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Abstract 

The Danish government and the poultry industry have in January 1999, initiated a 
complete discontinuation of the use of Antimicrobial Growth Promoters (AGP) as 
feed additive over a period of time to the growing chickens. One implication of the 
removal of AGP is the exposure of broilers to infection with subsequent increase in 
the use of therapeutic antimicrobials. Data from broiler farms are used to evaluate 
the impact of the use of therapeutic antimicrobials. We estimate a variable cost func-
tion for the production of broilers. Findings suggest that 5 years after the ban, the 
0.59 mg antimicrobial used per kg broiler meat did not have an impact on the cost of 
production. However, the structure of variable costs changed such that farms using 
therapeutic antimicrobials have lower feed and higher chick stock cost shares com-
pared to non-user farms. 
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Preface 

This Working Paper is among a series of research projects aimed at increasing the 
knowledge of the impact of discontinuous use of Antimicrobial Growth Promoters on 
the economic efficiency of livestock production in Denmark. The working paper 
complements other projects related to economics of food safety as well as animal 
health. The basic focus of the paper is to identify how producers react to the ban on 
use of antimicrobial growth promoters and hence the policy implications of the ban. 
 
The working paper was written by assistant professor Lartey Godwin Lawson in cor-
roboration with project researcher Vibeke F. Jensen from the National Veterinary In-
stitute, Technical University of Denmark, Jacob Bo Christensen of the Danish Poultry 
Council and research director Mogens Lund from the Institute of Food and Resource 
Economics, University of Copenhagen. We acknowledge Professor William Hartley 
Furtan, Department of Agricultural Economics, University of Saskatchewan, Canada 
for his useful comments on the first version of the working paper. 
 
The working paper has been reviewed by senior researcher Søren Marcus Pedersen 
 
 
 
 

Division Production and Technology  
Mogens Lund  

Institute of Food and Resource Economics 
Copenhagen, December 2007 
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1. Introduction 

The Danish government together with the Danish poultry industry initiated a com-
plete discontinuation of the use of antimicrobial growth promoters as feed additive in 
January 1999. The argument for this decision was based on the “precautionary princi-
ple” of protecting human health. Consumers were concerned about antimicrobial resi-
due in humans, which subsequently can lead to the development of antimicrobial re-
sistance (Tsai-Ling et al. 2002). The EU, following the Danish discontinuation action, 
prohibited the use of antimicrobials growth promoters in livestock production (EU, 
2003). 
 
As part of the change in the government and the industry policy of the discontinuation 
of the use of antimicrobial growth promoters, they placed a restriction on the use of 
therapeutic antimicrobials to cases of bacteria infections. It was generally anticipated 
by the industry that the discontinuation of use of the growth promoters would result in 
increased use of therapeutic antimicrobials. This would defeat the purpose of the ban. 
One mechanism of control on the use of therapeutic antimicrobials was the require-
ment that a veterinary practitioner approved the prescription for the antimicrobials.   
 
Coffman et al. (1999) acknowledge the link between the use of antimicrobials in live-
stock and bacterial resistance drugs and human disease. They suggest that the inci-
dence of bacteria resistance in humans was low. However, they reflected on the im-
plications of a ban on the profits and costs of livestock production. In another report 
WHO (2000) and Wierup (2001) report that the use of antimicrobial growth promot-
ers as feed additive has some documented animal health promoting effects embodied 
in less mortality and morbidity from bacteria infections beside improvement in feed 
efficiency. The improvements in feed efficiency may result in lower production costs 
and increased output inducing lower prices for consumers (Mathews. 2001). Due to 
the health promoting effects, it has been suggested that in an attempt to deal with 
eventual disease burden on farms in an event of a ban, the therapeutic use of antim-
icrobials would increase, potentially undermining the prevention of feared hazards to 
human health.  
 
In the economic literature, some researchers have discussed policy options that need 
to be considered before an eventual ban is imposed while others quantify the impact 
of an eventual ban on consumers and livestock producers. McNamara and Miller 
(2002) acknowledged the need for limiting the use of antimicrobials. However, they 
call for a policy option based on the balance between susceptibility to bacteria resis-
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tance transfer and the benefits derived for its use in treatment of human infections as 
well as in livestock production. Laximinarayan (2002) considering the negative exter-
nality of resistance transfer to humans, advocated for producer property rights for an-
timicrobials growth promoters with subsequent increase in price for users. This is ex-
pected to induce the social optimal use in livestock production under the assumption 
of a trade-off between the benefits of patent breadth and an eventual monopoly in-
duced societal welfare costs. Secchi and Babcock (2002) pointed out that the need for 
a ban could be actual under certain conditions but not under others. Noting that the 
issue of resistance could be from human use, they suggested a dynamic analysis of the 
trade-off between the use of antimicrobials in humans and livestock production.  
 
The impact of the ban in the US has been evaluated primarily with focus on the pig 
production sector but in some cases with a link to the poultry and the beef sectors. In 
evaluating the impact on consumers of an eventual US ban on the use of antimicrobial 
growth promoters, Wade and Barkley (1992) suggested that consumer surplus would 
increase. But Mann and Poulsen (1976), Mathews Jr (2001), Hayes et al. (2001) and 
Brorsen et al. (2002) suggested that consumer surplus would decrease due to expected 
output price increases. Similarly, the estimated impacts of the ban on US producers 
were mixed. Wade and Barkley (1992) anticipated a gain to producers; Mathew Jr. 
(2001) suggested that present non-users of antimicrobial growth promoters would 
gain at the expense of present users. Hayes et al. (2001) suggested that producers will 
lose but in the long run the cost to producers would reduce and that the loss to pro-
ducers would be more severe for pig production units with less effective production 
systems. Mann and Poulsen (1976), Brorsen (2002) and Jacobsen et al. (2006) who 
made a link to the poultry and beef sectors in their analysis, suggested that the even-
tual loss in pig producer’s income due to expected production costs increases would 
be captured by the poultry and beef sectors.  
 
In this paper we focus on the broiler production sector. The aim is to evaluate whether 
the post-ban use of restricted therapeutic use of antimicrobials and the non-use of an-
timicrobial growth promoters differently impact on the structure of the cost of produc-
tion and the return to scale. Specifically, the study evaluates how the restricted use of 
therapeutic antimicrobials (morbidity) and mortality impact on total variable cost of 
production, the structure of variable input cost shares and return to scale measured by 
variable inputs. We used the production generated data, collected five years after the 
discontinuation of the use of antimicrobial growth promoters for the purpose. 
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2. Broiler production and the trends of antimicrobial use 

2.1. Broiler production 

The total production of broilers in Denmark during the year 2004 was 131 million 
birds; this is 181 million tons of broiler meat (DST, 2004). About 280 primary pro-
ducers supplied to three slaughter companies with six production units. Two slaughter 
companies with five production units accounted for 98 percent of the output to con-
sumers, while three smaller slaughter companies with a production unit each and 
other minor slaughters (butchers) accounts for the rest 2 %. For additional detailed 
description of the structure of the Danish broiler supply chain see Graversen (2003).  
 
During the later part of 1990s and early 2000s, the Government, the Animal Welfare 
Council and the poultry industry in dialog took a series of initiatives to improve the 
safety of meat for human consumption and the welfare of livestock. The initiatives 
taken includes: The ban on using a specific antimicrobial growth promoter, avoparcin 
in 1995, which was also banned by the EU in 1997. The salmonella and food-borne 
livestock disease surveillance and control plans started as far back as 1996/1997 with 
the associated regulation passed in 1999. The voluntary discontinued use of antim-
icrobial growth promoters in the poultry sector was implemented from January 1999. 
This was accompanied by a voluntary discontinuation of use in weaned-pig produc-
tion in the same year. From 2000 a complete ban on the use of antimicrobial growth 
promoters was implemented in livestock production. Furthermore, the government 
institutionalised the “Law number 336 of May 2001” (DPC, 2002, pages 133-138), 
whic regulates broiler rearing and focus on improving the welfare of growing broilers. 
The requirements of this law include the following elements: Housing light programs 
should reflect biological requirement for broiler life cycle. Stocking density should 
not exceed 40 kg live-weight/m2. Sanitation control, which is evaluated by the foot-
pad index, such that the index should not exceed 120 points in 2002 and 80 points 
2003 and 40 points from 2004 (DPC, 2002, p. 55-56; 2004, p.25 ). For each farm the 
footpad evaluation is consistently done on samples of rotational deliveries of broilers 
to the slaughterhouses. Farmers are penalised for deliveries with footpad index above 
the required standard. Thus, the impacts of these initiatives among others are illus-
trated comparing the production environment before and after the discontinuous use 
of growth promoters. In 1998 the Danish broiler farms on average, reared birds at a 
stocking density of 44 kg liveweight/m2, at a growing period of 40 days with a growth 
rate at 46 grams per day and mortality rate at 4.5%. In the year 2004, the correspond-
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ing stocking density was 42 kg live-weight / m2, growing days was 37 days, growth 
and mortality rates were 53 grams per day and 3.7% respectively. 

2.2. The consumption of antimicrobials 

Prior to the first ban in 1995, antimicrobials, including antimicrobial growth promot-
ers and veterinary prescribed therapeutic drugs in livestock production during the pe-
riod 1990 to 1994 reached a peak of 206 tons in 1994 (DANMAP, 2004). Since 1996 
the uses of antimicrobials drugs have decreased from 153 tonnes to 103 tonnes (i.e. 33 
%) in 2003. After the drastic fall of the use of antimicrobial growth promoters during 
1998 and 1999, there has been a tendency towards increasing therapeutic use of an-
timicrobials (Figure 1).  
 
Figure 1. Consumption of antimicrobial used as growth promoter and for therapy 

in Danish livestock 
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Thus, it is reasonable to ask if the increasing trend in consumption is the result of the 
implemented ban on the use of antimicrobial growth promoters as suggested by Hayes 
and Jensen (2003). The increasing use of veterinary therapeutic antimicrobials is cor-
related to increasing pig production during the period 1996 through 2003 (Grave et 
al., 2006). 
In contrast to what was claimed by Hayes and Jensen (2003), therapeutic antimicrobi-
als were not replacing antimicrobial growth promoters substances without therapeutic 
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importance. Rather the majority of growth promoters e.g. Avoparcin were very im-
portant in respect to cross-resistance to important human drugs. Avoparcin was 
banned due to cross resistance to a critically important human therapeutic antimicro-
bial (vancomycin). This growth promoter was the second most used one (24 tonnes in 
1994, DANMAP 2004). The antimicrobial growth promoter most used was tylosin, 
comprising 68 ton out of a total of approximately 100 tons antimicrobial growth pro-
moters used in pigs in 1996.  
 
Lawson, Jensen and Otto (2007) reported that an estimated 5 tons of antimicrobial 
were used as growth promoters in Danish poultry in 1998, i.e. 26mg/poultry meat, be-
fore the complete discontinuous use was implemented. During the period 2001 
through 2005 the consumption varied between 0.4 and 0.6 tonnes. In 2005, the antim-
icrobial consumption was 138 kg in broilers production including rearing flocks, and 
corresponds to 0.77 mg / kg broiler meat. Lawson, Jensen and Otto, (2007) also re-
ported that the use of coccidiostat, which includes ionorphores with antibacterial ef-
fects, decreased 49% from a peak of 142 mg/kg broiler meat in 1999 to 74 mg /kg 
broiler meat in 2004. The amount of coccidiostat use today is less than the 117 mg /kg 
broiler meat used in 1990. In sum, antimicrobial use in broiler production is at a very 
low level after the ban on the use of antimicrobial growth promoters in Denmark. 
Thus it is of interest to evaluate the economic impact its discontinuation on broiler 
production.  
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3. Analytical methods and data  

3.1. Analytical methods 

In order to evaluate the impact of therapeutic antimicrobials on input factors and eco-
nomic efficiency of broiler production, we estimate an adjusted variable cost function 
for the year 2004. The estimated adjusted variable cost function follows the specifica-
tion of Antle (2000) and Ollinger and Mueller (2003).  
 
Antle (2000) following Rosen (1974) and Gertler and Waldman (1992) integrated a 
hedonic food quality supply function, which captures all food quality attributes in the 
cost function. Ollinger and Mueller (2003) replaced the hedonic function with a per-
formance supply function defined for Sanitation and Process Control Program (SPCP) 
as percent critically deficient, which is poor performance. Thus, our model is more in 
line with that of Ollinger and Mueller than Antle in terms of the integrated supply 
function, where milligram (mg) therapeutic antimicrobial used per broiler chick re-
flects the level of morbidity in a broiler production.  
 
Antle pointed out that if performance is measured, it can be used to replace the he-
donic function. Our restricted variable cost function model differs from Antle (2000) 
and, Ollinger and Mueller (2003) as labour and capital investment costs are not in-
cluded because these variables were not available. However, our model furthermore, 
investigated the mortality performance function. Generally, it should be noted that the 
discussion of the impact of the ban on primary production has been focused on the 
increased use of therapeutic antimicrobial (in cases of morbidity), mortality and re-
duced feed efficiency. The variation in milligram therapeutic antimicrobial use per 
chick in the cost function provides elements of direct cost associated with morbidity 
and possible indirect costs associated with the efficiency of other factor inputs. The 
estimated cost function with the integrated health performance supply function is for-
mulated and specified using the translog functional form: 
 
 
 
 
 
Where C is total variable cost of production representing the variable factor inputs of 
chicks, feed and sundries, W is the respective factor input prices, Y is kg broiler meat 
output, ε  is an error term and S is the value of output supply attributes, defined as: 
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S, is measured as a function of the level of care taking needed to produce broilers i.e. 
by broiler health-performance attributes, mortality and morbidity, Mk; the price of in-
put factors, Wi, and the quantity of output, Y and the interaction between health-
performance attributes and Wi and Y. The k1α  is a value measure for a particular 
health-performance, k2α  indicates how a health-performance value changes with the 
health-performance, kh3α  indicates how health-performance value changes in interac-
tion with other specific health-performances, where as ik4α  and yk5α  are the costs 
changes of health-performance due to changes in factor prices and output.  
 
The cost function is subjected to the standard practice of imposing symmetry and ho-
mogeneity of degree one. That is βij=βji; αki=αik; γYi=γiY; α3kh=α3hk; α4ik=α4ki; 
α5Yk=αkY for all i, h and k and Σβi=1, Σβij=ΣγYi=Σα4ik=Σα5Yk=0. All variable are di-
vided by their mean values such that the first-order coefficient for factor prices ( iβ ) 
is interpreted as cost shares at mean values. The other coefficients represent changes 
in factor prices, output and technology with deviation from sample mean values. The 
specified cost function differentiated with respect to the logs of factor prices Wi pro-
duces two inputs Xi, cost share equations given by: 
 
 
 
The specified cost function with the two demand equations (i.e. without the chick cost 
share) is estimated simultaneously using non-linear iterative seemingly unrelated re-
gression (ITSUR). ITSUR accounts for the cross-equation correlation between the er-
ror terms. Accounting for the cross-equation correlation is based on the assumption 
that a change in one cost share affects the others and the cost function. With equation 
error terms, e, added the model is estimated without further distributional assumptions 
on the error terms. As noted by Kumbhakar (1996), ITSUR parameter estimates at the 
point of convergence are equivalent to the maximum likelihood estimates.  
 
The cost function differentiated with respect to output provides the cost elasticity with 
respect to output and the second-order term of output shows how this elasticity 
changes with increasing output. The inverse of the cost elasticity with respect to out-
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put provides the direction and magnitude of economics of scale for the variable in-
puts. It is one, less than one and greater than one for constant, decreasing and increas-
ing return to scale respectively.  
 
The derivative of the cost function with respect to health-performance value provides 
the cost elasticity, , with respect to a health-performance (equation 4). The coeffi-
cient for the first-order output term a

cse
1k, gives the cost elasticity with respect to health-

performance value k, at the sample mean. The coefficient on the second-order output 
term a2k, indicates how the cost value of health-performance k changes with health-
performance value, k.  
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The coefficient a3kh, indicates how a change in sh affects the cost of production of 
health-performance, sk. The coefficients a4ki shows how health-performance k 
changes with changes in factor prices and a5Yk indicates how size measured by broiler 
output affects the cost of health-performance sk. Economies of scale in health-
performance efforts occur when the cost of health-performance effort declines with 
output size, i.e. when larger production units have lower costs per unit than smaller 
production units. 
 
An alternative to the above formulated cost and performance functions could be the 
Battese and Coelli (1995) approach exemplified by Lawson et al. (2004). In that case, 
per milligram antimicrobial use would have been assumed to influence the degree of 
inefficiency. But because the therapeutic use affects our input set and we are inter-
ested in its impact on the input cost shares as well as on total variable cost we choose 
the specifications of Antle (2000) and, Ollinger and Mueller (2003). In addition, it is 
reasonable to model the variable cost function as these costs account for about 80% of 
the total cost of broiler production. The size of the production unit measured by the 
meat quantity variable is expected to catch the impact of the missing variables.  

3.2. Data 

The data information was collected from Danish Poultry Council for all the 279 indi-
vidual broiler production units registered in the Danish Poultry Council database 
(DPC, 2004). The 279 farms cover all the non-organic broiler producers in the coun-
try. The broiler slaughterhouses supply the production data to the Danish Poultry 
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Council’s database while the individual farmers provide the information about the 
cost of production. The information supplied by the farmers is incomplete in that 47% 
of the individual farms supplied all variable cost information while 17% supplied only 
part of the variable cost information and 36% supplied no cost information to the da-
tabase. Information on capital costs is not reported to Danish Poultry Council data-
base. From the production information the mortality rate is calculated.  
 
The information on therapeutic antimicrobial used on farms was extracted from the 
VetStat database at the Veterinary Institute. The Veterinary Institute collects and 
maintains the Vetstat database for antimicrobial and other veterinary medicine used 
on farms in Denmark (Stege et al. 2003). In Denmark, all use of therapeutic medicine 
is by prescription only, with the exception of in-feed coccidiostats. Delivery of data 
about the use of therapeutic antimicrobials to the Vetstat database is mandatory for 
the veterinary practitioners, who also have the authorisation for making the prescrip-
tions. Similarly, the feedstuff companies are mandatory requested to report to the Vet-
stat database the amount of coccidiostat in feed or prescribed medicated to feed sup-
plied to the individual farmers each time feed is sold. All farms are assumed to use 
coccidiostat.  Note that all preventive use of prescription antimicrobials is prohibited. 
This implies that therapeutic antimicrobial use is restricted to cases of infections. 
 
In the year 2004 only 19 % of the 279 farms used therapeutic antimicrobials. For the 
analysis, we have used data from the 47% of production units with full variable cost 
information. However, we used a chi square test to check if the distribution of produc-
tion units using therapeutic antimicrobials is the same among the cost and non-cost 
reporting groups (i.e. farms with or without data on all variable costs).  
 
Similarly we have checked if the average mean mortality is the same for the cost and 
non-cost reporting groups. The results suggest that the distribution of antimicrobial 
use and the mean of mortality rates are the same across the cost and non-cost report-
ing groups. Thus, the results of our analysis can be interpreted over the whole non-
organic broiler production sector.   
 
On average, the number of chicks stocked per farm during 2004 was 526 thousand 
and the average weight of broilers slaughtered was 1.9 kg. Of the 47% of the farms 
used in the analysis, 18% used an amount of therapeutic antimicrobials. The descrip-
tive statistics and the description of the variables used for our analysis are provided in 
Table 1. 
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Table 1. Descriptive statistic of variables included in the model 
   
Variables# Mean Standard deviation 
   
I
 
ndependent variables  

 
 
 

Meat output in  1000  kg  (Y) 999 567 
Chick stock price per  bird in DKK (W1) 2.07 0.038 
Feed price per kg in DKK (W2) 1.50 0.047 
Sundry price per chick in DKK (W3) 0.51 0.15 
Mortality rate in % (M1) 4.66 0.89 
Morbidity  in proportion (M2) 0.59 1.78 
   
D
 

ependent variables  
 

 
 

Total variable cost in 1000 DKK  (C) 3974 2252 
Share of chick cost in proportion 0.27 0.020 
Share of feed cost in proportion 0.66 0.023 
Share of sundries cost in proportion 0.07 0.019   

#All costs and prices are in Danish currency (DKK), 1 DKK=0.13 Euro  
Y is the kg of broilers delivered to the slaughterhouses  
W1 is the price of chick stock at one day old 
W2 is the price of feedstuff per kg  
W3 is the price of sundry per chick. Sundry among others materials include water and chemical solution for 
disinfections, heating energy and straw. The price was calculated as: sum of expenditures for these items 
divided by the number chick-stock.  
M1 is sum of percent dead prior to the delivery to the slaughter and percent broilers rejected at the slaughter-
house due to damages or lesions. This variable captures the effect of non-treatments and other hygienic and 
welfare conditions of chick stock.  
M2 is defined as the use of restricted therapeutic antimicrobial, mg. per chick. Since it is only the veterinary 
practitioner who is allowed to prescribe the medication, the variable represents the level of morbidity on the 
farm. For the analysis the variable was coded as dummy where 1 represents those farms using therapeutic 
antimicrobial for treatment or otherwise zero.  
C is the total variable costs for chick stock, feed and sundry 
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4. Results 

This section presents the results based on equations [1] and [2] estimated using SAS 
(1993). We first estimated a model incorporating the health performance attributes 
morbidity and mortality. This model was tested against three restricted models, 
namely one without both health performance variables and one where each of the 
health performance attributes was restricted. Model restriction tests were performed 
using the Gallant-Jorgenson likelihood ratio test (SAS, 1993, p.591).  
 
The test results did not reject the model with restriction on the health performance at-
tribute, mortality but rejected the model with restriction on the health performance 
morbidity, i.e. the impact of the use of therapeutic antimicrobials needs to be included 
in the model specification. However, because we note that the level of mortality rate 
is high among therapeutic antimicrobials users compared to non-users, and to avoid 
the problem of variable exclusion, the interpretation of the results are primarily based 
on the model with both health performance attributes mortality and morbidity. Prior 
to estimation of the models, the morbidity variable was recoded as a dummy, where it 
is 1 for the 18% of the farms that used therapeutic antimicrobials and zero for non-
users. The implication is that the first order parameter estimates are interpreted as a 
comparison between users and non-users of therapeutic antimicrobials. The parame-
ters of the non-linear iterative seemingly unrelated regression (ITSUR) model are pre-
sented in Table 2.  
 
The variables in the model are normalized by their means. Therefore, the first-order 
coefficients are the elasticities at the sample means. However, they are interpreted 
bearing in mind the impact of the morbidity variable through its interaction effects on 
the other variables. The two β-coefficients (β1 and β2), and the γ-coefficient, are the 
cost of production elasticities with respect to feed and sundry input prices as well as 
meat price, for farms classified as non-users of therapeutic antimicrobials. These es-
timates are significantly different from zero. The two first-order β-coefficients also 
reflect the cost shares while the reciprocal of the meat output coefficient of 0.9952, 
which is 1.005, measures the return to scale with respect to variable inputs. The scale 
elasticity suggests that on average the broiler production is characterised by constant 
return to scale. The corresponding non-significant meat output coefficient and return 
to scale values for farms using the restricted antimicrobials are 0.9886 and 1.012. 
These values suggest that the restricted use of therapeutic antimicrobials does not dif-
ferentiate between the return to scale between the two groups of farms.  The signifi-
cance of the second-order coefficient for sundry, β22, suggests as expected that a one 
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unit positive deviation from the sample mean increases the sundry cost share ap-
proximately by 0.03 units. 
 
Table 2. ITSUR cost function and share equation parameter estimates 
       
Models  Full model 
       

Variables Parameters Estimates 
Standard 

Error T_ Value 
Signifi-
cance code 

       
Cost function equation       
Constant α0 -0.0038 0.0027 -1.38 0.1708 C1 
Feed  β1 0.6992 0.0660 10.59 0.0001 U1 
Sundry β2 0.0457 0.0062 7.39 0.0001 U2 
Chick# β3 0.2551 0.0668 3.82 0.0004  
 Meat γQ 0.9952 0.0031 324.26 0.0001 U3 
Feed x Feed β11 0.1395 3.1555 0.04 0.9648 U4 
Sundry x sundry β22 0.0305 0.0130 2.35 0.0207 U5 
Meat x meat γQQ 0.0010 0.0065 0.16 0.8737 U6 
Feed x sundry β12 0.0357 0.1430 0.25 0.8032 U7 
Feed x meat β1Q 0.1297 0.0991 1.31 0.1931 U8 
Sundry x meat β2γQ 0.0023 0.0080 0.29 0.7713 U9 
Mortality α11 0.0034 0.0023 1.47 0.1445 U10 
Mortality x mortality α21 0.0013 0.0031 0.42 0.6721 U11 
Mortality x feed α41β1 -0.0691 0.0809 -0.85 0.3951 U12 
Mortality x sundry α41β2 -0.0028 0.0054 -0.52 0.6014 U13 
Mortality x meat α51γQ -0.0007 0.0029 -0.25 0.8016 U14 
Morbidity α12 -0.0028 0.0030 -0.92 0.3598 U15 
Morbidity x morbidity## α22     U16 
Morbidity x feed α42β1 -0.3187 0.1766 -1.8 0.0739 U17 
Morbidity x sundry α42β2 0.0239 0.0195 1.23 0.2229 U18 
Morbidity x meat α52γQ -0.0066 0.0101 -0.66 0.5128 U19 
Morbidity x Mortality α312 -0.0019 0.0068 -0.28 0.7785 U20 
Feed cost share EQ.       
Constant (Feed) βf1 0.6572 0.0022 293.96 0.0001 C2 
Feed x feed βf11 2.7654 2.5178 1.1 0.2742 M1 
Feed x sundry βf12 0.0951 0.0635 1.5 0.1369 M2 
Feed x meat βf1Q -0.0342 0.0635 -0.54 0.5905 M3 
Feed x mortality βf1α41 0.0503 0.0634 0.79 0.429 M4 
Feed x morbidity βf1α42 0.1745 0.1350 1.29 0.1983 M5 
Sundry cost share EQ.       
Constant (Sundry) βs2 0.0688 0.0014 47.76 0.0001 C3 
Sundry x sundry βs22 -0.0235 0.0065 -3.61 0.0004 K1 
Sundry x feed βs21 0.1213 0.0917 1.32 0.1881 K2 
Sundry x meat βs2Q -0.0025 0.0053 -0.47 0.6417 K3 
Sundry x mortality βs2α41 0.0045 0.0036 1.26 0.2089 K4 
Sundry x morbidity βs2α42 0.0428 0.0106 4.03 0.0001 K5   

#: The estimates are calculated from the assumption that the sum of the first-order elasticities adds up to 
one. ##: Is redundant as it is the same as the first order estimate. 
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The quantity of therapeutic antimicrobial use, expressed by the health performance 
attribute, morbidity (α12), has no direct implication for the variable cost of broiler 
production. However, the parameter estimate for “morbidity x feed” (α42β1) is signifi-
cant at the 10% level (Table 2). It should also be noticed that the inclusion of morbid-
ity and its interaction effects were simultaneously not rejected by the Gallant-
Jorgenson likelihood ratio test.  This suggests that the cost share of feed input is lower 
and the chick stock cost share is higher for therapeutic using farms compared to non-
users. It indicates a substitution effect, which is also reflected by the changes in cost 
elasticities with respect feed and sundry input prices for the models for users and non-
users of therapeutic antimicrobials (The model results are not presented). Similar in-
terpretation of the “morbidity x meat” (α52γQ) suggests that there is a room for im-
provement for farms that have applied therapeutic antimicrobial in 2004 although the 
difference is not significant. On the other hand, the mortality performance parameter 
estimates suggest that the rate at sample mean and the change from the sample mean 
have no significant impact on the cost of broiler production. It is however clear that 
the positive directions of the first-order and the second-order mortality estimated co-
efficients are as expected, interaction coefficients, α41β1, α41β2 and α51γQ, are not sig-
nificant. However, the direction of the estimates suggests that deviation of mortality 
rate from the sampled mean as could be expected induces a fall in the cost of produc-
tion elasticities with respect to feed and sundry inputs and meat prices.    
 
In Table 2, along the input factor shares equations, is shown the parameter estimates 
including the interaction terms between factors input prices and morbidity and mortal-
ity. The table shows that feed input cost share {constant (feed)} increases at a constant 
rate in feed input prices, while the sundry input cost share increases at a decreasing 
rate. This is shown by the constant estimate for “sundry” ( βs2), and the second-order 
“sundry x sundry”( βs22,), effects in the sundry share equation. Furthermore, as should 
be expected, the cost share of sundry expenses is high for farms providing treatment 
for morbidity with therapeutic antimicrobial. It should be noted that the model could 
be estimated with restriction on the parameters in the cost share equations. 
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5. Discussion and concluding remarks 

We have investigated the impact on variable costs and scale economics of the discon-
tinuation of the use of antimicrobial growth promoters by investigating the impact of 
mortality and the restricted therapeutic use of antimicrobial (morbidity) in broiler 
production. We found no significant effect, but a change in the structure of cost shares 
for producers using therapeutic antimicrobials was revealed. It is suggested that the 
reduction in feed cost share is due to low mortality and morbidity in addition to the 
improvement in growth rate, which is the result of using an improved breed stock 
with better feed utilisation capacity. The reduction in feed cost share covered for the 
slight increase in the cost of using therapeutic antimicrobials. Thus, the low quantity 
of antimicrobial used for therapeutic purposes impact indifferently on the economic 
efficiency of broiler production sector.  
 
The reduction in stocking density score from 44 in 1998 to 42 per kg live-weight/m2 
in 2004 contributes to the reduction in stressor responsible for bird discomfort and re-
duces the exposure of birds to infection as a result of wet litters (Sanotra et al., 2001). 
In sum it may be argued that those considerable improvements in management actions 
and the reduction in mortality and morbidity have reduced the need for therapeutic 
antimicrobials.    
 
Clearly, it is important to note that only 19 % (18% in the sample analysed) of the to-
tal Danish broilers producing units had an annual incidence of infections requiring 
therapeutic antimicrobial use 5 years after the ban. We also found that while feed cost 
share increased at constant rate irrespective of farm size, the sundry cost share is in-
creasing at decreasing rate, suggesting that there is a scale impact in favour of bigger 
broiler production units. 
 
Our results are not directly comparable to most of the previous research works (Mann 
and Poulsen (1976), Mathews Jr (2001), Hayes et al. (2001) and Brorsen et al. (2002). 
This is because these papers focused mainly on the pig sector; a link to the poultry 
sector by for example Mann and Poulsen (1976) was only considered for market 
clearing reasons and assumed that the ban is not directly implanted in the poultry sec-
tor. Secondly, these papers have focused on estimating the quantitative impacts of the 
potential ban on consumers and producers. In our paper we have focused on both the 
biological and behavioural response patterns determined by the effect of mortality and 
morbidity on production costs such that the production cost elasticities capture the de-
cision-maker responses. However, our findings are similar to the above named re-
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searchers who as us found that in the long run the impact of the ban on producers is 
marginalised.  
 
A Danish study by Jacobsen et al. (2006) using data information from the period just 
before and after the imposition of the discontinuous use of antimicrobial growth pro-
moters in 1999 and a recent paper by Lawson, Jensen and Otto (2007) using grouped 
data for large, medium and small farms from 1994 through 2004, investigated the ef-
fects of the ban on the use of antimicrobial growth promoters for broiler production. 
Jacobsen et al. (2006) used a Danish agriculture sector equilibrium model to investi-
gate the sector and the economy-wide effects of the ban on using antimicrobial 
growth promoters in the poultry and pig sectors. Their results suggest that the produc-
tion in the poultry sector would increase by 0.3% as a result of the decrease in factor 
prices. The low factor prices originate from the reduction in pig production as a result 
of the ban on the use of antimicrobial growth promoters. For the poultry industry, the 
pre-ban harboured fear for an increase in mortality and a reduction in output was not 
substantiated. Jacobsen et al. (2006) reported further that the slight decrease in feed 
convention ratio was neutralised by cost savings from not using antimicrobial growth 
promoters. We found in this paper similar results exemplified by the interaction ef-
fects between prices of feed and sundry.  
 
Lawson, Jensen and Otto (2007) found the magnitude of output elasticity with respect 
to feed input to be decreasing and chick input to be increasing. In addition, the study 
revealed that the mortality rate was low and the growth rate increased after the ban, 
which suggests that the feed conversion ratio (feed efficiency) is improving without 
the use of antimicrobial growth promoters. This is due to the use of improved breed-
ing stock. In this paper, we found no significant effect of mortality on the cost of pro-
ducing broilers and the extra costs attributed to using therapeutic antimicrobials are 
compensated for by reduced feed expenses (reduction in the feed cost share) in 2004.  
 
This paper complements the earlier studies, by evaluating and providing specific 
knowledge of the impacts of the ban for a longer period before and after the ban, 
which includes testing for the impact of restricted use of therapeutic antimicrobials in 
2004. Therefore, from a policy perspective the paper suggests that governments and 
industries contemplating a ban should ensure the provision of the right incentives for 
the improvement in feed quality, animal welfare, hygienic and sanitation management 
and using the kind of birds that can increase the utilization of available feed. For the 
producers in countries where the ban is still debated, the results provide useful infor-
mation about the expected response reactions. These include increasing the productiv-
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ity of chick input through breed selection, increasing the hygienic and welfare (i.e. 
low stocking density) management of the chicks, to control mortality and provides the 
bases for less morbidity and the efficient transformation feed intake. 

 
20    FOI    Therapeutic antibiotic use and the variable cost of broiler production in 
Denmark 



References 

Antle J.M. (2000): No Such Thing as a Free Lunch: The cost of food safety regulation 
in the meat Industry. American journal of agricultural Economics. 82:310-322. 

 
Brorsen B.W, Lehenbauer T., Dasheng Ji, and Connor J. (2002): Economic impacts of 

banning sub-therapeutic use of antibiotics in swine production. Journal of Agri-
cultural and Applied Economics, 34(3):489-500. 

 
Coffman J.R., Beran G.W.,Colten H.R., Greig C., Halloran J., Hayes D., Kaneene J. 

B., McNutt K., Meeker D., Nickerson S. C., Seay T., and Stewart R. G. (1999): 
The use of drugs in food animals. Benefits and Risks 
 http://books.nap.edu/catalog/5137.html

 
DST (2004): Denmarks, Statistics 

 http://www.statistikbanken.dk/statbank5a/default.asp?w=1024
 
DANMAP (2004): Consumption of antimicrobial agents and occurrence of antim-

icrobial resistance in bacteria from food animals, foods and humans in Denmark. 
ISSN 1600-2032. (http://www.danmap.org/

 
DPC (2002, 2004): Danish Poultry Council (Det Danske Fjerkræraad), Annual re-

ports. Copenhagen, Denmark. 
 
EC (2003): Regulation (EC) No 1831/2003 of the European Parliament and the Coun-

cil of 22 September 2003 on additives for use in animal nutrition http://eur-
lex.europa.eu/JOHtml.do?uri=OJ:L:2003:268:SOM:EN:HTML/l_268200310
1en00290043.dpf. 

 
Gertler P.J. and Waldman D.M. (1992): Quality Adjusted Cost Function and Policy 

Evaluation in the Nursing Home Industry. J. Polit. Econ. 100:1232-56. 
 
Grave K., Jensen V.F., Odensvik K., Wierup M. and Bangen M. (2006): Usage of 

veterinary therapeutic antimicrobial in Denmark, Norway and Sweden following 
termination of antimicrobial growth promoter use. Prev. Vet. Med. 75:123-132. 

 

 
Therapeutic antibiotic use and the variable cost of broiler production in Denmark    

FOI    21 

http://books.nap.edu/catalog/5137.html
http://www.statistikbanken.dk/statbank5a/default.asp?w=1024
http://www.danmap.org/
http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2003:268:SOM:EN:HTML
http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2003:268:SOM:EN:HTML


Graversen J.T. (2003): Analyse af den danske slagtekyllingesektor. Report no. 157, 
Food and Resource Economics Institute, University of Copenhagen, Roligheds-
vej 25, 1958 Frederiksberg Copenhagen.  

 
Hayes D.J., Jensen H.H., Backstrom L. and Fabiosa J. (2001): Economic impacts of a 

ban the use of over the counter antibiotics in U.S. swine rations. International 
Food and Agribusiness Management Review 4:81-97. 

 
Hayes D.J. and Jensen H.H. and Fabiosa J. (2002): Technology choice and the eco-

nomic effects of a ban on the use of antimicrobial feed additives in swine ra-
tions. Food Control, 13:97-101. 

 
Hayes D.J. and Jensen H.H. (2003): Lessons from the Danish Ban on Feed-Grade An-

tibiotics, Choices, 3rd Quarter : A publication of the American Agricultural Eco-
nomic Association. 

 
Jacobsen L-B, Jensen H.G. and Lawson L. G. (2006): Sector- and economy-wide 

effects of terminating the use of anti-microbial growth promoters in Den-
mark: Food Economics, 3:1-11. 

 
Kumbhakar, S.C. (1996): ”A Parametric Approach to Efficiency Measurement 

Using a Flexible Profit Function” Southern Economic Journal 473-487. 
 
Lawson L.G., Jensen V.F., Otto L. (2007): Tracing the impact of Non-Use of Antim-

icrobial Growth Promoters on output productivities in Danish broiler production, 
FOI. 

 
Laximinarayan R. (2002): How broad should the scope of antibiotics patents be?  

Amer. J. Agri. Econ. 84:1287-1292. 
 
Mann T. and Paulsen A. (1976):  Economic Impact of restricting feed additives in 

livestock and poultry production. Amer. J. Agr. Econ 58(1):47-53. 
 
Mathews Jr. K. H. (2001): Antimicrobial drug use and veterinary costs in U.S. 

livestock production. USDA Agriculture Information Bulletin 766.  
http://ers.usda.gov/publications/aib766/aib766.pdf

 

 
22    FOI    Therapeutic antibiotic use and the variable cost of broiler production in 
Denmark 

http://ers.usda.gov/publications/aib766/aib766.pdf


McNamara P.E. and Miller G.A. (2002): Pigs people and pathogens: A social welfare 
framework for the analysis of animal antibiotic use policy. Amer. J. Agri. Econ. 
84:1293-1300. 

 
Ollinger M.and Mueller V. (2003): Process control efforts and plant costs: Chap-

ter 4 of Managing for safer food – The economics of sanitation and process 
controls in meat and poultry plants. USDA Agricultural economic report no, 
817 www.ers.usda.gov

 
Rosen S. (1974): Hedonic Prices and Implicit Markets: Product differentiation in Pure 

Competition. J. Polit. Econ. 82:34-55. 
 
Sanotra G.S., Lawson L.G, Vestergaad K.S. and Thomsen M.G. (2001): Influence of 

Stocking density on Tonic immobility, Lameness, and Tibial Dyschondroplasia 
in Broilers.  Journal of Applied Animal Welfare Science, 4(1): 71-87. 

 
SAS (1993): SAS Institute Inc. SAS/ETS Users Guide Version 6, second edition, 

Cary, NC. pp 1022. 
 
Stege H., F. Bager, E. Jacobsen, A. Thougaard (2003): VETSTAT – the Danish sys-

tem for surveillance of the veterinary use of drugs for production animals. Pre-
ventive Veterinary Medicine 57: 105-115.   

 
Lauderdale T-L., McDonald L.C, Shiau Y-R., Chen P.C., Wang H-Y., Lai J-F. and  

Ho M. (2002: Vancomycin-Resistant Enterococci from Humans and Retail 
chickens in Taiwan with Unique VanB Phenotype-vanA Genotype Incongru-
ence. Antimicrobial Agents and Chemotherapy, 46 (2): 525-527. 

 
Wade M.A. and Barkley A.P. (1992): The economic impacts of a ban on sub-

therapeutic antibiotics in swine production. Agribusiness, 8(2):93-107. 
 
WHO (2002): WHO International review panels evaluation: Impacts of Antimicrobial 

Growth Promoter Termination in Denmark, 2002. 
 (http://www.vetinst.dk/high.asp?page_id=44. 

 

 
Therapeutic antibiotic use and the variable cost of broiler production in Denmark    

FOI    23 

http://www.ers.usda.gov/
http://www.vetinst.dk/high.asp?page_id=44


Wierup M. (2001): The Swedish experience of the 1986 year ban of antimicrobial 
growth promoters, with special references to animal health, disease prevention, 
productivity, and usage of antimicrobials. Microbial Drug Resistance, Mary Ann 
Liebert Inc. 7:183-189. 

 
 

 
24    FOI    Therapeutic antibiotic use and the variable cost of broiler production in 
Denmark 



 Working Papers 
Institute of Food and Resource Economics 

     
17/07 December 2007 Lartey G. Lawson 

Vibeke F. Jensen  
Jacob B. Christensen 
Mogens Lund 

 Therapeutic antibiotic use and the 
variable costs of broiler produc-
tion in Denmark 

     
16/07 December 2007 Derek Baker  

Kimmie Graber-Lützhøft
 Competition and transaction in the 

Danish food industry 
     
15/07 December 2007 Derek Baker  Policy and the modern food sup-

ply chain 
     
14/07 November 2007 Lartey G. Lawson 

Vibeke F. Jensen 
Lars Otto 

 Tracing the impact of non-use of 
Antimicrobial growth Promotors 
on output productives in Danish 
broiler Production 

     
13/07 September 2007 Le Dang Trung 

Tran Ngo Minh Tam  
Bob Baulch 
Henrik Hansen 

 The Spatial Integration of Paddy 
Markets in Vietnam 

     
12/07 August 2007 Wusheng Yu  Schemes for aggregating preferen-

tial tariffs in agriculture, export 
volume effects and African LDCs

     
11/07 June 2007 Kimmie Graber-Lützhøft

Derek Baker 
 Muligheder, trusler og forvent-

ninger i dansk fødevareindustri 
     
10/07 June 2007 Svend Rasmussen  Agricultural Sector Modelling 

- A Micro-based Approach based 
on Mathematical Programming 

     
09/07 June 2007 Ronald Babula 

Mogens Lund 
 Exploiting the Cointegration 

Properties of US Pork related 
Markets: The Emergence of a 
U.S. Demand for Pork as an Input 

     
08/07 May 2007 Jørgen Dejgård Jensen 

Anja Skadkær Møller 
 Vertical price transmission in the 

Danish food marketing chain 

 
Therapeutic antibiotic use and the variable cost of broiler production in Denmark    

FOI    25 



     
07/07 May 2007 Derek Baker 

Karen Hamann 
 Innovation and the policy envi-

ronment 
Findings from a workshop with 
meat industry firms in Skive 

     
06/07 May 2007 Derek Baker 

Jens Abildtrup 
Anders Hedetoft 
René Kusier 

 Role of regional and rural devel-
opement policy in supporting 
small-scale agribusiness in remote 
areas 

     
05/07 Maj 2007 Jørgen Dejgård Jensen  Analyse af tre forskellige scenari-

er for afgiftsændringer på fødeva-
rer 

     
04/07 March 2007 Hans Grinsted Jensen 

Kenneth Baltzer  
Ronald A. Babula 
Søren E. Frandsen 

 The Economy-Wide Impact of 
Multilateral NAMA Tariff Reduc-
tions: A Global and Danish Per-
spective 

     
03/07 March 2007 Svend Rasmussen  Optimising Production using the 

State-Contingent Approach versus 
the EV Approach 

     
02/07 Februar 2007  Kenneth Baltzer  

Søren E. Frandsen  
Hans G. Jensen 

 European Free Trade Areas as an 
alternative to Doha - Impacts of 
US, Russian and Chinese FTAs 

     
01/07 Januar 2007 Lill Andersen 

Ronald A. Babula 
Helene Hartmann 
Martin M. Rasmussen 

 A Vector Autoregression Model 
of Danish Markets for Pork, 
Chicken, and Beef 

     
11/06 December 2006 Lars Otto  GRO modellen: Grise, Risiko og 

Økonomi. Datagrundlag 
     
10/06 December 2006 Lars Otto  GRO modellen: Grise, Risiko og 

Økonomi. Teoretiske grundlag 
     
09/06 Oktober 2006 Johannes Sauer 

Arisbe Mendoza-
Escalante 

 Schultz’s Hypothesis Revisited – 
Small Scale Joint - Production in 
the Eastern Amazon 

     

 
26    FOI    Therapeutic antibiotic use and the variable cost of broiler production in 
Denmark 



08/06 August 2006 Johannes Sauer 
Jesper Graversen 
Tim Park 
Solange Sotelo 
Niels Tvedegaard 

 Recent Productivity Develop-
ments and Technical Change in 
Danish Organic Farming – Stag-
nation? 

     
07/06 Maj 2006 Johannes Sauer  Prices and Species Deversity – 

Stochastic Modelling of Environ-
mental Efficiency 

     
06/06 Maj 2006 Jacob Ladenburg 

Søren Bøye Olsen 
 Starting Point Anchoring Effects 

in Choice Experiments 
     
05/06 Marts 2006 Svend Rasmussen  Optimizing Production under Un-

certainty. 
Generalization of the State-
Contingent Approach and Com-
parison with the EV Model 

     
04/06 Marts 2006 Red. Johannes Christen-

sen 
 Fremtidens biogasfællesanlæg. 

Nye anlægskoncepter og økono-
misk potentiale 

     
03/06 Januar 2006 Jacob Ladenburg  Attitudes towards Wind Power 

Development in Denmark 
02/06 Januar 2006 Johannes Sauer 

B. Balint 
 Romanian Maize – Distorted 

Prices and Producer Efficiency 
     
01/06 Januar 2006 Johannes Sauer  Economic Theory and 

Econometric Practice: 
Parametric Efficiency Analysis 

     
 
 
 
 
 

 
Therapeutic antibiotic use and the variable cost of broiler production in Denmark    

FOI    27 


	17.pdf
	Preface
	Introduction
	Broiler production and the trends of antimicrobial use
	Broiler production
	The consumption of antimicrobials

	Analytical methods and data
	Analytical methods
	Data

	Results
	Discussion and concluding remarks
	References


