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1 INTRODUCTION 

Biophysical models that estimate nutrients (e.g. nitrogen (N)) flow have been widely used for livestock manure 

management. They track the fate and pathway of nutrients through animal ration in feeding operation and identify 

the nutrient transformations process in the animal production system until field application. This type of model 

approach may be attempted for a single component or source of N losses (e.g. animal house, lagoon, compost, 

ammonia emission, leaching) (Muck et al., 1984; Burton and Beauchamp, 1986; Groot Koerkamp et al., 1998); or 

for entire animal production systems (N flows in farm-gate balances) integrated with cropping systems at farm 

level (Beauchamp, 1983; Oudendag and Luesink, 1998; Chambers et al., 1999; Hutching et al., 2001; Menzi et al., 

2002).   

Though many of these nutrient balance models have been developed, most of them are for temperate 

climate in line with their animal farming system and conditions. However, it is clear that the different housing 

systems, manure handling methods (storage) and the biophysical processes (e.g. temperature and pH effects) affect 

the magnitude of nutrients losses. Therefore, the models from temperate countries may not be entirely adequate for 

Malaysian humid tropic conditions.  

Currently, no model exists that describes the whole nutrient cycle linking the flows from animal 

production phase (e.g. cattle feedlot) to waste handling phase (e.g. composting). There also no study or model on 

nutrient N flow processes for livestock manure management system prevalent in Malaysia. In view of this, 

biophysical models, namely the Beef Cattle Production and Manure Excretion (BCPME) Model will be developed. 

This model focuses on nutrients cycling at the whole farm-level from source (e.g. cattle feedlot production) to 

waste handling (composting phase) and investigates nutrient flows, associated losses and efficiency, and can thus 

be used for assessing the impact of animal manure on the surrounding environment.  

 

2 MATERIALS AND METHODS 

The study was conducted to develop a model that can estimate the nutrient flow from animal housing and through 

the whole manure handling system. The model development involved data acquisition and field data collection, 

model calibration and refinement.  

 It was developed by using a nutrients balance approach to estimate the nutrients flow from (1) cattle 

production (Production System) through (2) cattle housing and manure management (Housing system) and finally 

(3) manure composting (Manure Handling System) (FIGURE 1) 

 

 

 

 

 

 

 

FIGURE 1 Nutrient flow in the Beef Cattle Production and Manure Excretion Model 
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3 RESULTS AND DISCUSSION 

3.1 Model overview 

The Cattle Production and Manure Excretion model focuses on assessing nutrient flows (N, P, K). This modeling 

system involves 2 sub models development, namely, Model 1: Production and Housing System (FIGURE 2) and 

Model 2: Manure Handling System (FIGURE 3). 

 

 
 

FIGURE 2 Model 1: Daily nutrients flow (kg/day) of a 300 cattle feedlot (liveweight = 70660 kg) (Manure 

Production and Housing System)  

 

In Model 1, the nutrient input was estimated beginning with the nutrients content in feed uptake of the  

cattle. The feed intake nutrients will be partly retained in the animal and partly excreted. The excretion ‘manure 

excreted’ was calibrated on the basis of experimental measurements, taking into account retention in the animals 

and used for metabolic activities of the cattle. Based on the experimental data it was assumed that of the nutrients 

excreted will be lost in 35% of inorganic N, which is lost through ammonia volatilization while losses would be 

19% for P and K, respectively as calibrated from field experiment data.  
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FIGURE 3 Model 2: Daily nutrients flow (kg/day) in a compost area based on 300 cattle feedlot manure 

(Manure Handling System) 

 

Model 2 describes nutrient flows on the composting stage. The nutrient input was obtained from model 

1. The model 2 takes into account the mineralization process for nitrogen, and N losses through ammonia 

volatilization and denitrification processes. However, there were no or negligible losses of P and K.  

3.2 Model simulation output  

FIGURE 4 shows nutrient losses to the environment at different stages of manure management, i.e., production and 

housing stage (Model 1) and manure handling stage (Model 2).  

On average, a 300 cattle feedlot farm in Malaysia (total liveweight = 70660kg) produces approximately 

29 kg N/day/farm, 10 kg P/day/farm and 9 kg K/day/farm in cattle manure. Of the excreted manure, daily losses 

were approximately 6 kg of N through ammonia volatilization and 1 kg P and 0.4 kg K through runoff (FIGURE 

4).   

In model 2, composting approximately 23% of total manure N was lost to the environment.  There were 

negligible losses of P and K at this manure handling stage, as the composting was conducted in a roof shed without 

any rain drain or runoff.  

 

 
 

FIGURE 4 Daily nutrients losses in fresh manure (housing stage; model 1) and compost manure handling 

(model 2) based on a 300 cattle feedlot in Malaysia 

 

4 CONCLUSIONS 

In this study, the mass balance approach is used to develop a process based model. This allowed nutrient flow 

estimates for current Malaysian beef cattle feedlots. Model 1 and model 2 have shown that it is possible to evaluate 
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nutrient flows and thus the impact of nutrients on the environment through nutrients loss and the potential of 

manure as a resource in terms of nutrients available that may utilize as fertilizer 

According to the model simulation output, a feedlot shows that approximately 35% of N are lost at the 

housing and production stage (model 1) and 23% of N are lost at the manure handling stage (model 2). About 19 % 

of P and 5 % of K were lost at the housing and production stage (model 1). There were no or negligible losses at the 

manure handling stage.  
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