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ABSTRACT 
 

Risks of occurrence of milk fever in dairy cattle can be evaluated by determining the dietary cation-anion 
difference [DCAD=(Na+K)-(Cl+S)] of forages and concentrates. The objective of this study was to evaluate the 
feasibility of DCAD prediction before initiating a data base of DCAD for Tunisian forages. Thirty (30) forages 
were collected and their mineral and crude proteins concentrations were determined and used for DCAD 
calculation and for evaluating the feasibility of published equations for DCAD simplification. The main results 
were (mean ±SD): Na 0.27 ± 0.21, K 3.91±1.37, Cl 1.09±0.47, S 0.39±0.17% DM, DCAD 563±371 meq/ kg 
DM. There was a good relationship between DCAD and the electrolytic balance (EB=Na+K- Cl): DCAD=0.99 
EB-239.4, R2=0.92, P<0.0001. Predicting DCAD from published equations with either K (DCADK) or K and Cl 
(DCADK-Cl) as predictors was found feasible: r= 0.83, P< 0.0001 for DCADK and r=0.94, P<0.0001 for DCADK-

Cl. It was concluded that the study need to be extended on larger samples and to account for sources of variation. 
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Introduction 

 
The management of the dietary cation-anion 

difference (DCAD) became a worldwide practice to 
evaluate the risks of occurrence of milk fever and to 
optimize dairy cattle performances. In Tunisia, this 
information is not yet available and a data base is 
needed. However, many formulas are suggested for 
DCAD computation [2,3,10]. The common and less 
demanding one in terms of laboratory analysis is:  
 
DCAD, meq/kg DM = (Na /0.023 + K /0.039)-(Cl 
/0.035 + S /0.016): 
  

The low Na and S concentrations and their 
narrow range in forages, on one hand, and the 
common lack of sulfur deficiency and need for Na 
supplementation in all current dairy cattle diets, on 
the other hand, suggest the need to investigate the 
feasibility of disregarding these elements in DCAD 
calculation. The reason for this is not only to cut on 
chemical analyses spending which becomes more 
and more expensive but also because of the expected 
un-accuracy of these small Na and S concentrations 
determination and its subsequent large error on 
DCAD values. The objective of this study was to 
evaluate the feasibility of DCAD prediction in order 
to initiate a data base of DCAD for Tunisian forages. 

The approach was to compare DCAD values of a 
limited number of forages calculated by formula 
previously mentioned to the ones calculated without 
S or predicted by published equations [5] some of 
which do not involve either S or S and Na. 
 
Materials and Methods 

 
1. Forages: 

 
A set of 30 forages grown at the School of 

Higher Education in Agriculture of Mateur  “Ecole 
Superieure d’Agriculture de Mateur” (60 km north of 
Tunis) during 2006-2010 was used. Forages were: 
alfalfa (1 hay, 2 fresh), barley (1 fresh), berseem 
(1fresh), barley-berseem mixture (1 fresh), 
Hedysarum carnosum D. (1 fresh), oat (5 varieties, 
fresh), subclover (Trifolium subterraneum L.) (1 
fresh), sorghum (2 fresh), ryegrass (8 varieties, 
fresh), triticale (1 fresh, 2 silage), and vetch (1 fresh). 
The choice of the set composition was influenced by 
our interest in obtaining a wide range of mineral 
concentrations and DCAD values. 
 
2. Chemical analyses and calculus: 

 
Duplicate samples of each forage were taken. 

Dry matter (DM) was determined by drying at 104 
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°C for 24 h, and ash by burning overnight at 550 °C 
in a muffle furnace. Ground samples were analyzed 
for crude proteins (CP= Kjeldahl nitrogen x 6.25) 
(AOAC, 1990), sodium (Na) and potassium (K) with 
a Shimadzu AA 6800 atomic absorption 
spectrophotometer, and phosphor (P)  with the 
molybdovanadate method on ash solubilized in dilute 
HCl (1:1) and filtered through Whatmann filter paper 
N° 42. Chloride (Cl) determination was carried out 
by the Mohr precipitation titration method after its 
extraction by magnetic stirring of 0.3 g in 30 ml of 
0.01M CaSO4 solution [6] for 30 minutes. Briefly, 
small quantities of NaHCO3 were added into 25 ml 
filtrate until effervescence ceased. Two (2) ml of 
K2CrO4 were added and the solution was titrated to 
the first permanent appearance of red Ag2 CrO4. 

Total sulfur determination was carried out by 
turbidimetry after wet digestion with nitric-perchloric 
acid. The absorbance (A420nm) of the barium sulfate 
suspension obtained after addition of the reagent 
made of barium chloride, PEG4000 and sodium 
sulfate [11] was measured with a 21 
spectrophotometer. For each mineral, duplicate 
analyses were carried out on each of the duplicate 
samples per forage and arithmetic means were 
calculated giving 2 values per forage. 

The formulas shown in table 1 were used to 
calculate the DCAD and the electrolytic balance 
(EB) values. Data obtained by equations 1 and 2 
were referred to as observed values while those 
obtained by equations 3 to 6 as predicted ones.

 
Table 1: Dietary cation-anion difference (DCAD) computation and prediction equations 

N°          Abbreviations Equations 
1 DCAD (Na /0,023 + K /0,039)-(Cl /0,035 + S /0,016)  * 
2 EB (Na /0,023 + K /0,039)-(Cl /0,035 ) * 
3 DCAD CP 1.76 CP+43 ** 
4 DCAD K 15.9 K-36 ** 
5 DCAD K-Cl 22.8K-26.5Cl-13 ** 
6 DCAD P-CP-Ash 56.68P + 2.03 Ash + 0.27 CP-33 ** 

*DCAD and BE in meq/kg DM; **Prediction equations from  Meschy and Peyraud, (2004); All variables are in g/kg DM 

 
3. Statistical analyses : 

 
The accuracy of Na, K, Cl and S analyses was 

quantified by calculating the standard error of 
duplicates (SEL) with the following formula [14]: 

 
SEL= [1/n∑(x1-x2)

2 ]1/2        
 
where (x1-x2) is the difference between duplicate 

measurements and n is the number of forages 
analyzed in duplicate (n=30). Coefficients of 
variance (CV) between duplicate analyses were also 
calculated as follows: 
 
CV= (SEL/mean) x 100 

 
Simple correlation coefficients (r) between 

observed DCAD and measured parameters, and 
regressions of observed DCAD on observed EB or of 
predicted on observed DCAD were conducted using 
the REG procedure in SAS [12]. 

 
Results and Discussion 
 
1. Chemical composition and DCAD and EB values: 

 
Chemical composition and DCAD and EB 

values for forage species are summarized in table 2. 
Concentrations of different minerals varied greatly 
between forage species. Concentrations of Na and S 
were the lowest with respective minimum values of 
0.04 and 0.17% DM in sorghum, and maximum 
values of 0.78 and 0.84 %DM in Hedysarum 

carnosum. Concentrations of K were the highest and 
ranged from 1.76 % DM in barley to 6.20 % DM in 
the barley-berseem mixture. Chlorine concentrations 
were intermediate and varied from 0.33% DM in 
Subclover to 1.6% DM in ryegrass. However, there 
were little differences in mineral concentrations 
between legumes and grasses (data not shown), with 
respective values (mean ± Standard error) of 
0.32±0.3 vs 0.25±0.17, 4.63±1.12 vs 3.37 ±1.30, 
0.93±0.41 vs 1.13 ±0.49  and 0.50±0.20 vs 
0.35±0.14% DM for Na, K, Cl and S, respectively. 
Meschy and Peyraud [5] reported for green grasses 
values of 0.06±0.08%, 3.0±0.6 %, 0.89±0.32% and 
0.17±0.05% DM for Na, K, Cl and S, respectively. 
For alfalfa hay cut at late vegetative stage, NRC 
(1988) reported values of 0.15, 2.56, 0.34 and 0.31 % 
of DM for, respectively, Na, K, Cl and S. Lower 
values ( 0.042, 22.91, 8.39 and 2.09 g/kg of DM for, 
Na, K, Cl and S, respectively) were reported by 
Temblay et al. [13] for timothy cut at late-heading 
stage. Wheeler et al. [16] reported for 251 forge 
sorghum samples K values ranging from 0.63 to 6.68 
% of DM. All the above reported values, particularly 
of Na, were lower than their corresponding ones 
found in the present study. 

The observed variation in mineral concentrations 
was expected and reflected the heterogeneity of 
forages.  All forages except the ryegrass sub-set were 
used in dairy cows commercial rations. The set was 
taken to comprise fresh, silage, and hay, different 
maturity stages, forages of different years, and of 
different varieties. The variation in mineral 
concentrations in ryegrass (data not shown)  could be 
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a variety effect  since this sub-set  was made of eight 
(8) varieties grown at the same time under the same 

conditions  and cut at the  same maturity stage ( they 
were part of an homologation trial).

 
Table 2: Crude proteins (CP) and mineral concentrations (%DM), and DCAD and EB (meq/kg DM) in the forage set. 

CP Ash P Na K Cl S DCAD EB
Ma 10.98 10.24 0.22 0.27 3.91 1.09 0.39 563.2 808.7
SDb 6.42 2.17 0.07 0.21 1.37 0.47 0.17 371.3 357.9
Min 3.45 6.47 0.09 0.04 1.48 0.33 0.04 25.0 256.2
Max 26.78 15.95 0.44 0.78 6.20 2.49 0.84 1159 1368
SELc 0.117 0.526 0.120 0.043
CVd,% 43 13.4 11 11

Notes : Ma = mean,   SDb = standard deviation,  SELc  = standard  error of laboratory,  CVd = SELx100/M 
 
The accuracy of chemical analyses could have 

affected the observed variation in mineral 
concentrations. The accuracy quantified for Na, K, 
Cl and S by the SEL and the CV revealed that the 
determinations of S and Cl were more accurate (SEL 
of  0.043 to 0.12% DM and CV of 11%) than the 
determinations of Na and K (SEL of  0.117 to 0.526 
% DM and CV of 13.4 to 43%). This finding did not 
agree with Tremblay et al. [13] results. These authors 
reported that chemical analyses were accurately 
conducted for all minerals with SEL (g/kg of DM) 
and CV (%) values of 0.003 and 7.5 for Na, 0.39 and 
1.7 for K, 0.09 and 1.1, and 0.16 and 7.6 for S.  

As for mineral concentrations, DCAD and EB 
values varied between forage species. The lowest 
DCAD value was for barley (25 meq/kg DMS) 
whereas the highest was for barley-berseem mixture 
(1092.6 meq/kg DM). EB ranged from 256.2 meq/kg  

DM in barley to 1322.2 meq/kg DM in alfalfa 
hay. Legumes tended to have higher DCAD and EB 

than grasses, but their respective standard deviations 
were high (table 2).  

 
2. Relationship between DCAD and EB: 

 
The regression line and individual observations 

of the regression of observed DCAD on observed EB 
are visualized in figure1 along the line depicting 
hypothetical equality between both variables (Y= X, 
dashed line, R2=1). There was a linear distribution of 
the data points suggesting EB to be a good predictor 
of DCAD. Furthermore, 92% of the variance were 
explained by EB and the slope of the regression 
(0.99) did not deviate much from the ideal value of 
1.0. Similar relationship between DCAD and EB was 
reported by Meschy and Peyraud [5] for grasses 
(fresh, silage or hay), corn silage or sugar beet pulp 
silage (figure 1). 

 
 

 
 

Fig. 1: Observed DCAD versus EB 
 
Our results, in addition to those of Meschy and 

Peyraud [5], seem adequate to advocate the use of 
EB for ration evaluation with regard to their cation–
anion difference. The utility of EB use instead of 
DCAD would be not only to cut on chemical 
analyses spending but also because of the expected 
inaccuracy in S concentration determination and its 
subsequent large bias on DCAD estimated values. 
Furthermore, EB applies also for non ruminants, and 

for ruminants S determination would be unnecessary 
since its deficiency is rare. As shown in table 2, S 
concentrations were close or above the recommended 
level of 0.2% DM. [7].  
 
3. DCAD prediction:  
 
3.1. Correlation between DCAD and constituent 
concentrations in forages: 
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The simple correlation coefficients (r) with their 
P-values (P) shown in table 3 revealed that CP, K 
and Cl concentrations exhibited significant 
association with DCAD. The association with either 

CP or Cl was low whereas that with K was high 
(r=0.82 and P<0.0001) suggesting the need to 
investigate the use of K as DACD predictor.

 
 

Table 3: Simple correlation coefficients and their P-values between DCAD (meq/kg DM) and crude protein (CP) and mineral 
concentrations (% DM) in the forage set 

CP Ash P Na K Cl S
r 0.399 0.124 -0.079 -0.079 0.82 -459 -0.252
P 0.028 0.51 0.68 0.68 0.0001 0.010 0.178

 
Using forage set of 1320 samples including fresh 

pasture species, grass hays, corn silages, grass 
silages, and sugar beet pulp silages; Meschy and 
Peyraud [5] found higher correlations between 
DCAD and either CP, K or combinations of K and Cl 
or P, ash and CP. These authors established 
predicting equations including the above mentioned 
variables and suggested their application in practice. 
This persuaded us to investigate the reliability of the 
proposed equations with our forages which were 
different from the ones used for the prediction 
equations establishment. 

 

3.2. DCAD prediction using non-specific equations: 
 
DCAD prediction aspect has been hardly studied 

and the equations we found were only those 
published by Meschy and Peyraud [5] and detailed in 
table 1. These equations have the advantage of using, 
as predictors, constituents either commonly 
determined for ration formulation (CP and P) or the 
ones (K and Cl) which appeared the most correlated 
to DACD in our forages set. Observed and predicted 
means of DACD, and the equations derived by 
regressing DCAD calculated from the non-specific 
equations on observed DCAD are shown in table 4. 

 
Table 4. Efficacy of non-specific equations for predicting DCAD (meq/ kg DM) of the forages set 

Equations*N°  
Abbreviation 

Observed mean Predicted mean Regression 
Interc. Coef. D R2 P 

3   DCADCP  563.28 236.25 167.63 0.121 105.56 0.159 0.0286 
4   DCADK 563.28 586.06 313.09 0.484 125.07 0.680 0.00011 
5   DCADK-Cl 563.28 589.36 111.25 0.848 114.47 0.887 0.0001 
6  DCADP-CP-Ash 563.28 334.29 320.60 0.024 90.02 0.01 0.593 

*see table 1 (from Meschy and Peyraud, 2004) 
 
Predictability of the non-specific equation based 

on CP (equation 3) was significant (P<0.05) yet it 
accounted for only 15.9% (R2) of the variance and 
the residual standard deviation (RSD) was high 
(105.56 meq/kg DM). The prediction based on P, CP 
and Ash contents (equation 6) was not significant 
(P>0.05). Predicting DACD from the equations 
based on K (equation 4) or on K and Cl (equation 5) 
appeared possible since 68 to 88.7% of the variation 
were accounted for by the predictors, and observed 
DACD mean (563.28 meq/kg DM) was not too much 
different from the predicted DACD means (586.06 
and 589.36 meq/kg DM for equation N° 4 and 
equation 5, respectively). 

The ability of equation 5 to predict DCAD was 
further illustrated in figure 2 and figure 3. On figure 
2 are visualized the regression line (solid line) and 
individual observations of the regression of DCAD 
on DCADK-Cl as well as the line depicting 
hypothetical equality between both variables (Y= X, 
dashed line, R2=1). It is shown that the two lines 
were not far away and there was a linear distribution 
of the data points. 

Figure 3 shows a plot of the residuals (DCADK-

CL minus DCAD) regressed on DACD. It can be seen 
that the data points are randomly distributed around  
the “zero line“, indicating some but acceptable 

difference in the use of DCAD (calculated by 
equation N° 1, table 1) vs DCADK-Cl ( predicted by 
equation 5, table 1). 

Predicting DCAD from K and Cl concentrations 
implies the removal of S and Na from the formula 
used in the computation and, consequently, 
determinations of these elements in forages become 
unnecessary. This may be feasible when sulfur 
deficiency or excess are not suspected since sodium 
concentrations in forages are commonly low and its 
supplementation is needed in all current dairy cattle 
diets.  Although most practical diets are adequate in 
sulfur, deficiency may be observed when urea or 
other non-protein nitrogen sources replace preformed 
protein, in forages grown in sulfur-deficient soils, in 
corn silage, and in sorghum x sudan grass mixture 
[8]. In Australia, Wheeler and Hedges [15] reported 
that analysis of 95 samples of sorghum forage 
obtained from 30 locations indicated that a high 
proportion contained insufficient sodium or sulfur, or 
both, for maximum animal production: 78% 
contained <0.03% sodium, 24% contained <0.1% 
sulfur. In United States, sulfur deficiency also has 
been reported in some upland soils [1]. Jones et al. 
[4] reported sulfur concentrations ranging from 0.13 
to 0.24% in the subclover and from 0.09 to 0.22% in 
ryegrass.
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Fig. 2: Predicted DCAD versus observed DCAD 
 

 
 

Fig. 3: Predicted  minus observed DCAD versus observed DCAD 
 
Although removal of S and Na from the formula 

for DCAD computation appeared statistically 
feasible, application of prediction equations for 
routine evaluation or for data base establishment 
should await experimental verification on animals. 
 
Conclusion: 

 
This study indicated that mineral concentrations 

and DACD and EB values varied between forage 
species. Forages could be characterized by their EB 
instead of DCAD values, avoiding consequently 
sulfur determination and its associated laboratory 
error into the calculated DCAD values. DCAD could 
be further estimated by use of published prediction 
equations involving only potassium and chloride 
concentrations as predictors. However, more studies 
must be undertaken to develop more robust, practical 
and simple equations. Such studies would be more 
fruitful if specific equations are developed for single 
forage species, on one hand, and for mixture of 
different species, on the other hand. The success of 

any prediction equation may depend on whether 
sources of variation of mineral concentrations are 
accounted for or not.   
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