
1. Introduction
Pig farming is a particular-
ly important activity of the
EU agricultural sector, s-
ince it corresponds to 11%
of the agricultural produc-
tion of Europe. The EU of
25 member-states includes
2,165,000 breeders, while
the total number of animals
is equal to 151,867,000
pigs (European Commis-
sion, 2003). 
In Greece, pig farming is
considered one of the most
dynamic sectors of the ru-
ral economy, since it con-
tributes to the overall pro-
duction of meat by 30%
and covers approximately
60% of the annual demand
for pork (Ministry of Agri-
culture, 2003). Greek pig
farming represents 1.66%
of the total number of
breeders and 0.65% of the
total number of pigs in the
EU (European Commis-
sion, 2003). Since the
1960s and the implementa-
tion of funding pro-
grammes and financial
subsidies, pig farming in
Greece has begun to e-
volve from a family business into an entrepreneurial activ-
ity. From 1995 onwards, the sector seems to have acquired
a clear entrepreneurial orientation and is characterized by
intense livestock concentration (Batzios, 2001). Neverthe-
less, despite the improvements made in recent years, there
are still weaknesses observed in relation to most pig farm-
ing enterprises, which can definitely be attributed to the s-

low pace of business de-
velopment within the sec-
tor. As a result, Greek
pork is in a less competi-
tive position than Euro-
pean pork. The competi-
tive profile of Greek pig
farming can improve ei-
ther through an increase
in production or by reduc-
ing the overall production
cost (Vlachos, 2003). 
The breeding expenses for
pigs are a correlation of
the total production of
pork per sow (perform-
ance), the average number
of sows used for breeding,
the mean daily weight gain
of the fattening pigs, and
the “convertibility” of the
feed (Kitsopanidis, 1999).
The aim of this paper is to
study the formulation of
the production cost in
Greek pig farming enter-
prises, and the correlation
and progress of the overall
production cost and the to-
tal annual production of
pork, in relation to the size
of the farms. In addition,
the paper will explore the
“internal consistency” of
the factors that comprise

the overall production cost and their role in its formulation.

2. Materials and Methods
The research was carried out in the geographical regions of
Attica-Viotia-Evia, Thessaly, Central Macedonia and West-
ern Greece, which are considered important pig farming
centres in Greece. The variety of breeding conditions in
these regions can allow us to make a generalization of the
study results for the whole country, without any major de-
viation from the real picture (Galanopoulos, 1998). The
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technical-financial data in the study refer to the period
2000-2001 and were collected through specially prepared
questionnaires. 
The sampling method used for the determination of the
sample was the analogical stratified sampling (Farmakis,
1994; Apostolopoulos, et al., 2001). Thus, the sample was
proportionately collected from 12 strata (4 study areas and
3 size groups for the pig farming enterprises). The sample
size was set at 80 pig farming enterprises, a number that
corresponds to 22.4% of the total number of pig farms in
the selected regions and 9% of the total number of pig
farms in the country (Table 1). It includes 43 businesses
from Thessaly, 5 from Macedonia, 18 from Attica-Viotia-E-
via, and 14 businesses from Etoloakarnania. 

In order to study and compare their production expenses,
the pig farming enterprises were divided into three cate-
gories, depending on the size of their breeding activities
(M) (Whittemore, 1993; Dotas, 1995): 
-M1: This includes low-capacity farms with 20 to 199
sows. They are family-type units that only use basic oper-
ating equipment. 
-M2: This includes medium-capacity farms with 200 to 399
sows. They are units that possess integrated feed mix pro-
duction systems with different levels of automation. They
present a high rate of modernization and follow the latest
developments in pig farming.
-M3: This includes high-capacity farms with 400 or more
sows. They are industrial-type units, with an important rate
of verticalization. 
According to the relevant literature, the basic factors which
formulate the overall production cost in a pig farming en-
terprise are labour, feeding, annual livestock expenses, an-
nual expenses for fixed assets (buildings and equipment)
and expenses for drugs-vaccinations (Kitsopanidis, 1999;
Lansink and Reinhard 2004). The level of the overall pro-
duction cost is particularly important, since it is linked to
the profit gained by the pig farming enterprises and their
degree of competitiveness (Kitsopanidis, 1999).
The basic production expenses were determined using the
technical-financial data from the farms in the sample as a
basis, and were then classified according to their size. The
classification was carried out using the non-parametric

Kruskal-Wallis test, which corresponds to the non-paramet-
ric analysis of variance test (Anova-analysis) with one fac-
tor (independent variable) (Agresti and Agresti, 1979; Hin-
kle et al., 1988; Tsantas et al., 1999). The size of the enter-
prise was taken as the independent variable, with three lev-
els M1, M2, M3, and the production cost data were the de-
pendent variables. In case of statistical significance in the
Kruskal-Wallis test, the paired comparisons of the levels of
the independent variable were performed using the Mann-
Whitney statistical test, which corresponds with the non-
parametric t-test for independent samples (Hinkle et al.,
1988; Tsantas et al., 1999). It is worth noting that the non-
parametric tests were chosen because it was considered that
the assumptions of normality or homogeneous variance
were not valid.
Through the application of Principal Components Analysis,
we studied the consistency of the variables that comprise
the overall production cost, and their significance in its fi-
nal formulation (Nieuwoudt, 1972; Cattell, 1978; Dunte-
man, 1989; Tabakis, 2001; Quetier et al., 2005). 
The production cost for pigs is a correlation of the overall
production of pork per sow (performance), the average
number of sows in production (size of farm), the average
daily weight gain of the fattening pigs, and the “convert-
ibility” of the feed (Vaessen and Backus, 1997; Kitsopani-
dis, 1999). Therefore, based on the above, the correlation
was examined between the total annual production of meat
and the overall cost of production, in relation to the size of
the farms. In order to select the function model that best ex-
plains the relation between the above-mentioned variables,
we checked the observed level of significance p, the cor-
rected determination coefficient R2

adj and the standard de-
viation error of the relevant models. For models where
p≤0.5, the selection of the best model was based on the
highest R2

adj and the lowest standard error (Hinkle et al.,
1988; Hair et al., 1995; Bora-Senta and Moysiadis, 2000).

3. Results

Table 2 shows the ranking of the production expenses per
sow in relation to the level of breeding activities on the pig

NEW MEDIT N. 3/2007

55

Table 1: Ranking of pig farming enterprises according to size

Table 2: Comparison of production expenses per sow in relation to the
level of breeding activities



farms. Means in table 2 which are characterized by the
same letter on the same line do not differ statistically sig-
nificantly, at a significance level ?=0.05, according to the
performed Mann-Whitney test (Hinkle et al., 1988;
Toothaker, 1993; Tsantas et al., 1999). The Kruskal-Wallis
test showed that there is a statistically significant difference
between the three size groups of farms, which concerns
wages (x2=28.260, d.f.=2, p=0), annual livestock expenses
(x2=39.741, d.f.=2, p=0), the cost of veterinary care and
other expenses (x2=13.621, d.f.=2, p=0.001),
and the production expenses as a whole
(x2=28.653, d.f.=2, p=0).
As we can observe in this table, the cost of
labour is higher in low-capacity farms (M1),
and lower in high-capacity farms (M3). In the
latter, there is a higher degree of efficiency
from the work done by the workforce. The spe-
cialization and distribution of labour that can
be implemented in a relatively large farm of
this kind increase the productivity of the work-
force, since employees can become highly-
skilled in certain tasks and are subsequently more produc-
tive (Batzios, 2001).
The annual livestock expenses are higher in the high-ca-
pacity farms (M3) and lower in the low-capacity farms
(M1). High-capacity farms place greater emphasis on up-
grading their genetic material, which leads them to addi-
tional annual livestock expenses.
The expenses for veterinary care and other costs (for trans-
port, freight, electricity, telephone, fuel, lubricants etc) are
higher in the medium-capacity (M2) and high-capacity
farms (M3) and lower in the low-capacity farms (M1).
Low-capacity pig farming enterprises are characterized by
less intensive breeding conditions and make a more effi-
cient utilization of their workforce, which means that the
conditions pertaining to the animals’ management are more
favourable, they require fewer veterinary drugs etc.
Feeding expenses seem to be higher for medium-capacity
farms (M2), and lower for low-capacity (M1) and high-ca-
pacity farms (M3). It is a fact that large pig farming enter-
prises focus more on the feeding parameter, since they pos-
sess integrated systems for the preparation of feed mixes,
using different levels of automation. It is worth noting that
the exploitation of this parameter is directly linked to an in-
crease in breeding productivity (Dotas, 1995). Small pig
farming enterprises tend to use ready-made feed-forage, s-
ince they do not own the necessary equipment to produce
their own animal feed.
The annual fixed capital expenses seem to be higher for
low-capacity farms (M1) and lower for medium-capacity
(M2) and high-capacity farms (M3).
As regards the overall production cost, the medium-capac-
ity pig farming enterprises present the highest value. It is a
fact that these farms display a high level of modernization
and therefore require a large amount of capital for their re-
structuring (Aggelopoulos, 2004).

As a next step, we analyze the production cost for pork and
the elements it is based on. The cost of production is ana-
lyzed into the following parameters (Kitsopanidis, 1999):
cereal grain (raw feed material), annual livestock expenses,
annual fixed capital expenses (buildings and mechanologi-
cal equipment), veterinary drugs, feed pre-mixes (vitamins-
trace-elements), land, foreign and family labour. 
Through the application of Principal Components Analysis,
we examine the number of factors that can be used to inter-

pret the overall production cost. The analysis has highlight-
ed a factor that constitutes a linear combination of all the
cost elements. The eight individual expenses that comprise
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Table 3: Loadings of the production cost data

Table 4. Comparison of three models: linear, quadratic and logarithmic
for all farms in the sample



the production cost create a uni-dimensional factor, which
accounts for 69.37% of the total variance, with a high in-
ternal consistency (Cronbach’s a=0.868). This factor could
be characterized as a composite production cost. The rele-
vant importance of the individual expenses as expressed
through the factorial loadings is provided in Table 3. 
From Table 3, we observe that the greatest effect on the de-
termination of the composite cost is linked to the cereal grain
(X1), (raw feed material), while labour (X8) has the least ef-
fect. Thus, a limitation or reduction of the expenses for cere-
al grain, shown to be the most influential parameter for the
formulation of the production cost, will correspondingly lead
to its reduction. The development of the pig farming sector is
linked to the effort to reduce the use of cereal grain. Any s-
trategic effort to reduce the production cost in pig farming,
must have as its starting point the possibility of financing the
cereal grain market, and should examine the use of raw feed
material that is more economic or shows an improved per-
formance. In addition, the financing of investments related to
the operation of integrated animal feed production systems,
which aim to reduce the cost of feeding, is also connected
to a more efficient use of the feeding coefficient.
A study was subsequently made into the correlation be-
tween the annual total production of pork and the overall
production cost, both for the sample as a whole, and for the
size categories of the farms.
a). For all farms in the sample
Based on the data in Table 4, the quadratic function is the
one that best describes the relation between the two param-
eters.
The resulting equation is as follows:
Y=5.642-0.005X+1.428X2

(0.190)  (0.0003)  (1.464)
The relation between the sow’s performance and the total
breeding cost shows that 88% of the variability of the
breeding cost is explained by the performance of the sow
(R2=0.88). 

After studying Diagram 1, we find that the production cost
per Kg live weight decreases as the performance increases.

This is due to the distribution of the fixed cost between an
increasing number of product units, and also to the increas-
ing efficiency of the elements comprising the variable cost
(e.g. animal feed, medication and other). 
b). Based on the size of the farms
b1). Farms with 20-199 sows (M1)

According to Table 4 for the size M1, we can see that the
quadratic function best depicts the relation between the two
parameters. This relation between the sow’s performance
and the total breeding cost indicates that the level of the lat-
ter depends by 91% (R2=0.91) on the performance of the
sow. 
The resulting regression equation is as follows:
Y=5.84-0.006X+1.95X2

(0.251)  (0.0006)  (2.99)
This equation shows there is a tendency for the breeding
cost to develop in correlation with the performance of the
sow.
A closer study of Diagram 2 indicates that the production
cost per Kg live weight decreases as the performance in-

creases. Therefore, in this case also, the more rapid increase
in performance in relation with the increase to the variable
cost is what causes the production cost to drop when the
sow’s performance improves. The maximum cost-perform-
ance value is 5.57 euros for 144.15 kgs live weight. The low
performance values in some farms of this size are related to
the fact that the farms in question focus more on the sale of
piglets or there is a lack of facilities for development-fat-
tening. The lowest cost-performance value is 0.62 euros for
1583.33 kgs live weight per sow. 
b2). Farms with 200-399 sows (M2)
Based on Table 4 (for the size M2), it appears that the quad-
ratic function best reflects the relation between the two pa-
rameters. The relation between the sow’s performance and
the breeding cost was found to be strong and proves that the
level of the breeding cost depends by 37% (R2=0.370) on
the performance of the sow. The equation below shows how
the breeding cost develops based on the sow’s performance.
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Diagram 1: Diagram of quadratic function for the whole 

Diagram 2: Quadratic function diagram for low-capacity farms (M1)



The maximum cost-performance value is 1.31 euros for
1749.33 kgs live weight, while the lowest value is 0.89 eu-
ros for 1983.33 kgs live weight per sow.

The resulting regression equation is as follows:
Y=-17.01+0.02X-5.71X2

(11.69)   (0.012)  (3.45)
This function shows that the production cost increases for a
short period, reaches a peak value and then decreases. This
can be explained by the fact that the pig farming enterpris-
es of ?2 size often present a high rate of modernization and
therefore need a large amount of capital for this purpose
and in order to acquire new equipment and infrastructure.
However, in due course, as the performance increases at a
more rapid pace, so the production cost decreases.
b3). Farms with 400 or more sows (M3) 
Table 4 shows that none of the three functions is statistically
significant at a significance level of 5%, and therefore cannot
effectively express the relation between performance and
production cost. The linear function could probably best de-
pict the relation between the two parameters, but with a cer-
tain reservation, since the data does not satisfactorily adapt to
any model. The linear function shows that the production
cost decreases as the performance of the sow increases.

4. Conclusions-Proposals
Pig farming medium-capacity farms present the highest
production cost which can be explained by their high rate of
modernization and the large amounts of capital required for
their operation. 
More specifically, according to the course followed by the
cost of the production coefficient, we see that:
-The cost of labour decreases when the number of sows and
therefore the size of the farms increase. 
-The annual livestock expenses increase when the size of
the farms increases, since high-capacity farms maintain a
livestock with a high genetic value. 
-Expenses for veterinary drugs increase in conjunction with
the size of the farms. Low-capacity pig farms require a lim-

ited use of veterinary drugs, due to the favourable condi-
tions they offer for the animals’ management. 
-Feeding expenses seem to be higher in medium-capacity
farms, and lower in low-capacity farms. High-capacity
farms increase their feeding expenses in line with their ef-
fort to increase productivity. 
From a study of the cost using Principal Components Analy-
sis, we observe that the greatest effect on cost determination
is linked to cereal grain (raw feed material), which is the ba-
sic expense for animal feed. Any strategic effort to reduce the
cost of production in pig farming must begin from the use of
cereal grain and examine the alternative use of more econom-
ic and effective raw material for feed preparation. Choosing
the most appropriate, efficient way of preparing the livestock
feed, planning a well-balanced and economic diet knowledge
of the nutritional content of animal feed, the suitability of the
facilities used for mixing, feeding and storage, and subsidies
for the animal feed market, will all lead to a decrease of this
expense and subsequently of the production cost as a whole.
If we examine the relation between the production cost and
performance for all the farms in the sample, and for low-
and high-capacity farms, we observe that the production
cost decreases as the performance increases. In such farms,
the variable expenses and the fixed expenses distributed in-
to more product units contribute to a reduction of the pro-
duction cost. For medium-capacity farms, the production
cost increases, reaches a peak value and then decreases.
This is related to the high rate of modernization and the
large amounts of capital required for the modernization of
their fixed capital. This analysis serves to prove that there
is a need for financing new building installations and for the
purchase of modern mechanological equipment, since such
a step will lead to increased productivity, lower the produc-
tion cost and improve the working conditions for all those
employed in this sector.
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