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Abstract 
 

An experiment was conducted to examine the effects of oxalate intake on calcium and 
phosphorus balance in bulls fed Napier silage. Eighteen growing bulls having average 
live weight of 249 ± 8.38 Kg and aged about 40 months were divided into three groups 
of six animals in each group. They were assigned to dietary treatments T0 (considered 
as control), T1 and T2 consisting of rice straw, rice straw and Napier silage (1:1, DM 
basis) and Napier silage ad libitum, respectively for a period of 21 days. A concentrate 
mixture composed of 940 g wheat bran, 60g dicalcium phosphate (DCP) and 50g 
common salt was fed to each bull at the rate of 1.05 Kg/d. With the increase of Napier 
silage intake there was a significant (P<0.01) increase of oxalate intake (17.91, 24.65 
and 30.97 g/d, with T0, T1 and T2 diets, respectively) with the subsequent increase of 
(P<0.01) their excretion through feces (3.02, 8.66 and 11.02 g/d, respectively). The 
fecal and urinary excretion of calcium (11.41, 18.25 and 25.28 g/d, respectively) and 
phosphorus (13.37, 16.85 and 20.09 g/d, respectively) of the animals fed different diets 
were significantly (P<0.05) high when the straw diet was replaced with 50 and 100 % 
Napier silage, respectively and there were calcium and phosphorus deficiencies in bulls 
fed Napier silage. Thus, Napier silage diets brought about a significant (P<0.05) 
reduction in calcium (12.19, 6.87 and 1.36 g/d, respectively) and phosphorus (7.17, 6.40 
and 5.39 g/d, respectively) balances though the intake of these two minerals were 
adequate showing linear reverse relationship with the increase of oxalate intake from 
Napier silage.  
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Introduction 
 

Scarcity of feed is one of the important problems in Bangladesh for rearing livestock. To 
mitigate this problem, Bangladesh Livestock Research Institute (BLRI) introduced Napier 
grass (Pennisetum purpureum) during 1988 to 2005 in Pabna and Sirajgonj districts, known 
as potential milk production areas of the country with the help of Milk Vita. Farmers 
frequently harvest lush pasture of Napier grass grown on very fertile soil and feed as sole 
roughage. Despite increased daily milk production farmers experienced that feeding fresh 
Napier grass resulted in soft dung, weakness and poor body condition (Huque et al., 2006). 
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This might be due to the presence of oxalate in the grass and feeding Napier to cows might 
lead to ingestion of oxalate above their dietary tolerance level which might have an effect on 
mineral metabolism of these animals. Rahman et al. (2006) found that oxalate content of 
Napier was as high as 3.77% of dry matter in early summer season. So, there is a need to 
determine how the oxalate content of Napier grass affects calcium and phosphorus 
metabolism in animal body and to develop techniques for overcoming oxalate problem in 
ruminants thriving on Napier grass. The present work was undertaken to determine the effect 
of feeding Napier silage on calcium and phosphorus balance in bull.  
 

Materials and Methods 
 
Site of the experiment 
The study was carried out at the Animal Research Station, Bangladesh Livestock Research 
Institute (BLRI), Savar, Dhaka for a period of 21 days. The chemical analyses of feed, 
refusals, feces and urine were done in the Animal Nutrition Laboratory of BLRI. Eighteen 
bulls with an average live weight of 249 ± 8.38 Kg and approximately 40 months of age 
were selected for the experiment. The animals were dewormed with Andex (Novartis), ear 
tagged, and then allowed for 14 days to adjust with experimental diets and management prior 
to commencement of the study. The animals were then divided into three groups of six bulls 
in each group. The animals were housed individually in a well-ventilated face-out concrete 
digestion crates during the entire trial period.  
 
Dietary treatments 
The experiment was conducted in a Completely Randomized Design (CRD). The length of 
the trial was 21 days having 14 days of adjustment and 7 days of experimental period. 
During the whole trial period bulls belonged to treatment group T0 (considered as control), 
T1 and T2 were offered rice straw ad libitum, 1:1 ratio of rice straw and Napier silage (DM 
basis) and Napier silage ad libitum, respectively. To avoid selection rice straw was chopped 
into 2 cm length and was mixed thoroughly with Napier silage. The DM of the feed and 
refusals of each of the animal were collected and weighted daily to calculate daily dry matter 
intake. Fresh and clean drinking water was available to all the animals. Silage was used for 
the experiment to prevent variation in oxalate intake with the advancement of maturity of 
grass during the study period. In addition, dicalcium phosphate (DCP) as a sole 
supplementary source of calcium and phosphorus was used in this experiment. To keep the 
number of sources of calcium and phosphorus minimum only 60g DCP, 940g wheat bran and 
50g common salt were weighed, mixed and supplied at 8:00 AM in separate bowls to each 
animal regularly during the whole experimental period. No refusals of concentrate mixture 
were found in any case. 
 
Sample collection and analysis 
The quantity of feed, refusal and feces were weighed daily and representative samples were 
kept for analysis. A part of each sample was kept in a deep freeze at -20oC, and later they 
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were mixed well and representative samples were used for determination of calcium and 
phosphorus contents. Urine was collected in buckets, containing 250 ml of 40 % sulfuric acid 
kept under the outlets of digestion crates. The actual volume of urine was calculated by 
subtracting 250 ml from the total volume and clean water was added to make a constant 
volume of 15 liters. Samples of urine were filtered and collected in 100 ml plastic bottles and 
stored in a deep freeze at -20oC until analysis. The oxalate contents of all samples were 
analyzed by titration method according to Abaza et al., 1968. Calcium and phosphorus 
contents were determined by Atomic Absorption Spectrometry method (Varma, 1985; 
Atomic Absorption Spectrophotometer, MODEL 210 VGP, Buck scientific) and 
Colorimetric method (Fiske and Subbarow, 1925; T60 spectrophotometer, THURAMED. 
Louisville, KY. USA), respectively. Proximate analysis of feed and refusals were analyzed in 
duplicate following the method of AOAC (1990).  
 
Statistical analysis  
The data were evaluated statistically using SPSS 11.5 software using analysis of variance 
(ANOVA) in a Completely Randomized Design (CRD) to determine significance and least 
significant difference (LSD) was used to determine significant differences among the 
treatment means following the method described by Steel and Torrie (1980). 
 

Results and Discussion 
 
Chemical composition of feedstuffs 
The chemical composition of feeds used in this experiment is given in Table 1. From the 
chemical composition of roughage and concentrate mixture it is seen that the calcium, 
phosphorus and oxalate contents of rice straw (0.23, 0.16 and 0.52 %, respectively) were 
lower than that of Napier silage (0.31, 0.28 and 0.86 %, respectively) but that of mixture of 
rice straw and Napier silage (1:1, DM basis) were intermediate (0.27, 0.22 and 0.69 %, 
respectively). The highest calcium and phosphorus content in concentrate mixture (1.62 % 
for each) was due to the use of DCP in diet. The source of very low level of oxalate content 
of concentrate mixture was wheat bran. 
 
Table 1. Chemical composition of feedstuffs 

Feed items % fresh % DM 
DM OM Ash Ca P Oxalate 

Rice straw 90.29 87.71 12.29 0.23 0.16 0.52 
Rice straw + Napier silage (1:1) 54.11 86.55 13.45 0.27 0.22 0.69 
Napier silage 17.93 85.40 14.60 0.31 0.28 0.86 
Concentrate mixture 91.43 88.84 11.16 1.62 1.62 0.01 
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Intake of feed nutrients 
Data on intake of feeds by bulls belonged to different treatment groups are given in Table 2. 
Feeding Napier silage replacing rice straw at different levels to bulls had no significant 
(P>0.05) effect on daily total DM intake (4.36, 4.50 and 4.54 kg/d, respectively). James and 
Butcher (1972) reported that the DM intake of a diet fed to sheep was reduced when the 
oxalate content in the diet was increased. The oxalate content of the diets of the present 
experiment varied from 0.41 to 0.68% of DM, and appeared to be of low concentration to 
exert any negative effect on feed intake due to its presence in diet.  
 
Table 2. Intake of DM and oxalate from different diets 

Parameters Treatments# SE 
T0 T1 T2 

DMI (Kg/d) 4.36 4.50 4.54 0.10 
DMI (% LW) 1.79 1.82 1.84 0.04 
Oxalate intake (g/d) 17.91c  24.65b 30.97a 1.46 
Oxalate in feces(g/d) 3.02c  8.66b 11.02a 0.86 

# T0 = Rice straw, T1 = Rice straw + silage, T2 = Silage 
a,b,c Means with different superscripts are significantly different at P<0.01 
 
With the increase of Napier silage intake there was a significant (P<0.01) increase of oxalate 
intake (17.91, 24.56 and 30.97 g/d for T0, T1 and T2 groups of animals, respectively) with 
the subsequent increase (P<0.01) of their excretion (3.03, 8.66 and 11.02 g/d for T0, T1 and 
T2 groups of animals, respectively) through feces. Hsieh-Weinchang et al., 2004 also found a 
higher oxalate in feces by feeding increasing amount of Napier grass containing higher 
oxalate levels. A portion of oxalates is degraded in the rumen (Dodson, 1959) with the 
probable formation of carbonate and bicarbonate. The soluble parts of oxalate also can bind 
with available calcium in the rumen and be excreted in feces (Bull, 1929). This may be the 
probable cause of high fecal oxalate (Table 2), calcium (Table 3) and phosphorus (Table 4) 
contents in bulls fed Napier silage diets. 
 
Calcium balance  
It was found in Table 3 that the increasing amount of Napier silage replacing rice straw in 
T0, T1 and T2 diets significantly (P<0.01) increased daily intake of calcium (23.59, 25.11 and 
26.64 g/d, respectively). Total excretion of calcium through feces and urine were 11.41, 
18.25 and 25.28 g/d for T0, T1 and T2 diets, respectively. Excretions of calcium through 
feces of these animals were 10.54, 16.92 and 23.33 g/d, respectively and through urine were 
0.87, 1.33 and 1.95 g/d, respectively. They were increased significantly (P<0.01) with the 
increase of Napier silage intake from 0 to 100 %. The excretions through different routes 
were increased linearly (Fig. 1, P<0.01, r = 0.77) with the increase of Napier silage intake 
from 0 to 100% or the daily intake of dietary calcium. The increasing amount of calcium 
intake and excretion with the increase of Napier silage intake resulted in significant (P<0.01) 
reduced calcium retention in bulls fed Napier diets. The trend of linear reduction of calcium 
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balance is shown in Fig. 2 and 6. James and Butcher, 1972 also reported that the increased 
oxalate intake resulted in an increased calcium excretion in feces of crossbred sheep fed 
different levels of oxalate in the form of Halogeton.  
 
Table 3. Calcium balance in bulls consuming different levels of Napier silage 

Parameters Treatments# SE 
T0 T1 T2 

Ca intake (g/d) 23.59c 25.11b 26.64a  0.41 
Ca in feces (g/d) 10.54c 16.92b  23.33a 1.30 
Ca in urine (g/d) 0.87c 1.33b 1.95a 0.11 
Total Ca excretion (g/d) 11.41c 18.25b 25.28a 1.41 
Ca balance (g/d) 12.19a 6.87b 1.36c 1.12 

# T0 = Rice straw, T1 = Rice straw + silage, T2 = Silage 
a,b,c Means with different superscripts are significantly different at P<0.01 
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Fig. 1. Relationship between intake and excretion of calcium in bulls 
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Fig. 2. Relationship between oxalate intake and balance of calcium in bulls 
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It is apparent from Fig. 2 and 6 that with the increase of oxalate intake there was a linear 
reduction of calcium balance (P<0.01, r = 0.79) in bull. It shows a reverse relationship 
between oxalate intake and calcium balance from a level 0.41 to 0.61 % of oxalate in dry 
matter of the diets. The average initial live weights of the bulls used in three groups were 
249, 249 and 248 kg, and their average daily live weight gains during the experimental 
period of 21 days were 500, 643 and 810 g/d, respectively. At this level of gain, the daily 
calcium requirement might be from 13 to 16 g/d as suggested by McDonald et al., 1981. 
Except the straw diet, the Napier diets failed to supply the required amount of calcium to 
support for both maintenance and live weight gain of the bulls. It appeared that long time 
feeding of Napier might affect its availability that in turns also growth of the bulls. However, 
James and Butcher, 1972; Allison et al., 1981 stated that the rumen microflora can increase 
their oxalate degradation capacity by proliferating their population with gradually increasing 
oxalate diets. So, a long time ad libitum feeding of Napier silage may mitigate such mineral 
imbalances to some extent.     
 
Phosphorus balance 
Data on phosphorus intake and balance in bulls is shown in Table 4. The average daily 
phosphorus intake (20.90, 23.25 and 25.47g, respectively), similar to that of calcium of the 
bulls of different treatment groups increased significantly (P<0.01) with the inclusion of 
Napier silage replacing rice straw (Table 4). The total excretion of phosphorus through feces 
and urine for the diets T0, T1 and T2 were 13.37, 16.85 and 20.09 g/d, respectively or 
individually through feces were 12.97, 15.11 and 18.09 g/d, respectively and through urine 
were 0.80, 1.74 and 2.00 g/d, respectively which were increased significantly (P<0.01) with 
the increase of oxalate intake in the form of Napier silage. The daily excretions of 
phosphorus through different routes were increased linearly (Fig. 3, P<0.01, r=0.94) with the 
increasing intake of Napier silage from 0 to 100%. Similar to calcium, the phosphorus 
balance was positive but decreased linearly (Fig. 4, P<0.05, r=0.50) from straw diet (T0) to 
different levels of Napier silage diets (T1 and T2) and the treatment differences were 
significant (P<0.05). 
 
Table 4. Phosphorus balance in bulls consuming different levels of Napier silage 

Parameters Treatments# SE 

T0 T1 T2 

P intake (g/d) 20.90c 23.25b 25.47a 0.50 

P in feces (g/d) 12.93c 15.11b 18.09a  0.57 

P in urine (g/d) 0.80b 1.74b 2.00a 0.15 

Total P excretion (g/d) 13.73c 16.85b 20.09a 0.69 

P balance (g/d) 7.17a 6.40ab  5.39b 0.28 
# T0 = Rice straw, T1 = Rice straw + silage, T2 = Silage 
a,b,c Means with different superscripts within rows are significantly different either at P<0.01 or P<0.05 
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Fig. 3. Relationship between intake and excretion 
of phosphorus in bulls 

 Fig. 4. Relationship between oxalate intake and 
balance of phosphorus in bulls 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Trend of oxalate intake and total excretion 
of calcium and phosphorus (g/d) in bull 

 Fig. 6. Trend of oxalate intake and calcium and 
phosphorus balance (g/d) in bull 

 
From Fig. 4 and 6 it appear that with the increase of oxalate intake there was a linear 
(P<0.05, r = 0.50) reduction of phosphorus balances in bulls which showed a reverse 
relationship between oxalate intake and phosphorus balance from a level 0.41 to 0.64 % of 
oxalate content in feed dry matter. This means that the increase in total oxalate intake 
significantly (P<0.05) reduced phosphorus balance in bull due to increasing trend of 
excretion through different routs. 
 
According to McDonald et al., 1981 the daily requirement of phosphorus of the bulls used in 
the trial varied from 8.7 to 12.0 g/d at 500 to 810 g/d gain during the feeding period. Similar 
to calcium, the phosphorus balances of the Napier diet failed to support the body requirement 
of bulls, and a prolonged feeding may affect the live weight gain of bulls. Dowe et al., 1957 
and Alfaro et al., 1988 showed that dietary calcium to phosphorus ratio may vary from 1:1 to 
7:1 in ruminant's diet. In this trial the ratio of calcium and phosphorus in 0, 50 and 100 % 
Napier silage diets were found 1.13, 1.08 and 1.05, respectively (Table 3 and 4). The average 
ratios of calcium and phosphorus balance in the three diets were 1.70, 1.07 and 0.25 (Table 3 
and 4) and the decrease in calcium balance was higher than that of phosphorus. The higher 
reduction of calcium balance (Fig. 6) with higher excretion (Fig. 5) than that of phosphorus 
might be due to higher affinity of oxalate to calcium. A portion of ingested oxalate combine 
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with available calcium in rumen might have formed insoluble calcium oxalates and excreted 
in feces at a higher level than that of phosphorus (Bull, 1929). 
 
Effect of oxalate on feces DM and urine excretion 
The effects of oxalate on feces and urine excretion are given in Table 5. It is evident from the 
table that with the increasing intake of oxalate through Napier silage significantly (P<0.05) 
increased the average dry matter content in fresh feces (20.72, 21.51 and 23.81 % for T0, T1 
and T2 diets, respectively). The mean urine excretion (3.02, 3.82 and 4.22 L/d) was also 
increased significantly (P<0.01) with the increase of Napier silage in diets.  
 
Table 5. Effects of oxalate intake on feces and urine excretion 

Parameters Treatments# SE 
T0 T1 T2 

DM in feces (%) 20.72b 21.51a 23.8a 0.41 
DM in feces (Kg/d) 2.28 2.34 2.41 0.07 
Urine excretion (L/d) 3.02c 3.82b 4.22a 0.14 

# T0 = Rice straw, T1 = Rice straw + silage, T2 = Silage 
a,b,c Means with different superscripts within rows are significantly different at P<0.01 
 
Hsieh-Weinchang et al., 2004 stated that feeding increasing amount of oxalate through 
Napier grass increased DM content with the reduction of water content in feces. James and 
Butcher (1972) stated that feeding oxalate at an increasing level might have an effect on 
increased urine production. In this experiment dietary source of water from Napier silage 
might have increased water intake and resulted an increase of daily urine excretion in bulls.  
 

Conclusions 
 
It was concluded that the oxalate content of Napier silage may significantly reduce the 
balance of calcium and phosphorus in bulls that may cause retarded growth and poor body 
condition of bulls. Further research is needed in the form of long term feeding trial to find 
out the methods of feeding Napier silage to mitigate the adverse effects of oxalate on calcium 
and phosphorus metabolism in bull. 
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