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ABSTRACT 

Nine multiparous cows were fed diets containing gelatinized anionic salts to determine the effects 
of acidified diet on dry matter intake (DMI), urinary pH, and serum parameters. Dietary cation
anion difference (DCAD) for precalving diets was approximately +10, -2, and -10 meq/100 g DM, 
respectively. There were no differences on DMI of cows fed the acidified diet compared with 
DCAD+10 (P>0.05). Mean serum Ca concentrations were increased for cows fed the DCAD-10 
diet (P<0.0001). Urinary pH of cows fed DCAD-2 and DCAD-10 diets were decreased compared 
with DCAD+10 (P<0.0001). These data indicate that a diet based on reed hay and maize silage 
supplemented with gelatinized anionic salts with a DCAD value -10 meq/100 g DM is suitable for 
prepartum dairy cows. 
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INTRODUCTION 

During the last two decades, a number of documents have demonstrated that 
addition of anionic salts in precalving diet to lower the cation-anion difference 
(DCAD) value negatively can prevent milk fever (Beede et al., 1992). Although 
the mechanism by which anionic salts burnish periparturient Ca status is unclear, 
several mechanisms are interconnected and responsible for the preservation of 
a constant concentration of circulating Ca (Goff et al., 1988). Acidified diets by 
anionic salts cause sub-acute metabolic acidosis that may mediate the release of 
Ca from the bone, enhance Ca uptake from the intestine, and cause a excretion of 
Ca through the urine (Fredeen et al., 1988). 
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Because of the poor palatability of anionic salts, the addition of anionic salts 
in the precalving diet commonly cause dry matter intake (DMI) of dry cows to 
decline dramatically. Oetzel and Barmore (1993) observed a dramatic reduction 
in acceptability when 2.3 eq/d of anionic salts were included in a concentrate 
mixture. So, how to overcome this drawback of anionic salts to further broaden 
the application of anionic salts is worth to be further studied. The purpose of this 
study was to evaluate the effects of gelatinization of anionic salts on DMI, urinary 
pH, and blood parameters of dry cows. 

MATERIAL AND METHODS 

Experimental cows and treatments 

Gelatinized anionic salts were composed with ammonium chloride, calcium 
chloride, magnesium sulphate, calcium sulphate, magnesium oxide, maize starch 
and molasses. Nine multiparous pregnant, nonlactating Holstein cows were brought 
into maternity pens before 4 wk prior to the predicted date of parturition. Cows 
were allocated randomly to three treatment diets on the basis of total production 
for the previous lactation, age and liveweight. The forages fed to cows consisted of 
chopped reed hay available freely and 10 kg maize silage (as-fed basis) daily  per 
cow. Cows were allotted randomly to be individually fed one of three concentrate 
mixtures. Concentrate 1 was designed to be a standard dry cow concentrate mixture 
with a DCAD of +9.72 meq/100 g DM for the diet (DCAD+10). Concentrates 
2 and 3 were supplemented with 1.87 and 3% gelatinized anionic salts of the 
diet with a DCAD of -2.40 (DCAD-2) and -9.64 (DCAD-10) meq/100 g DM, 
respectively. Diets were fed for ad libitum intake three times daily at 7.00, 13.00 
and 19.00 h, and DMI was measured at -19, -15, -12, -8, -5 and -1 day relative to 
parturition. Cows had free access to water throughout the trial. 

Sampling and laboratory analysis 

Blood samples from jugular were collected from each cow 2 h after the morning 
feeding on the day 21, 18, 15, 12, 9, 6, 4, 2 and 0 prior to calving and day 2, 4 
and 6 postpartum. The blood samples were allowed to clot at room temperature 
and was centrifuged (4000 g) to allow separation of the serum and were stored at 
-20 oC for subsequent analysis. Midstream urine samples were collected daily in 
the morning. Urine samples (10 ml) were analysed for pH within 1 h of collection 
using a pH meter (model PHS-3C). 

Parathyroid hormone (PTH) concentrations in serum were determined by an 
immunoradiometric assay (PTH-M44-68 kit). Concentrations of hydroxyproline 
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(Dabev and Struck, 1971), creatinine (Bartels et al., 1972) and P (Weissman 
and Pileggi, 1974) in serum were determined by colorimetric procedures. 
Concentrations of K, Na, Ca, Mg in serum were analysed via atomic absorption 
spectrophotometry. 

Statistical analysis 

All data were analysed by general linear models procedures of SAS (1985) 
for ANOVA to evaluate differences among the three experimental groups, and the 
Duncans multiple range test was performed to compare the groups. 

RESULTS AND DISCUSSION 

Chemical composition of the diets indicated that they were matched in CP, fibre, 
energy, Ca, Mg, Na, K, Cl, S, and P. The DCAD content of all diets containing 
anionic salts was below 0 meq/100 g DM, which is considered to be important in 
the prevention of milk fever. 

On the whole, there were no significant differences in DMI among the groups 
(P>0.05). This result as well as the observation of feeding behaviour of cows that 
consume diets containing anionic salts revealed that the palatability of anionic salts 
was obviously improved by the gelatinization with maize starch and molasses. 

Figure 1. Means of daily dry matter intake (DMI) as affected by treatments 

Serum ionized Ca concentrations of cows fed DCAD-10 diet were significantly 
increased compared with the cows fed the DCAD-2 and DCAD+10 diets (Table 1; 
P<0.001). Similar results of raised concentration of Ca in blood and serum caused 
by the negative DCAD diets have been reported (Joyce et al., 1997). Serum P 



 

 

 

368 GELATINIZED ANIONIC SALTS TO DRY COW 

concentration had no significant differences among the three groups (P>0.05). 
However, results of previous experiments have been contradictory in respect of 
changes in P in serum and plasma caused by anionic salts (Beede et al., 1992). 

The concentrations of hydroxyproline in serum of cows fed DCAD-2 and 
DCAD-10 diets were reduced significantly compared with DCAD+10, which is 
inconsistent with Joyce et al. (1997). This result indicates that the improved Ca 
status of cows fed anionic salts might have been due to the increased absorption of 
Ca from the intestine, not have been due to the hydrolysis of bone tissue. 

Table 1. Effects of anionic salts on the serum parameters 
Item DCAD+10 DCAD-2 DCAD-10 SEM P 
PTH, ng/dl1  21.14  19.86  14.28 3.91 0.4216 
Hy, mg/l2  21.81a  15.83b  16.14b 1.40 0.0041 
Ca,mg/dl  9.63a  9.95a  12.48b 0.37 0.0001 
P, mg/dl  5.40  6.37  6.00 0.33 0.1226 
Mg, mg/dl  2.93  2.99  2.81 0.11 0.4820 
K, mg/dl  25.30  24.31  24.70 0.81 0.6816 
Na, mg/dl 236.47a 275.86b 241.19a 9.76 0.0096 

1 PTH - parathyroid hormone, 2 Hy - hydroxyproline 

Figure 2. Urinary pH as affected by treatments 

As expected, urinary pH values were reduced by dietary anionic salts (Table 
2; P<0.0001). The pH values of DCAD-2 and DCAD-10 were not significantly 
different (P>0.05). This result indicated that the inclusion of anionic salts with 
a DCAD value of -10 meq/100 g DM of the total ration may be adequate to 
induce dry cow sub-acute acidosis and to increase the serum Ca content under the 
condition that reed hay and maize silage being the major forages. 
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CONCLUSIONS 

These data indicate that a diet based on reed hay and maize silage supplemented 
with gelatinized anionic salts with maize starch and molasses with a dietary 
cation-anion difference value of -9.64 meq/100 g DM is suitable for prepartum 
dairy cows. Furthermore, such a diet is beneficial due to its capacity to increase 
periparturient Ca in serum and without reduction of dry matter intake. 
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