target study population was 50 cows and
we assumed that 10 cows would be removed because of
twinning or for health reasons. The sample size determination was based on biologically important differences in serum Ca concentrations between parturition
and 2 DIM from previous work done by Leno et al.
(2017). The detectable difference in Ca concentration
between the 2 treatments was at least 0.20 mmol/L,
with α = 0.05 and β = 0.20.
Diet Formulation and Feeding Management

Diets were formulated using the Cornell Net Carbohydrate and Protein System (CNCPS, version 6.5,
Cornell University, Ithaca, NY). Ration ingredient composition and analyzed diet composition are presented
in Table 1 and Table 2, respectively. The prepartum
diets were identical with the exception of the addition
of synthetic zeolite A to the EXP diet. Zeolite A was
fed at 3.3% of DM, targeting 500 g/d as fed. During
the prepartum period, cows were fed daily between approximately 0900 and 1030 h with a targeted refusal
rate of 5%. During the postpartum period, cows were
fed daily between 0700 and 0900 h with a targeted refusal rate of 10%. Cows were individually fed and the
weights of feed delivered and refused were recorded for
intake measurements.
Weekly samples of TMR and individual feed ingredients were collected for determination of DM by drying in a forced-air oven for 96 h at 40°C. The as-fed
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inclusion rates of the ration ingredients were adjusted
weekly based on the DM values. Dried forages and TMR
samples were ground to 2 mm in a Wiley mill (Arthur

Table 1. Ingredient composition of the prepartum diets and the
common postpartum diet
Prepartum1
Ingredient, % of DM

CON

EXP

Postpartum

Corn silage
Corn silage
Alfalfa hay
Wheat straw
Alfalfa silage
Canola meal
Ground shelled corn
Steam-flaked corn
Citrus pulp
Blood meal
Amino Plus2
Smartamine M3
LysAAmet4
Soybean hulls
Dried molasses
X-Zelit5
Urea
Megalac R6
DCAD Plus7
MIN AD8
Salt
Monocalcium phosphate
Dicalcium phosphate
Calcium carbonate
Sodium bicarbonate
Magnesium oxide
Fermenten9
Celmanex10
Dynamate11
Zinpro 4 Plex C12
Rumensin13
Vitamin E premix14
Prefresh mineral mix15

40.00
—
—
33.33
—
8.33
—
—
3.33
1.67
6.67
0.03
—
5.00
—
—
—
—
—
—
—
—
0.43
—
—
0.07
—
—
—
—
0.07
0.03
1.00

38.60
—
—
32.17
—
8.03
—
—
3.24
1.62
6.47
0.05
—
4.85
—
3.40
—
—
—
—
—
—
0.42
—
—
0.07
—
—
—
—
0.07
0.03
0.97

10.03
30.22
3.58
4.48
10.74
5.37
3.58
6.27
2.02
—
6.14
—
1.77
3.74
4.08
—
0.41
0.91
0.82
0.52
0.50
0.20
—
0.20
1.63
0.25
1.02
0.61
0.52
0.23
0.07
0.05
—

1
Treatments: CON = control diet; EXP = control diet plus synthetic
zeolite A.
2
Heat-treated soybean meal; Ag Processing Inc. (Omaha, NE).
3
dl-Met, physically protected with pH-sensitive coating; Adisseo
(Antony, France).
4
Protein supplement; Perdue AgSolutions LLC (Salisbury, MD).
5
Sodium aluminum silicate; Protekta Inc. (ON, Canada/Vilofoss,
Graasten, Denmark).
6
Rumen bypass fat; Church & Dwight Co. Inc. (Princeton, NJ).
7
Potassium carbonate; Church & Dwight Co.
8
Ca-Mg dolomite; Papillon Agricultural Company (Easton, MD).
9
Rumen fermentation enhancer; Church & Dwight Co. Inc.
10
Yeast product; Church & Dwight Co. Inc.
11
K Mg sulfate; The Mosaic Co. (Plymouth, MN).
12
Trace mineral product; Zinpro Corp. (Eden Prairie, MN).
13
Premix contained 26,400 g/t of monensin. Elanco Animal Health
(Greenfield, IN).
14
Contains 44,100 IU/kg of vitamin E.
15
Contains 3,754 mg/kg Zn, 933 mg/kg Cu, 4,658 mg/kg Mn, 29 mg/
kg Se, 83 mg/kg Co, 82 mg/kg I, 1,174 kIU/kg vitamin A, 235 kIU/kg
vitamin D, and 11,658 IU/kg vitamin E.

H. Thomas, Philadelphia, PA). Samples of TMR were
then composited at 4-wk intervals and feed ingredients
were composited over the course of the study. Composited samples were submitted to a commercial laboratory
(Cumberland Valley Analytical Services, Waynesboro,
PA) for wet chemistry analysis as described by Leno et
al. (2017). Results from analysis of composited forage
samples were input into CNCPS v. 6.5 to determine
predicted dietary MP concentrations.
BW, BCS, Milk Sampling, and Energy Balance

Body weight was measured and BCS (Edmonson et
al., 1989) was assigned by 2 scorers, of which the average was used for statistical analysis, weekly for each
cow starting the week before treatment assignment
through 28 DIM. Rumination data were collected with
HR tags (SCR Dairy, Netanya, Israel) in 2-h intervals
from enrollment through 28 DIM. Daily rumination
was calculated as the sum of each 2-h interval within
a day. If a 2-h interval was missing, the entire day was
recorded as missing. Cows were monitored through 150
DIM to evaluate time to pregnancy.
Colostrum was harvested within 2 h of calving, and
colostrum weight, volume, and Brix (model #300010,
SPER Scientific, Scottsdale, AZ) were recorded by the
Cornell University Ruminant Center staff. Samples
were collected and stored at 4°C until transportation
to Cornell University for analysis of IgG (turbidimetric assay) on an automated analyzer (Roche/Hitachi
Modular P analyzer, Roche Diagnostics, Indianapolis,
IN) at the Cornell University Animal Health Diagnostic
Center (Ithaca, NY).
All cows were milked 3×/d at 0600, 1400, and 2200
h. Milk weights were recorded at each milking through
63 DIM, and daily milk yield was calculated as the
sum of the 3 milk weights per day. Milk samples were
collected weekly at 3 consecutive milkings from wk 1
through 4 of lactation and stored at 4°C until transportation to Cornell University within 72 h of collection for
analysis. Milk fat, true protein, and anhydrous lactose
content were determined using a Fourier transform
mid-infrared (FTIR) spectrophotometer (Lactoscope
model FTA, Delta Instruments, Drachten, the Netherlands). The prediction models used were the optimized
basic model filter wavelengths and intercorrection factors described by Kaylegian et al. (2009). Calibration
of the FTIR for measurement of fat, true protein, and
anhydrous lactose was done using a 14-sample modified
milk calibration set (Kaylegian et al., 2006) produced
monthly. The reference chemistry values were an alllaboratory mean produced by a network of 10 to 12
laboratories running all samples with the reference
methods (Wojciechowski et al., 2016). The reference
Journal of Dairy Science Vol. 102 No. 6, 2019
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methods for fat, true protein, and anhydrous lactose
measurements were determined in duplicate in each laboratory using the following validated methods (AOAC
International, 2000): fat by modified Mojonnier ether
extraction (method 989.05), true protein by Kjeldahl
analysis (method 991.22), lactose by enzymatic analysis (method 2006.06), and total solids by atmospheric
forced-air oven drying (method 990.20). Milk SCC was
measured using a fluorometric flow cytometry method
using 4′,6-diamidino-2-phenylindole as the staining dye
(SomaSmart/Delta Instruments). Calibration of the
milk somatic cell counter was done using calibration
samples from the USDA Federal Milk Markets with reference values established using the direct microscopic
SCC method (Fitts and Laird, 2004).
De novo, mixed-origin, and preformed milk fatty
acids were measured directly (in g/100 g of milk) by
FTIR using the partial least squares (PLS) prediction
models described by Woolpert et al. (2016). Gas-liquid
chromatography reference chemistry for calibration
of the milk fatty acid parameters was as described by
Wojciechowski and Barbano (2016). The milk fatty

acid calibration sample set was the same 14-sample set
that was used for calibration of the main milk components. The calibration concentration ranges for de novo,
mixed-origin, and preformed milk fatty acids were 0.05
to 1.4 g/100 g of milk, 0.08 to 2.2 g/100 g of milk, and
0.06 to 1.9 g/100 g of milk, respectively. Milk urea N
was measured by FTIR using a PLS model developed
by Delta Instruments (parameter number 502) and was
calibrated using reference chemistry values from an enzymatic MUN assay (Megazyme, kit K-URAMR, Bray,
Co. Wicklow, Ireland).
Somatic cell scores were calculated using the equation from Shook (1993): SCS = log2(SCC/100,000) + 3.
The milk yield at each milking was used to weight the
milk composition for the day and to calculate yields of
milk fat, protein, lactose, and TS. Weekly ECM [ECM
= (0.327 × kg of average weekly milk yield) + (12.95
× kg of fat) + (7.65 × kg of true protein); Tyrrell and
Reid, 1965] and 3.5% FCM [3.5% FCM = (0.432 × kg
of average weekly milk yield) + (16.216 × kg of fat);
Gaines and Davidson, 1923] were calculated using the
average weekly milk yield and weekly milk composition.

Table 2. Analyzed nutrient composition (mean ± SD; % of DM unless otherwise noted) for the control
prepartum diet (CON), the experimental diet (EXP; the control prepartum diet with the addition of synthetic
zeolite A), and the common postpartum diet
Prepartum2
Nutrient1
DM, % of as fed
CP
ADF
NDF
Lignin
Starch
Sugar
NFC
Fat
Ash
Ca
P
Mg
K
S
Na
Cl
DCAD, mEq/100 g of DM
NEL, Mcal/kg
MP,2 g/kg of DM
MP3 intake, g/d
1

CON

EXP

Postpartum

46.9 ± 2.2
13.6 ± 1.0
29.8 ± 1.1
46.4 ± 1.4
4.5 ± 0.2
16.8 ± 1.7
3.2 ± 0.8
32.9 ± 1.4
2.24 ± 0.13
6.12 ± 0.53
0.68 ± 0.05
0.39 ± 0.03
0.42 ± 0.05
1.14 ± 0.06
0.25 ± 0.00
0.14 ± 0.03
0.31 ± 0.03
11.03 ± 2.06
1.46 ± 0.02
87.24
1,274

48.0 ± 2.4
13.5 ± 0.7
29.0 ± 1.0
46.0 ± 1.7
4.5 ± 0.2
16.3 ± 0.3
3.3 ± 0.4
31.5 ± 0.6
2.25 ± 0.30
7.99 ± 0.36
0.65 ± 0.03
0.38 ± 0.02
0.42 ± 0.03
1.12 ± 0.04
0.24 ± 0.01
0.50 ± 0.04
0.30 ± 0.03
26.87 ± 1.71
1.43 ± 0.01
85.41
1,196

45.5 ± 2.2
16.4 ± 0.4
18.8 ± 1.3
30.6 ± 2.8
2.6 ± 0.5
26.1 ± 1.6
3.3 ± 0.5
43.3 ± 2.6
2.64 ± 0.24
9.14 ± 0.49
1.00 ± 0.07
0.38 ± 0.01
0.51 ± 0.04
1.91 ± 0.11
0.46 ± 0.04
0.82 ± 0.04
0.53 ± 0.03
40.75 ± 2.54
1.60 ± 0.03
123.04
2,689

Weekly TMR samples were composited over 4-wk intervals for chemical analysis. Five composites for the CON
diet, 4 composites for the EXP diet, and 5 composites for the postpartum diet were analyzed. Nutrients are
reported as a % of DM, unless noted.
2
Metabolizable protein content as predicted by the Cornell Net Carbohydrate and Protein System (v. 6.5,
Cornell University, Ithaca, NY) based on analyzed forage composition.
3
Based on actual intakes during the prepartum (21 d) and postpartum (28 d) period and predicted diet MP
concentration.
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Energy-corrected milk and average weekly DMI were
used to evaluate milk production efficiency (milk production efficiency = kg of ECM/kg of average weekly
DMI).
Weekly energy balance (EBAL) for the prepartum
and postpartum period were calculated in accordance
with NRC (2001) equations. Prepartum EBAL was
determined with the following equation:
Prepartum NEL (Mcal/d) balance = energy intake
(Mcal of NEL/d) – [maintenance requirement
(Mcal of NEL/d) + pregnancy requirement
(Mcal of NEL/d)],
and postpartum EBAL was determined with the following equation:
Postpartum NEL (Mcal/d) balance = energy intake
(Mcal of NEL/d) – [maintenance requirement
(Mcal of NEL/d) + lactation requirement
(Mcal of NEL/d)],
where energy intake (Mcal of NEL/d) = weekly DMI
average (kg/d) × diet NEL (Mcal/kg of DM); maintenance requirement (Mcal) = weekly metabolic BW
(kg0.75) × 0.08 (Mcal/kg0.75 per day); pregnancy requirement (Mcal) = (0.00318 × d of gestation – 0.0352)
× (1/0.218); and lactation requirement (Mcal/d) =
weekly average milk yield (kg/d) × [(0.0929 × fat
percentage) + (0.0563 × true protein percentage) +
(0.0395 × lactose percentage)].
Blood Sampling, Disease, and Treatment

Blood samples were collected between 0600 and 0730
h from the coccygeal vessels 1×/wk (Monday) from
enrollment until 7 d before expected calving, daily from
7 d before expected calving through 7 DIM with 2
samples collected within 24 h following parturition, and
then 3×/wk (Monday, Wednesday, and Friday) thereafter through 28 DIM. Samples were collected using
20-gauge Vacutainer needles (Greiner Bio-One GmbH,
Kremsmuenster, Austria; Exelint International, Co.,
Redondo Beach, CA); one 10-mL sodium heparin (158
USP) and one 10-mL plain evacuated tube (Becton
Dickinson and Co., Franklin Lakes, NJ) were collected
at each sampling time for separation of plasma and
serum, respectively. Blood collected in sodium heparin
tubes was placed immediately on ice and plasma was
harvested after centrifugation at 2,000 × g for 20 min

at 4°C. Serum tubes were allowed to clot for at least 30
min at room temperature before centrifugation at 2,000
× g for 15 min at 20°C. After centrifugation, plasma
and serum were aliquotted into 1.7-mL microfuge
tubes, snap frozen in liquid N2, and stored at −20°C
until analysis. One aliquot of plasma was transported
immediately to Cornell University after snap freezing
to be stored at −80°C until analysis of oxidant status
(within 3 mo of collection).
Cows were observed daily by farm and research personnel throughout the duration of the study for health
disorders. Briefly, cows were monitored for displaced
abomasum; retained placenta, defined as failure to pass
the fetal membranes within 24 h after parturition; hyperketonemia, defined as BHB ≥1.2 mmol/L (McArt et
al., 2013); mastitis; metritis; respiratory disorders; and
hypocalcemia. If a cow showed signs of clinical hypocalcemia such as dullness, lethargy, muscle weakness, wobbly appearance, cold ears and dry muzzle, abstinence
from eating with no or reduced rumen contractions, or
lying down with the head turned toward the flank, a
blood sample was taken and serum mineral status was
evaluated by farm personnel using an on-farm electrolyte analyzer (VetScan VS2, Abaxis Inc., Union City,
CA). Treatment with intravenous Ca was justified if
total Ca was ≤1.375 mmol/L or if total Ca was >1.375
mmol/L and the cow was showing multiple signs of
hypocalcemia. If Ca was within normal ranges but P,
Mg, or both were considered low, cows were treated
with P, Mg, or both. An additional blood sample was
taken before Ca, P, or Mg treatment for analysis at the
Cornell University Animal Health Diagnostic Center
(Ithaca, NY) to confirm farm treatment.
Analytical Methods

A subset of serum samples and the pretreatment serum samples were analyzed for Ca (colorimetric assay),
P (photometric endpoint method), and Mg (colorimetric endpoint method) concentrations with an automated analyzer (Roche/Hitachi Modular P analyzer,
Roche Diagnostics) at the Cornell University Animal
Health Diagnostic Center (Ithaca, NY). The 4 serum
samples analyzed between calving and 3 DIM were
classified as normal Ca (Ca ≥2.125 mmol/L) or low Ca
(Ca <2.125 mmol/L; Goff, 2008). As in Caixeta et al.
(2017), cows were classified retrospectively as having
eucalcemia (0 samples with Ca <2.125 mmol/L), subclinical hypocalcemia (SCH; 1 to 3 samples with Ca
<2.125 mmol/L), or chronic subclinical hypocalcemia
(cSCH; 4 samples with Ca <2.125 mmol/L) between
calving and 3 DIM. A subset of plasma samples stored
at −80°C were analyzed for oxidant status according to
Journal of Dairy Science Vol. 102 No. 6, 2019
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Abuelo et al. (2016). To accurately evaluate oxidative
stress between the treatment groups, the presence of
pro-oxidants and antioxidants needs to be measured
(Celi, 2011; Abuelo et al., 2015). The pro-oxidant presence in plasma was quantified using a commercially
available assay (ROS and RNS assay, Cell Biolabs, San
Diego, CA) to measure reactive oxygen and nitrogen
species (RONS) per the manufacturer’s directions. A
5-point dichlorodihydrofluorescein standard curve plus
a zero standard was used to fit the data to determine
the RONS concentration. The reported values represent
relative fluorescent units. The inter- and intraassay
coefficients of variation (CV) were 16.6 and 8.1%, respectively. Because it is difficult to measure individual
antioxidants, we used an approach to measure the total antioxidant capacity (Celi, 2011). The antioxidant
potential (AOP) was assessed by the reduction of a
radical [2,2′ azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid); Sigma-Aldrich, St. Louis, MO] as described by
Re et al. (1999) and Abuelo et al. (2016). A 5-point
standard curve plus a zero standard was prepared with
Trolox (Sigma-Aldrich), a known antioxidant standard.
The standard curve was used to fit the data to determine the antioxidant activity of the sample. The interand intraassay CV were 15.5 and 9.0%, respectively.
To assess oxidative stress during the transition period,
the oxidant status index (OSi; OSi = RONS/AOP)
was evaluated because it reflects the changes in redox
balance (Abuelo et al., 2013, 2016). For interpretation
purposes, a greater OSi indicates a greater risk of oxidative stress.
Statistical Analysis

Prepartum and postpartum data were analyzed
separately. Prepartum data were restricted to the 3 wk
before calving. Because of the blood sampling scheme,
the average day relative to calving is reported. Daily
DMI, milk production, and rumination were condensed
to weekly averages for statistical analysis. All statistical
analyses were conducted with SAS (version 9.4, SAS
Institute Inc., Cary, NC). Descriptive statistics were
calculated using the FREQ and MEANS procedures
in SAS.
The distribution of parity and prevalence of health
events, hypocalcemia, and chronic hypocalcemia between treatments were tested with a Fisher’s exact test
using PROC FREQ. Previous lactation 305-d matureequivalent milk production, days on treatment, and
covariate measures of BW, BCS, DMI, EBAL, and rumination were tested by ANOVA using PROC MIXED
with the fixed effect of treatment. Continuous measures
not repeated over time were subjected to ANOVA using
the MIXED procedure with fixed effects of treatment,
Journal of Dairy Science Vol. 102 No. 6, 2019

parity group, and the interaction between treatment
and parity group. Data analyzed over time were subjected to repeated-measures ANOVA using the MIXED
procedure and the repeated statement for time. Fixed
effects included in the model were treatment, time, parity group, and all 2-way interactions with the random
effect of cow within treatment. If available, covariate
measures collected during the week before treatment
assignment were included in all prepartum models and
were only included in postpartum models if the covariate measure was significant (P ≤ 0.05). Previous 305-d
mature-equivalent milk production was included as the
covariate measure for the milk yield analysis. P-values
were corrected for multiple comparisons using Tukey
honestly significant difference test, and the KenwardRoger method was used for estimation of denominator
degrees of freedom. Four covariance structures were
tested with each model and the structure resulting in the
lowest Akaike’s information criterion was selected. For
repeated-measures data with unequal timing between
measurements (blood measurements), the compound
symmetry, heterogeneous compound symmetry, firstorder antedependence, and unstructured covariance
structures were tested. For repeated measures with
equal timing between measurements, compound symmetry, heterogeneous compound symmetry, autoregressive order 1, and heterogeneous autoregressive order 1
covariance structures were tested. Plots of studentized
residuals were visually inspected for homogeneity and
normality of variance. If non-normality existed, data
were log-transformed (RONS and OSi) or extreme outliers were removed and the analysis was repeated.
The effect of treatment and hypocalcemia status (both
with the fixed effect of parity) on time to pregnancy by
150 DIM were analyzed by a Cox proportional hazards
model using the PHREG procedure. Cows that died
or were sold before the end of the voluntary waiting
period of 63 d were removed from the analysis because
they were not eligible to become pregnant. Cows that
were not pregnant, sold, or died between the end of
the voluntary waiting period and 150 DIM were rightcensored.
Least squares means and standard errors or geometric means and 95% confidence intervals are reported
throughout. Significance was declared at P ≤ 0.05 and
trends are discussed at 0.05 < P ≤ 0.10.
RESULTS
Study Population and Treatment Diets

The chemical composition was very similar between
the CON and EXP diets (Tables 1 and 2). With the
addition of zeolite A in the EXP diet, we did observe
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Table 3. Distribution of parity and means (± SD) for previous lactation 305-d mature-equivalent (MEq) milk
production, days on treatment diets, BW, BCS, DMI, rumination, and energy balance (EBAL) at enrollment
or during the covariate period
Treatment1
Variable
Entering parity:
2
≥3
Previous 305-d MEq, kg
Days on treatment
BW, kg
BCS
DMI, kg/d
Rumination, min/d
EBAL, Mcal/d

CON
13
16
14,870 ±
22 ±
777 ±
3.25 ±
15.1 ±
515 ±
6.85 ±

EXP

2,081
5
92
0.24
2.0
65
2.66

11
15
15,197 ±
21 ±
776 ±
3.29 ±
15.2 ±
521 ±
6.96 ±

P-value
0.85

1,793
5
68
0.27
1.4
43
1.88

0.54
0.47
0.97
0.62
0.87
0.71
0.64

1

CON = control diet; EXP = control diet plus synthetic zeolite A.

a slight dilution effect, except for an increased Na content due to the composition of zeolite A.
We removed data from 5 cows before analysis, with
decisions made by a researcher blinded to treatment.
These included 4 cows that calved with twins (CON
= 1; EXP = 3) and 1 cow assigned to EXP that was
diagnosed with toxic mastitis postpartum. Data were
also removed for 3 cows fed EXP after 5, 16, or 29
DIM due to injury. The final data set included 55
cows, of which 29 were in the CON group and 26 were
in the EXP group. The description of the treatment
group populations before treatment assignment and
after exclusion of the cows that calved with twins or
had toxic mastitis, including parity, previous lactation
305-d mature-equivalent milk yield, days on treatment,
BW, BCS, DMI, EBAL, and rumination, is presented
in Table 3. We did not observe treatment differences in
any of these measurements. There were no significant
treatment differences between OSi and serum concentrations of Ca, P, and Mg taken during the covariate
week (data not shown).
Serum Mineral Concentrations and Plasma
Oxidative Stress Indices

Serum mineral concentrations and oxidative stress
indices for cows fed the different prepartum diets are
presented in Table 4, and treatment by day effects are
presented in Figure 1 for serum Ca, P, and Mg. Cows fed
EXP during the prepartum period had higher serum Ca
concentrations, most notably during the periparturient
period. Serum P concentrations in the EXP-fed cows
were approximately half that of CON-fed cows during
the entire prepartum period. During the immediate
postpartum period, serum P was lower in the EXP-fed
cows but increased through 14 DIM such that cows

fed the EXP diet had higher serum P concentrations
at 14 DIM than CON-fed cows. Serum Mg concentrations decreased steadily during the prepartum period
for EXP-fed cows, whereas cows fed the CON diet had
relatively constant Mg concentrations. Cows fed the
EXP diet had markedly lower serum Mg concentrations
within the first day postpartum but we did not observe
any treatment by day interactions thereafter. Effects of
treatment on indices of oxidant status (RONS, AOP,
and OSi) were not significant during the prepartum or
postpartum periods.
Hypocalcemia

Subclinical hypocalcemia prevalence for the 2 treatment groups at different time points is presented in
Figure 2A. Three times as many CON-fed cows had
serum Ca concentrations <2.125 mmol/L within 1 DIM
compared with the EXP-fed cows. The greatest prevalence of SCH occurred within 1 DIM for both treatment
groups. The CON-fed cows had a greater prevalence
of SCH from 3 d before calving through 3 DIM (P <
0.05).
Fourteen of 55 cows were categorized as not having
SCH from calving through 3 DIM; only one of these
cows were in the CON-fed group. The other 50% (n
= 13) of EXP-fed cows and 62% (n = 18) of CONfed cows were categorized as having SCH. We did not
observe any EXP-fed cows to have cSCH, whereas 34%
(n = 10) of CON-fed cows were categorized as having
cSCH (Figure 2B).
DMI, EBAL, Rumination, BW, and BCS

Prepartum and postpartum DMI, EBAL, rumination,
BW, change in BW, and BCS are presented in Table
Journal of Dairy Science Vol. 102 No. 6, 2019
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5. We observed a treatment by week effect for DMI
such that intakes were similar between treatments at 3
wk before parturition but EXP-fed cows had a greater
reduction in DMI as parturition approached (Figure 3);
however, the multiple comparison results indicated no
treatment differences in any individual week during the
prepartum period. During the postpartum period, we
did not observe any treatment or treatment by week effects on DMI. Cows fed the EXP diet ruminated for less
time per day than cows fed the CON diet (500 vs. 521
min/d; P = 0.03) with no treatment or treatment by
week effects during the postpartum period. We observed
a treatment by parity trend for postpartum rumination
such that there was no difference between parity groups
for EXP-fed cows (P = 0.98); however, within the CON
treatment, second lactation and greater ruminated for
longer per day than third lactation and greater cows
(542 vs. 481 min/d; P = 0.02). Cows fed the EXP diet
did not gain as much BW as calving approached compared with CON-fed cows, and no treatment effects
were observed during the postpartum period. Prepartum BCS was lower in EXP-fed cows; however, the
absolute differences were small (P < 0.01). There was
a treatment by week effect on postpartum BCS (P =
0.01) such that EXP-fed cows had a numerically lower
BCS than cows fed CON during wk 1 and 3 but did not
differ in wk 2 and 4. The multiple comparison results
indicated no treatment differences in any week during
the postpartum period for BCS.

Colostrum, Milk Yield, and Milk Composition

Colostrum measurements along with postpartum
milk yield and composition are presented in Table 6.
We detected no differences in colostrum parameters
between cows fed the EXP diet and cows fed the
CON diet. Milk yield, FCM, ECM, and feed efficiency
(ECM/DMI) were not different between the 2 treatments; however, we observed a tendency for EXP-fed
cows to have greater protein (3.30 vs. 3.19%; P = 0.09)
and total solids (13.32 vs. 13.03%; P = 0.07) concentrations in milk and lower MUN concentrations (10.90 vs.
12.46 mg/dL; P = 0.01) from wk 1 through 4. We did
not observe a difference between treatments for fat (P
= 0.35), protein (P = 0.33), lactose (P = 0.67), or total
solids (P = 0.65) yield. There was a treatment by week
effect for milk fat concentration such that cows fed
EXP prepartum had a higher fat concentration during
wk 3 and 4 relative to calving, although the multiple
comparisons analysis did not yield significant differences between treatment groups during either week.
We observed no treatment, treatment by week, or
treatment by parity effects for de novo fatty acids
(FA). A treatment by parity trend was observed for
the mixed FA milk concentration (P = 0.07) such that
there was no difference between parity groups for cows
fed the EXP diet (P = 0.94); however, within the CON
treatment, second-lactation cows had a higher mixed
FA milk content than third-lactation and greater cows

Table 4. Least squares means (SE) or geometric means (back-transformed 95% CI) for prepartum and
postpartum serum mineral concentrations and oxidative stress indices for multiparous cows fed a control
prepartum diet (CON) or a control prepartum diet with the addition of synthetic zeolite A (EXP)
P-value1

Treatment
Variable
Prepartum
Ca, mmol/L
P, mmol/L
Mg, mmol/L
AOP2
RONS3
OSi4
Postpartum
Ca, mmol/L
P, mmol/L
Mg, mmol/L
AOP
RONS
OSi

CON

EXP

SEM

T

T×D

2.31
2.03
0.92
53.82
71.01
1.33 (1.24–1.44)

2.47
1.03
0.85
51.60
68.52
1.34 (1.24–1.45)

0.03
0.04
0.02
1.76
1.66

<0.001
<0.001
<0.01
0.36
0.28
0.93

0.06
0.04
<0.01
0.47
0.70
0.60

2.15
1.39
0.92
50.30
49.51
0.97 (0.90–1.05)

2.33
1.19
0.91
50.58
50.43
0.99 (0.91–1.07)

0.02
0.04
0.01
1.50
1.93

<0.001
<0.001
0.51
0.89
0.73
0.77

<0.001
<0.001
<0.001
0.64
0.40
0.33

1

T = treatment; D = day.
AOP = antioxidant potential, expressed as sample antioxidant concentration, determined by the capacity of
the sample to inhibit 2,2′-azinobis-(3-ethylbenxothiazoline-6-sulfonic acid) radical, relative to Trolox (SigmaAldrich, St. Louis, MO).
3
RONS = reactive oxygen and nitrogen species, expressed as relative fluorescent units (RFU)/µL.
4
OSi = oxidant status index, calculated as RONS/AOP.
2

Journal of Dairy Science Vol. 102 No. 6, 2019

SYNTHETIC ZEOLITE A EFFECTS ON HYPOCALCEMIA

Figure 1. Least squares means and SE for prepartum and postpartum serum (A) Ca (mmol/L), (B) P (mmol/L), and (C) Mg (mmol/L) for
multiparous cows fed a control prepartum diet (CON) or a control prepartum diet with the addition of synthetic zeolite A (EXP). Prepartum
and postpartum data were analyzed separately. There was a treatment effect (P < 0.001) and treatment by day effect (P = 0.06) during the
prepartum period and a treatment by day effect (P < 0.001) during the postpartum period for serum Ca. There was a treatment by day effect
during the prepartum (P = 0.04) and postpartum (P < 0.001) period for serum P. A treatment by day effect was observed during the prepartum
period (P < 0.01) and postpartum period (P < 0.001) for serum Mg. *Treatment by day effects at time points when treatment means differed
significantly (P ≤ 0.05).
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Figure 2. (A) Prevalence of subclinical hypocalcemia (Ca ≤2.125 mmol/L) at different time points for multiparous cows fed a control prepartum diet (CON) or a control prepartum diet with the addition of synthetic zeolite A (EXP). *Days at which treatment effects differed (P
≤ 0.05). (B) Proportion of cows with hypocalcemia, categorized by severity. Cows were classified based on the number of serum samples with
Ca <2.125 mmol/L, acquired from parturition through 3 DIM. Cows were eucalcemic (no SCH) if 0 samples were <2.125 mmol/L, subclinical
hypocalcemic (SCH) if 1 to 3 samples were <2.125 mmol/L, and chronic subclinical hypocalcemic (cSCH) is all 4 samples were <2.125 mmol/L.
The proportion of cows with hypocalcemia differed between the cows fed CON and EXP (P < 0.0001).

(1.43 vs. 1.20 g/100 g of milk; P < 0.01). For cows in
third lactation and greater, cows fed the EXP diet had
a larger mixed FA proportion of FA than CON-fed cows
(35.2 vs. 31.7%; P = 0.03). Cows fed the EXP diet
tended to have a higher mixed FA yield than CON-fed
cows. We also found a treatment by week effect for
the preformed FA (g/100 g of milk, g/100 g of FA,
and g/d); however, the multiple comparisons analysis
did not yield significant differences between treatment
groups during any individual week (P > 0.59). A treatment by parity effect was observed for the preformed
FA as a proportion of FA (P = 0.04) such that there
was no difference between parity groups for cows fed
the EXP diet (P = 0.91); however, within the CON
treatment, second-lactation cows had higher preformed
FA (g/100 g of FA) than third-lactation and greater
cows (48.4 vs. 41.3 g/100 g of FA; P < 0.01).
Journal of Dairy Science Vol. 102 No. 6, 2019

Health Disorders and Reproductive Performance

Farm-determined health disorder incidence is reported in Table 7. Because of the small population of
cows in the study, caution should be used when interpreting these results. Cows fed EXP tended to have a
greater displaced abomasum incidence (P = 0.06) and
cows fed CON tended to have a greater clinical mastitis
incidence (P = 0.09). Notably, we observed no cases
of milk fever involving recumbency; however, 2 cows
fed the CON diet were borderline hypocalcemic based
on blood measurement with the on-farm electrolyte
analyzer and other visual signs, and were treated with
intravenous Ca as a preventative measure. Two cows
fed EXP exhibited signs of hypocalcemia (cold and
lethargic) but did not warrant Ca treatment because
the serum mineral results from the on-farm electrolyte

SYNTHETIC ZEOLITE A EFFECTS ON HYPOCALCEMIA

Figure 3. Least squares means and SE for prepartum and postpartum DMI (kg/d) for multiparous cows fed a control prepartum
diet (CON) or a control prepartum diet with the addition of synthetic
zeolite A (EXP). Prepartum and postpartum data were analyzed separately. A treatment effect was detected during the prepartum period
(P = 0.07) but not during the postpartum period (P = 0.51). A treatment by week effect was detected during the prepartum period (P =
0.04) but not during the postpartum period (P = 0.16).

analyzer showed adequate Ca levels but low levels of
P and Mg; therefore, those 2 cows were treated with P
and Mg as a preventative measure. Before electrolyte
treatment, an additional serum sample was acquired for
analysis at the Cornell Animal Health and Diagnostic

Center to confirm treatment decisions, and the mineral
results are presented in Table 8.
Eleven out of 52 animals (CON = 8 cows, EXP =
3 cows) were right-censored because they were culled
before becoming pregnant (n = 1) or did not become
pregnant during the first 150 DIM (n = 10). The median time to pregnancy in the first 150 DIM for animals
fed EXP was 70 d, whereas for cows fed CON it was 89
d (Figure 4A). When we controlled for parity, cows fed
EXP tended to have a higher hazard of becoming pregnant within 150 DIM compared with cows fed CON
[hazard ratio (95% CI) = 1.76 (0.93–3.33); P = 0.08].
Third-lactation and greater animals had a lower hazard
of becoming pregnant within 150 DIM compared with
second-lactation animals [0.54 (0.29–1.02); P = 0.06].
When observing the effects of hypocalcemia status
on time to pregnancy, 0/12 eucalcemic cows, 5/30 SCH
cows, and 6/10 cSCH cows were right-censored. The
median time to pregnancy in the first 150 DIM for eucalcemic cows was 69 d compared with 73 d for SCH
cows. Only 40% of cows with cSCH became pregnant by
150 DIM (Figure 4B). Hypocalcemia status was found
to be associated with time to pregnancy (P = 0.01).
When we controlled for parity, cSCH cows had a lower
hazard [0.18 (0.06–0.57); P < 0.01] of becoming pregnant within 150 DIM compared with eucalcemic cows;

Table 5. Least squares means and SE for prepartum and postpartum DMI, DMI as a percentage of BW,
energy balance (EBAL), rumination, BW, change in BW, and BCS
Treatment1
Variable
Prepartum4
DMI, kg/d
DMI, % of BW
EBAL, Mcal/d
Rumination, min/d
BW, kg
BW change,5 kg
BCS
Postpartum6
DMI, kg/d
DMI, % of BW
EBAL, Mcal/d
Rumination, min/d
BW, kg
BW change,7 kg
BCS

P-value2

CON

EXP

SEM

T

T×W

T × Parity3

14.6
1.82
5.4
521
808
17
3.37

14.0
1.79
4.4
500
790
6
3.29

0.2
0.03
0.4
7
4
4
0.02

0.07
0.44
0.05
0.03
<0.001
0.04
0.008

0.04
0.10
0.11
0.77
0.02
—
0.32

0.24
0.32
0.26
0.64
0.68
0.24
0.53

21.7
3.09
−11.8
512
713
−36
3.14

22.2
3.16
−11.9
523
708
−36
3.11

0.5
0.06
0.7
12
5
8
0.03

0.51
0.36
0.91
0.61
0.42
0.96
0.34

0.16
0.20
0.66
0.34
0.82
—
0.01

0.51
0.64
0.91
0.07
0.85
0.29
0.51

1

CON = control diet; EXP = control diet plus synthetic zeolite A.
T = treatment; W = week.
3
Parity = cows entering second lactation versus third lactation and greater.
4
Data collected weekly or daily and reduced to weekly means (DMI, rumination) in the 21 d before parturition.
5
Difference between BW measurements at wk −3 and −1 relative to parturition.
6
Data collected weekly or daily and reduced to weekly means (DMI, rumination) from parturition through 4
wk postpartum.
7
Difference between BW measurements at wk 1 and 4 relative to parturition.
2
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Table 6. Least squares means for postpartum colostrum measurements, milk yield, and composition during
the first 4 wk of lactation, and milk yield over the first 9 wk of lactation
Treatment2
Variable1
Colostrum weight, kg
Colostrum volume, L
Colostrum IgG, mg/dL
Colostrum IgG yield, g
Colostrum, % Brix
Milk yield, kg/d
wk 1–4
wk 1–9
Fat, %
Fat, kg/d
3.5% FCM,5 kg/d
True protein, %
True protein, kg/d
Lactose, %
Lactose, kg/d
TS, %
TS, kg/d
ECM,6 kg/d
ECM/DMI
MUN, mg/dL
SCS
De novo fatty acids
g/100 g of milk
g/100 g of fatty acids
g/d
Mixed fatty acids
g/100 g of milk
g/100 g of fatty acids
g/d
Preformed fatty acids
g/100 g of milk
g/100 g of fatty acids
g/d

P-value3

CON

EXP

SEM

T

T×W

T × Parity4

7.3
7.3
7,628
494
25.9

5.8
5.7
8,342
441
27.2

0.8
0.8
483
41
0.7

0.16
0.13
0.29
0.35
0.19

—
—
—
—
—

0.13
0.12
0.95
0.10
0.25

48.0
51.7
4.17
1.98
52.9
3.19
1.51
4.58
2.22
13.03
6.23
53.0
2.47
12.46
1.07

47.5
50.7
4.32
2.03
53.6
3.30
1.55
4.59
2.20
13.32
6.30
53.8
2.47
10.90
1.08

0.8
0.8
0.08
0.04
1.0
0.05
0.03
0.02
0.04
0.11
0.11
0.9
0.05
0.44
0.26

0.58
0.37
0.17
0.35
0.59
0.09
0.33
0.78
0.67
0.07
0.65
0.50
0.95
0.01
0.98

0.99
0.84
0.05
0.26
0.45
0.24
0.88
0.59
0.54
0.18
0.66
0.57
0.47
0.87
0.72

0.02
0.05
0.58
0.21
0.11
0.10
0.49
0.22
0.08
0.19
0.13
0.14
0.73
0.47
0.91

0.83
21.5
395

0.87
21.5
408

0.02
0.4
11

0.21
0.95
0.39

0.71
0.14
0.30

0.32
0.35
0.58

1.32
33.7
621

1.42
35.0
668

0.04
0.7
19

0.05
0.18
0.08

0.96
0.45
0.58

0.07
0.01
0.81

1.74
44.9
834

1.77
43.5
830

0.05
0.9
24

0.73
0.53
0.96

<0.01
0.04
0.02

0.50
0.04
0.19

1
Data collected weekly or daily and reduced to weekly means (milk yield) from parturition through 4 wk postpartum or through 9 wk postpartum (milk yield).
2
CON = control diet; EXP = control diet plus synthetic zeolite A.
3
T = treatment; W = week.
4
Parity = second lactation versus third lactation and greater.
5
3.5% FCM = (0.432 × kg of weekly average milk yield) + (16.216 × kg of fat).
6
ECM = (0.327 × kg of weekly average milk yield) + (12.95 × kg of fat) + (7.65 × kg of true protein).

Table 7. Incidence of health disorders and electrolyte treatment
through 28 DIM for multiparous cows fed a control prepartum diet
(CON) or a control prepartum diet with the addition of synthetic
zeolite A (EXP)

however, SCH cows did not differ from eucalcemic cows
(P = 0.29). Third-lactation and greater animals tended
to have a lower hazard [0.59 (0.31–1.11); P = 0.10)
than second-lactation animals.

Treatment
Disorder
Clinical mastitis
Metritis
Retained placenta
Displaced abomasum
Milk fever
Injury
Hyperketonemia
Pneumonia
Ca treatment
P and Mg treatment

CON

EXP

P-value

DISCUSSION

3
0
5
0
0
3
10
1
2
0

0
0
3
3
0
3
8
3
0
2

0.09
—
0.55
0.06
—
0.55
0.77
0.25
0.17
0.13

The main objective of this study was to determine
the effect of feeding synthetic zeolite A for 3 wk before
expected calving on serum macromineral status and
subclinical hypocalcemia. Previous studies showed similar results in serum Ca status during the periparturient
period for cows fed synthetic zeolite A (Thilsing-Hansen et al., 2002; Pallesen et al., 2008; Grabherr et al.,
2009a). On average, cows fed synthetic zeolite A had Ca
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Table 8. Serum mineral concentrations before electrolyte treatment, as analyzed at the Cornell University Animal Health Diagnostic Center
(Ithaca, NY), of cows classified as borderline hypocalcemic by the herd health crew
Cow ID

Treatment1

448
9599
9747
9979

CON
EXP
EXP
CON

DIM

Ca, mmol/L

P, mmol/L

Mg, mmol/L

6
0
2
0

1.77
1.97
2.20
1.37

1.68
0.61
0.90
1.39

0.91
0.62
0.70
0.91

Electrolyte treatment
Ca
P, Mg
P, Mg
Ca

1

CON = control diet; EXP = control diet plus synthetic zeolite A.

concentrations approximately 0.4 mmol/L greater than
those of the control group during the first DIM. Similar
differences were found within the first DIM when utilizing a low-Ca prepartum diet approach compared with
a high-Ca prepartum diet (Green et al., 1981). Differences in serum Ca concentrations were reflected in the
proportion of cows per treatment with SCH within the
first 3 DIM. None of the EXP-fed cows were categorized retrospectively as having cSCH, whereas 34% of
the cows fed the CON diet were classified as having
cSCH. Caixeta et al. (2017) observed decreased ovarian
function and decreased odds of becoming pregnant at
first service for cows diagnosed with cSCH compared
with eucalcemic or SCH cows.
Cows fed EXP had a pronounced decrease in serum
P during the prepartum and immediate postpartum
period compared with the cows fed CON. Previous
studies have shown similar results when cows were fed
diets supplemented with zeolite A (Thilsing-Hansen et
al., 2002; Pallesen et al., 2008; Grabherr et al., 2009a).
The decrease in serum P is likely due to the decreased

availability of dietary P when supplemented with zeolite A (Thilsing et al., 2007). Although the treatment
diets supplied about the same amount of P, Thilsing et
al. (2006) reported that zeolite A will bind to dietary P
at a pH close to that of the abomasum and small intestine environment, rendering dietary P unavailable for
absorption. Elevated blood P can inhibit the conversion
of 1,25-dihydroxyvitamin D from 25-hydroxyvitamin D
when blood P is around or greater than 2.0 mmol/L
(Goff, 2006). Without this conversion, Ca absorption
activity is not increased in the small intestine, regardless of PTH synthesis activation (Goff, 2006). Similarly,
Kichura et al. (1982) showed that feeding a diet low
in P and Ca during the prepartum period improved
Ca status compared with feeding a diet high in P and
low in Ca. More recently, Cohrs et al. (2018) observed
improved Ca status at d 1 and 2 of lactation for cows
fed a prepartum diet low in P compared with cows
fed adequate P. A previous synthetic zeolite A study
observed an increase in serum 1,25-dihydroxyvitamin
D, suggesting the increased absorptive capacity of Ca

Figure 4. Survival curves estimating the time to pregnancy for multiparous cows (A) fed a control prepartum diet (CON) or a control
prepartum diet with the addition of synthetic zeolite A (EXP), and (B) categorized as being eucalcemic (no SCH; 0 samples with Ca <2.125
mmol/L), subclinical hypocalcemic (SCH; 1 to 3 samples with Ca <2.125 mmol/L), or chronic subclinical hypocalcemic (cSCH; 4 samples with
Ca <2.125 mmol/L) between parturition and 3 DIM.
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in the intestines (Thilsing-Hansen et al., 2002). The
decrease in prepartum serum P in cows fed zeolite A
could be a plausible mechanism for the improved Ca
status exhibited; however, future work is needed to
evaluate this hypothesis (Pallesen et al., 2008). It is
unclear how hypophosphatemia independently affects
cows because it generally occurs concurrently with hypocalcemia. Unlike the situation with Ca, we are not
aware of published epidemiological studies that relate
circulating concentrations of P during the periparturient period with health, production, and reproduction
outcomes, suggesting that there is an opportunity for
more research in this area.
Treatment differences were detected in serum Mg
during the week before calving and within the first
DIM; however, concentrations were still within the normal range of 0.75 to 1.0 mmol/L (Goff, 1999). Regulatory mechanisms do not exist for maintaining blood Mg
concentration; rather, it is a reflection of the absorption
of Mg from the diet (Goff, 2006). Although Thilsing et
al. (2006) showed Mg-binding capabilities by zeolite A,
mean serum Mg concentrations remained within the
normal range, indicating that dietary Mg supplementation was likely adequate for both treatments. It has
been proposed by others that the transient increase in
serum Mg concentration at parturition (as seen in the
cows fed CON) is due to increased reabsorption in the
renal tubules of the kidney in response to increased
circulating PTH as a result of hypocalcemia (Riond et
al., 1995; Goff, 2006), which then decreases through 3
DIM due to the increased requirement for colostrum
(Shappell et al., 1987). It is unclear why we did not see
a similar pattern in the cows fed EXP.
Our secondary objective was to determine the effect
of feeding synthetic zeolite A for the 3 wk before expected calving on DMI, milk yield, and other aspects of
performance. Previous studies observed decreased DMI
when feeding zeolite A for 2 wk before expected calving
(Thilsing et al., 2007; Pallesen et al., 2008; Grabherr
et al., 2009a). In the current study, we observed a
treatment by week effect such that EXP cows did not
differ in DMI at 3 wk before calving but had a greater
reduction in DMI than CON-fed cows as parturition
approached. Although absolute DMI tended to be
decreased in cows fed EXP compared with CON, we
detected no treatment effect when comparing DMI as a
percentage of BW, which was likely due to the EXP-fed
cows not gaining as much BW during the prepartum
period due to a lower DMI compared with CON-fed
cows. There were no treatment effects on DMI during
the postpartum period.
Thilsing et al. (2006) stated that there are unknown
effects of having low available Ca in the rumen due to
zeolite A supplementation; however, we speculate that
Journal of Dairy Science Vol. 102 No. 6, 2019

zeolite A supplementation affects the rate of digestion
by altering the availability of Ca and potentially other
macrominerals. Cows fed the EXP diet had decreased
rumination during the prepartum period compared with
cows fed the CON diet. Compared with other studies
that measured rumination during the dry cow period,
both treatments had above-average daily rumination
rates (Liboreiro et al., 2015; Kaufman et al., 2016; Paudyal et al., 2016) suggesting that the observed reduction may not be of critical importance. The difference
in time spent ruminating during the prepartum period
between the 2 treatments may reflect the difference in
particle size (Beauchemin, 2018) or DMI. Although
particle size was not determined in this study, the diets
were identical except for the addition of zeolite A to
the EXP diet, creating a dilution effect of the diet.
Therefore, a greater proportion of the EXP diet had a
smaller particle size due to the zeolite A compared with
the CON diet. In sheep, PTH has been shown to have
relaxing effects on the reticulo-rumen smooth muscle,
resulting in decreased ruminal contractions (Care et al.,
1999). Although we did not measure blood PTH concentrations in the current study, it is plausible that the
EXP-fed cows had increased circulating PTH compared
with the CON-fed cows, resulting in slight differences
in rumination rates. However, there are discrepancies
in the literature as to whether PTH is activated. One
previous zeolite A study did not show an increase in
circulating PTH (Enemark et al., 2003) while ThilsingHansen et al. (2002) observed an increase in serum
1,25-dihydroxyvitamin D, indicating PTH activation;
however, indicators of bone resorption were not observed in this study. Future work should investigate the
role of PTH on rumination activity in zeolite A-fed
cows. Postpartum rumination did not differ between
treatments; however, there were numerical differences
during the first week of lactation such that cows fed
the EXP diet were ruminating for an additional 30
min/d compared with the CON-fed cows while consuming approximately 1 kg/d more DM. This may be
a reflection of the improved Ca status during the first
week of lactation in the EXP-fed cows as rumination
requires smooth muscle to contract and is dependent on
the ionized Ca concentration in the extracellular fluid
(Hall, 2011).
To our knowledge, previous studies did not investigate colostrum quantity or quality measures as affected
by dietary zeolite A. Shappell et al. (1987) showed an
increase in colostrum Ca concentration when a low Ca
diet was fed during the prepartum period, indicating
that Ca status is linked to colostrum composition.
Adequate blood Ca concentration has been linked to
improved immune function during the transition period
(Kimura et al., 2006; Martinez et al., 2012) and Ca has
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been recognized as being an important signaling molecule in B cell function that could influence IgG production (Baba and Kurosaki, 2011). Despite improved
Ca status during the periparturient period in cows fed
the EXP diet, these cows did not have significantly
improved IgG concentration or yield compared with
cows fed CON.
We found no differences in milk yield between treatments, similar to results from previous studies (Thilsing-Hansen et al., 2002; Thilsing et al., 2007; Grabherr
et al., 2009a), nor did we observe a difference in ECM.
Fat and protein yield also did not differ between treatments as seen in previous studies (Thilsing-Hansen et
al., 2002; Thilsing et al., 2007), whereas Grabherr et al.
(2009a) reported no differences in fat, protein, and lactose concentrations. The treatment by week effect seen
with the milk fat concentration is likely a reflection
of either body fat mobilization or absorption from the
diet, because we saw similar trends with the preformed
FA yield and concentration. Future studies should look
at longer term milk production effects with larger numbers of cows.
Numerous trace minerals are incorporated into
antioxidant enzymes and play a role in the immune
system, aiding the immune function of the cow during the transition period (Spears and Weiss, 2008). To
our knowledge, previous studies on synthetic zeolite A
have not investigated whether the compound has the
capacity to bind to dietary trace minerals. Although
we did not specifically look at the binding capacity
of zeolite A, we did not see any significant differences
in oxidant status between treatments, indicating that
zeolite A supplementation did not negatively affect the
antioxidant defense system.
To our knowledge, previous synthetic zeolite A studies have not evaluated reproductive performance. Cow
numbers were limited in this study and caution should
be used when interpreting these results. Feeding the
EXP diet tended to result in an improved time to pregnancy, which is likely related to Ca status of the cow
as observed by Martinez et al. (2012) and Caixeta et
al. (2017). Martinez et al. (2012) observed a tendency
for eucalcemic cows to have a greater hazard of becoming pregnant within 230 DIM compared with SCH
cows [1.61 (0.97–2.65); P = 0.06], whereas Caixeta et
al. (2017) did not find a difference between hypocalcemia groups and time to pregnancy; however, they
only evaluated time to pregnancy within 120 DIM and
used a total blood Ca concentration of ≤2.15 mmol/L.
Compared with eucalcemic cows, cSCH cows did have
lower odds of becoming pregnant at first service. Further research involving more cows is needed to validate
the improved time to pregnancy findings of this study.

CONCLUSIONS

Supplementing diets with synthetic zeolite A for 3 wk
before parturition improved Ca status in cows during
the periparturient period yet resulted in similar postpartum performance outcomes between the 2 treatment
groups. Feeding zeolite A decreased SCH compared
with the control group and eliminated cSCH. Cows
fed the zeolite A had improved time to pregnancy, although future work should further evaluate effects of
prepartum zeolite A supplementation on postpartum
reproductive performance. We also did not observe a
treatment effect on oxidative metabolism, as reflected
in the lack of change of AOP, RONS, and OSi. Feeding
synthetic zeolite A during the prepartum period is effective in improving Ca status during the postpartum
period.
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