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ABSTRACT

Incidence of subclinical hypocalcemia in early post-
partum dairy cows continues to be an animal welfare
concern and an economic burden for producers. Feed-
ing prepartum negative dietary cation-anion difference
(DCAD) diets produces metabolic acidosis, which sup-
ports mobilization of bone calcium and reduces the inci-
dence of hypocalcemia. Achieving a sufficient degree of
metabolic acidosis without reducing dry matter intake
(DMI) can be difficult. This study compared the ability
of MegAnion (MA; Origination O2D Inc., Maplewood,
MN), a new DCAD supplement designed to be more
palatable than typical anionic salt sources, and another
palatable commercial DCAD product, SoyChlor (SC;
Landus Cooperative, Ralston, IA), to reduce urine pH
(a surrogate for metabolic acidosis) without reducing
prepartum DMI. A secondary objective was to assess
the effect of these anionic supplements on postpartum
serum calcium concentrations and DMI. Prepartum
multiparous Holstein (HO) and crossbred (XX) cows
were blocked by breed and expected calving date and
randomly assigned within breed to total mixed rations
(TMR) with MA or SC and DCAD values of —215
mEq/kg of DM. Cows (n = 56; 15 MA-HO, 12 SC-
HO, 15 MA-XX, 14 SC-XX) consumed the treatment
TMR for at least 19 d and completed the 28 d in milk
(DIM) phase of the study. Urine and blood samples
were collected weekly and at 1, 2, and 3 DIM. Data
were analyzed as a randomized block design by re-
peated measures with week or DIM as the repeated
effect. Prepartum urine pH decreased from 8.15 + 0.27
before treatment to 6.12 4+ 0.14 during treatment, was
not affected by anionic supplement, and increased im-
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mediately after calving when all cows consumed the
same early-lactation TMR. Prepartum serum calcium
concentrations were not affected (2.34 vs. 2.33 + 0.02
mmol/L) by treatment, whereas nonesterified fatty
acids were lower (86 vs. 120 & 10 mmol/L) and insulin
was greater (215 vs. 174 £+ 10 pmol/L) in cows fed MA
than in cows fed SC. These differences are supported
by the numerically greater prepartum DMI (1.2 kg/d)
and energy balance (1.8 Mcal/d) of cows fed MA. How-
ever, pre- and postpartum DMI and other production
variables, including body weight, body condition score,
milk yield, and energy balance, were not affected by
treatment. This lack of difference indicates that MA
provides another effective source of anionic salts for
diets designed to reduce urine pH and induce metabolic
acidosis in prepartum dairy cows.
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INTRODUCTION

Hypocalcemia has been reported as a problem in
early-lactation dairy cows for more than 2 centuries
(Murray et al., 2008). Clinical hypocalcemia or milk
fever is typically defined as blood Ca concentration
<1.4 mmol /L. with the presence of clinical signs (i.e.,
recumbency, lethargy, hypothermia, and rumen atony),
and subclinical hypocalcemia (SCH) is characterized
as blood Ca concentration <2.15 mmol/L without vis-
ible clinical signs (Reinhardt et al., 2011; Martinez et
al., 2012). More effective nutritional management dur-
ing the dry period and early lactation and a greater
understanding of transition cow physiology have helped
decrease the incidence of milk fever to 1% or less (Rein-
hardt et al., 2011; Oetzel and Miller, 2012). Conversely,
the incidence of SCH remains high during the first 3
DIM, with estimates ranging from 25 to 73% and in-
creasing with parity (Reinhardt et al., 2011; Caixeta et
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al., 2015). Tt is important to highlight that even in the
absence of clinical signs, low blood Ca can predispose
a cow to impaired immune function, metritis, displaced
abomasum, impaired reproductive performance, and
increased risk of culling (Chapinal et al., 2011; Marti-
nez et al., 2012; Caixeta et al., 2017).

Feeding prepartum cows a negative-DCAD diet in-
duces a state of compensated metabolic acidosis, which
enhances the capacity to mobilize Ca from bones while
maintaining parathyroid hormone activity (Goff and
Horst, 2003). This increased availability of Ca explains
the beneficial effects of feeding negative-DCAD diets to
the periparturient cow (Goff and Horst, 2003; Martin-
Tereso and Verstegen, 2011; Goff, 2018). Negative-
DCAD diets can be formulated through the inclusion
of anionic salts. Although the optimum DCAD value
for prepartum diets has not been established (Leno et
al., 2017; Santos et al., 2019), dairy producers have
been using negative-DCAD diets for more than 30 yr
to reduce the incidence of milk fever and SCH (Iwaniuk
and Erdman, 2015). Nonetheless, the incidence of post-
partum SCH continues to be a concern for the dairy
industry, and considerable interest is directed toward
improving our understanding of factors that affect the
effectiveness of anionic supplements used to produce
negative-DCAD diets (Leno et al., 2017; Lopera et al.,
2018; Santos et al., 2019).

MegAnion (MA; Origination O2D Inc., Maplewood,
MN) is designed to be a palatable anionic supplement
that can be used to formulate negative-DCAD diets
for prepartum cows. This extruded organic complex
is manufactured to contain a large amount (>22% of
DM) of ClI (Origination O2D Inc., 2019), which reduces
the amount needed to achieve a desired DCAD value.
Our preliminary use of the product indicates that the
extrusion process produces a stable organic complex
that is easy to handle and is readily accepted by dairy
cattle (B. A. Crooker and J. Faser, unpublished data).
The greater chloride content contributes to the need
to use less MA than other salt mixtures to achieve a
desired DCAD value. MegAnion provides an option to
formulate negative-DCAD rations with a minimal effect
on dietary energy and nutrient content (low inclusion
rate).

The hypothesis of this study was that prepartum
diets formulated with MA would provide the same
physiological benefits to the cow as another commercial
chloride-based source of anionic salts, SoyChlor (SC;
Landus Cooperative, Ralston, TA), if the diets were
formulated to have similar DCAD values. The primary
objectives of the study were to determine the effects
of DCAD supplement source on prepartum urine pH,
serum Ca concentration, and DMI when dry cows were
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fed negative-DCAD diets formulated with supplements
based on MA or SC. The secondary objectives were to
determine the effects of these prepartum DCAD sources
on postpartum serum Ca concentration and DMI.

MATERIALS AND METHODS
Animals and Experimental Design

The experiment was conducted at the University of
Minnesota Dairy Cattle Teaching and Research Facility
on the University of Minnesota St. Paul campus from
September 2017 through March 2018. All procedures
for animal handling and care were approved by the
University of Minnesota Institutional Animal Care and
Use Committee. Holstein (HO; n = 36) and crossbred
(XX; n = 30) cows entering their second or greater
lactation were enrolled, housed in individual tiestalls,
and fed nonlimiting amounts of TMR. All cows had
been housed at the dairy for at least 1 complete lac-
tation before enrollment and were well accustomed
to the facility, procedures, and handling conditions.
Crossbreeding at this dairy since the early 2000s has
produced Montbéliarde x HO, Jersey x HO, and most
recently a rotational cross of HO, Montbéliarde, and
Viking (Swedish) Red. The distribution of these 30
heterogeneous XX cows in a reverse sire breed sequence
grouping was 4 HSMH, 5 MHSMH, 12 MSHMJH, 1
SHMHJH, 7 SHMJH, and 1 SMHSMH, where each let-
ter is the corresponding first letter of one of the breeds
(S for Swedish Red) that were used in this effort. Previ-
ous work (Leno et al., 2017) and results from our dairy
with multiparous HO and XX cows (Weich et al., 2013)
were used to estimate variances for prepartum pH (0.49
units), serum Ca (0.11 mmol/L), and DMI (2.9 kg/d)
and for postpartum serum Ca (0.11 mmol/L) and DMI
(4.0 kg/d). A power analysis indicated that 30 cows
per treatment should provide sufficient power (>80%)
to detect (P < 0.05) prepartum differences of 0.36 pH
units, 0.08 mmol of Ca/L, and 2.1 kg of DMI/d. Com-
parable differences with 16 cows per breed x treatment
combination were 0.50 pH units, 0.11 mmol of Ca/L,
and 2.9 kg of DMI/d. The power analysis indicated
that postpartum differences of 0.08 and 0.11 mmol of
Ca/L and 2.9 and 4.0 kg of DMI/d could be detected
with 30 cows per treatment and with 16 cows per breed
x treatment combination, respectively.

Cows were blocked by breed (HO or XX) and ex-
pected calving date and randomly assigned within
breed to consume a prepartum TMR that contained
a DCAD premix formulated with MA or SC as the
primary source of anionic salts (Table 1). This 2 x 2
factorial arrangement generated 4 treatments: MA fed
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to HO (MA-HO) or XX (MA-XX) cows and SC fed
to HO (SC-HO) or XX (SC-XX) cows. The premixes
had DCAD values of —1,147 and —1,172 mEq/kg of
DM, respectively, and were mixed into the same basal
prepartum TMR formulated to have a DCAD of —156
mEq/kg of DM. These prepartum treatment TMR
(Table 2) were fed beginning 28 + 3 d before expected
calving through actual calving. Cows had to consume
the treatment for at least 19 d to remain in the study.
After calving, all cows received the same postpartum
diet (Table 2) through 28 DIM. Cows were fed once
daily between 0930 and 1100 h and milked twice daily
between 0400 and 0800 h and between 1600 and 2000
h. Milk yield and amounts of feed offered and refused
were determined daily.

Measurements, Sample Collection, and Analysis

Urine and blood samples were collected on Tuesdays
between 1000 and 1200 h on the day before treatment
initiation and weekly thereafter through 4 wk postpar-
tum. Urine and blood samples were also collected at 1,

Table 1. Ingredient composition of the dry-period DCAD premixes

DCAD premix

Ingredient, % of DM MegAnion  SoyChlor
Soybean meal, 47% protein 21.61 43.28
Soy hulls 28.73 9.24
Canola meal 21.61 —
Blood meal 2.46 2.52
MegAnion anionic supplement' 14.64 —
Soychlor anionic supplement? — 34.45
Urea, 46% — 1.40
Dicalcium phosphate, 21% 0.55 1.12
Calcium carbonate 3.15 —
Magnesium oxide, 54% 1.09 —
Magnesium sulfate with 7H,O — 0.98
Ammonium chloride — 0.70
Bio-Sel Dry Cow 1000 with Rumensin® 2.46 2.52
ReaShure Choline’ 1.92 1.96
Animal fat 0.82 0.84
Vitamin E° 0.55 0.56
Yeast DV XPC° 0.41 0.42

'Origination 02D Inc., Maplewood, MN. Contains (% of DM) 81.5%
CP, 3.8% ADF, 7.5% NDF, 0.52% ether extract, 0.26% Ca, 0.49% P,
2.5% Mg, 1.60% K, 0.07% Na, 23.7% Cl, and 3.1% S. DCAD = (Na
+ K) — (Cl 4+ S) = —8,270 mEq/kg of DM according to Goff (2018).
*Landus Cooperative, Ralston, IA. Contains (% of DM) 20.1% CP,
2.4% ADF, 26% NDF, 27.9% NFC, 5.1% ether extract, 4.5% Ca,
0.30% P, 2.8% Mg, 0.48% K, 0.04% Na, 10.3% CI, and 0.35% S. DCAD
= (Na + K) — (Cl + S) = —2,980 mEq/kg of DM according to Goff
(2018).

*Dry cow mineral supplement (Vita Plus Corporation, Madison, WI)
with 4.03 g/kg Rumensin (Elanco, Greenfield, IN).

‘Balchem, New Hampton, NY.

544,000 TU /kg.

Diamond V, Cedar Rapids, TA.
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2, and 3 d postpartum. Urine and blood were collected
within 24 h after calving for the 1-d postpartum sam-
ple. Manual stimulation was used when necessary to
collect clean, mid-stream urine samples. Urine pH was
determined within 30 min of collection using a CMS

Table 2. Ingredient and nutrient content of the TMR

Dry-period TMR

Lactation
Component MegAnion  SoyChlor TMR
Ingredient, % of DM
Corn gluten feed 7.80 7.81 5.45
Corn silage 35.88 35.92 40.36
Grass hay 34.95 35.38 —
MegAnion premix’ 21.37 — —
SoyChlor premix” — 20.89 —
Alfalfa hay — — 14.36
Milk cow protein mix® — — 20.00
QLF commercial dairy mix* — — 4.55
Cottonseed, fuzzy — — 5.45
Ground shell corn — — 9.09
Energy Booster 100° — — 0.73
Nutrient content,” DM basis
DM, % 55.1 55.9 51.7
CP, % 14.6 14.6 15.5
ADF, % 27.3 29.7 19.2
NDF, % 46.3 45.6 29.8
TDN, % 67.3 67.3 72.0
NE;, Mcal/kg 1.57 1.58 1.69
NE,;, Mcal/kg 1.53 1.53 1.73
Ca, % 0.50 0.67 0.65
P, % 0.39 0.41 0.39
Mg, % 0.40 0.44 0.34
K, % 0.97 0.98 1.22
Na, % 0.09 0.10 0.40
Fe, mg/kg 340 279 276
Zn, mg/kg 108 88.0 74.3
Cu, mg/kg 15.5 17.5 14.5
Mn, mg/kg 84.3 93.0 64.8
Mo, % 1.3 1.5 1.8
S, % 0.30 0.26 0.29
Cl ion, % 1.08 1.28 0.53
DCAD,” mEq/kg —200 —228 153

'Origination 02D Inc., Maplewood, MN. See Table 1 for composition.
’Landus Cooperative, Ralston, IA. See Table 1 for composition.
*Extrafine rolled corn, 29.72%; soybean meal 47% protein, 17.50%;
canola meal, 12.50%; Amino Plus (AG Processing Inc., Omaha, NE),
8.75%; blood meal, 6.25%; calcium carbonate, 5.50%; sodium bicar-
bonate, 5.00%; distillers grain, 5.00%; WR, Elite Dairy Micro (Vita
Plus Corporation, Madison, WI), 2.50%; potassium carbonate, 2.00%;
UltraMet (Vita Plus Corporation), 2.00%; sodium chloride, 2.00%;
urea 46% N, 1.25%; Rumensin 90 (Elanco Animal Health, Greenfield,
IN), 0.03%.

*Quality Liquid Feeds, Dodgeville, WI. Molasses-based liquid supple-
ment of soluble sugars and protein developed from cane molasses,
condensed whey, urea, and sulfuric acid. The liquid supplement DM
contained total sugars as invert, 58.6%; CP, 11.8%; NPN, 38%; fat,
0.5%; Ca, 1.16%; P, 0.42%; K, 4.82%; Mg, 0.47%; S, 0.95%; Na, 0.47%;
and Cl, 2.86%.

Milk Specialties Global, Eden Prairie, MN. Hydrolyzed animal and
vegetable fat.

®Means from analyses of composites (n = 4) generated from 8 weekly
samples for each TMR.

DCAD = (Na + K) — (Cl 4 S) according to Goff (2018).
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Labcraft pH 101 meter with a 024-050 probe (Curtin
Matheson Scientific, Houston, TX) that was calibrated
before each use with standard buffer solutions (pH 4.0,
7.0, and 10.0). Blood samples were collected from coc-
cygeal vessels using vacuum serum tubes (Vacutainer;
Becton Dickinson, Franklin Lakes, NJ) and allowed to
clot at room temperature for 30 min before serum was
isolated by centrifugation at 1,200 x ¢ for 20 min at
4°C. Serum was aspirated and stored at —20°C until
analyzed.

Milk samples were collected from consecutive p.m.
and a.m. milkings once weekly. A proportional sampler
was attached to the milking unit to collect a represen-
tative sample of each cow’s entire milking. A 30- to
50-mL aliquot of each sample was preserved with liquid
Bronolab-W 1II for analysis (Stearns County DHIA
Laboratory, Sauk Centre, MN) of fat, true protein,
lactose, and SCC with a CombiScope FTIR 600HP
(PerkinElmer, Waltham, MA). Grab samples of the
TMR from individual batches were composited weekly
and DM at 60°C for 48 h was determined. Composites
(n = 4/TMR) from 8-wk periods were analyzed (Dairy
One Forage Testing Laboratory, Ithaca, NY) using wet
chemistry techniques. Sample DM was determined in a
forced-air oven at 60°C for 4 h, with residual moisture
determined by near-infrared reflectance spectroscopy
(method 991.01; AOAC International, 2006) and CP
concentration determined by combustion (method
990.03; AOAC International, 2006). Sample fiber
concentrations were determined (Ankom Technology,
2017) using method 973.18 (AOAC International, 2006)
for ADF and using detergent solutions with heat-stable
a-amylase and sodium sulfite (Van Soest et al., 1991)
for NDF. Sample Ca, P, Mg, K, Na, Fe, Zn, Cu, Mn,
Mo, and S concentrations were determined using in-
ductively coupled plasma methodology after microwave
digestion (MARS 6) with NHO3, HCI, and H,O, (CEM
Corporation, 2019). Sample Cl ion concentrations were
determined by potentiometric titration with AgNO,
after digestion with HNO; (Cantliffe et al., 1970).
Throughout the study, BW and BCS were measured
weekly. The same trained evaluator scored BCS at
0.25-unit intervals (NRC, 2001).

Serum nonesterified fatty acid [NEFA; NEFA-HR
(2), Wako Life Sciences, Mountain View, CA] concen-
trations were determined by colorimetric assays with
volumes modified for use in a 96-well plate. Samples
were analyzed in duplicate. Intra- and interassay coef-
ficients of variation were 6.4 and 11.3%, respectively.
Serum insulin concentrations were measured using a
porcine insulin RIA (Millipore, Billerica, MA). The as-
say was validated (data not presented) for recovery and
linearity of dilution with bovine serum. Samples were
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analyzed in duplicate. The minimal detectable concen-
tration was 1.6 pU/mL, and the intra- and interassay
coefficients of variation were 5.8 and 5.3%, respectively.
Serum samples submitted to the Marshfield Veterinary
Laboratory (Marshfield, WI) for the determination of
total Ca, K, Mg, glucose, BUN, and BHB concentra-
tions were analyzed using a high-throughput chemistry
analyzer (AU680, Beckman Coulter, Brea, CA). Intra-
and interassay coefficients of variation for these serum
components were less than 3 and 5%, respectively.

Calculations and Statistical Analysis

As-fed intake was determined daily. Weekly DMI was
calculated from study initiation through 4 wk post-
partum for each cow. Milk composition was calculated
from milk weight adjusted values of samples collected
from consecutive p.m. and a.m. milkings and multiplied
by average daily yields each week to obtain daily yields
of milk components for each week of lactation. Weekly
3.5% FCM yields were calculated according to Tyrrell
and Reid (1965). Energy balance was calculated ac-
cording to NRC (2001) as energy intake minus energy
needs for maintenance (including growth for cows en-
tering their second lactation) and pregnancy for pre-
partum cows and as energy intake minus energy needs
for maintenance (including growth for second-lactation
cows) and milk produced for postpartum cows. The
potential contribution of changes in tissue energy was
not included in these calculations due to the inability to
accurately assign change in BW between change in tis-
sue weight and change in gut fill during the transition
from pregnancy to lactation (NRC, 2001).

Blood serum and urine data from each of 3 intervals
(the 4 wk of prepartum treatment, the first 3 d of lacta-
tion, and the first 4 wk of lactation) and production
variables from each of 2 intervals (the 4-wk prepartum
treatment and the first 4 wk of lactation) were ana-
lyzed separately using a randomized block design by
repeated measures (PROC MIXED of SAS; SAS Insti-
tute Inc., Cary, NC) with week of lactation or DIM as
the repeated effect and first-order autoregressive as the
covariance structure. The Kenward-Roger procedure
was used to adjust the denominator degrees of freedom.
The model included all main effects (diet, breed, and
week or DIM) and their interactions as fixed effects and
block as a random effect. Pretreatment urine pH and
serum component concentrations from the day before
treatment initiation were used as covariates for analy-
sis of the prepartum urine pH and serum component
data, respectively. Results are reported as least squares
means. Means were considered to differ when P < 0.05
and trends were identified when 0.05 < P < 0.10.
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Table 3. Descriptive characteristics of the study population

Treatment x breed'

Variable MA-HO SC-HO MA-XX SC-XX
Prepartum
Cows,” n
Parity 2 8 6 7 5
Parity 3 5 8 7 4
Parity 4+ 5 1 1 5
Treatment length, d
Mean + SD 27.8 £+ 3.6 28.2 £ 5.7 29.6 £ 5.6 28.1 £ 5.7
Range 22 to 34 19 to 42 21 to 39 20 to 37
Postpartum®
Cows, n 15 12 15 14

"Treatment groups were developed from a 2 x 2 factorial arrangement of breed [multiparous Holstein (HO)
or crossbred (XX) cows] and treatment [dry-cow TMR based on MegAnion (MA; Origination O2D Inc.,
Maplewood, MN) or SoyChlor (SC; Landus Cooperative, Ralston, IA)].

*Number of cows by parity at time of on-study calving.

*Cows (n = 6) removed after calving: a second-parity MA-HO due to caesarean birth; a fourth-parity MA-HO,
a third-parity SC-HO, and a second-parity SC-HO due to milk fever with displaced abomasal surgery; a fifth-
parity MA-HO due to milk fever; and a third-parity SC-HO due to displaced abomasal surgery.

RESULTS
Descriptive Results

The MA supplement contained more Cl (23.7 vs.
10.3% of DM) and had a more negative DCAD value
(—8,270 vs —2,980 mEq/kg of DM) than the SC sup-
plement, so less MA than SC (Table 1) was needed to
achieve the formulated DCAD value of —1,150 mEq/kg
of DM for the premixes. Similar amounts of the premix-
es were used in their respective TMR (Table 2). Mac-
ronutrient analysis of the pre- and postpartum TMR
was consistent (£5%) with formulated values (data not
presented). Measured Na, Cl, and P concentrations of
the prepartum treatment TMR were also within +5%
of formulation. However, measured S concentration was
8% more and K (—19%), Mg (—15%), and Ca (—31%)
concentrations were less than formulated values for the
prepartum TMR. The DCAD values (—200 and —228
mEq/kg of DM) of the prepartum treatment TMR
were more negative than the corresponding formulation
values of —152 and —150 mEq/kg of DM, respectively.
Although measured P concentrations were within 5% of
formulated values, values for Na (—27%), Cl (—18%),
K (—=20%), Mg (—10%), and Ca (—34%) were less and
S (+16%) concentration was greater relative to their
respective formulation values for the lactation TMR.
There was a larger discrepancy between the formulated
and measured DCAD values (decrease from 296 to 153
mEq/kg of DM) of the postpartum TMR.

A total of 66 cows were enrolled, and 4 were removed
(3 calved early, 1 feeding error) during the treatment
phase (dry period) of the study. The remaining 62 cows
completed the dry period (Table 3). Distribution of
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cows in parity 2 and 3 was similar among treatment
groups. Calving dates of the smaller number of cows
in parity 4+ resulted in a less-balanced distribution of
these cows among treatment groups. Days on treatment
was similar among groups. Due to health concerns, 6
cows were removed after calving (Table 3). Thus, 56
cows completed the lactation phase of the study.

Urine pH

There was no effect of the covariate (P = 0.98) on
urine pH during the treatment phase. Urine pH de-
creased from 8.15 to 6.12 4+ 0.13 upon treatment initia-
tion and was not affected by treatment, breed, week, or
any of the interactions during the treatment phase (P
> 0.36; Table 4, Figure 1A). Urine pH increased after
calving and was similar to pretreatment values by 3
DIM (8.23 + 0.16). During the first 3 DIM, there was a
treatment x breed x DIM interaction (P = 0.03) as the
increase in urine pH in SC-HO cows was less from 1 to
2 DIM and greater from 2 to 3 DIM compared with the
other groups (Table 5). There was also a breed x week
interaction (P = 0.04) during lactation as the increase
in HO cows was delayed relative to the increase in XX
cows (Table 6). During lactation, urine pH was greater
in cows that consumed SC (P < 0.01).

Serum Component Concentrations

There were covariate effects (P < 0.01) for Ca and
all other measured serum components except BHB (P
= 0.30) prepartum. Serum Ca concentrations were not
altered by any of the main effects (P > 0.11) or their
interactions (P > 0.35) during the prepartum period
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9(: = oz g ~2 ; o0 < Sle os 2 the MA-HO, SC-HO, MA-XX, and SC-XX groups, respectively. (A)
O S| = o = 5 28 Il Urine pH decreased upon treatment initiation but was not affected by
a = o % o m treatment, breed, week or day of lactation, or their interactions (P >
g Z z z é 0.36) during the treatment phase of the study. There was a treatment
= § <z h x breed x DIM interaction (P = 0.03) during the first 3 DIM. Urine
< S o i) €
= 2 52 5 '% pH was affected by prepartum treatment (P < 0.01) and a breed X
= = P < & week interaction (P = 0.04) during the first 4 wk of lactation but was
5 e = 80 = z not affected by any other interaction (P > 0.44). (B) Serum Ca con-
+ a3 %i :5 2 Sd e & centration was not affected (P > 0.11) by treatment, breed, week, or
& % g % £33 3 = o lE 5= g g their interactions during the treatment phase of the study. During the
&) £ g E Eﬁ E%G Sle % g £ H first 3 DIM, serum Ca was not affected by treatment (P = 0.86) or any
< o | = "'_4; E- . BEg EE g : £S% § < interactions (P > 0.11) but was affected by breed (P = 0.03) and DIM
K e m“ﬁ 4 § = Sﬁ =g =z = é e § (P < 0.01). During the first 4 wk of lactation, serum Ca was affected
< | E £ § EE % 8 SES %DM“ L g é‘o g I3 by week (P < 0.01) but not treatment, breed, or any interactions (P >
&= > 10pm = REZg80 7 0.17). Arrow indicates the start of treatment.

Journal of Dairy Science Vol. 103 No. 5, 2020



4308

SOURCE OF NEGATIVE DIETARY CATION-ANION DIFFERENCE

Caixeta et al.:

"Spoe £33e] POLJLIg)SOUON],

“SUOTIORIDIUT IO = X {UOIRIDR] JO YoM = A\ (XX 10 OH) Po01q = ¢ (DS 10 YIN) juowyeary = T,

NS oTe senfep “[(YI ‘wolsrey ‘earyeradooy) snpuer ()g) Io[yHAog 10 (NN ‘poomorde]y ‘oul g UONeUISLI() {YIN) UoTuy oI
U0 poseq YN M09-AIp] juowess) pue [smoo (YY) peiqssom 10 (OF) We3s[of] snoredimui] poeiq Jo juemoSUeII® [BLI0J0€] g X g ® wWoly pado[eadp o1em sdnoid juomyesi],

“SuIA[ed 03 9jep FulA[ed peydadxa a10joq P ¢ F §g— WO P G JO WNWIUIL & 10§ Poj 0IoM SJII(],

(6070 > ) Toptp syduosiodns JUOISHIP [IIM MOI ® UIHIM STRIW PIAI] Aq JUDTIYLILL,

79°0 Geo0 120 70 z0°0 020 0 90°0 Ja97 VY wlST Nl /10w 3
raall] 99°0 6£°0 10°0> €F0 740 66°0 z0°0 66°0 86°0 00'T 10T /1o Sy
z9°0 190 06°0 10°0> €8°0 L1°0 €70 z0°0 €ee N4 1€ e /10w ‘e
70 aF0 190 10°0> 19°0 2T0 €a0 91 78 6 29 29 1/1owd ‘urnsuy
L1°0 160 ze0 10°0> 170 0€°0 770 2070 a3 A 7€ 0r°¢ /10w 9800y
Zro 91°0 060 19°0 19°0 86°0 0€°0 6z'0 v0'¢ L6°C ore 062 /10w ‘NN ¢
70 L1°0 860 10°0> €00 €9°0 7S°0 99 L6¢ (1}54 L6¥ 0.8 /10w | VAAN
7e0 20°0 0270 10°0> 8L°0 92,70 8¢€°0 80°0 ¥L°0 6L°0 720 €80 /1w ‘gHg

poorg

70 70°0 740 €0°0 L0 86°0 100> €00 9z°'8 SI'8 628 918 Hd outip

i GI 4l Q1 u ‘smopD)

MXdXT MXd MXT M ax L q L HS XX-DS XX-VIN OH-DS OH-VIN S[qeLrep

PN[eA-] ,PAAIq X JuetIyeaI],

[UOTYR)OR] JO M § 481G oY} Surmp spuouodwod poo[q pue duLm uo podiq L1rep pue 9dmos qyH( wniredord Jo 10055 9 S[qeL

"SPIoR £118] POYLIOISOUON],

"SUOTJORIDIIL IDY} = X {UOTpeIOR] Jo Aep = (I (XX 10 OH) Poo1q = { (DS 10 VIN) juwowpedr) = T,

NS oTe senfep “[(YI ‘woisrey] ‘eatyeradooy) snpuer] ()g) Io[yDHAog 10 (NN ‘poomorde]y ‘oul g UOIeUISI() {YIN) Uotuy 3oy
U0 poseq YN M09-AIp] juowesr) pue [smoo (YY) peiqssomd 10 (OF) Weis[of] snoredimui] poorq Jo JUSWOSURIIR [BLI0J0E] g X g & WOl podo[eadp o1om sdnoid juomyedi],

“Surafes 03 93ep SurAred pejoodxe 9100q P ¢ F {g— WO P (T JO WNWIUIW € 10§ POJ oTom SIOI(T,

¢T0 10°0> 16°0 qT’0 PT°0 T30 9%°0 2070 e’y 89°F e8F 88Y /10w ‘3
€0 TT0 P10 100> 70 9¢°0 0€°0 €00 86°0 €0'T €0'T €01 1/1owu ‘S
€0 110 8¢°0 10°0> 020 €00 98°0 G0°0 91 60°C 86T 70°C /10w ‘)
08°0 61°0 TT0 100> 08°0 €e0 91°0 er 62 36 L9 18 7/1owd ‘urnsuy
79°0 9T°0 6e0 10°0> 86°0 €0 €70 ez0 Le¢ L€ 9L.°¢ 8¢ /10w 9800y
¥8°0 G0°0 98°0 100> 1270 86°0 ¥I°0 220 68°¢ Le¢ 99°¢ 8¢¢ /10w ‘NN ¢
LT°0 €70 9.0 01°0 T30 €90 870 89 8L¢ SOF 8L 08¢ /10w YAHN
760 10°0> €a0 100> 690 16°0 16°0 L0°0 18°0 $L0 €8°0 18°0 1/1owu ‘gHg

poorg

€0°0 10°0> GZ'0 100> 79°0 700 91°0 91°0 cLl ) 5 ) Hd eutip
il QT 4 a1 T ‘Smop)

axdx.L axdg dadxuL a ax L q L ds XX-0S XX-VIN OH-DS OH-VIN o[qeLIRA

Am::,m\wnnN mﬁ@mﬁ@ X pgwaudw.ﬂh

[UOTYR)OR] JO P ¢ 4815 O} SurLmp spuouodwod pooq pue duLm U0 PodIq Arrep pue 9dmos qy)( wnredord Jo 10057 G S[qeL

Journal of Dairy Science Vol. 103 No. 5, 2020



Caixeta et al.: SOURCE OF NEGATIVE DIETARY CATION-ANION DIFFERENCE

than a higher cutoff (<2.15 mmol/L) for hypocalcemia
on all 3 d of this interval. Serum Ca concentrations
continued to increase (P < 0.01) from wk 1 to 2 of
lactation (Table 6).

Serum NEFA concentrations were greater (P = 0.02)
in SC cows before calving and increased (P < 0.01)
in all cows as they approached parturition (Table 4).
There was a trend (P = 0.10) for a treatment x week
interaction as this increase in NEFA concentration
was greater in SC cows than in MA cows by wk —1 of
lactation. There was a prepartum treatment x breed
interaction (P = 0.03) as postpartum NEFA concentra-
tions were greater in MA-XX cows than in SC-XX cows
and less in MA-HO cows than in SC-HO cows, which
was primarily due to the greater NEFA concentrations
in SC-HO cows at wk 1 of lactation (Table 6).

Serum insulin concentrations during the prepartum
treatment period (Table 4) were greater (P < 0.01) in
cows that consumed MA than in those that consumed
SC. Serum glucose concentrations were not affected (P
> 0.11) by treatment, breed, or any of the main effect
interactions at any phase of the study. There was no
effect of treatment or interactions of treatment with
other main effects on serum BHB (P > 0.25) or BUN
(P > 0.12) concentration in any phase of the study
(profiles not presented).

There was a trend (P = 0.07) for a treatment X
breed interaction as the prepartum serum potassium
concentrations (profiles not presented) were less in
SC-HO cows than in MA-HO cows but greater in SC-
XX cows than in MA-XX cows (Table 4). This same
interaction (P = 0.03) of treatment x breed on po-
tassium concentrations was also detected during the
postpartum period (Table 6). There was no effect of
treatment on serum Mg concentrations (P > 0.23) in
any phase of the study, but Mg concentrations (profiles
not presented) increased in all cows at calving.

Animal Performance

There were no effects of treatment (P > 0.17) or
interactions of treatment with other main effects (P
> 0.29) on prepartum DMI (Table 7). There was a
treatment x week of lactation interaction on postpar-
tum DMI (P = 0.05) as the postpartum increase was
greater for SC cows than for MA cows (Table 8; Figure
2A). There were no effects of treatment (P > 0.19) or
interactions of treatment with other main effects (P
> 0.14) on any of the other prepartum or postpartum
production variables. Although their milk contained
less (P < 0.01) protein, HO cows produced more 3.5%
FCM (P < 0.04) than XX cows (Figure 2B). The XX
cows had greater BCS than the HO cows (P < 0.01)
throughout the study.
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Table 7. Effect of prepartum DCAD source and dairy breed on production variables during the last 4 wk of the dry period’

P-value®

Treatment x breed”

B x W TxBx W

TxW

T x B

SE

SC-XX

MA-XX

SC-HO

MA-HO

Variable

0.54
0.30
0.21
0.46

0.68
0.64
0.50
0.70

0.29
0.22
0.14
0.41

0.95

<0.01
<0.01
<0.01

0.54
0.39
0.65
0.61

0.57

<0.01
0.46
0.48

0.17
0.95
0.79
0.19

1.0
0.04

20
1.5

3.51

760
1.5

14
10.9

3.55

756
2.6

15
11.6

3.26

736
1.9

15
11.0

3.23

751
4.4

18
12.7

units

4

Cows, n
DMI, kg/d
EBAL,% Mcal of NE./d

BCS,
BW, k

"Diets were fed for a minimum of 19 d from —28 =+ 3 d before expected calving date to calving.

*Treatment groups were developed from a 2 x 2 factorial arrangement of breed [multiparous Holstein (HO) or crossbred (XX) cows] and treatment [dry-cow TMR based on

MegAnion (MA; Origination O2D Inc., Maplewood, MN) or SoyChlor (SC; Landus Cooperative, Ralston, IA)]. Values are LSM.

*T = treatment (MA or SC); B

week of the dry period; x = their interactions.

breed (HO or XX); W

“Energy balance calculated according to NRC (2001) as energy intake minus energy needs for maintenance (including growth for cows entering their second lactation) and pregnancy.

Using a scale of 1 to 5, where 1 is thin and 5 is obese.

-
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DISCUSSION

Feeding negative-DCAD diets prepartum has been
extensively used in the dairy industry to improve peri-
parturient Ca homeostasis and decrease the incidence
of clinical hypocalcemia and SCH during the early
postpartum period. In agreement with our hypothesis
that prepartum diets formulated with different sources
of anionic salts but with similar DCAD values would
provide similar physiological benefits, the urine pH,
serum Ca concentrations, and DMI of periparturient

(A)

25 _ —®— MA-HO —©— SC-HO —4— MA-XX —#— SC-XX

20r
=
2
= 15 i T T T
b= .
A

10r

5 L L L L 1 L L 1

551
T T
48
3
5)34' T
271

20 L L L L. L L L ]
4 -3 -2 -1 1 2 3 4

Week of Lactation

Figure 2. Peripartum DMI (A) and 3.5% FCM yield (B) of mul-
tiparous Holstein (HO) or crossbred (XX) cows fed MegAnion (MA;
Origination O2D Inc., Maplewood, MN) or SoyChlor (SC; Landus
Cooperative, Ralston, TA) during the 4 wk before expected calving.
Data represent LSM 4+ SEM. There were 18, 15, 15, and 14 prepartum
cows and 15, 12, 15, and 14 postpartum cows in the MA-HO, SC-
HO, MA-XX, and SC-XX groups, respectively. (A) Prepartum DMI
decreased (P < 0.01) as cows neared calving but was not affected by
treatment, breed, or any of the interactions (P > 0.17). During the
first 4 wk of lactation DMI was affected by week (P < 0.01) and a
treatment x week interaction (P = 0.05). Breed and all other interac-
tions had no effect on DMI (P > 0.55). (B) During the first 4 wk of
lactation, yield of 3.5% FCM was affected by week (P < 0.01) and
breed (P < 0.04) but was not affected by prepartum diet or any of the
interactions (P > 0.25).
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Table 8. Effect of prepartum DCAD source and dairy breed on production variables during the first 4 wk of lactation'

P-value®

2

Treatment x breed

B x W TxBxW

Tx W

SE

SC-XX

MA-XX

SC-HO

MA-HO

Variable

0.85
0.82
0.89
0.15
0.25
0.59
0.19

0.64
0.59
0.22
0.05
0.86

36
0.99
0.64
0.09
0.70
0.86

0.

0.05
0.45
0.34
0.94
0.59
0.41
0.86

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

0.55
0.83
0.76
0.41
0.50

96
0.33

0.91

<0.01
0.67

<0.01
0.04
0.21

0.86
40
0.84
0.76
0.90
0.68
0.82 <0.01

14
0.05

21
1.7
1.9

0.15
0.09

0.03
0.14
1.3

2.5

3.38

692
4.30
3.59

14

18.0
37.8
41.5

3.35

690
4.23
3.48

15

17.2
37.0
40.5

3.03

676
4.09
3.18

12

17.6
42.2
45.0

2.98
687

4.03

3.24

5
18.0
44.0
46.3

units

4

True protein, %

3.5% FCM, ke/d
Lactose, %

Cows, n

DMI, kg/d

BCS,

BW, kg

Milk, kg/d
Fat, %

0.60
0.49
0.18
0.35

0.69
0.21
0.69
0.45

<0.01

0.57
0.77
0.48
0.78

0.82
0.80
0.06
0.59

0.89
0.80
0.97
0.63

4.76

2.24
29.3
—10.0

4.74

2.16
28.5
—10.2

4.75

2.24
31.4
—11.5

4.77

2.24
32.3
—12.5

<0.01

SCC, logy, cells/mL

<0.01

g/d
Mecal of NE; /d

Milk NE;, k
EBAL,’

0.01

"Diets were fed for a minimum of 19 d from —28 + 3 d before expected calving date to calving.

*Treatment groups were developed from a 2 x 2 factorial arrangement of breed [multiparous Holstein (HO) or crossbred (XX) cows] and treatment [dry-cow TMR based on

MegAnion (MA; Origination O2D Inc., Maplewood, MN) or SoyChlor (SC; Landus Cooperative, Ralston, IA)]. Values are LSM.

T = treatment (MA or SC); B

4310

their interactions.

week of lactation; x =

breed (HO or XX); W

“Energy balance calculated according to NRC (2001) as energy intake minus energy needs for maintenance (including growth for second-lactation cows) and milk produced.

‘Using a scale of 1 to 5 where 1 is thin and 5 is obese.

-
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cows were similar between the DCAD treatments in
this study. Urine pH has been used as a practical sur-
rogate to assess whether the source and amount of
anionic salts fed to dairy cows during the prepartum
period are sufficient to induce the intended metabolic
acidosis (Jardon, 1995; Goff, 2008). Although less MA
than SC was needed to obtain similar DCAD values for
the TMR, the anionic supplements effectively reduced
prepartum urine pH to a similar extent, which indi-
cates that a comparable state of metabolic acidosis had
been induced. These decreases in urine pH during the
treatment period were consistent with values expected
when feeding TMR with a DCAD between —100 and
—200 mEq/kg of DM (Lopera et al., 2018; Zimpel et
al., 2018; Santos et al., 2019).

The compensated metabolic acidosis induced by
feeding negative-DCAD diets is expected to increase
Ca mobilization from bone but typically does not alter
serum Ca concentrations during the treatment period
(Lean et al., 2019; Santos et al., 2019), and prepartum
serum Ca concentrations did not differ between the
treatments in this study. The increased Ca mobilization
is expected to increase Ca availability at calving, which
should reduce the magnitude of the well-described post-
partum decrease in Ca concentration (Caixeta et al.,
2015; Leno et al., 2017; Neves et al., 2018), and this
should reduce the occurrence of SCH. Serum Ca con-
centrations decreased immediately after calving in this
study, and both of our DCAD treatment groups had
cows with postpartum Ca concentrations less than an
upper serum Ca concentration cutoff estimate of 2.15
mmol/L (Martinez et al., 2012; Caixeta et al., 2017)
and less than the traditional 2.0 mmol/L cutoff (Rein-
hardt et al., 2011) for SCH during the first 3 DIM. Two
cows on each treatment were removed due to clinical
milk fever, but serum Ca concentrations in all but 1
of the 56 cows that completed the study were >2.0
mmol/L by wk 1 of lactation. As other DCAD studies
have demonstrated, feeding prepartum cows a negative-
DCAD diet reduces but does not eliminate incidence of
milk fever or SCH (Ramos-Nieves et al., 2009; Santos
et al., 2019).

Without a positive-DCAD diet to compare against,
it is not possible to assess the effect of treatment on
incidence of SCH in our study, but the results do in-
dicate that cows fed MA had postpartum serum Ca
concentration profiles that matched those of cows fed
a successful commercial DCAD product. Although
statistical power of the study was reduced due to the
removal of 6 cows, the actual difference between serum
Ca concentrations (0.02 mmol/L) was considerably
less than what the study was designed to detect (0.08
mmol/L). This small difference in serum Ca concentra-
tion has little, if any, biological relevance and supports
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our hypothesis that when used to develop TMR with
comparable DCAD values, the products provide similar
benefits to the cow. The treatment differences for DMI
were also less than what the study was designed to
detect. Thus, the reduction in number of observations
per treatment did not have a detrimental effect on our
ability to compare these commercial products.

Feeding anionic salts can improve periparturient Ca
homeostasis and postpartum DMI, but negative-DCAD
diets also typically reduce prepartum DMI (Charbon-
neau et al., 2006; Lopera et al., 2018; Martinez et al.,
2018). The chloride-based anionic supplements used in
this study are complexed with soybean meal and are
marketed as being palatable and able to minimize the
effect of DCAD diets on prepartum DMI. Perhaps the
greater Cl content and the associated reduction in the
amount of MA needed to achieve the target DCAD
value contributed to the numerically greater DMI by
cows fed MA just before calving. Our study did not
have a positive-DCAD diet for comparison, but other
than the numerically lower DMI just before calving by
cows fed SC, prepartum DMI did not differ between
the treatments. Interestingly, there was an interaction
of treatment and week on postpartum DMI, primar-
ily due to the greater increase in DMI from wk 1 to
wk 4 of lactation by cows previously fed SC. The data
generated in this study are insufficient to determine
whether this is due to feeding SC to prepartum cows,
whether it is a consequence of the at least numerically
greater reduction in DMI just before calving by cows
fed SC, or whether it is due to some other unrecognized
component(s).

Poor palatability of salts (Oetzel et al., 1988) and
negative effects of the induced metabolic acidosis
(Vagnoni and Oetzel, 1998) have been proposed as
potential explanations for the reduced prepartum DMI
of cows fed negative-DCAD diets. Refinements in for-
mulation of DCAD diets have included efforts to reduce
the potential negative effect of anionic salt source on
prepartum DMI, and recent studies have reported no
reduction in prepartum DMI (DeGroot et al., 2010).
However, meta-analyses indicate that although anionic
salt source can affect magnitude of the prepartum de-
crease in DMI, this reduction in DMI appears to occur
regardless of the source (Charbonneau et al., 2006; San-
tos et al., 2019). MegAnion is a relatively new product
and thus was not included in this meta-analysis (Santos
et al., 2019).

In an elegant experiment, Zimpel et al. (2018) dem-
onstrated that the prepartum reduction in DMI is
primarily mediated by the metabolic acidosis created
by the consumption of anionic salts and not by the
addition of the acidogenic salts to the diet per se. We
did not measure blood pH during the prepartum period
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when cows consumed the DCAD diets. However, the
similar prepartum urine pH values in our study support
the likelihood that the lack of a statistical difference in
DMI between our DCAD treatment groups was due in
part to a similar degree of metabolic acidosis.

The value of feeding prepartum TMR with negative
DCAD on subsequent postpartum performance has
been well established. A recent meta-analysis indicated
that source of anionic salt had no effect on milk yield
or composition, BCS, BW, or energy balance (Santos et
al., 2019), but few studies have evaluated the source of
the anionic salt used to formulate the negative-DCAD
TMR. Although DMI did not differ, daily 3.5% FCM
yield by multiparous cows was greater when the cows
were fed commercial DCAD products rather than feed-
grade anionic salts (DeGroot et al., 2010). Neither DMI
nor milk yield were affected by commercial DCAD
source when DCAD values were slightly positive (Rezac
et al., 2014). Our prepartum TMR were formulated to
have similar DCAD values, used commercial sources
designed to minimize adverse effects on DMI, and, as
expected, had similar effects on postpartum perfor-
mance. Other than the expected differences due to week
or day of lactation, breed was the only main effect that
affected production measurements in this study. Breed
differences, especially in serum components during the
first 3 DIM, in general reflected the more rapid onset of
copious milk production by the HO cows.

The DCAD values of our prepartum treatment TMR
were more negative than our formulation (—215 vs.
—150 mEq/kg of DM), and a larger discrepancy oc-
curred between the measured and formulated DCAD
values (153 vs. 296 mEq/kg of DM) for the lactation
TMR. Variation between formulated and measured
minerals and resulting DCAD values are not uncom-
mon (Santos et al., 2019) and have included discrepan-
cies as large as those reported here (Rezac et al., 2014).
These discrepancies are most likely due to variation in
mineral content of forages and other dietary ingredients
(St-Pierre and Weiss, 2017; Santos et al., 2019), mixing
errors, and sampling errors. For all 3 TMR used in
this study, the formulated and measured macronutri-
ent contents were similar, which indicates that a major
mixing error was unlikely the cause of the discrepancies
in mineral content.

We sampled and analyzed the TMR rather than
individual ingredients, and although the TMR had
typical moisture content, it is possible that these re-
duced mineral values were the result of nonrepresenta-
tive sampling due to incomplete capture of minerals
that settled out from the TMR. However, the effect
on individual elements was not uniform. For example,
although the analytical values for K decreased, the
values for S increased. The decreased K and increased
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S analytical values along with only small discrepancies
between formulated and analytical values for Na and
Cl contributed to a more negative DCAD than what
was formulated for the 2 experimental diets. These dif-
ferences were similar for each treatment and thus did
not compromise our objective of comparing source of
anionic salts on cow performance.

Although reduced Ca intake has been suggested as
an approach to reduce hypocalcemia, it is difficult to
develop Ca-deficient diets using feeds typically fed to
dairy cows (Goff and Koszewski, 2018). The prepar-
tum requirement of our 750-kg cows was about 20 g
of absorbable Ca/d (NRC, 2001), which they easily
achieved (NRC, 2001) whether dietary Ca was 0.8%
(our formulation value) or 0.5% (our analytical value).
Goff and Koszewski (2018) demonstrated that serum
Ca concentrations did not differ in prepartum cows fed
negative-DCAD diets that contained 0.46 or 0.72% Ca.
Thus, the reduced dietary Ca concentration indicated
by analysis of our TMR should have no effect on our
objective of comparing source of anionic salts on cow
performance. Reduced analytical values for Na, K, and
Cl and a larger increase in measured S concentration
were responsible for the greater difference between
formulated and analytical DCAD values for the lacta-
tion TMR. The largest effect of the decreased DCAD
content of the lactation TMR might have been a reduc-
tion in DMI (<0.5 kg/d) and 3.5% FCM yield (<1.0
kg/d; Iwaniuk and Erdman, 2015). However, all cows
consumed the same lactation TMR, so any effect of this
low-DCAD postpartum TMR on the ability to compare
the salt sources should be similar.

A recent meta-analysis (Santos et al., 2019) indicated
that prepartum DCAD probably does not need to be
less than —150 mEq/kg of DM, but only a few studies
with DCAD values between —150 and —200 mEq/kg of
DM were available for the meta-analysis, and this con-
tributed to the inability to detect an optimum DCAD
value. Not included in this meta-analysis (Santos et
al., 2019) was a study that fed prepartum TMR with
DCAD values of —21 and —211 mEq/kg of DM to mul-
tiparous HO beginning 28 d prepartum and evaluated
performance through 63 DIM (Diehl et al., 2018). The
TMR with more negative DCAD decreased urine pH
and prepartum DMI, increased fractional excretion of
Ca, did not alter postpartum DMI, and increased milk
yield from 45 to 63 DIM relative to the TMR with
less negative DCAD (Diehl et al., 2018). Our treat-
ment DCAD values (—150 mEq/kg of DM from the
formulation or —215 mEq/kg of DM from the analysis)
are more negative than those used in several previous
studies but are within the range that has demonstrated
beneficial effects on postpartum DMI and performance.
Additional improvements in postpartum performance
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could be achieved by more research to determine the
optimum prepartum DCAD value needed to support
periparturient Ca homeostasis and to better under-
stand the factors that affect the dynamics of DMI in
the periparturient cow.

CONCLUSIONS

The DCAD values of the prepartum treatment TMR
reduced prepartum urine pH and presumably created
a similar state of metabolic acidosis in cows fed MA
or SC. Serum Ca concentrations were not affected by
source of anionic salt, and, after the expected decrease
at calving, Ca concentrations increased rapidly in cows
that consumed either anionic supplement. The source
of anionic supplement did not affect pre- or postpartum
DMI or any other production variables or postpartum
serum components. Prepartum serum concentrations of
NEFA were reduced and concentrations of insulin were
greater in cows fed MA than in cows fed SC. These
differences were supported by the numerical increases
in prepartum DMI and energy balance of cows fed MA.
Compared with SC, the results indicate that MA pro-
vides another effective source of anionic salts for diets
designed to induce metabolic acidosis in prepartum
dairy cows.
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