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Until recently, occurrence of milk fever (MF) has been attributed to prepartum

calcium intake. However, researchers in Iowa have concluded that high prepartum dietary

potassium (K) is the major cause of MF. Potassium concentrations have been increasing

on manure fertilized soils over the last 20 years. Grasses grown on these fields mirror the

increase in available soil K. When high K forages are fed to dry cows, it has been

associated with increased MF in some, but not all cases. Our objective was to identify

factors that differed between low and high occurrence of disorders when high K forages

were fed.

For 1 yr, monthly interviews were conducted on 10 dairies in WesternOregon.

Close-up rations, dystocia rating, crowding, and cow comfort data were collected. Cows

were diagnosed healthy or having one or more of the following metabolic diseases: MF,

retained fetal membranes (RFM), and left displacement of the abomasum (LDA).

Feedstuffs were collected each month and analyzed for dry matter, crude protein (CP),

acid detergent fiber (ADF), and macrominerals.

Of the multiparous cows (rr----3,587) included, incidences of MF, RFM and LDA
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were 3.6, 11.3, and 1.5%, respectively. Increasing MF occurrence was associated with 

uncomfortable conditions, dystocia, increasing prepartum dietary Na and ADF, and 

increasing Ca to P ratios; there was also a dietary K by Mg concentration interaction. 

Increased dietary concentrations of Mg can prevent MF if dietary K is <2.6%. In addition, 

dietary conditions of K >2.6% and Mg >0.4% increase the occurrence of MF. Inversely, 

high concentrations of K can prevent MF in a Mg deficient diet. 

Dietary factors associated with an increase in the occurrence of RFM are increased 

dietary concentrations of Ca, S, CP, use of anionic salts, and the K forage source. Factors 

associated with an increase in hypocalcemia in the postpartum cow are crowding, 

uncomfortable housing, and a dietary K by Mg concentration interaction. In conclusion, 

improved cow comfort, and the addition of Mg to high K forage diets could decrease the 

risk of the cow exhibiting MF, RFM, and hypocalcemia. 
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POSTPARTUM DISORDERS ASSOCIATED WITH HIGH POTASSIUM
 
FORAGES IN HOLSTEIN COWS
 

INTRODUCTION 

Producers in the dairy industry have used manure recycling practices for five 

decades, without much regard for nutrient balancing. Primarily, dairies recycled the 

manure to remove it from the storage area and as a secondary benefit, utilized the 

nitrogen, phosphorus, and potassium for plant growth (Hart et. al., 1996). This cycling of 

nutrients from soil to plant and ultimately to animal, decreases the need for commercial 

fertilizer (Hart et. al., 1996). The dilemma surrounding this practice is that most 

producers have large confinement operations with relatively small amounts of land mass to 

spread manure. Balancing nutrients with the needs of the plants has been overlooked and 

mineral concentrations have been building up in the soils. Potassium, a non-volatile 

nutrient in manure, tends to increase in soil when applications do not match plant usage. 

This accumulation of soil potassium is most prominent on dairies that have been 

established for 10 to 15 years (Hart, 1996). Grasses grown in these fields mirror the soils' 

increase in available potassium (Lutz, 1973). Most dairies feed this home grown forage 

with high concentrations of potassium to all their animals, but in different amounts to meet 

the animals needs. The late gestation, non-lactating cows and heifers consume the largest 

proportion of the forages. High potassium forages fed to the dry cows can double or 

triple the potassium intake above the recommended guideline set by the National Research 

Council (NRC, 1988). The current hypothesis is that the elevated potassium 

concentrations in the dry cow diet may be increasing metabolic diseases in the early 
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lactating cows on dairy farms (Guard, 1995). Some of the common postpartum metabolic 

disorders associated with high potassium forage include hypocalcemic parturient paresis 

(milk fever), left displacement of the abomasum (LDA), retained fetal membranes (RFM), 

metritis, mastitis, downer cow syndrome, and ketosis. Some producers have discontinued 

feeding forages high in potassium because of the increasing occurrence of these diseases in 

their herd, whereas others have managed to feed this type of forage to their dry cows 

without a high occurrence of disorders. Therefore, the mineral interactions that contribute 

to the occurrence of milk fever are more complex than just the potassium concentration. 

The differences existing between dairies feeding high potassium forages and observing 

increased disorders in their herds, compared to those feeding similar diets and having an 

low occurrence of disorders is of interest. An overview of the potassium cycle and its 

effects on cow health will be covered in this literature review. In addition, a review of 

potassium, milk fever, and retained fetal membranes will be presented. 
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REVIEW OF LITERATURE 

NUTRIENT CYCLING 

Nutrient cycling on the farm consists of four main areas where nutrients enter and 

leave the operation. The four main mediums through which nutrients are funneled consist 

of manure, soils, plants, and animals (Figure 1.1). Within each step, nutrients can be 

imported or exported from the operation. The means of importing nutrients on the dairy 

are via grains and forages, with the export items consisting of milk, meat, forage, and 

manure. The three main nutrients of concern on the farm are nitrogen, phosphorus and 

potassium; the focus of this discussion will be on potassium (Hart et al., 1996; Geiser, 

1985). 

Figure 1.1 Nutrient Cycle on the Dairy 

Animal 

K+ 

SoL Manure 
7%...° 
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POTASSIUM 

Overview of Potassium on the Farm 

Potassium is a strong cation that is held tightly in the soil matrix, luxuriously taken 

up by plants, easily absorbed in the animal, and excreted mostly in the urine (Brady, 1990; 

Tisdale et. al., 1993; Lutz, 1973; Kernan, 1965; and Hart, 1996). All of these 

characteristics interact and contribute to the potassium cycle on the farm (Figure 1.1). If 

one of the components of the cycle is out of balance, then the entire cycle must be 

adjusted. Since World War II, agriculture has been moving from a crop-animal operation 

to a specialized operation, thus causing imbalances by increased inputs on the farm. For 

example, a farm will have 200 head of milk cows and import feed, instead of milking two 

cows and raising the required crops. This trend in having large confined animal 

operations, where feeds are imported, has created a potassium imbalance with larger 

amounts of potassium coming onto the farm than leaving the farm. The consequence of 

disturbing this cycle while not adjusting the nutrients, has caused accumulation of 

potassium in the soils. This phenomenon is primarily caused by the over-fertilizing of 

fields with animal waste. 

Soil 

Soil potassium cycling is dynamic and usually this mineral does not reach an 

equilibrium within the soil matrix (Tisdale et. al., 1993). There are four forms of 

potassium in the soil. The most available forms in the soil are exchangeable potassium and 

potassium ions in the soiUwater solution. The potassium ions in the soiUwater solution is 
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the most available to the roots of plant. The other two forms in the soil are the non

exchangeable and mineral form. These are the unavailable proportions in the soil and 

potassium is slow to equilibrate between these last two forms (Tisdale et. al., 1993). 

Potassium is a tightly bound cation in the soil matrix and resists leaching. 

Therefore, it is accumulating in soils where manure application has taken place every year 

for approximately 10 - 15 years (Hart, 1996). Soil concentrations have been reported as 

high as 1500 ppm, with the most common accumulation of soil potassium on farms 

ranging from 500 to 1000 ppm next to the facility (Hart, personal communication). The 

concentrations needed for adequate plant growth along with a guide to interpreting soil 

potassium concentrations are in Table 1.1 (Marx et. al., 1998), 

Table 1.1 An interpretation of soil tests for extractable potassium'. 

Potassium Concentrations (ppm)Soil status 

Below 150Deficient 

150-250Sufficient 

250-800High 

Above 800Excessive 

'Adapted from Marx et. al., 1998. 

Plant and Feed 

When the available potassium component of the soil exceeds sufficient 

concentrations (250 ppm), legumes and grasses can consume potassium above and beyond 

their requirement for growth. This phenomenon in grasses is called 'luxury consumption' 
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and it is not unusual for grasses to increase from 1.5% to 4.5% potassium on a dry matter 

basis (Table 1.2; Lutz, 1973). Lanyon (1980) reported alfalfa samples from Pennsylvania 

averaged 3.1% potassium, with the range of potassium from 1.42 to 4.05%. Therefore, 

the increased potassium concentration in the soil on dairies is mirrored in the forages. In 

addition, the potassium can limit the uptake of magnesium and calcium into the stems of 

the plant (Grunes and Welch, 1989). This alters the forage and causes difficulty in 

formulating rations for animals. 

Table 1.2 Normal and excessive concentrations of potassium in forages 

Type of Forage Normal K 
(%DM) 

Excessive K 
(%DM) 

Fescue hay, sun cured 1.81 4.53 

Orchard grass hay, sun cured 3.01 3.52 

Ryegrass hay, sun cured 1.41 
3.52 

Timothy hay, sun cured, mid-bloom 1.81 3.03 

'Jurgens, 1993. 
2Rogers, 1995. 
3Kamlade, 1996. 

Animal 

Potassium is the third most abundant mineral element in the animals body at 0.3% 

of the carcass (Widdowson and Kickerson, 1964). It is present in every cell of the body, 

with the greatest abundance in muscle, skin, and bone (Peterson, 1997). Also, potassium 

is instrumental in the activation of enzymes within the body. For example, it is a key 
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player in the generation of energy from ATP (Hooge and Cummings, 1995). In addition, 

it is a main factor in cellular osmotic pressure and thus maintaining water balance in the 

animal. 

The importance of maintaining ionic balance between potassium, sodium, calcium, 

and magnesium cannot be over emphasized. Concentrations of these minerals can 

influence the capillary and cell functions within the animal. Potassium ions function in the 

excitability of nerves and muscles, preventing tetany, convulsions, erratic heart rate, and 

unsteady movement of the animal (Hooge and Cummings, 1995). The excess of dietary 

potassium can effect the urinary excretion of other minerals such as sodium and chloride 

(McKinnon et. al., 1990). In addition, excessive dietary potassium decreases the 

absorption of magnesium in the ruminant (Fisher, 1994). O'Connor and associates (1988) 

reported that the excretion of calcium decreased with increased dietary potassium. In 

addition, calcium excretion responded curvilinearly to increased dietary magnesium 

(O'Connor et. al., 1988). Symptoms of deficiency and depletion are most evident, with 

toxicity seldom exhibited (Hooge and Cummings, 1995). Toxicity is uncommon because 

of the tight regulation of potassium by the kidneys (Peterson, 1997). The excess 

potassium concentrations are excreted into the urine to maintain water balance in the 

animal (Peterson, 1997). The excretion of potassium in urine (approximately 90%) and 

application to soil are major pathways of recycling this nutrient (Grunes and Welch, 1989; 

Hart et. al., 1995; Graves, 1986). In addition, the potassium in the urine is in a readily 

available form in the soil to release to forages, which completes the cycle (Grunes and 

Welch, 1989; Williams et. al., 1990). 
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The potassium cycle on the dairy can influence other cycles, such as the dairy cow 

production cycle (Figure 1.2). The excessive concentration of potassium in forages within 

the potassium cycle are utilized by the cow in the dry period. The interaction between the 

two cycles has been problematic for some producers, such that the imbalanced potassium 

Figure 1.2 Interaction between the potassium cycle and dairy cow production cycle 

Dry -Off Manure 

KCow SoilLactation
 

Calving Plant 14-

cycle has disrupted the dairy cow production cycle. 

DAIRY COW PRODUCTION CYCLE 

Introduction 

The ideal production cycle of a dairy cow consists of 365 days, with a 305 day 

lactation and a 60 day non-lactating or dry period (Campbell and Lasley, 1985). Calving 

starts the lactation period and is preceded by the dry period (Figure 1.3). The transition 

from non-lactating to producing the first milk places a large demand on nutrients, 
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especially calcium (Ramberg, 1970). Nutrition of the cow in the dry period prepares the 

animal for this transition and has been targeted as an important time in the dairy cows 

production cycle (Block, 1984; Schmidt et. al.,1988). 

Figure 1.3 Dairy cow production cycle 

Dry off 
)Dry Period 

60 days 
Lactation 
305 days 

Calving 

Dry Period 

The dry period of an average dairy cow should be between 45 and 60 days 

(optimal 50 d) for the mammary gland to involute and rejuvenate for the next lactation 

(Macmillan, 1992). In addition, the cow should be in her last two months of gestation. 

Dry cows are usually divided into two groups; the far-off (60-21 days before calving) and 

the close-up group (21 days before calving). The energy and nutrient needs for the dry 

cow are in Table 1.3. The close-up diets are more concentrated to allow for decreased 

intake by these cows (Van Saun, 1991). In addition, Van Saun (1991) recommends a 
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more digestible diet, than the National Research Council suggests (1989; 33% vs. 21% 

ADF). Van Saun (1991) increased the crude protein requirement in the close-up dry 

animals to account for the increased demand of protein by the rapid growth of the fetus. 

Table 1.3 Recommended dietary nutrient concentrations (dry matter basis) 

suggested for pregnant dry cows.' 

Far-off Cows Close- up CowsNutrient 

0.50 - 0.55 0.65 - 0.70NEL , Mcal/lb
 

13 - 14
Total Crude Protein, % 12 - 13 

Acid Detergent Fiber, % 35 - 40 (27)2 30 - 65 (21)2 

Neutral Detergent Fiber, % 50 - 65 (35)2 40 - 55 (30)2 

Calcium, % 0.31 - 0.35 0.36 - 0.41 

0.22 - 0.25 Phosphorus, % 0.19 - 0.21 

0.70 - 0.80 Potassium, % 0.65 - 0.75 

Magnesium, % 0.18 - 0.20 0.22 - 0.25 

Sodium, % 0.10 - 0.13 0.12 - 0.15 

Chlorine, % 0.20 - 0.22 0.24 - 0.26 

0.16 - 0.18 0.19 - 0.21Sulfur, % 

'Adapted from Van Saun, 1991 
'Minimum recommended dietary fiber concentrations. 

During the far-off dry period, forages can maintain the animal and supply the 

needed nutrients to the developing fetus (Van Saun, 1991). Therefore, dry cows are fed 

diets high in forages and low in concentrates. Two to three weeks before calving, most 

producers will "steam up" the dry animals (Van Saun, 1991). There is a lack of consensus 
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on the amount of grain or concentrate the close-up animals should receive. The first 

recommendation of 1 - 1.5 % of bodyweight used in the 1980's has been replaced (Van 

Saun, 1991; Barton, 1993). The new recommended concentration of grain added to 

prepartum diets is .5 to .75% of bodyweight (Grummer, 1996; Barton, 1993). The 

supplemented grain performs two functions in the prepartum diet. First, the additional 

grain adapts the rumen microbes to a diet with large amounts of concentrates after calving 

(Van Saun, 1991). Secondly, the added grain increases the energy density of the diet and 

can maintain nutrient intake when there is a drop in dry matter intake (DMI) before 

calving (Van Saun, 1991). 

The dry period is a time when attention should be given to the overall health of the 

cow. For example, the body condition score of the animal, vaccinations, feet trimming, 

and performance of the animal can be evaluated (Van Saun, 1991; Grummer, 1996). It is 

common practice at dry off to give vaccinations and trim feet. Over-conditioned animals 

or a large increase in body weight in the last three weeks before calving, can cause cows 

to be more susceptible to calving difficulty, milk fever, and ketosis (Zamet, et. al., 1979). 

Therefore, the physiological state of the animal during the dry period will directly affect 

the transition of the cow from the dry period to lactating. 

Calving - Transition Period 

During calving, the hormone profile is changed dramatically to allow the cow to 

expel the fetus and begin producing milk. The first milk the animal produces is colostrum. 

It carries the immunoglobulins and nutrients needed for the newborn (Jainudeen and 
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Hafez, 1993). This large pull of nutrients by the mammary gland for synthesis of 

colostrum can use the readily available stores of calcium and demand increased absorption 

of calcium (Goff et. al., 1987). Mayer and associates (1969) reported that the absorption 

of calcium from the gut is the main route of calcium input during transition from dry to 

lactating, instead of a combination of gut absorption of calcium and mobilization of bone 

calcium. As the cow produces colostrum, the mammary gland uses systemic calcium and 

the animal will start to have decreased plasma calcium (Ramberg et. al., 1970). In 

response to the decreased systemic calcium, the parathyroid gland secretes parathyroid 

hormone to stimulate the kidney (Horst and Reinhardt, 1983). In response to the 

parathyroid hormone, the kidney converts 25-hydroxycholecalciferal (25- OH -D3) to the 

active form of 1,25-dihydroxycholecalciferal (1,25-(OH)2 D3). This active form functions 

in initiating intestinal absorption and bone calcium mobilization (Tanaka and DeLuca, 

1971; Horst and Reinhardt, 1983). In addition, the gastrointestinal tissue responds to 

1,25-(OH)2 D3 by increasing the absorption of calcium from the digesta (Horst et. al., 

1994). Maintenance of blood calcium balances on the cows system to initiate this 

sequence of events (Horst et. al., 1994). A disruption in the sequence of calcium 

mobilization can cause the cow to have inadequate blood calcium and acquire the disorder 

known as milk fever (Shear, 1992). 
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MILK FEVER 

Background and Significance in the Dairy Industry 

The first recorded case of hypocalcemic parturient paresis (milk fever) was 

reported in 1793. Eberhardt described this disease in association with high milk 

production (Payne, 1968). In the last 90 years, the production of a dairy cow has 

increased from approximately 2,500 pounds of milk in a lactation cycle to 19,200 pounds 

of milk in a lactation cycle on the average (Littledike et. al., 198; Oregon DHIA Provo, 

1997). Unlike the steady increase in milk production, the occurrence rate for milk fever 

has steadily held between 8 - 9 % in the United States (Hoard's Dairyman's Continuing 

Market Study, 1986). The cost of this disease has been reported at an estimated $15 

million (Goff et. al., 1987). The occurrence of milk fever decreases productivity in the 

cow and increases the likelihood of other health problems (Curtis et. al., 1984; Curtis et. 

al., 1983). The most common related health disorders include retained fetal membranes, 

left displacement of the abomasum, dystocia, ketosis and mastitis (Curtis et. al., 1983, 

Massey et. al., 1993). In addition, it is estimated that a 14% loss of milk production can 

be contributed to milk fever (Block, 1984). When taking into account losses from 

disorders and milk yield the cost of milk fever skyrockets to over $120 million (Goff et. 

al., 1987). One factor not taken into account is the reduced productive life of 3.4 years 

(Payne, 1968). The economic and production loss due to milk fever further supports the 

importance of studying this disorder in the dairy animal. 
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Etiology 

Milk fever is a result of decreased blood calcium concentrations, arising from a lag 

in calcium homeostasis when the systemic demand for calcium increases 9 fold in 24 to 72 

hours (Shearer, 1992). Littledike and associates (1981) reported that 75% of milk fever 

cases occurred within 24 hours after calving, with another 12% occurring between 24 and 

48 hours. The failure to maintain systemic calcium after calving has been attributed to an 

impairment of the kidney and bone to respond to parathyroid hormone (Block, 1984; 

Gaynor et. al., 1989; Goff et. al., 1991; Goff et. al., 1989; LeClerc and Block, 1989; 

Martig and Mayer, 1973; Goff and Horst, 1997). The cow, after calving, secretes 

approximately 23 g of calcium into the colostrum, when her available calcium pool is 2.5 

3 g (Figure 1.4; Ramberg, 1970). When unable to meet the lactational demand, the cows 

systemic supply of calcium is drained by the mammary tissue initiating hypocalcemia (low 

plasma calcium; Shearer, 1992). Blood calcium concentrations have been assessed during 

milk fever occurrence and three stages have been identified (Table 1.4; Shearer, 1992). 
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Figure 1.4 Calcium homeostasis before and after parturition. 

Dry Cow* Fresh Cow 

Diet Diet Bone Resorption 

1 

Extracellular Calcium Pool (8 - 10 g)Extracellular Calcium Pool (8 - 10 g) 

[Plasma Calcium Pool (2.5 - 3.0 g)][Plasma Calcium Pool (2.5 - 3.0 g)] 

1 1 I 1 1 1
 

Fetal Fecal Urine Colostrum Fecal Urine
 

(2 - 7 g) (0.2 -1.0 g) (18 - 23 g) (5 - 8 g) (0.2 - 1.0 g)
(5 8 g) 

* Little to no bone resorption. Adapted from Reinhardt, 1988. 

Throughout the three stages of milk fever, plasma calcium and phosphorus 

decrease, while magnesium remains unchanged or increases slightly (Niedermeier et. al., 

1947; Moodie et. al., 1955; Olson et. al., 1973; and Schulz, 1978). The first stage is the 

shortest and is characterized by increased excitement, tetany, hypersensitivity, and muscle 

tremors (Shearer, 1992). Animals in this stage will exhibit decreased physical activity and 

appetite. During the second stage, the cow will be unable to rise and becomes sternally 

recumbent. This recumbency on the chest as well as cold ears are the distinguishing traits 

of this stage. The two measurable characteristics are decreased body temperature (97° to 

101° F) and increased heart rate (80 beats per min.; Fraser, 1991). Rumen function 
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decreases during this stage and will progress to complete stasis. Stage three of milk fever 

is characterized by continued weakness of muscle. The cow will generally be laterally 

recumbent at this time and susceptible to bloat and respiratory problems (Shearer, 1992). 

Next, a comatose state is entered with death from cardiac arrest or respiratory failure 

occurring shortly thereafter. Treatment by intravenous injection of calcium borogluconate 

throughout the stages of milk fever can circumvent death, but the more progressive the 

stage, the likelihood of complete recovery decreases (Shearer, 1992; Fenwick, 1990). 

Table 1.4 Blood serum analysis of dairy cows during milk fever. 

Stages of Milk Fever Ca (mg/di) P (mg/di) Mg (mg /dl) 

Stage 1 6.2 ± 1.3 2.4 ± 1.4 3.2 ± 0.7 

Stage 2 5.5 ± 1.3 1.8 ± 1.2 3.1 ± 0.8 

Stage 3 4.6 ± 1.1 1.6 ± 1.0 3.3 ± 0.8 

Adapted from Schulz, 1978 

In addition, Goff and associates (1989) discovered a subgroup of milk fever 

animals that responded to calcium borogluconate, but relapsed after treatment. These 

animals did not have increased plasma concentrations of 1,25-(OH)2 D3 with the secretion 

of parathyroid hormone. Thus, the break down of calcium mobilization occurred before 

the animals' tissues had a chance to respond (Goff et. al., 1989). 
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Epidemiology 

Age, breed, season, exercise, DMI, high production, calf size, calf sex, multiple 

births, dystocia, stress, urinary pH, and diet have been suggested to be predisposing 

factors of milk fever (Jorgensen, 1970; Curtis et. al., 1983). Very seldom do first 

lactation cows experience milk fever, but incidence increases with each lactation of the 

dairy cow through the fourth calving ( Payne et. al., 1968; Curtis et. al., 1970; Curtis et. 

al., 1983; Thompson et. al., 1983; Harmon et. al., 1996; Gran, 1996). The occurrence 

rate seems to plateau between the 4th and 8th lactation at approximately 12 - 15 % (Curtis 

et. al., 1983). It has been suggested that older animals are unable to absorb calcium from 

postpartum diets as readily as younger animals, and may have less exchangeable bone 

calcium (Jorgensen, 1974). This inability to maintain calcium homeostasis in the older 

animals can be directly associated with the increase in milk fever. There are some breed 

differences, with Jersey and Guernsey cows having a higher incidence rate of milk fever 

(Curtis et. al., 1970). The effect of season on the occurrence of milk fever is mixed 

according to the literature. Four studies reported no seasonal pattern for the disorder, 

while one large study found a significant increase during the pasturing period (Smith et. 

al., 1947; Jonnsson, 1960; Curtis et. al., 1970; Goings et. al., 1974; GrOhn, 1995). Dry 

matter intake is an important factor in the occurrence of milk fever. Cows with decreased 

dry matter intake before calving tend to have increased occurrence of milk fever (Halse et. 

al., 1958). A decreased dry matter intake limits the intake of dietary calcium, 

consequently decreasing the amount of calcium for absorption, which might contribute to 

hypocalcemia (Jorgensen, 1974). Experiments where feed was withheld or drugs were 
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administered to inhibit intestinal mobility, support the hypothesis that dry matter intake is 

important in the prevention of hypocalcemia and milk fever (Halse et. al., 1958; Robinson 

et. al., 1960; and Payne, 1964; Jorgensen, 1970). High milk production was related to 

increased occurrence of milk fever in two experiments (Hibbs, 1950; Dyrendahl, 1972). 

However, when taking into account the lactation of the cow, one experiment found that 

only animals in the sixth lactation with high milk production exhibited an increased 

occurrence of milk fever (Jensson, 1960). In a large comprehensive trial (n=8,070 cows) 

performed from 1990-1993, GrOhn (1996) reported no association between milk fever and 

milk production. Thompson and associates (1983) did not find an association between 

calf size or sex on the occurrence of milk fever. The limited amount of data suggests that 

there is no association between twinning and milk fever (Eddy et. al., 1991). In contrast, 

difficulty experienced during parturition was associated with increased milk fever 

occurrence (Curtis et. al., 1983). The association between milk fever and exercise has not 

been clearly proven in a variety of trials, with both pasture and exercise areas offered to 

the animals (Curtis et. al., 1983; Payne, 1970). Stress in the periparturient animal can 

increase the secretion of epinephrine, adrenocorticotropin (ACTH), and glucocorticoids 

(Phillippo et. al., 1970; Littledike et. al., 1970). These hormones can decrease plasma 

calcium concentrations in animals and have been hypothesized to decrease the calcium 

concentration in the cow (Jorgensen, 1974). Urinary pH has been utilized to monitor the 

effectiveness of anionic salt diets (Jardon, 1994). Cows typically have an urine pH of 8 

8.5, with cows fed an anionic diet dropping to as low as 5.5 (Jardon, 1994). This low 

urinary pH is a direct indicator of the acidotic condition the cow brought on by the 
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addition of anionic salts to the diet. This acidotic state in the animal is hypothesized to be 

the factor contributing to the decreased occurrence of milk fever in animals fed anionic 

salts (Guard, 1995). 

Many dietary factors have been studied to ascertain the association of diet to the 

occurrence of milk fever. Some of the factors include; crude protein, digestibility of diet 

(ADF and NDF), and minerals. Dishington (1975) suggests that increasing the acidity of 

the prepartum diet can be a preventative measure against milk fever occurrence. The 

acidic diets might increase the responsiveness of the bone and gastrointestinal tissue to 

parathyroid hormone, which helps maintain calcium homeostasis (Goff et. al., 1997). Diet 

components, such as the macrominerals, have been shown to increase the occurrence of 

milk fever. For example, prepartum diets containing 50 to 120 g of calcium show a linear 

increase in milk fever occurrence (Van Saun, 1991; Oetzel, 1991). In addition, prepartum 

diets low in calcium (<50 g) have been shown to prevent milk fever, along with prepartum 

diets containing greater than 120 g of dietary calcium (Beitz et. al., 1974; Goings et. al, 

1974; Green et. al., 1981; Oetzel, 1991). The problem lies in formulating a diet within this 

low range of calcium using the forages available (Jorgensen, 1974). Prepartum diets high 

in dietary phosphorus can increase the occurrence of milk fever by inhibiting calcium 

metabolism in the animal (Tanaka et. al., 1971; Tanaka et. al., 1973). 

Furthermore, the occurrence of milk fever is associated with other disorders that 

occur within the same lactation, such as dystocia, retained fetal membranes, ketosis, and 

mastitis (Table 1.5; Curtis et. al., 1983). Curtis (1983) suggests a trend between milk 

fever occurrence and the occurrence of LDA (Table 1.5). To investigate this trend, 
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Massey and associates (1993) performed a trial and reported that cows developing 

hypocalcemia at parturition had a 4.8 times greater risk of developing LDA than cows that 

maintained normal calcium plasma concentrations. However, the connection between milk 

fever and LDA was not significant (Massey et. al., 1993). 

Table 1.5 The Association Between Milk Fever and Periparturient Disorders in Dairy 
Cows Within the Same Lactation. Adapted from Curtis et. al., 1983. 

Disorder P- Value Odds Ratio
 
Factor (Times)
 

Dystocia (veterinarian assisted) <0.0001 6.5
 

Retained Fetal Membranes <0.0001 3.2
 

Ketosis <0.0001 8.9
 

Mastitis <0.0001 8.1
 

Coliform Mastitis <0.03 9.0
 

Left Displacement of Abomasum <0.06 3.4
 

Hypomagnesemia (low blood concentrations) can develop into a disorder known 

as grass tetany when plasma concentrations are below 1.0 mg/dl (Guard, 1995 and 

Fontenot, 1972). When there are concentrations of low magnesium and high dietary 

nitrogen content in spring grass, consumption of the pasture can cause the cows to 

develop hypocalcemia and hypomagnesemia (Guard, 1995). With a variety of factors 

influencing the occurrence of milk fever and the risk of developing other complications 

after the occurrence of milk fever, it is difficult to suggest one preventative method. 
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Prevention 

There are over thirty theories on the cause and prevention of milk fever (Boda et. 

al., 1956; Jorgensen, 1974; Littledike et. al., 1983; Goff et. al., 1991; Risco, 1992; Horst 

et. al., 1994; Rebhun, 1995; Horst et. al., 1997 and Sanchez, 1997). Two methods 

implemented by producers to decrease the occurrence of milk fever are: 1) decreasing the 

calcium intake during the dry period, and 2) decreasing the cation to anion ratio during the 

close-up dry period. One way to express the cation to anion ratio is through the use of the 

calculated dietary cation-anion difference (DCAD) expression (Ender, 1971). 

Low Dietary Calcium Intake Method. Reducing the dietary prepartum calcium 

intake is the traditional route for decreasing milk fever. The association between high 

calcium prepartum diets and decreased milk fever was noticed when producers pulled 

alfalfa from the diets of the dry cows (Block, 1984; Goff, 1998). Alfalfa hay is a source of 

high calcium and potassium, with an average calcium content of 1.2 - 1.6% and potassium 

concentrations of approximately 2.5 - 3% (Jurgens, 1993). Researchers attributed the 

decreased occurrence of milk fever to the decreased dietary calcium (Kendall et. al, 1970; 

Gardner, 1970; Gardner and Park, 1973). The hypothesis was that decreased dietary 

calcium stimulated the animal to mobilize the available calcium from the bone and 

increased the gut absorption of calcium (Goings et. al., 1974). This mechanism in the 

periparturient cow enabled the animal to transition from a low calcium requirement to a 

high calcium requirement without milk fever occurrence (Goings et. al., 1974). Along 

with the calcium intake of the cow, phosphorus intake must be monitored (Beitz et. al., 
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1974). Excessive dietary phosphorus can inhibit the conversion of vitamin D to the active 

form (Tanaka and DeLuca, 1973). Without the active form of vitamin D, calcium 

homeostasis is blocked (Tanaka and DeLuca, 1973). Therefore, phosphorus in the dry 

cow intake should be maintained at 30 to 50 grams per day to prevent hypocalcemia and 

milk fever (Tanaka and DeLuca, 1973). A calcium intake of 30 g or less a day is needed 

to decrease the occurrence of milk fever (Table 1.6; Jorgensen, 1974). In addition, 

researchers have suggested a 2.3:1 calcium: phosphorus ratio in the dry period diets to 

decrease milk fever occurrence (Beitz et. al., 1974). The relationship between calcium 

and phosphorus intakes, calcium to phosphorus ratio, and the occurrence of milk fever are 

presented in Table 1.6. Analysis of the data in Table 1.6 (without acidified diets), suggests 

that the relationship between the calcium to phosphorus ratio and milk fever is weak 

(P<0.27; R2 = 0.06). This weak relationship indicates that the causes of milk fever are 

more complex than solely the calcium to phosphorus ratio. In addition, analysis of the 

relationship between dietary phosphorus intake and the occurrence of milk fever was weak 

(P<0.75; R2 = 0.005). In contrast, there was a negative trend (P<0.09) between increased 

dietary calcium concentrations and the occurrence of milk fever, which explained 13% of 

the cause of milk fever occurrence (R2 = 0.13). The data in Table 1.6 suggests that 

acidification of the diet is associated with low occurrence rates of milk fever. 

Acidification of the diets can be expressed by the dietary cation-anion difference (DCAD) 

equation and used as a method of preventing milk fever (Ender,1971; Dishington, 1975). 
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Table 1.6 Influence of calcium and phosphorus intake and Ca:P ratio on the 
occurrence of milk fever.' 

Research Report No. 
Cows 

Ca Intake, (g) P Intake, 
(g) 

Ca:P 
Ratio 

Incidence of 
milk fever (%) 

Boda, 1956 49 9 90 0.10 6 

Boda and Cole, 1956 19 11 74 0.15 10 

Boda, 1956 5 6 24 0.25 0 

Boda and Cole, 1956 26 11 44 0.25 

Boda, 19562 16 6 20 0.30 0 

Boda and Cole, 1956 15 105 111 0.95 40 

Boda and Cole, 1956 20 35 35 1.00 15 

Burkhart et. al., 1972 14 37 34 1.10 50 

Ender et. al., 1962 3 34 28 1.20 33 

Ender et. al., 19622 4 38 26 1.40 0 

Gardner and Park, 1973 88 72 48 1.50 8 

Stott, 1965 59 137 85 1.60 16 

Gardner and Park, 1973 82 89 53 1.70 13 

Boda and Cole, 1956 94 83 48 1.80 19 

Gardner and Park, 1973 94 99 43 2.30 2 

Boda and Cole, 1956 18 125 55 2.30 5 

Block, 1984 19 86 34 2.50 47 

Block, 19842 19 93 32 2.90 0 

Burkhart et. al., 1972 10 78 34 2.30 75 

Stott, 1965 59 189 51 3.70 74 

Boda and Cole, 1956 15 206 50 4.20 44 

Ender et. al., 1962 10 140 28 5.00 40 

Ender et. al., 1962 8 144 26 5.50 0 

Boda and Cole, 1956 19 120 20 6.00 26 

'Adapted from Jorgensen, 1970. 
'Acidic diets. 
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Dietary Cation-Anion Difference Method. The DCAD expression is calculated by 

taking the sum of the milliequivalence of potassium and sodium and subtracting it from the 

sum of the milliequivalence of chloride and sulfur per kilogram of dry matter [mEq (Nal" + 

- (C1- + S) / kg DM]. The role of potassium in the DCAD expression has increased in 

importance concurrently with the rise of potassium concentrations in dry cow forages. In 

the early 1970's, two Norwegian animal scientist discovered that cows fed silage treated 

with acid preservatives decreased the occurrence of milk fever (Ender et. al., 1971; 

Dishington, 1975). These acid preservatives were made of chloride salts that caused the 

diet to have a negative DCAD. A composite of DCAD diets and the characteristics of the 

experiments are presented in Table 1.7 and 1.8. The negative DCAD diets significantly 

lowered the occurrence of milk fever and subclinical hypocalcemia (Table 1.7). In 1984, 

Block reported that a diet high in cations (IC and Na), increased the occurrence of milk 

fever by 47% (Block, 1984). In support of Dishington and Enders' earlier research, Block 

reported that none of the animals on the negative DCAD diet developed milk fever (Table 

1.7; Block, 1984; Dishington, 1975; and Ender et. al., 1971). Gaynor , Goff, Oetzel and 

associates (1989; 1991; 1988) supported the hypothesis that negative DCAD diets 

decrease the occurrence of milk fever (Table 1.7). 
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Table 1.7 Mineral composition of feedstuffs in studies on dietary cation-anion 
difference (DCAD) and the incidence of hypocalcemia and milk fever. 

Research Report Ca,% 
DM 

K,% 
DM 

DCAD, 
mEq/kg DM 

Hypo
calcemial 

Milk 
Fever' 

Block, 1984 0.63 
0.69 

1.22 
1.22 

+450 
-169 

9/19 
0/20 

9/19 
0/20 

Dishington, 1975 N/A 1.90 
1.80 
1.90 
1.80 

+3875 
+2025 
-1340 

-385 

N/A 6/7 
6/7 
1/6 
1/6 

Ender et. al., 1971 0.54 
0.13 
0.54 
0.13 

0.58 
0.58 
0.58 
0.58 

+3010 
+3031 

-255 
-255 

4/10 
6/6 
1/9 
0/4 

4/10 
4/6 
0/9 
0/4 

Gaynor et. al., 1989 1.21 

1.12 
1.15 

2.73 
2.72 
2.66 

+2203 
+599' 

+12583 

N/A 0/5 
2/6 
1/6 

Goff et. al., 1991 1.71 
1.72 

3.24 
3.23 

-228 
+978 

N/A 6/23 
1/24 

Goff et. al., 1995 1.28 
1.36 
1.22 

N/A +318 
+337 
+134 

N/A 13/21 
5/7 
3/6 

Goff et. al., 1997 0.52 
0.50 
0.54 
1.38 
1.61 
1.51 

1.19 
2.10 
3.09 
1.14 
2.22 
3.22 

-98 
+222 
+408 

-54 
+202 
+461 

9/10 
11/11 
10/10 
9/10 

9/9 
12/13 

0/10 
4/11 
8/10 
2/10 
6/9 

3/13 

Oetzel et. al., 1988 0.60 
1.17 
0.59 
1.16 

1.26 
1.24 
1.24 
1.22 

+190 
+187 

-76 
-75 

7/12 
9/12 
5/12 
2/12 

3/12 
1/12 
0/12 
1/12 

Tucker et. al., 1992 1.56 
1.62 

1.37 
1.41 

+93 
-34 

N/A 6/60 
4/60 

Whitlow et. al, 1994 0.61 
0.51 

1.16 
1.16 

+182 
-55 

N/A 0/30 
0/34 

'Number of cows with less than 7.5 mg/dl plasma Ca/total number of cows on trial.
 

'Number of cows with milk fever/total number of cows on trial.
 
3DCAD calculated without S.
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Table 1.8 Characteristics of animals and length of trials studying DCAD and the 

occurrence rate of milk fever in the early postpartum period. 

Research Report Number of 
Animals 

Breed Lactation 
Number 

Days 
Ration 

Years of 
Study 

Fed 

Block, 1984 20 12 Holstein 45 2.0 

8 Ayrshire 

Dishington, 1975 14 Norwegian Red and 3-7 90 2.5 

Whites 

Ender et. al., 1971 29 Norwegian Red Poll 3-9 75' 1.0 

x Norwegian Red 

Gaynor et. al., 18 Jersey 43 1.0 

1989 

Goff et. al., 1991 47 Jersey 42 1.0 

Goff et. al., 1995 34 Jersey 21 1.0 

Goff et. al., 1997 63 Jersey 21 1.0 

Oetzel et. al., 48 Holstein 21 1.0 

1988 

Tucker et. al., 70 N/A 28 1.0 

1992 50 

Whitlow et. al., 66 Holstein 21 1.0 

1994 

'Fed treatment diet 15 days after calving. 

Whitlow and associates (1994; personal communication) reported that a cationic 

diet formulated to be milk fever preventative was just as effective as a negative DCAD 

diet (Table 1.7). Cows were placed on either a +182 mEq/kg DCAD diet (cationic) or a 

-55 mEq/kg DCAD diet (anionic). There was no occurrence of milk fever within either 

group. In addition, the average plasma calcium concentration taken on the day after 

calving was identical between the two groups (8.3 mg/d1; Whitlow, 1994). The diets were 
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formulated to met the NRC recommendations and are exhibited in Table 1.9. Whitlow 

and associates (1994) obtained feed sources that allowed them to formulate diets that 

would be difficult to repeat. For example, the potassium concentration within the corn 

silage was 0.9% and the grass hay 2.0%. These concentrations of potassium are difficult 

to find on dairies with elevated potassium. 

Table 1.9 Nutrient composition and differences between Whitlow and associates 
(1994) cationic diet (formulated to be milk fever preventative) and anionic diet. 

Adapted from Whitlow, 1994. 

Nutrient (% DM) 

Crude Protein 

Acid Detergent Fiber 

Calcium 

Phosphorus 

Sodium 

Magnesium 

Sulfur 

Chlorine 

Potassium 

DCAD (meq/kg) 

Cationic Anionic Difference 

12.46 11.94 0.52 

26.87 26.85 0.02 

0.61 0.51 0.10 

0.28 0.27 0.01 

0.15 0.10 0.05 

0.25 0.23 0.02 

0.18 0.33 -0.15 

0.24 0.67 -0.43 

1.16 1.16 0 

182 -55 237 

To further understand the association between DCAD and calcium metabolism, 

Goff and Horst (1997) performed an experiment with three concentrations of potassium, 

one concentration of sodium, and two concentrations of calcium (Table 1.10). They 
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altered the potassium concentrations in the dry cow diets and concluded that high 

concentrations of potassium, not calcium, were causing milk fever (Table 1.10; Goff and 

Horst, 1997). 

Table 1.10 Incidence of milk fever with varying concentrations of potassium, sodium, 
and calcium in the prepartum diet. Adapted from Goff and Horst, 1997. 

Effect of 
3.1%Dietary Potassium 1.1% 2.1 % Dietary Ca 

on Milk 
Fever 

0.5 % Dietary Calcium
 
No. of cases/No. of cows 0/10 4/11 8/10 12/31
 

1.5 % Dietary Calcium
 
No. of cases/No. of cows 2/10 6/9 3/13 11/32
 

Effect of Dietary K on Milk Fever 2/20' 10/20b 11/23b 

°Different from control at P <.0001. 
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RETAINED FETAL MEMBRANES 

Background and Significance in the Dairy Industry 

Retained fetal membranes (RFM), otherwise known as a retained placenta are a 

common problem in the dairy industry, with an average occurrence rate of 8.5% (Table 

1.11). The incidence rate following a normal delivery is 3 - 12%, with rates increasing to 

20 - 50 % when infection or abnormal births are involved (Fraser, 1991). Retained fetal 

membranes are the clinical sign for many other diseases. For example, the occurrence rate 

of RFM, increases in conjunction with brucellosis, leptospirosis, vibriosis, listeriosis, and 

infectious bovine rhinotracheitis (Manspeaker, 1985). 

In order to supply nourishment to the developing calf, the uterus and fetal 

membrane form attachments (placentomes) for the transfer ofnutrients. The fetal 

membranes are attached through cotyledons to the maternal attachments known as 

caruncles (Jainudeen and Hafez, 1993). During parturition, the contractions of the uterus 

decrease blood flow through the placentomes. This decrease in blood passage results in 

the detachment of the fetal membranes from the uterus. A retained fetal membrane occurs 

when there is an abnormality in the detachment of the placentomes. 
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Table 1.11 Incidence of retained fetal membranes in various experiments. Adapted 

from Olson, 1993. 

Source 

Palmer, 1932 

Erb et. al., 1958 

Pelissier, 1976 

Thompson, 1983 

Coleman et. al., 1985 

Curtis et. al., 1985 

Phatak and Touchberry, 1988 

Deluyker et. al., 1991 

Berry et. al., 1992 

Correa et. al., 1993 

Harman et. al., 1996 

Total 
Average 

NO of Calvings 

375 

7,378 

2,751 

22,691 

7,596 

1,374 

12,060 

408 

12,239 

7,761 

31,950 

106,588 

Incidence Rate (%) 

11.7 

10.3 

10.8 

9.8 

14.6 

11.4 

11.9 

16.2 

6.3 

9.5 

4.5 

8.5 

Trauma on the placentomes causes swelling that can be attributed to retaining, plus 

the addition of disease can increase swelling and edema. Milk fever can contribute to 

retained fetal membranes by decreasing uterine contractions and allowing the placenta to 

stay within the reproductive tract (Manspeaker, 1985; Gran et. al., 1990). In addition, 

other metabolic disorders can be associated with RFM (Table 1.12). For example, the 

occurrence of a RFM increases the risk of developing left displacement of the abomasum 

by 3.6 to 7 times over a cow that does not have RFM (Table 1.12). Retained fetal 
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membranes decrease appetite and milk yield in the postpartum cow (Fraser, 1991). In 

addition, there is a cascade effect when a RFM occurs. The animal often develops 

metritis, which decreases involution of the uterus, and can lead to increased days until 

pregnant (Figure 6; Jainudeen, 1993). 

Table 1.12 Retained Fetal Membranes as a Risk Factor. Adapted from Olson, 1993. 

Increased Risk (Times)Disease 

3.6 7.0Left Displacement of Abomasum 

3.0 - 5.4 Mastitis 

4.6 - 153.0 Metritis 

3.4 - 16.4 Ketosis 

Etiology 

Fetal membranes usually pass from the reproductive tract within 12 hours after 

calving (Fraser, 1991). If the membranes have not detached at 12 hours after calving, the 

placenta is considered retained (Arthur et. al, 1982; Manspeaker, 1985). The two paths 

that RFM can affect the cow are shown in Figure 1.5. At this time, the fetal membranes 

are degenerating and usually hang from the vulva. Frequently, the retained placenta will 

remain in the tract and produce a malodorous discharge. An animal can acquire a systemic 

infection if the cervix closes without expulsion of the membranes (Fraser, 1991). This 

creates a condition known as metritis (infection of the endometrium of the uterus). 

Treatment to control infection should be used at this time. 
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Figure 1.5 Flow chart of retained fetal membranes and disease in dairy cows. 

Retained Fetal Membranes 

V 

Infection of the Uterus (Metritis) Detachment without infection 

Delayed involution of uterus 

Increased days open 

Epidemiology 

The Merek Veterinary Manual (Fraser, 1991) suggests that the following factors 

are associated with retained fetal membranes: 

1. Immature placentomes, associated with abortion or premature delivery 

2. Placentitis and / or cotyledonary inflammation - due to disease, dystocia, or 

fetal abnormalities 
3. Bacterial or mycotic infections 
4. Edema of the chorionic villi 
5. Uterine atony 
6. Delayed involution 
7. Milk fever and other metabolic disorders 
8. Nutritional factors - deficiencies or imbalances 
9. Intensive stress crowding or comfort 
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Prevention 

The main suggestions to decrease retained fetal membranes are to maintain proper 

hygiene in the calving area and minimize stress to the periparturient animal. Nutritional 

deficiencies such as Vitamin A and E, selenium, copper, iodine, and protein have been 

associated with RFM (Olson, 1993). Proper formulation of the prepartum diet for 

adequate concentrations of vitamins and minerals can decrease RFM (Olson, 1993). 

Excessive energy has been associated with increased RFM (Olson, 1993). In addition, 

Grohn and associates reported a positive association between RFM and milk fever. 

Therefore, formulating diets to maintain calcium homeostasis could decrease the 

occurrence of RFM (GrOhn et. al., 1995). 
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POSTPARTUM DISORDERS ASSOCIATED WITH HIGH POTASSIUM
 
FORAGES IN HOLSTEIN COWS
 

INTRODUCTION 

The occurrence rate for milk fever has remained steady, ranging between 8 - 10 % 

for the last twenty years in the United States (Hoard's Dairyman's Continuing Market 

Study, 1993). Milk fever is estimated to decrease milk production by 14% in the affected 

lactation (Block, 1984). Total treatment and production costs from milk fever have been 

reported to be $15 million (Goff et. al., 1987). In addition, the occurrence of milk fever 

decreases life expectancy of the cow by 3.4 years and increases the likelihood of other 

health problems (Payne, 1968; Curtis et. al., 1983). Related health disorders include 

retained fetal membranes (RFM), left displacement of the abomasum (LDA), dystocia, 

ketosis, and mastitis (Curtis et. al., 1983, Massey et. al., 1993). When taking into account 

losses from associated disorders and milk production, the cost of milk fever skyrockets to 

over $120 million (Goff et. al., 1987). The economic and animal loss due to milk fever 

justifies the continued research interest in this disorder. 

The composition of the prepartum diet is one of the many factors that influence the 

occurrence of milk fever (Goff, 1992). Mineral content and the cation-anion difference of 

the dry cow diet are factors that can be manipulated to decrease the occurrence of milk 

fever (Goff et. al., 1987; Dishington, 1975; and Ender, 1971). To further understand the 

association between dietary cations, Goff and Horst (1997) performed a 3 x 2 experiment 

with three concentrations of potassium and two concentrations of calcium and a 1 x 2 

experiment with one high concentration of sodium and two concentrations of calcium. 
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They concluded that high dietary concentrations of potassium and sodium, not dietary 

calcium, were associated with milk fever (Goff and Horst, 1997). Some producers have 

discontinued feeding forages high in potassium, because of the increased occurrence of 

milk fever in their herds. In contrast, others continue to feed high potassium forages to 

their dry cows without experiencing an increase in disorders. Therefore, the mineral 

interactions that contribute to the occurrence of milk fever are more complex than just the 

dietary potassium and sodium concentrations identified by Goff and Horst (1997). The 

purpose of this field trial was to identify factors that differ between dairies feeding high 

potassium forages that experience a high occurrence of disorders compared to those 

dairies feeding high potassium forages that experience a low occurrence of disorders. 

MATERIALS AND METHODS 

Record Collection 

A field study consisting of ten dairies was conducted for one year beginning 

October, 1996 and ending September, 1997. During monthly visits, cow records and diets 

compositions were collected. A total of 3,587 multiparous Holstein cows were followed 

from the start of the dry period through the first month of lactation. Managers and 

veterinaries on each facility diagnosed and recorded the occurrence of milk fever, RFM 

(expelled after 12 hrs postpartum), LDA, and mastitis (0 - 2 weeks of lactation) for each 

In addition, the producer reported the number of calves born to eachcow (Appendix A). 

cow and a dystocia rating (Appendix A). Dystocia was evaluated using the 1 - 5 rating 

system, which ranged from 1 = no assist to 5 = veterinary assistance (Appendix A). 
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During the first visit, the area (m2) in the dry cow pens was assessed, along with 

the dimensions of the bunks and freestalls. Crowding was assessed by counting the 

number of cows in the dry pen and dividing into the area of the pen (m2/cow). Cow 

comfort was monitored each month and evaluated using an adapted survey by Roenfeldt 

(Appendix B; 1995). In addition, the use of pasture as a significant proportion of dry 

cow diet was assessed monthly and recorded. Crowding, cow comfort, and pasture were 

used to assess the relative stress level of the cows. 

Feed and Ration Analyses 

Each month the ration formulation of the close-up animals were recorded. Feed 

components of the rations were collected for mineral and proximate analyses. Wet 

samples, partial dried upon collection, were analyzed for total dry matter after grinding 

(Goering and Van Soest, 1970). Dry baled forages and wrapped ensiled bales were 

collected using the Penn State Forage Sampler (a stainless steel, 2.9 x 45.7 cm corer). 

Five to 20 bales were drilled with the forage sampler. Wet forages, grains, and mineral 

mixes were collected by a grab sample of the storage area (ie. silage bunk, bag, 

commodity pile, or bins). The tag of the ingredients were recorded on the anionic salt, 

mineral, and grain mixes. Pasture grasses were identified and collected monthly during the 

growing season (May through September). Grass from 5 to ten randomly selected areas 

within the paddock was sampled. All plant growth within a 38.1 cm ring was clipped 

within a 1.3 cm from the ground. Potassium, sodium, magnesium, sulfur, calcium, 

phosphorus, and dry matter of the feedstuffs were determined using inductively couple 



37 

plasma emission spectroscopic methods at the Northeast DHIA Forage Laboratory 

(Ithaca, NY). Chloride concentrations of the feedstuffs was evaluated using 

potentiometric titration and a chloride ion electrode (Orion pH and Select Ion and 

LaCroix et. al., 1970). Acid detergent fiber (ADF) and crude protein (CP) of the 

feedstuffs were determined using AOAC standard procedures (Goering and Van Soest, 

1970; AOAC, 1990). 

Rations, dietary cation-anion difference (DCAD), forage risk ratio, and calcium to 

phosphorus ratio were calculated with the analyses of the feedstuffs (Sanchez et. al., 1995; 

Goff, 1991; Dishington, 1971; Block, 1984; Wilkinson et. al., 1972). The forage risk ratio 

[(K, DM% / (Ca, DM% + Mg, DM%)] is a calculation of the tetangenic capability of 

feedstuffs (Wilkinson et. al., 1972). At the suggestion of a local dairy nutritionist, the 

forage that was the source of the largest amount ofthe dietary potassium was rated as 

either dry (hay) or wet (pasture/silage; GriffWooten, personal communication). 

Blood Collection and Analysis 

During the monthly visits, blood was collected from recently calved (0 - 48 hrs) 

cows to assess the calcium and magnesium status. A sub-set of 290 cows from the field 

trial were bled and evaluated for body condition score (Appendix C; Edmonson et. al., 

1989). Blood samples were collected from the coccygeal vein on the ventral side of the 

bovine tail into sodium heparin coated vacutainers. These samples were centrifuged at 

1032 g for 20 minutes and the plasma harvested (IEC HN-SII Centrifuge, Damon/IEC 

Division, Needham Heights, MA). The labeled poly-ethylene scintillation vials filled with 
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plasma will be frozen at -20° C. The determination of the calcium and magnesium 

concentrations in the plasma will be determined using atomic absorption 

spectrophotometry (Fernandez and Kahn, 1971; Willis, 1961). 

Statistical Analyses 

Model. Logistic regression with a robust macro was used to analyze data is SAS 

(1997) and (White, 1982; Allison, 1996; Appendix D). Cow is the experimental unit of 

analysis, the disorders (milk fever, RFM, LDA, and mastitis) the response variables and all 

other explanatory variables regressed against each disorder. The robust macro accounted 

for the repeated measure of dairy within the model. Categorical variables for the month 

were included in the model. A full model was assessed with a reduced model attained 

using backward elimination of variable greater than P = 0.10. Confidence intervals for 

odds ratios were calculated (Ramsey and Schafer, 1997). The drop-in-deviance chi-square 

test was calculated using the logistic regression standard error calculations (Ramsey and 

Schafer, 1997). 

Definition of Variables in Model. Logistic regression requires the response 

variable to be categorical (assigned value of 0 or 1). If no disorder occurred, the variable 

was 0; if a disorder (milk fever, RFM, LDA, and mastitis) occurred, the variable was 1. 

Dystocia was 0 is the cow calved unassisted or required a one-person easy pull; dystocia 

was assigned a 1 if a 2-person, mechanical, or veterinary assistance was required. Cows in 

confinement were assigned a 0 to the pasture variable; if the cows grazed, pasture was 

assigned a 1. Crowding was assigned an one if the area/cow was less than 3.25 m2 in a 
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confined operation and/or less than 32.5 m2 in a pasture situation (Schmidt, 1988). If all 

measurements of cow comfort were positive, the variable for comfort was 0; if one of the 

statements was rated negative, the cow was considered uncomfortable and given a rating 

of 1(Appendix B; Roenfeldt, 1995). If anionic salts were included in the pre-partum diet, 

the variable was assigned the value of one. In addition, if the source of forage that 

contributed the most potassium was a wet type (ie. silage), then the source of potassium 

variable was 1. All other dietary variables were continuous, such as the dietary 

concentrations of minerals, CP, ADF, and calculated ratios. 

Interpretation of Logistic Regression. The odds ratio or risk ratio is an estimation 

of the strength of the association between two variables, for example milk fever and 

dietary potassium (Curtis et. al., 1983). An odds ratio of one implies that there is no 

connection between the two variables, or null value = 1 (Curtis et. al., 1985; Ramsey, 

personal communication; Ramsey and Schafer, 1997). An odds ratio <1 indicates that the 

association is favorable or preventative between the two variables. In contrast, if the odds 

ratio is >1, then the association is unfavorable or causative (Thomas, personal 

communication; Curtis et. al., 1983). Therefore, an odds ratio of 2 and 0.5 (1/2) have the 

same magnitude, but imply a difference association (Curtis et. al., 1985). 
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RESULTS AND DISCUSSION 

Discussion of Data Analysis 

Descriptive statistics of the prepartum dietary, calving, and management variables 

The occurrence of multiple births (?_2 calves)for the full model are located in Table 2.1. 

and dystocia are within expected ranges (Beede, personal communication, 1997). Three 

cows that delivered triplets, with one developing milk fever and two experiencing RFM. 

The average occurrence rate of milk fever throughout the field trial was 3.6%, this is 

approximately four to five percentage units below the national average (Hoard's 

Although, the combined occurrence rate ofDairyman's Continuing Market Study, 1993).
 

milk fever is low, there are individual dairies with high occurrence rates (>10 %) in the
 

study (Figure 2.1).
 

Figure 2.1 Milk Fever Occurrence Throughout the Field Trial for Each Dairy 
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This study supports previously published data on RFM, with an occurrence rate of 

11.3% within the expected range (Fraser, 1991). Two dairies had excessive occurrence of 

RFM (Figure 2.2). Occurrence rates for LDA (1.5%) and early postpartum mastitis (6%) 

were also within normal ranges (Beede, personal communication, 1997). Using Schmidt's 

(1988) guidelines of 3.25 m2/cow in a confided area and 32.5 m2/cow in a pasture, 76% 

of cows on the trial were crowded. Forty-five percent of the animals were in 

uncomfortable conditions throughout the close-up period (Roenfeldt, 1995). Crowding 

and cow comfort suggest that many cows were in a stressful environment before calving. 

The maximum likelihood of LDA could not be calculated because of the low 

occurrence rate. In addition, the model for mastitis was not significant (P>0.05). 

Figure 2.2 Occurrence of Retained Fetal Membranes throughout the trial. 
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Analysis of Prepartum Rations 

The mean values and ranges for dietary components on this trial were higher and 

broader than those recommended by Van Saun (Table 2.1; 1991). The mean potassium 

percent of 1.7% is about twice the recommended value for close-up animals. The 

potassium range of 1.2 - 3.0% did not encompass the recommended range of 0.8-0.9% 

(Van Saun, 1991). The average calcium to phosphorus ratio of 1.8:1 in this study was 

lower than the suggested value of 2.3:1 (Beitz et. al., 1974). The average forage risk ratio 

of 1.5 was below the 2.2 that is associated with tetanigenicity (Table 2.1; Wilkinson, 

1972). Dietary cation-anion difference trial average was +185 mEq/kg DM suggesting 

that the prepartum diets were milk fever prone (Goff, 1992). Anionic salts were fed to 

28% of the cows, to decrease the DCAD of the prepartum diets (Table 2.1). Seventy-nine 

percent of the cows were fed hay as the main source of potassium; 21% received the 

excessive potassium in the form of wet silage or pasture. 
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Table 2.1 Prepartum dietary, calving, and management variables - mean, standard 

deviation (SD), and range; n = 3587. 

SD Minimum MaximumVariable Mean 

1 35.46 22.97Multiple Births,% 

4.91 21.60 0Dystocia,%' 
1 

Milk Fever,% 3.62 18.69 0 1 

RFM,% 11.31 31.69 0 1 

1.53 12.29 0LDA,% 
1 

123.69Mastitis,% 5.97 0 

15.64 0Pasture,%2 2.51 1 

26.203.20 8.10Crude Protein,% 15.45 

26.72 2.77 18.30 31.80
ADF,%3 

0.32 1.18 3.00Potassium, % 1.67 

0.620.13 0.03Sodium, % 0.22 

1.55
Chloride,% 0.52 0.33 0.08 

0.490.09 0.12Sulfur,% 0.31 

1.900.36 0.26Calcium,% 0.81 

0.44 0.08 0.17 0.66
Phosphorus,% 

0.17 0.58Magnesium,% 0.36 0.07 

3.630.63 0.77Ca:P Ratio 1.82 

1.54 0.52 0.61 5.24Forage Risk Ratio' 

500.90DCAD,inEq/kg DM' 185.24 120.73 -158.40 

1Anionic Salt Use,%' 27.91 44.86 0 

1K Forage Source' 20.63 40.47 0
 

'Two person, mechanical, or veterinarian assist = 1, no or one person assist = 0.
 

2Main source of feed is based on pasture = 1; no pasture C.
 

'Acid Detergent Fiber.
 
'Forage Risk Ratio calculated [K, DM% / (Ca, DM% + Mg, DM%)].
 
'Dietary Cation Anion Difference calculated mEq[(K + Na) - (S + C1)1/ kg DMI.
 

'Anionic salts used in pre-partum diet = 1, no anionic salts used pre-partum = 0.
 

'Percent of ration that the main source of potassium is from wet forages; wet =1, dry =0.
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Table 2.2 Feedstuffs used in the composition of rations (% of diet on DM basis). 

Feedstuff Mean (% of Standard Minimum Maximum 
diet) Deviation 

Alfalfa Hay 28.5 13.0 11.1 85.3 

Grass Hay 18.1 6.6 9.6 37.4 

Oat Hay 26.3 15.9 8.1 72.1 

Timothy Hay 44.9 0.0 44.8 45.0 

Barley Silage 17.2 0.0 16.2 17.7 

Cannery Waste 23.5 10.7 9.7 38.2 

(Sweet Corn) Silage 

Corn Silage 21.5 9.5 11.9 38.3 

Grass Silage 20.6 10.1 5.8 37.7 

Pasture 41.9 20.1 14.5 65.1 

Dry Cow Mixed Grain 20.9 9.7 7.7 42.6 

Barley 8.0 0.1 7.9 8.2 

Corn (Ground or Flaked) 14.5 0.2 10.1 17.1 

Corn:Barley Mix 16.9 2.1 12.8 18.9 

50:50 

Corn:Barley Mix 5.5 0.1 4.1 6.8 

70:30 

Beet Pulp 5.2 0.3 5.0 5.9 

Canola 7.8 3.6 2.0 13.0 

Corn Distillers 2.5 1.1 2.1 5.1 

Dry Distillers Grains 5.3 0.4 5.0 6.0 

Soybean Meal 6.8 0.4 6.5 8.1 

Wheat Mill Run 6.6 0.7 6.1 7.1 

Whole Cotton Seed 4.9 2.2 3.8 12.7 

Pro-Lac® 1.8 0.4 1.3 2.3 
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Table 2.3 Minerals used in the composition of rations (% of diet on DM basis). 

Mineral	 Mean (% of Standard Minimum Maximum
 
diet) Deviation
 

8.4Fresh and Dry 4.0 2.9 0.4
 

Mineral Mix
 

2.5Close-up Mineral 2.2 0.1 2.1
 

Mix
 

1.00.1	 0.8Calcium Sulfate	 0.9 

0.40.0	 0.4Limestone	 0.4 

0.4	 0,6
Magnesium 0.5 0.0
 

Sulfate
 

Milk Fever 

Five variables were associated with increasing milk fever occurrence, and one 

variable was preventative. The variables that were causative include; uncomfortable 

conditions, dystocia, increasing pre-partum dietary sodium concentrations, increasing 

calcium to phosphorus ratio, and increasing concentrations of an interaction between pre

partum dietary potassium and magnesium (Table 2.3). The preventative variable in the 

model was decreasing concentrations of ADF (Table 2.3). 

Cows that were housed under uncomfortable conditions were 1.5 times more likely 

to have milk fever than cows in comfortable conditions during the dry period (P<0.05; 

Table 2.3). This could be associated with a decreased stress level in the animal during the 

dry period. Stress in the periparturient animal can increase the secretion of epinephrine, 

adrenocorticotropin (ACTH), and glucocorticoids (Phillippo et. al.,1970 and Littledike et. 
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al., 1970). Increases in these hormones have been associated with decreased plasma 

calcium concentrations in animals (Jorgensen, 1974). Another stressful event in the cow is 

parturition, especially if the animal has difficulty. 

Dystocia was significantly associated (P<0.001) with increased occurrence of milk 

fever (Table 2.3). Cows that received two-person, mechanical, or veterinarian assistance 

were 2.6 times more likely to have milk fever than cows that received no assistance or a 

4.6; Table 2.3). This data supports Curtis andone person assist during calving (C.I. 1.4 

associates (1983) observation that increased difficulty of labor was associated with 

increased milk fever occurrence. 

The increase in the prepartum dietary calcium to phosphorus ratio doubled the risk 

of milk fever (P<0.0001; OR = 2.4; C. I. 1.7 - 3.4). This supports the Beitz and associates 

(1974) suggestion that the calcium to phosphorus ratio is important in the prevention of 

milk fever. Although, in the review of the literature there was a lack of association 

between milk fever occurrence and calcium to phosphorus ratio (Table 1.6). An increase 

in dietary concentrations of sodium shows a weak trend (P<0.10) of increasing the 

occurrence of milk fever (Table 2.3). This agrees with Goff and Horst (1997) who 

reported a positive association between milk fever and high concentrations (0.6% DM) of 

sodium in the prepartum diet. A decrease in the percentage of ADF of the ration 

protected cows from developing milk fever (P<0.01). A cow fed an one percent lower 

ADF diet was 1.2 more likely not to have milk fever, than an animal fed a diet one percent 

higher in ADF (C. I. 1.04 - 1.32). This support Van Saun's (1991) recommendation to 

decrease the dietary ADF before calving. 
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The association between milk fever occurrence and the interaction between 

potassium and magnesium is highly significant (P<0.0001). Graphical representation of 

the interaction is depicted in Figure 2.3. Increasing dietary concentrations of magnesium 

can prevent milk fever under conditions of dietary potassium less than 2.6%. In addition, 

dietary conditions of potassium above 2.6% and magnesium around 0.4% increase the 

occurrence of milk fever (Figure 2.3). Inversely, high concentrations of potassium can 

prevent milk fever in a magnesium deficient diet (Figure 2.3). 

Graves (1995) suggested that there is an interaction between potassium, 

magnesium, and calcium that is not fully understood. This interaction may be separate 

from the strong ion effect of DCAD (Graves, 1995). Martens and Blume (1986) reported 

that the concentration of potassium in the rumen dictates the transruminal electrical 

potential. The transmural potential is inversely related to magnesium absorption via 

passive carrier mediated transport and sodium concentrations within the rumen (Graves, 

1995). Decreased absorption of magnesium under high dietary potassium intake is 

supported by Fisher and associated (1994). In addition, they reported that potassium 

interfered with calcium utilization in the lactating cows by decreasing urinary and milk 

concentrations (Fisher et. al., 1994). Decreased magnesium concentrations in the cow can 

reduced parathyroid hormone activity, causing failure of the calcium homeostasis in the 

animal (Graves, 1995). Therefore, high dietary concentrations of potassium can interfere 

with the absorption of magnesium, that in turn can down regulate calcium metabolism. 
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Figure 2.3 Potassium by magnesium interaction on the risk of milk fever with all other 
variables in the regression model held at trial mean values. 
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Table 2.4 Prepartum dietary, calving, and management variables associated with the 

occurrence of milk fever. 

Variable	 Unit Regression P - Value Odds 95% CI 

Change coefficient (SE) Ratio (OR) 

1.25 0.98 - 1.60Na,%	 0.1 0.22 (0.13) 0.073 

0.001 - 0.048 K,%	 1.0 -4.87 (0.93) <0.0001 0.008 

Mg,%	 0.1 -4.63 (0.59) <0.0001 0.010 0.003 - 0.031 

5.13 3.19 - 8.25K*Mg,%	 0.1 1.63 (0.24) <0.0001 

0.76 - 0.95 
ADF,°/01	 1.0 -0.16 (0.06) 0.0057 0.85 

2.42 1.70 - 3.45Ca:P	 1.0 0.89 (0.18) <0.0001 

Ratio 

Dystocia	 1.0 0.94 (0.30) 0.0006 2.56 1.43 - 4.57 

Rating2 

1.05 - 2.09 Cow	 1.0 0.40 (0.17) 0.02 1.48 

Comfort 
Rating3 

'Acid Detergent Fiber.
 
2Two person, mechanical, or veterinarian assist = 1, no or one person assist = 0.
 

3Roenfeldt (1995); uncomfortable = 1, comfortable = 0.
 

Retained Fetal Membranes 

Dietary factors associated an increase in the occurrence of RFM are increase 

dietary concentrations of potassium, sulfur, use of anionic salts, and the potassium forage 

source that supplies excessive potassium to the ration. Dystocia and twinning are 

associated with increased occurrence of RFM (P<0.01 and <0.0001). A cow that receives 

assistance is twice as likely to have a RFM, than a cow that receives slight to no assistance 

(OR = 1.98; C.I. = 1.3 - 3.1; Table 2.5). Cady (1985) reports that dystocia increases 



50 

RFM and calf mortality. In addition, Olson (1993) reported that in one study , a 30 fold 

greater occurrence of RFM was associated with backward deliveries vs. normal 

presentation. A cow that had twins was four times more likely to have RFM over an 

animal having a single birth (OR = 4.3; C. I.= 2.9 - 6.5; Table 2.5). These finding 

supports research associating twinning with increased occurrence of RFM (Olson, 1993). 

A decreased dietary concentration of potassium and sulfur in pre-partum diets prevented 

the occurrence of RFM (P<0.05 and <0.0001, respectively). As the concentration of 

sulfur drops 0.1% in the pre-partum diet, cows were twice as likely not to have an 

incidence of RFM (OR=0.51; C.I. = 0.44 - 0.61; Table 2.5). In addition, a decrease of 

1.0% dietary potassium in the pre-partum diets doubled the likelihood of not having an 

RFM (OR = 0.44; C.I.= 0.20 - 0.99; Table 2.3). Fraser (1991) suggests that nutrient 

imbalances can increase the occurrence of RFM. Imbalances in potassium and sulfur can 

be associated with anionic salt use in the pre-partum diet. A negative DCAD diet uses the 

addition of dietary sulfur to drops the DCAD(Goff, 1992; Sanchez et. al., 1996; Enders, 

1971; and Dishington, 1975). The use of anionic salts increased the occurrence of milk 

fever (P<0.0001). An animal fed anionic salts was seven times more likely to have an 

occurrence of RFM over an animal not fed anionic salts (OR= 7; C.I.= 5.0 - 9.7; Table 

2.5). Therefore, the increase in the dietary sulfur may not be able to counteract the high 

concentrations of potassium to drop the DCAD, thus the use of anionic salts could not be 

affect calcium mobilization in a favorable manner. The association between milk fever 

(decreased calcium concentrations) has been linked to increased RFM (Fraser, 1991). 

Cows fed pasture as a major dietary source were approximately five times more likely to 
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have RFM (P<0.0001; OR = 4.7; C.I. = 2.4 - 10.5). This could be linked to the increased 

potassium of the diet, as the pastures had excessive concentrations of potassium. Upon 

suggestion by dairy nutrition consultants, the potassium forage source categorical variable 

was added to the diet. The hypothesis was that excessive potassium obtained from wet 

forages increased milk fever occurrence and associated disorders (Gruff Wooten, personal 

communication). Analysis of data shows a trend that supports the hypothesis that the 

feeding of wet forages contributing excessive potassium to the pre-partum diet is 

associated with increased occurrence of RFMs (P<0.10). Animal fed this type of forage 

were 1.6 times more likely to have RFM over animals fed diets of dry forages containing 

excessive potassium (OR=1.6; C.I.= 0.95 - 2.6; Table 2.5). 
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Table 2.5 Prepartum dietary, calving, and management variables associated with 
retained fetal membranes (RFM; n = 3,587).' 

Variable	 Unit Regression P- Value Odds 95% C.I. 

Change coefficient (SE) Ratio Odds Ratio 

K, %	 1.0 -0.82 (0.41) 0.046 0.44 0.20 - 0.98 

S,%	 0.1 -0.62 (0.06) <0.0001 0.54 0.48 - 0.60 

CI, %	 1.0 -0.47 (0.35) 0.17 0.63 0.32 - 1.23 

Ca: P Ratio	 1.0 -0.30 (0.19) 0.12 0.74 0.51 - 1.08 

Dystocia 1.0 0.68 (0.22) <0.01 1.98 1.28 - 3.06 

Rating2 

Multiple 1.0 1.46 (0.21) <0.0001 4.31 2.86 - 6.48 

Birth 
Rate,% 

Pasture,%3	 1.0 1.56 (0.41) <0.0001 4.74 2.14 - 10.5 

K Forage 1.0 0.44 (0.25) 0.08 1.56 0.95 - 2.55 

Source, %4 

Anionic 1.0 1.58 (0.14) <0.0001 4.85 3.66 - 6.42 

Salt 
Use,%5 

'Drop-in-Deviance Chi-Squared Test P<0.40. 
2Two person, mechanical, or veterinarian assist = 1, no or one person assist = 0. 

'Main source of feed is based on pasure = 1; no pasture =0. 
Percent of ration that the main source of potassium is from wet forages; wet =1, dry =0. 

'Anionic salts used in pre-partum diet = 1, no anionic salts used pre-partum = 0. 

Hypocalcemia and Hypomagnesemia Analysis 

The sub-set of data was generated from cows that had blood collected within 0 

48 hours after calving. Hypocalcemia was defined as <7.5 mg/d1 and hypomagnesemia 

was defined as <1.7 mg/di (Block, 1984; Kvasnicka and Krysl, 1997). The occurrence of 



53 

hypocalcemia is represented in Figure 2.4. Six out of ten of the dairies had over a quarter 

of the cows exhibiting hypocalcemia. Descriptive statistics were similar to the full model 

(Table 2.6 and Table 2.1). This suggests that the sub-set is a good representative sample 

of the full model. Pasture usage and DCAD varied the most, with a larger amount of sub

set animals fed pasture (8.6 vs. 2.5%) and increased cations (+220 vs. +185; Table 2.1; 

Table 2.6). The maximum likelihood of hypomagnesemia could not be calculated because 

of the quasicomplete separation of the data points. 

Figure 2.4 The Occurrence of Hypocalcemia Throughout the Field Trial for Each Dairy 

(n = 290). 
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Table 2.6 Plasma calcium and magnesium sub-set data prepartum dietary, calving, and 
management variables - mean, standard deviation (SD), and range; n = 290. 

Minimum MaximumVariable Mean SD 

Multiple Birth Rate,% 6.90 25.38 1 2 

5.86 23.53	 0Dystocia,%'	 1 

0	 1Milk Fever,% 6.21 24.17 

RFM,% 13.45 34.18	 0 1 

1.38 11.68 0	 1LDA,% 

2.76 16.41 0	 1Mastitis,% 

1Pasture, %2 8.6 28.1	 0 

1Crowding,%3 72.1 44.9	 0 

0 1Cow Comfort Rating,%4 33.5 47.3 

8.1	 24.7Crude Protein,% 14.7 3.5 

18.3	 31.8ADF,%5	 26.6 3.1 

3.00Potassium, % 1.76 0.42	 1.18 

0.618Sodium, % 0.185 0.116 0.026 

Chloride,% 0.509 0.326 0.082 1.549 

0.122	 0.497Sulfur,% 0.270 0.093 

Calcium,% 0.79 0.34 0.26 1.96 

0.174	 0.655Phosphorus,% 0.401 0.010 

0.584Magnesium,% 0.345 0.086	 0.171 

Ca:P Ratio 1.96 0.70	 0.77 3.63 

219.67 136.78 -158.46	 500.85DCAD, mEq/kg DM' 

1Anionic Salt Use,%7 25.17 43.48	 0 

'Two person, mechanical, or veterinarian pull = 1, no or one person pull = 0.
 
2Main source of feed is based on pasture = 1; no pasture
 
'Crowding; <3.25 m2/cow for confined or <32.5 m2/cow for pasture = 1.
 
4Roenfeldt (1995); uncomfortable = 1, comfortable = 0.
 
'Acid Detergent Fiber.
 
'Dietary Cation Anion Difference calculated mEq[(K + Na) - (S + C1)]/ kg DMI. 
'Anionic salts used in pre-partum diet = 1, no anionic salts used pre-partum = 0. 
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Three variables were associated with an increase in hypocalcemia in the 

postpartum cow (Table 2.7). The interaction between potassium and magnesium in the 

cow was associated with the increased occurrence of hypocalcemia (P<0.01). Graphical 

representation of the interaction is in Figure 2.5. As the concentrations of magnesium and 

potassium increased, cows were twice as likely to have an occurrence of hypocalcemia 

(OR = 2.25; C.I. = 1.2 - 4.3). This finding supports Martens and Blume (1986) report 

that the concentration of potassium in the rumen dictates the transruminal electrical 

potential. The transmural potential is inversely related to magnesium absorption via 

passive carrier mediated transport and sodium concentrations within the rumen (Graves, 

1995). Decreased absorption of magnesium under high dietary potassium intake is 

supported by Fisher and associated (1994). In addition, they reported that high potassium 

concentrations interfered with calcium utilization in the lactating cows by decreasing 

urinary and milk concentrations (Fisher, 1994). In addition, decreased magnesium 

concentrations in the cow can reduced parathyroid hormone activity causing failure of the 

calcium homeostasis in the animal (Graves, 1995). Therefore, high dietary concentrations 

of potassium can interfere with the absorption of magnesium, that in turn can down 

regulate calcium metabolism. 
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Table 2.7 Prepartum management and dietary variables associated with hypocalcemia 

(<7.5 mg/dl plasma calcium).' 

Variable	 Unit Regression P - Value Odds 95% C.I. 

Change coefficient (SE) Ratio Odds Ratio 

Crowding2	 1.0 -0.92 (0.33) 0.006 0.40 0.21 - 0.77 

0.32 0.09 - 1.15Cow Comfort 1.0 -1.13 (0.65) 0.080
 

Rating'
 

0.02 - 2.57 -1.36 (1.17) 0.248 0.26K,% 1.0 

Mg,% 0.1 -1.29 (0.69) 0.059 0.27 0.07 - 1.06 

Mg*K,% 0.1 0.76 (0.32) 0.021 2.13 1.12 - 4.07 

'Drop-in-Deviance Chi-Squared Test P<0.25.
 
2Crowding; <3.25 m2/cow for confined or <32.5 m2/cow for pasture = 1.
 
3Roenfeldt (1995); uncomfortable = 1, comfortable = 0.
 

Crowding was significantly associated with an increase in hypocalcemia (P<0.01). 

Cows that were housed in crowded conditions were 2.5 times more likely to have milk 

fever than cows in uncrowded conditions during the dry period (Table 2.7). In addition, 

there was a trend for uncomfortable animals to have increase occurrence of hypocalcemia 

(P<0.08; Table 2.7). These two variables could be associated with an increased level of 

stress in the cow during the dry period. 
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Figure 2.3 Potassium by Magnesium Interaction of the Risk of Hypocalcemia with all 
Other Variables in the Regression Model Held at Sub-set Mean Values. 

0.2	 0.3 0.4 0.5 0.6 
Prepartum Dietary Magnesium, % 

1.1% K 1.6% K 2.0 %K 

2.5% K --- 2.7% K 3.0% K 

K = Prepartum Dietary Potassium. 
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CONCLUSION 

Goff and Horst (1997) concluded that high dietary concentrations of potassium, 

not calcium, was the main factor in causing milk fever. In support of these findings, some 

producers discontinued feeding forages high in potassium, because of the increased 

occurrence of milk fever in their herds. In contrast, others continued to feed high 

potassium forages to their dry cows without increased disorders. Therefore, the mineral 

interactions that contribute to the occurrence of milk fever are more complex than solely 

dietary potassium concentration. The purpose of this field trial was to identify factors that 

differ between dairies feeding high potassium forages with increased disorders and those 

feeding similar diets with an absence of disorders. 

Results indicate that the interactions between potassium and magnesium could be 

the factor that separates the occurrence of milk fever on facilities feeding high potassium 

forages. The addition of magnesium to high potassium forage diets could decrease the 

odds of the cow exhibiting milk fever and hypocalcemia. In addition, results support an 

association between high dietary potassium and retained fetal membranes. It has been 

reported that high potassium diet effect magnesium absorption, which in turn could down 

regulate calcium metabolism. Therefore, the addition of magnesium to prepartum diets 

high in potassium could be preventative for metabolic and reproductive disorders. 
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SUMMARY 

The occurrence rate for milk fever has steadily held between 8 - 9 % in the United 

States over the last twenty years (Hoard's Dairyman's Continuing Market Study, 1986). 

Milk fever occurrence cost the dairy industry an estimated $15 million (Goff et. al., 1987). 

The occurrence of milk fever decreases productivity in the cow and increases the 

likelihood of other health problems (Curtis et. al., 1984; Curtis et. al., 1983). Many 

factors have been associated with the occurrence of milk fever, from dietary to 

management variable. In the recent literature, Goff and Horst (1997) concluded that high, 

dietary concentrations of potassium, not calcium, was the main factor in causing milk 

fever. In support of these findings, some producers have discontinued feeding forages 

high in potassium, because of the increased occurrence of milk fever in their herds. In 

contrast, others continue to feed high potassium forages to their dry cows without 

increased disorders. Therefore, the mineral interactions that contribute to the occurrence 

of milk fever are more complex than potassium concentration. The purpose of this field 

trial was to identify factors that differ between dairies feeding high potassium forages with 

increased disorders and those feeding similar diets with an absence of disorders. 

Analysis of 3,587 complete cow records suggest that the interaction between 

prepartum dietary potassium and magnesium is the main factor in milk fever occurrence. 

In addition, the analysis of a sub-set of animal shows a similar interaction between the 

interaction between potassium and magnesium and the physiological state of hypocalcemia 

In addition, they reported that high potassiumin the postpartum Holstein cow. 
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concentrations interfered with calcium utilization in the lactating cows by decreasing 

In addition, decreased magnesiumurinary and milk concentrations (Fisher, 1994). 

concentrations in the cow can reduced parathyroid hormone activity causing failure of the 

calcium homeostasis in the animal (Graves, 1995). Therefore, high dietary concentrations 

of potassium can interfere with the absorption of magnesium, that in turn can down 

regulate calcium metabolism. This down regulation of calcium may be associated with the 

increase in retained fetal membranes (RFM). Many dietary factors were associated with 

RFM, with the calving factors (dystocia and multiple births) exhibiting the strongest 

association with increased RFM. These finding suggest that the addition of magnesium to 

relatively high potassium diets in the prepartum diet could be a preventative measure 

against calcium metabolism disorders (hypocalcemia and milk fever). 
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APPENDIX A 

POTASSIUM FIELD TRIAL - COW HEALTH SHEET 

Date to 
Dairy 

Dystocia Rating	 Metabolic Problems 

11 = No assistance	 = Milk Fever 6 = Downer cow 
2 = 1 person assist 2 = RP (over 12 hr) 7 = Prolapse 
3 = 2 person assist 3 = LDA 8= 
4 = Mechanical assist 4 = Mastitis 9= 
5 = Veterinary assistance called 5 = Metritis 

Cow Dry Date Calving Date Dystocia Rating Metabolic Problems	 Medication 
and No# of 
times treated 
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APPENDIX B
 

POTASSIUM FIELD TRIAL - 10 QUICK EVALUATIONS FOR COW
 
COMFORT 

Dairy 

Date 

Number of Cows in Pen 

1. Does the air smell stale or have a strong ammonia odor? Yes No 
2. Are the cows breathing open-mouthed, coughing or have	 Yes No 

nasal discharge? 
3. Are there cobwebs hanging in the barn?	 Yes No 
4. Is there excessive condensation or moisture damage?	 Yes No 
5. Is the hair coat of most animals free of moisture?	 Yes No 
6. Are more than 15% of the cows standing in the stalls?	 Yes No 
7. Are cows lying in the scrape or cross alleys, lying backward 

or half out of the stalls? Yes No 
8. Do the animals have dirty udders, tails, switches or hind 

quarters? Yes No 
9. Wet knee test- 10 sec. Yes if wet, no if dry.	 Yes No 
10. Are the animals "duck walking" or seem timid?	 Yes No 

Comments: 

Adapted from Shirley Roenfeldt- Dairy Herd Management Feb. 1995. 



78 

APPENDIX C 

POTASSIUM FIELD TRIAL - CHECKLIST 

Date 
Dairy 

Collection Check List Number of Samples 

Urine 
Blood 
Forage (including Pasture) 
Cow Comfort 
Cow Sheet 
Number of Cows in Dry Lot 

On site urine analysis 

Cow Blood Sample BCS Calving Date 
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APPENDIX D
 

ROBUST MACRO ADJUSTING FOR REPEATED MEASURES IN LOGISTIC 
REGRESSION ANALYSIS IN SAS 

Contributed by Paul D. Allison, University of Pennsylvania, allison@ssc.upenn.edu. 

This macro uses the method of Halbert White (1982) "Maximum estimation of 
misspecified models." Econometrica. 50:1-25. 

Note: Highlighted area is for user defined variables. 

proc logistic outest=a covout; 

model Y = X1 X2 X3;
 
output out=b dfbetas=dint dX1 dX2 dX3;
 
run;
 

%robust(outest=a, out=b, id=REPEATED VARIABLE, df=dint dX1 dX2 dX3) 
%macro robust(outest=a, out= last_, id=REPEATED VARIABLE, d-); 

proc sort data=&out; 
by &id; 
run; 
proc means data=&out noprint; 
by &id; 
var &df; 
output out=_out 1_(keep = &df) sum=&df, 
run; 
data _outl_; set; 
array d (*) &df; 
if d(1)=. then delete; 
run; 
data _reduce_; 
set &outest; 
array abc(*) _character_; 
length name $8; 
call vname(abc(1),name); 
if name ne ' LINK_' and _type_ eq 'COV' then delete; _
 
drop inlike_;
 
run;
 

mailto:allison@ssc.upenn.edu
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proc iml;
 
use _reduce_ where (_type_='COV');
 
read all into coy;
 
use _reduce_ where (_type_='PARMS');
 
read all intob[colname=vname];
 
if ncol(cov)=0 then se=1;
 
else se=sqrt(diag(cov));
 
use _out 1;
 
read all into x;
 
x=x*se;
 

*x; 
se=sqrt(vecdiag(v)); 
wald=(b' /se)1142; 
p= 1 -probchi(wald, 1); 
chi=wald I I p ;
 

c---{ "Chi Square" "p-value"};
 
reset noname fuzz=.000001;
 
print, "Robust Variance Matrix"
 
v[colname = vname rowname=vname];
 
print, "Standard Errors" se[rowname=vname];
 
print, "Wald Statistics" chi[rowname=vname colname=c];
 
quit;
 
run;
 
%mend robust;
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APPENDIX E
 

SOIL DYNAMICS OF THE TEN DAIRIES FOR pH AND EXCHANGEABLE
 
CATIONS
 

Introduction 

Nutrient cycling on the farm consists of four main areas of nutrients entering and 

leaving the farm. The four main mediums are the manure, soils, plants, and animals. 

Throughout these steps, nutrients can be imported or exported from the facility. 

Potassium is a strong cation that is held tightly in the soil matrix, luxuriously taken up by 

plants, easily absorbed in the animal, and excreted mostly in the urine. All of these 

characteristics interact and contribute to the potassium cycle on the farm. One of the 

consequences of disturbing the nutrient cycle is the accumulation of potassium in the soils 

on the farm from the over-fertilizing of fields with animal waste. The purpose of soil 

sampling is to assess the total amount of potassium uptake in one growing season. 

Soil Collection 

The collection of soil from pastures and fields where the dry cow feed is grown 

were taken. The first soil sample was cored in the fall of 1996 and the second in the fall of 

1997, the soil was sampled at the same location. The fields had approximately 20 borings 

composited for laboratory testing. Borings (a corer with a 2.54 cm diameter and 21 cm 

length) were taken of the upper 20 cm of the soil, with the top plant growth removed. 

During coring the top two inches of soil were placed in one sample, and the bottom 15 cm 

inches (5.1 - 20.3 cm deep) were placed in another sample. Samples were tested for pH, 

K, Mg and Ca concentrations (mg/kg) at the OSU Central Analytical Laboratory 

(Corvallis, OR). 



82 

Soil Results 

Fall mg/kg Fall mg/kg 

Dairy Field Soil 

1996 

K Ca Mg Na 

1997 

pH K Ca Mg Na 

Depth' pH 

1 1 1 5.9 1599 12.0 6.0 0.24 5.3 967 10.4 4.9 0.23 

2 1 1 5.9 1147 22.1 8.1 0.35 5.3 987 19.4 8.9 0.46 

3 1 1 6.3 1716 19.6 8.7 0.82 6.0 1092 19.7 9.4 0.31 

4 1 1 6.1 1638 13.5 6.8 0.79 5.6 597 8.8 4.9 0.35 

5 1 1 5.8 913 16.3 6.0 0.28 5.6 1092 16.1 6.1 0.34 

6 1 1 6.6 1092 9.2 3.1 0.34 6.5 1092 10.2 3.8 0.41 

7 1 1 6.8 675 11.0 3.5 0.34 7.1 924 12.1 4.2 0.54 

8 1 1 6.5 702 12.9 3.2 0.64 5.7 523 10.9 2.9 0.32 

9 1 1 6.0 983 10.9 5.5 0.29 5.4 870 8.1 4.6 0.42 

10 1 1 6.6 1560 18.4 4.9 0.34 6.3 842 18.0 5.0 0.17 

1 2 1 5.4 1443 14.3 6.6 0.42 5.5 870 18.2 8.7 0.43 

2 2 1 5.7 1127 18.8 7.5 0.44 5.3 1248 19.9 7.5 0.36 

4 2 1 5.7 858 13.3 4.5 0.28 5.4 667 11.5 4.8 0.32 

9 2 1 6.4 835 11.2 5.5 0.53 5.9 1112 10.2 5.2 0.77 

10 2 1 6.7 1209 16.1 3.9 0.16 6.4 1248 15.1 4.9 0.40 

1 2 2 5.2 842 10.2 4.8 0.48 5.4 581 15.3 6.9 0.46 

1 1 2 5.6 989 8.1 3.2 0.26 5.3 667 6.3 2.9 0.18 

2 2 2 5.5 757 18.1 6.4 0.36 5.5 827 20.2 7.2 0.31 

2 1 2 5.8 823 22.8 7.8 0.30 5.2 593 18.8 7.5 0.51 

3 1 2 6.0 1088 20.2 9.1 0.74 6.0 1053 20.2 8.8 0.83 

4 2 2 5.7 433 10.9 3.5 0.29 5.6 312 9.4 3.7 0.16 

4 1 2 5.5 421 7.9 3.5 0.47 5.5 343 6.6 3.3 0.26 

5 1 2 5.5 729 12.0 4.3 0.29 5.3 827 10.9 4.6 0.30 

6 1 2 6.4 975 9.5 3.3 0.32 6.4 944 10.4 3.9 0.35 

7 1 2 6.2 456 9.8 3.6 0.37 6.7 585 10.6 3.9 0.41 

8 1 2 6.1 448 9.9 2.2 0.74 5.9 605 10.8 2.7 0.76 

9 1 2 5.7 987 8.7 4.1 0.29 5.5 815 8.9 4.9 0.33 

9 2 2 6.0 628 8.8 3.9 0.50 5.9 932 10.2 4.7 0.51 

10 2 2 6.2 659 15.4 3.7 0.22 5.9 499 15.0 4.6 0.17 

10 1 2 6.3 1006 18.6 4.8 0.29 6.4 725 17.5 5.0 0.20 

I Soil Depth 1 = Top 5.1 cm, 2 = 5.1 - 20.3 cm. 
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Change in Soil Parameters in One Growing Season 
Difference (1997 - 1996) 

K Ca Mg Na 

Dairy Field Soil Depth' pH PPM PPM PPM PPM 

1 1 1 0.6 632 1.6 1.1 0.01 

2 1 1 0.6 160 2.7 -0.8 -0.11 

3 1 1 0.3 624 -0.1 -0.7 0.51 

4 1 1 0.5 1041 4.7 1.9 0.44 

5 1 1 0.2 -179 0.2 -0.1 -0.06 

6 1 1 0.1 0 -1.0 -0.7 -0.07 

7 1 1 -0.3 -249 -1.1 -0.7 -0.20 

8 1 1 0.8 179 2.0 0.3 0.32 

9 1 1 0.6 113 2.8 0.9 -0.13 

10 1 1 0.3 718 0.4 -0.1 0.17 

1 2 1 -0.1 573 -3.9 -2.1 -0.01 

2 2 1 0.4 -121 -1.1 0.0 0.08 

4 2 1 0.3 191 1.8 -0.3 -0.04 

9 2 1 0.5 -277 1.0 0.3 -0.24 

10 2 1 0.3 -39 1.0 -1.0 -0.24 

1 2 2 -0.2 261 -5.1 -2.1 0.02 

1 1 2 0.3 322 1.8 0.3 0.08 

2 2 2 0.0 -70 -2.1 -0.8 0.05 

2 1 2 0.6 230 4.0 0.3 -0.21 

3 1 2 0.0 35 0.0 0.3 -0.09 

4 2 2 0.1 121 1.5 -0.2 0.13 

4 1 2 0.0 78 1.3 0.2 0.21 

5 1 2 0.2 -98 1.1 -0.3 -0.01 

6 1 2 0.0 31 -0.9 -0.6 -0.03 

7 1 2 -0.5 -129 -0.8 -0.3 -0.04 

8 1 2 0.2 -157 -0.9 -0.5 -0.02 

9 1 2 0.2 172 -0.2 -0.8 -0.04 

9 2 2 0.1 -304 -1.4 -0.8 -0.01 

10 2 2 0.3 160 0.4 -0.9 0.05 

10 1 2 -0.1 281 1.1 -0.2 0.09 

1 Soil Depth - 1 = Top 5.1 cm, 2 = 5.1 - 20.3 cm. 
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Statistical Analysis of Soil Data 

Top 5.1 cm of soil. 

Fall 1996 Fall 1997 

Mean 1202.5 Mean 898.6 

Standard Error 125.37 Standard Error 63.37 

Median 1119.5 Median 945.5 

Standard Deviation 396.43 Standard Deviation 200.39 

Variance 157155.39 Variance 40156.49 

Range 1041 Range 569 

Minimum 675 Minimum 523 

Maximum 1716 Maximum 1092 

Sum 12025 Sum 8986 

Count 10 Count 10 

t-Test: Paired Two-Sample for Means Fall 1996 Fall 1997 

Mean 1202.5 898.6 

Variance 157155.39 40156.49 

Observations 10 10 

Pearson Correlation 0.102733631 

Pooled Variance 98655.93889 

Hypothesized Mean Difference 0 

df 9 

2.258936849 

P(T<=t) one-tail 0.025131928 

t Critical one-tail 1.833112931 

P(T<=t) two-tail 0.050263855 

t Critical two-tail 2.262157162 

Discussion 

In October of 1996, thirty-two fields from ten dairies were cored and the samples 

analyzed for potassium, calcium, sodium and pH. The average potassium concentrations 

on the study fields were excessive. The average decrease in soil K was 304 mg/kg. This is 

evidence that one growing season can mine a significant amount of K from the top 5.1 cm 

of soil (P< 0.05). 

http:40156.49
http:157155.39
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APPENDIX F 

SUB-SET ANALYSIS OF THE OCCURRENCE OF METABOLIC AND
 
REPRODUCTIVE DISEASES IN ASSOCIATION WITH TWINNING IN
 

HOLSTEIN COWS
 

There is an estimated loss of $108 per set of Holstein twins calves. This cost is 

directly related to increased therapy associated with metabolic disease that occurs with the 

onset of lactation. Data from multiparous Holstein cows (n = 1399) were collected during 

the periparturient phase in order to evaluate the relationship between twinning and 

postpartum metabolic disease. Test cows were from 7 dairy operations in western 

Oregon. Cows were diagnosed as either healthy or as having one or more of the following 

metabolic diseases: hypocalcemia parturient paresis (milk fever), retained fetal 

membranes, metritis, mastitis, and left displacement of the abomasum. Twins were 

observed in six percent of the cows examined. Incidences of milk fever, retained fetal 

membranes, left displacement of the abomasum, mastitis, and metritis were 7, 11, 2, 8, and 

2.6%, respectively. Logistic regression was used to analyze the relationship between 

twinning and postpartum metabolic disease. Days dry, dairy and month were used as 

covariates in the regression model. Cows that gave birth to twin calves had a greater 

likelihood of retaining fetal membranes (P<0.0001) and acquiring milk fever 

( P = 0.0369) than cows that gave birth to a single calf. Incidence of retained fetal 

membranes was 5.5 times greater for cows that gave birth to twins as compared to cows 

that gave birth to a single calf. Likewise, the incidence of milk fever was 2.1 times 

greater. We concluded that twinning in Holstein dairy cows tends to be detrimental to the 

health of the dam. 




