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Feeding anionic diets to prepartum dairy cows has 
become a common strategy to prevent parturient 
paresis. However, implementing anionic diets in the 
field is challenging. Feeding anionic salts will help pre
vent parturient paresis (Block 1984, Dishington 1975, 
Oetzel et al 1988) and perhaps improve calcium homeo
stasis by increasing ionized calcium levels at parturition 
(Oetzel et al, 1988, Beede et al, 1992), but the mecha
nism of action of the anionic salts has not been clearly 
defined. Since the mechanism of action is not defined a 
number of questions arise during manipulation of the 
dietary cation-anion difference (DCAD). 

What determines acid base balance in the cow? 

Acid-base balance in the body is determined by the 
regulation of pC02, and the concentration of strong ions 
and weak acids by the lungs, liver, kidney and gas
trointestinal tract (Stewart, 1981). However, the major 
factor affecting acid-base balance interactions between 
biological fluids are movements of strong ions across 
membranes separating them (Stewart, 1981). Strong 
ions are electrolytes that dissociate completely into ions 
in solution. Changes in H+ and HCO3- concentration 
between body fluids result from exchanges of strong ions 
and not from adding H+ or HCO3- . The most common 
strong ions are Na+, K+, Cr , Mg++, SO4 and Ca++ 
(Stewart, 1981). 

The strong ion difference (SID), also referred to as 
the dietary cation difference (DCAD), is defined as the 
sum of all the strong base cations minus the sum of all 
the strong acid anions and is expressed in 
milliequivalents (meq)/kg of dry matter. Equation 1 is 
the most common equation used in the literature and 
by most computer ration balancing programs to calcu
late the DCAD. 

Equation 1 

Goff (1992) suggests that equation 2, which takes into 
account the relative absorption rates of the different ions, 
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more accurately describes the relationship of DCAD to 
acid-base balance. 

Equation 2 

From equation 2, it is apparent that monovalent 
ions are absorbed better than ions of higher valence. 
er is probably a better acidifying ion than s- - because 
it is absorbed better. K+ is absorbed with high efficiency 
compared to Ca++ and Mg++. The commonly used DCAD 
equation (equation 1) has mostly monovalent ions ex
cept for s- -. The trend toward higher soil fertility on 
dairy farms ·resulting from excess manure application 
to corn and grass hay would favor an excess of K+ ab
sorbed by the cow. Since Na+ is generally low in feeds , 
the major ions affecting acid base balance in the cow 
are K+ and er . · 

How does the DCAD affect the acid base balance? 

To maintain electrical neutrality, the sum of the 
positively charged ions must equal the sum of the nega
tively charged ions (Stewart, 1981). To maintain 
electrical neutrality, when an ion moves across a mem
brane, it must either be exchanged with an ion of the 
same charge or move together with an ion of the oppo
site charge (Stewart, 1981). A neutral solution exists 
when the DCAD=0. When strong acid anions exceed 
strong base cations by say the addition of anionic salts, 
the DCAD is negative and the [H+] will be larger than 
[Off] and the solution will be acidic. When the strong 
base cations exceed the strong acid cations, the DCAD 
is positive and the [Off] will be greater than [H+] and 
the solution will be alkaline (Stewart, 1983). Common 
anionic salts such as CaC12 cause acidification because 
the er is absorbed more efficiently than the Ca++ re
sulting in a negative DCAD. To maintain electrical 
neutrality when the er is absorbed, either an H+ must 
accompany it, or an Off , HCO3- or CO3- - must move 
in the opposite direction. As a result, the [H+] will be 
larger than the [Off] and the solution will be acidic. 
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How is the DCAD commonly calculated? 

Equation 3 can be used to calculate the DCAD in 
meq/kg of dry matter. 

Equation 3 

[(%Na/0.0023) + (%K/0.0039)] - [(%Cl/0.00355) + 
(%S/0.0016)] 

What determines calcium homeostasis? 

The daily requirement of calcium prior to parturi
tion is approximately 30 grams. There is a massive 
demand for calcium at parturition when the cow loses 
30 grams or more of calcium to the milk. Calcium ho
meostasis is controlled by parathyroid hormone (PTH) 
and vitamin 1,25 dihydroxyvitamin D3 (1,25-(OH)zD3), 

the active metabolite of Vitamin D. The increased de
mand for calcium· is satisfied by increased resorption of 
calcium by the kidneys, increased absorption of calcium 
from the gastrointestinal tract, and increased mobiliza
tion of calcium reserves from bone. 

When plasma calcium levels decrease, PTH is se
creted by the parathyroid glands and immediately 
causes the kidneys to conserve calcium. If plasma cal
cium levels are not sufficiently restored, PTH will 
continue to be secreted. The PTH stimulates bone 
reabsorption of calcium and the conversion of 25-
hydroxyvitamin D3 to 1,25-(OH\D3 in the kidney. 
1,25-(OH)zD3 stimulates bone reabsorption of calcium 
and active transport of calcium from the intestine. Dur
ing the dry period, calcium demands can be entirely 
satisfied by passive absorption of calcium by the gas
trointestinal tract, so calcium homeostatic mechanisms 
would be inactive. 

Feeding diets low in calcium (20-40 grams/day) 
during the dry period prevents parturient paresis be
cause the cow is in a negative calcium balance prior to 
parturition, which stimulates secretion of PTH and pro
duction of 1,25-(OH)zD3• At parturition, the cow is able 
to efficiently absorb calcium from the intestine and 
mobilize calcium from the bone. 

How does feeding anionic salts affect calcium 
homeostasis? 

The mechanism by which anionic salts affect cal
cium homeostasis is not known. Diets high in anionic 
salts cause metabolic acidosis (Freeden, et al, 1988) by 
mechanisms previously described or at least reduce the 
alkalinity of the diet. Because blood pH is maintained 
within narrow limits by the body, the impact of the 
De AD might not be reflected in measurements of blood 
pH and would be expected to occur at the cellular level 
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(Block, 1994). 
Cows fed anionic diets consistently have greater 

calcium loss in the urine compared to control cows 
(Gaynor et al, 1989, Freeden et al, 1988, Oetzel et al 
1991, Phillipo et al 1994, Van Mosel et al, 1993). The 
origin of the increased calcium loss in the urine is not 
known. The hypercalciuria could result from reduced 
renal calcium reabsorption or an increase in the filtered 
load of calcium either via increased mobilization of cal
cium from bone or increased absorption of calcium from 
the intestine. Stacy et al, (1970) in studies with sheep 
showed that the hypercalcuria was due to a direct effect 
of acidosis on renal calcium reabsorption. The increased 
excretion of calcium could be sufficient to stimulate the 
calcium homeostatic mechanisms increasing PTH and 
1,25-(OH)zD3 before parturition which would in turn 
activate bone reabsorption and intestinal absorption of 
calcium. Gaynor et al (1989) and Goff (1991) suggest 
that during metabolic alkalosis the kidneys and bone 
tissue might be refractory to stimulation by PTH, and 
that anionic diets could work to increase target tissue 
responsiveness to PTH. 

How do you monitor anionic diets? 

Anionic salts can decrease dry matter intake (DMI) 
when greater than 300 meq anion/kg are added to the 
diet (Goff, 1992). Decreases in DMI before calving should 
be avoided and are associated with a greater occurrence 
of postpartum diseases (Zamet et al, 1979) and high 
plasma non-esterified fatty acid concentrations 
(Grummer, 1995). DMI can drop 30-35 percent before 
parturition and there is a strong positive correlation 
between DMI before and after calving (Grummer, 1995). 
Therefore, DMI should be monitored in the close-up dry 
cows and maintained at a minimum of 22 lbs DM (Byers, 
1994) and the incidence of postpartum diseases should 
be monitored. 

Jardon (1995) suggests using urinary pH to moni
tor anionic diets. The major mechanism by which the 
kidneys affect plasma [H+] is by adjusting the [SID] from 
the plasma to the urine (Stewart, 1981). The kidneys 
lower the [H+] of plasma by excreting more er than 
Na+, thereby raising the plasma [SID]. When er is 
excreted into the urine, either H+ must accompany it, or 
Off , HCos· , or cos·· must move in the opposite direc
tion. As er is excreted into the urine, the [SID] of the 
urine decreases and this causes the urine [H+] to rise, 
resulting in a low urine pH. Manipulation of er is the 
major mechanism by which the kidneys affect [SID] 
because Na+ is also involved in extracellular fluid vol
ume regulation (Stewart, 1981). 

The kidneys excrete a wide variety of substances 
that have acid-base properties that are only important 
in the urine so caution should be taken to avoid over 
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interpretation of urine pH (Jardon 1995). However, fail
ure to acidify the urine might suggest that sufficient 
acidosis has not occurred and this could potentially in
crease the risk of parturient paresis depending on the 
level of calcium in the diet. Jardon (1995) suggests ti
trating the rations with anionic salts to a pH value of 
6-7 to prevent parturient paresis. Oetzel et al (1991) 
evaluated six anionic salts (MgSO4 , MgC12 , CaC12 , 

CaSO4, NH4Cl, (NH4) 2SO4) for their effects on acid-base 
status and urinary calcium excretion. All six anionic 
salts significantly increased urinary calcium excretion 
compared to the control diet. However, the salts had 
varying effects on urinary pH. The correlation between 
sufficient systemic acidosis and urinary pH levels has 
not been determined. 

How do you formulate prepartum anionic diets? 

The following guidelines are suggested in the lit
erature for formulating prepartum diets using anionic 
salts: 

1. Analyze feed samples for chloride and sulfur in ad
dition to the standard macrominerals calcium, 
magnesium, phosphorous, and potassium. The 
effects of water on the DCAD have not been evalu
ated. 

2. Remove cations such as sodium bicarbonate and 
use feeds low in potassium. Diets requiring the 
addition of greater than 300 meq anion/kg could 
negatively affect feed intake (Goff, 1992). The ef
fect of calcium carbonate on DCAD has not been 
studied. Calcium carbonate could have an 
alkalizing effect suppressing calcium homeostasis 
because Ca++ is a strong ion and its accompanying 
anion is weak. 

3. Oetzel et al (1991) recommends using a mixture of 
anionic salts (MgSO 4, MgCl2, CaCl2, CaSO 4, NH4Cl, 
(NH4)zSO 4) to reduce toxicity due to excessive NPN, 
SO4, or Mg. Sniffen et al (1996) recommends bal
ancing sulfur and magnesium at .36-.4% ofDM and 
phosphorous at 30-60 grams. 

4. Bio-chlor1 can be used to formulate anionic diets. 
Bio-chlor is a nutrient enriched source of anionic 
salts high in chloride (8.6% Cl) that has been shown 
to stimulate rumen function and, potentially, dry 
matter intake. The recommended inclusion rate 
is 2 - 2.5 lbs/day. Field experience suggests that 
Bio-chlor is palatable and safe. 

5. The suggested target DCAD level is -100 meq/kg 
DM (Goff, 1992) in prepartum close-up dry cow ra
tions, but more research is needed to establish the 
optimal DCAD in prepartum dairy rations. 

6. The optimum level of calcium to feed with anionic 
diets has not been established. Jardon et al (1994) 
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suggests the optimum level of calcium may be 
greater than 150 grams per day. Most trials re
ported in the literature used high calcium levels. 

7. Byers (1994) recommends feeding a total mixed ra
tion to minimize feed selection by cows and to 
maintain a DMI of at least 22 lbs in the close up 
dry cows. 

8. Cows should be fed anionic salts for at least 2-3 
weeks prior to parturition (Gaynor et al, 1989). 

1 Biouance 

Summary 

The literature supports the concept that the DCAD 
should be routinely calculated during formulation of dry 
cow prepartum rations. A potential benefit of incorpo
rating anionic salts into the diet would be the ability to 
feed high calcium feedstuffs such as alfalfa to the 
prepartum dry cow if so desired. However, feeding an
ionic diets to prepartum dairy cows in the field is 
challenging because the mechanism of action have not 
been clearly defined. Until further clarification, dry 
matter intake and urinary pH should be routinely moni
tored on prepartum dry cows consuming anionic diets. 
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The dispersal of Culicoides brevitarsis in eastern New South Wales and 
associations with the occurrences of arbovirus infections in cattle 

A.L. Bishop*,-P.D. Kirklandt, H.J. McKenzie* and I.M. Barchia* 
Veterinary Record (1996); 73, 174-178 

Distributions of the vector Culicoides brevitarsis 
Kieffer (Diptera: Ceratopogonidae) (determined from 
light trap data) and 2 arboviruses (determined from 
seroconversions in sentinel cattle) were studied in 
eastern New South Wales in 1993-94. C brevitarsis was 
recorded progressively from endemic areas on the north 
coast, to N owra on the south coast, and westward to 
Scone, in the Hunter Valley. C brevitarsis also survived 
through winter at Paterson, in the Hunter Valley. Its 
apparently focal reappearance in this marginal area had 
no obvious effect on the broad pattern of its progression 
or the dispersal of Akabane and bluetongue viruses. 
These viruses were first recorded from foci near Coffs 
Harbour, on the mid-north coast. Their first occurrences 
at different locations were associated with those of C 
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brevitarsis, but not with each other. The viruses were 
found only within the recorded limits of the vector's 
distribution. Delays between the initial occurrence of C 
brevitarsis and first evidence of virus transmissions at 
locations ranged from 2 to 7 months. The delays 
decreased away from the points of focus and were 
negatively associated with the time of initial occurrence 
of the vector. Seroconversions to the virus were related 
to the presence of C brevitarsis. However, the densities 
of C brevitarsis had no apparent effect on the initial 
numbers of cattle seroconverting to either viruses. The 
results support the conclusion that the progressions of 
C brevitarsis andAkabane and bluetongue viruses were 
the result of gradual movements by the vector. 
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