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Abstract 
Farmer can benefit from adjusting feeding and slaughter patterns of fattening 
pigs according to animal quality. A dynamic programming model is developed 
to study simultaneously determined feeding and slaughter decisions when 
split-sex feeding is allowed. The model allows farmer to ration feeding or feed 
the pig up to it’s growth potential, and hence control for carcass quality.  

The results suggest that farmer benefits from feeding young pigs with a 
protein-rich diet and mature pigs with an energy-rich diet. Moreover, female 
pigs eat relatively more protein than castrated male pigs. Due to differences in 
feeding and the timing of slaughter, farmer benefits from a split-sex feeding. 

1 Introduction 
Fast growing pigs often have improved genetic ability to convert feed ingredients to 

tissue, and they can quickly reach slaughter maturity. Therefore, farmer can adjust 

timing of culling according to pig’s weight or carcass leanness (Kure, 1997, chapter 4), 

and pigs having improved genetic growth ability can yield high economic surplus to 

farmer. This holds especially when the price of meat is based on carcass quality, as in 

Finland, and when the improvements increase growth of lean tissue (Boland et al., 

1993). 

Feeding patterns affect farmer income because feed cost significantly affects to the 

cost of producing meat, and because farmer can control for carcass quality through 

feeding (Whittemore 1998, p. 48-52). Therefore, feeding and slaughter decisions should 

be determined simultaneously as suggested by Chavas et al. (1985). Castrated male pigs 

often have potential to grow faster than female pigs, but they contain a smaller share of 

fat-free meat when they reach mature weight. Therefore, a farmer may benefit from an 

option to control for quality of carcasses through split-sex (i.e. gender-specific) feeding. 

This includes that the farmer takes into account options to ration feeding and to choose 

the optimal timing of slaughter for both sexes separately. 

 The objective of this paper is to estimate how much a pig producer can profit from 

separating his pigs into different batches according to their gender and then optimize 



feeding and timing of culling separately for female and castrated male pigs. The 

optimization problems are solved numerically by a finite horizon dynamic programming 

model (Bellman, 1957). Hog’s live weight is separated into fatty tissue and lean (fat-

free) tissue. Accordingly, feeding is separated into protein and energy components and 

it can be supplemented by synthetic amino acids. The approach is appropriate for 

analysing flexible feeding policy because the method takes into account farmer option 

to simultaneously adjust feeding and slaughter decisions according to carcass quality. 

2. The model 

2.1. Farmer’s optimisation problem 

Farmer goal is to optimise the amount of protein and energy feed, and the timing of 

slaughter of an individual animal so that the expected net present value of a capacity 

unit is maximised.  

 The Bellman equation for the problem is of the form:  
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where the value function (Vt) is the function of the current state vector (xt), that includes 

input and output prices and animal weight measures; t is time index; ut is the control 

vector; β is the discount factor; Rt(.) is the one period net return function; and g(.) is 

function that determines the transition equations in the form of the pig growth model. 

The terminal value equals animal’s current value when it is culled. 

Farmer can apply unrestricted feeding where the pig grows as much as possible, or 

he/she may ration the amount of protein, energy or both in order to improve carcass 

quality. To make the optimal decisions, farmer needs information on how different pigs 

respond to nutrients given in the feeds, what is the market value of the carcass, and what 

are the limitations of processes that he/she controls. This information is included in the 

transition equations and one period returns function. 

 The control vector (ut) includes three generic control variables: decision to cull the 

animal, digestible protein supplied in the feeds, and net energy supplied in the feeds. 



Farmer controls the generic variables through nutrients given in the marketable feeds, 

which are barley, soy meal and synthetic amino acids (Tuori et al. 2002). 

2.2. The pig growth model 

The model splits pig’s live weight measures into fatty (xt
fat) and lean tissue (xt

lean), and it 

grows tissue components separately as in Glen (1983). The components also determine 

the quality adjusted market value of a slaughtered carcass.  

 When the pig is fed in period t, the transition equations take the form: 
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where the constraint limits the growth below pig’s growth potential and above the rate 

λratio, which depends on the growth ratio of xt
fat and xt

lean (Whittemore, 1998, p. 70).  

 The pig uses feed protein to body maintenance (Fuller et al., 1989, p. 255), growth 

of lean tissue and production of energy. The mixture of amino acids is supplied so that 

lysine always limits the protein synthesis, as is often the case in applied feeding. 

Demand for energy consists of energy required to the growth of lean and fatty tissue and 

maintenance. Maintenance energy is a function of the hog’s live weight because heavy 

animals require more energy than light animals (Whittemore, 1983). Energy required to 

grow lean tissue is a function of lean growth rate, maintenance energy and intake of 

energy, which all can affect to the partitioning of energy (Quiniou et al., 1999). The 

figures are converted to net energy because Finnish feed classification uses net energy. 

Energy that is left after maintenance and lean growth is used to grow fatty tissue. 

2.3. Data and estimation method 

The data are growth experiments on Finnish low-fat Yorkshire and Landrace crossbreed 

pigs, literature and meat market records in 2001-2003. Growth potential is based on the 

experiments of Sevón-Aimonen (2001) and it follows Compertz function, which well 

estimates pig’s live weight. The base price of meat (59% red meat, 77-86kg) is adjusted 

according to the carcass weight and the share of red meat using a slaughterhouse price 

scheme. Two alternative scenarios are studied for the base price of pork (either €1.39/kg 

or €1.62/kg). Upon slaughter, farmer receives €21.92 slaughter subsidy per carcass and 

pays €61.07 for a new piglet incurred. The price of soy meal is €0.31 per kg, the price 



of barley is €0.11 per kilogram and the price of the amino acid adding is €0.02 per 

kilogram of barley. Cash flows are discounted using 6% annual discount rate. 

The optimisation problem is solved numerically by iterating on the Bellman 

equation (Bellman 1957). The model computes the optimal control and the value 

function at every grid of the state space and for each day using backwards recursion. 

The initial state corresponds to 25kg piglet, but at that weight the female piglets are 

leaner than castrated male piglets. The discrete state-control space is an approximation 

of continuous state space because linear interpolation is carried out between the nodes. 

The controls are optimised separately for both sexes. Then, pig growth is simulated 

using either of the split-sex feeding policies for both pigs and the results are compared 

to split-sex feeding. 

3. Results 
The optimal feed ratios of female and castrated male pigs are both characterised by a 

protein-rich diet during the early growth that gradually changes to energy-rich diet. 

When the base price of meat is €1.62/kg, the pigs are fed according to their natural 

growth potential. Excluding the first three weeks, the daily amount of barley is 0.3kg 

lower in the female pig’s diet than in the castrated male pig’s diet. During the first half 

of the fattening period, the average share of soy is 4% lower in the female pig’s diet 

than in the castrated male pig’s diet. Thereafter, the difference shrinks gradually down 

(Figure 1). Castrated male pigs are slaughtered 92 days and female pigs 97 days after 

the 25kg live weight. 
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Figure 1. The optimal patterns of the amount of barley (kg per day per animal) 
and the share of soy in the feed (percentages out of the total amount of feed) for 
female and castrated male fattening pigs when the base price of meat is €1.62. 

 



When the base price decreases from €1.62 to €1.39, feeding is rationed and the 

share of red meat in the carcass increases. This implies that, on the average, the amount 

of barley decreases by 21% and the share of soy increases 6% in castrated male pig’s 

diet. In female pig’s diet, the amount of barley decreases by 16% and the amount of soy 

increases by 5%. In addition, the time required to reach the optimum slaughter weight 

increases. 

Under the optimal feeding and slaughter policy, and when the base price of meat is 

€1.62, a female pig contributes each year €220 and a castrated male pig €217 value to a 

capacity unit. When the base price is €1.39, corresponding figures are €153 for a female 

pig and €144 for a castrated male pig. The figures illustrate the compensation that 

farmer receives for costs other than the cost of feeding and replacement piglet. 

The value of a capacity unit decreases when farmer chooses either female pig’s or 

castrated male pig’s feeding and slaughter patterns for both sexes. Farmer’s expected 

benefit from applying split sex feeding is €1.55 per capacity unit each year when half of 

the capacity units are populated with female pigs and the base price of meat is €1.62. 

When the base price of meat decreases to €1.39, split-sex feeding yields €1.89 benefits 

per capacity unit. 

Both scenarios suggest that the pooled sex feeding should be towards female pig’s 

feeding pattern because it maintains the quality of the carcass at a higher level than the 

castrated male pig’s feeding pattern. The model responded rationally also to other 

values for the base prices and for the pricing scheme for quality adjustments. The 

magnitude of changes, however, was small except when relative prices of meat, piglet 

or quality adjustment on the price of meat changed. 

4. Conclusions and discussion 
This paper estimated simultaneously the optimal feeding and culling patterns when 

farmer can apply split-sex feeding. The results suggest that the share of protein in the 

optimal diet decreases and the share of energy increases when the animal grows. In 

addition, female pigs demand protein-richer feed than castrated male pigs. The levels of 

protein and energy, however, depend on the relative prices of meat, feeds, and red meat. 

The results suggest that farmers can profit from split-sex feeding. The profit 

increase is, however, quite small as long as the pigs are slaughtered within the weight 

interval that gives no price discounts. Therefore, the profit can increase when the 

optimal timing of slaughter or genetic growth potential of the animals differs 



significantly. The benefits are partially related to the initial state, because castrated male 

piglets are fattier than female piglets. 

 The method was useful in optimising feeding policy of individual pigs. The major 

advantage of the approach is that it takes into account option to control for carcass 

quality. Qualitatively, the results are robust to the alternative base prices and quality 

adjustments in the producer price of pork.  
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