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Introduction 
 

 Dietary cation-anion difference (DCAD) has been a topic of considerable 
research in dairy cows nutrition for the last 2 decades (NRC, 2001). Much of the early 
work addressed effects of DCAD on periparturient Ca metabolism and metabolic health 
of transition dairy cows (NRC, 2001; Block, 1994). Over roughly the same period time, 
some but less research focused on the effects of DCAD on lactational performance of 
dairy cows. Physiological influences of DCAD on acid-base homeostasis and mineral 
utilization are reviewed and discussed elsewhere (Block, 1994). 

 
Definitions. In the earlier research reports with lactating cows, DCAD was often 

expressed as the three-element equation: milliequivalents (meq): (K + Na – Cl)/100g of 
dietary DM. In this paper this calculation will be referred to as DCAD3, whereas DCAD4 
will denote the four-element equation of meq:(K + Na - Cl - S)/100g of dietary DM. 
Whenever possible the DCAD4 is used as cited in the report or where the DCAD3 was 
reported the DCAD4 was calculated by me using the S concentration reported, or in a 
few cases assuming that S was supplemented to meet the cows’ requirements (e.g., 
0.2% S in dietary DM which is equal to about 13 meq of S/100 g of dietary DM). To 
covert dietary mineral element concentrations to meq/100 g of dietary DM the following 
are used: [(%K divided by 0.039) + (%Na divided by 0.023)] – [(%Cl divided by 0.0355) 
+ (%S divided by 0.016)], dry basis. 

 
Objectives of this paper are to review the published reports on the effects of 

DCAD on lactational performance of dairy cows, to consider if there is an optimal DCAD 
based on published information, and to consider several questions and factors related 
to DCAD in ration formulation to achieve optimal lactational performance. 

 
Background and Literature Review on DCAD in Lactation 

 
The factorial method, summing the grams of mineral element needed for 

maintenance, lactation, growth, and pregnancy divided by the absorption coefficient for 
that particular element was used to estimate the total dietary requirement (g/d) of each 
K, Na, and Cl (NRC, 2001). The dietary recommendation for S was set at 0.2% of ration 
DM because insufficient information was available to use the factorial approach. As a 
point of reference for the remainder of the discussion in this paper, based on current 
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total dietary requirements (g/d) for K, Na and Cl for lactating cows with MY ranging from 
55 to 120 lb/d the calculated DCAD3 is about +29 meq/100g of dietary DM; the DCAD4 
(including the dietary recommendation for total S) is about +16 meq/100g. These values 
are 3 to 4 meq/100g DM greater than those calculated using NRC (1989) 
recommendations. There is no dietary requirement of the cow for DCAD per se as it is a 
“concentration expression”, just as there are no requirements for percentages of K, Na, 
and Cl in rations of lactating dairy cows. 

 
DCAD in Lactation Rations: Research from 1995 and Earlier 
 
  NRC (2001) provided a summary of much of the research done prior to 1995, 
directly addressing aspects of macromineral electrolytes on lactational performance of 
dairy cows and indirectly the effects of DCAD. The study of Tucker et al. (1988) was the 
first study (cool season) in which DCAD intentionally was varied to measure lactational 
and physiological responses. They varied DCAD3 by altering the amounts of either 
cation (K or Na) and the anion Cl. The DCAD3 treatment values were -10, 0, +10 and 
+20 meq/100g of dietary DM. Treatment rations were fed to mid-lactation Holstein cows. 
Dry matter intake (DMI) and milk yield (MY) increased with increasing (more positive) 
DCAD3. Dry matter intake and MY of cows fed the ration with +20 meq DCAD3 were 
greater than that of cows fed -10 meq. The experimental design and diet formulation 
were such that researchers were able to differentiate among influences that each 
element (Na, K or Cl) to vary the DCAD3 might have had on DMI and MY. No 
differences due to specific elements per se were detected. Authors stated that 
improvement in lactational performance of cows fed rations of greater DCAD3 was 
independent of the effects of the individual elements used to alter the DCAD3. 
 
 In another study (cool season) from the University of Kentucky, Ghorbani et al. 
(1995) varied the DCAD4 (-11, +18, +55, and +76 meq/100g of dietary DM; DCAD 
values are calculated by me from mineral element concentration values in Table 2 of the 
report; calculated treatment DCADs are different from those in the report). The DCAD 
treatments were fed in a basal ration (40 corn silage: 60 concentrate, dry basis) to 12 
mid-lactation Holstein cows in a replicated 4 X 4 Latin square design. Dry matter intake 
was lower for cows fed -11 or +18 vs. +55 or +76 meq, 38.1 or 42.5 vs. 44.7 or 44.9 
lb/d, respectively. Actual MY (unadjusted for solids content) was lower (51.9 lb/d) for 
cows fed -11 meq, but similar (overall average = 54 lb/d) among cows fed positive 
DCAD over the range used in the experiment. Yield of 3.5% fat-corrected milk (FCM) 
was lower for the -11 meq treatment compared with treatments with +18, +55 and +76 
meq (51.9 vs. 55.4, 57.2 and 59.0 lb/d); FCM yields of cows fed +18 and +55 meq were 
similar, as were those of cows fed +55 and +77 meq; however, yield was greater for 
cows fed the ration with +77 compared with those fed +18 meq. Fat content of milk 
increased as DCAD increased when sodium bicarbonate was added and calcium 
chloride was removed from the ration formulations. Milk protein content was reduced for 
cows fed the highest (+77 meq) DCAD compared with that of cows fed the other 
treatments. Caution should be used in evaluating responses in this experiment because 
the concentration of Na (0.02%, dry basis) in the -11 meq diet was too low to meet the 
cows’ Na requirement, and the Cl contents (0.06, 0.05, and 0.15%, dry basis) of diets 
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