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1. Introduction

Milk somatic cell counts
(SCC) increases when
cows have mastitis. Al-
most all of the major and
minor components in milk
are affected by mastitis
(Munro et al., 1984). Mas-
titis may be clinical or sub-
clinical, with sub-clinical
infection preceding clini-
cal manifestations. Yet,
the relationship between
the two within a herd is not
predictable (Rolands and
Booth, 1988).

Mastitis reduces the milk
yield, changes milk com-
position, shortens the pro-
ductive life of affected
cows, and it is very costly
to the dairy farmer. Most
estimates show that on the
average an affected quarter
suffers from a 30% reduc-
tion in productivity and an
affected cow is estimated
to lose 15% of its produc-
tion (Morris, 1973). The
fat and lactose percentage
significantly increases
with decreasing bulk milk
SCC. The control of this
costly disease must be
based on a continuing pro-
gram of prevention and e-
limination of infection.

Setting up and maintaining such a program can reduce
losses from mastitis by 50% or more (Janzen, 1970).
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Abstract

The main goal of this research is to study the impact of somatic cell counts (SCC)
on the profitability of commercial dairy farms in Kosovo based on the existing
raw milk quality standards in order to determine the economic losses caused by
high somatic cell counts in the raw milk produced by Kosovo dairy farms.

The research results come from individual raw milk samples that were taken
from June to September 2007 on 50 farms in the Dukagjini region and in the
Kosovo plain. These samples were collected from 656 lactating cows out of a
total of 816 cows under investigation. The strategy of the study is based in the
collection and analysis of data concerning the following parameters: SCC, herd
size, raw milk yield, raw milk protein and application of proper milking proce-
dures. Based on the existing administrative instruction for raw milk quality
standards for the year 2007, research found that the overall annual financial
losses calculated on the 50 dairy farms under investigation reached an amount
of €42,263 per year, whilst the average annual financial loss per farm was €845.
Sixty-four percent (64%) of the 50 dairy farms produced milk that fell in Class
III of the Administrative Order and received a price being 20% lower than the
Class I price, resulting in an average annual loss of 2,772 euros/farm.
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Résumé

L’objectif de cette recherche est d’étudier I'impact du comptage des cellules
somatiques sur la rentabilité des exploitations laitieres commerciales du Kos-
sovo sur la base des normes de qualité du lait cru et ce, afin de déterminer de
quelle entité sont les pertes économiques provoquées par un comptage éleve.
Les résultats de la recherche dérivent de [’analyse d’échantillons individuels
de lait cru prélevés dans 50 exploitations de la région de Dukagjini et de la
plaine du Kossovo entre Juin et Septembre 2007. Ces échantillons ont été col-
lectés a partir de 656 vaches laitiéres sur un total de 816 vaches investiguées.
La stratégie d’étude se base sur la récolte et analyse de données concernant les
parametres qui suivent : comptage des cellules somatiques, taille du troupeau,
rendement du lait cru, teneur en protéines du lait cru, et application de procé-
dures adéquates de traite. Sur la base de I’instruction administrative concer-
nant les normes de qualité du lait cru pour I’an 2007, nous avons mis en évi-
dence qu’en général les 50 exploitations investigués ont vécu une perte finan-
cieres annuelle s élevant autour de €42263 par an, avec une perte moyenne de
€845 par an, par exploitation. 64% des 50 exploitations laitiéres produisaient
un lait de Classe III en recevant un prix de l'ordre de 20% inférieur au prix de
la Classe I, avec une perte annuelle de 2772 euros/exploitation.

Mots clés: Normes de qualité, industrie laitiere, gestion d’exploitation, Kossovo.

The high presence of
SCC in raw milk partly
depends on the natural re-
sistance or the sensitivity
of each individual cow.
Additionally, the environ-
ment cleanliness, which
will determine the con-
centration of microorgan-
isms to which the udders
are exposed, the level of
stress which the cow is
subject to, the non appli-
cation of sanitary prac-
tices and proper milking
procedures and the han-
dling of the milk on the
farm and during its deliv-
ery to the collection site
are all factors contribut-
ing to high SCC. Mastitis
is a widespread disease in
modern dairy herds. The
occurrence of mastitis
varies according to coun-
try, region, production
system and mastitis con-
trol measures (Yalcin,
2000).

There are many factors
that have an impact in the
profitability of dairy
farms in Kosovo such as:
the lack of sufficient
knowledge in balancing
the feed rations for dairy
cows that have high ge-
netic potential to achieve

high yields, the poor reproduction efficiency, the poor barn
hygiene, the size of the herd, the poor raw milk quality, etc.

Research studies conducted by various local and interna-
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tional institutions in Kosovo have identified the quality of
raw milk produced on Kosovo dairy farms as the main fac-
tor that affects the financial income and, at the same time,
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hinders the sustainability of dairy farms in Kosovo (Zaug,
2007).

The number of dairy farms in Kosovo has sharply in-
creased over the last few years due to the scarcity of alter-
native income-generating opportunities.

Table 1 — Structure and Organization of Milk Sector in Kosovo.
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According to the statistics carried out by the Ministry of
Agriculture, Forestry and Rural Development (MAFRD),
the annual domestic equivalent milk consumption is esti-
mated at 321,559 tons. Based on a resident population of 2
million people, the consumption of milk and dairy produce
is estimated at 160 litres per person per year. It is estimated
that the Kosovo dairy industry has only 30% of total do-
mestic market share of value-added dairy products, includ-
ing UHT fluid milk. Many of the highest margin business
opportunities (such as fruit yogurt or different cheeses)
have been captured by more sophisticated marketers from
Western Europe, and are dominated by established region-
al brands that Kosovars have known and trusted for years.

Concerning on-farm quality standards, the raw milk pro-
duced on farm is generally of poor hygiene and without stan-
dards, and with a high micro-biological count; as for dairy
processors, the quality standards throughout the processing
chain are inconsistent. To improve the product quality and,
indirectly, the farm productivity, in January 2007, the Koso-
vo’s Ministry of Agriculture adopted the milk quality ad-
ministrative instruction MA —NR 20/2006, with the aim to
establish official and uniform milk quality standards. The
administrative instruction sets quality parameters for differ-
ent classes of raw milk based on definable criteria such as
bacteria count, somatic cell count, residue limits, etc. This
means that licensed dairy processors will not be legally al-
lowed to purchase raw milk that does not meet these mini-
mum standards. Dairy processors are routinely testing milk
samples from their suppliers on a monthly basis; the raw
milk samples are taken from every farmer and from the Milk
Collection Centre (MCC) twice a month for payment pur-
poses from dairy processors and sent to the raw milk labora-
tory at the Kosovo Veterinary and Food Agency (KVFA) for
chemical and bacteriological analyses. The equipment used
for raw milk testing is composed of Bactoscan®, Foss so-
matic Minor® and Milko scan FT 120® (FOSS — Denmark).

The average test results from the KVFA raw milk lab are
indicating that 57.31% of all samples for the year 2007
were below or equal to 400.000 SCC/ml and 29.44% above
600.000 SCC/ml.

The quality of the milk produced on Kosovo dairy farms
remains a major challenge for farmers as it is generally well
below the standards of raw milk quality that are applicable
on developed farms of western countries. In terms of eco-
nomic losses, mastitis is undoubtedly the most important
disease the dairy industry has to cope with (Blood and Ra-
dostits, 1989).

The main purpose of this research was to study the impact
of several parameters on SCC in raw milk on fifty com-
mercial dairy farms in Kosovo and to determine the eco-
nomic loss as consequence of high SCC based on existing
standards of the administrative order on raw milk quality in
Kosovo.

2. Material and method

2.1. Cattle management practices on commer-
cial farms in Kosovo

Most of barns are of inadequate size for the relevant num-
ber of cows kept. The average yield per cow is still very
low. One of the reasons for this is the bad quality of forage,
the untimely harvesting and the failure to feed the animals
high protein & energy feed. Usually, animals are kept in-
doors almost throughout year. During this period, feedstuff
is provided by farmers and it is generally composed of hay
from various plants, silage and concentrates are used. Be-
cause of small plots of land (2.2 hectares per farm), which
in most cases is fragmented in many parcels, livestock graz-
ing is practiced on relatively few farms in Kosovo (Kosovo
Agriculture Statistics, 2005). The barns are mainly new
buildings constructed without proper building plans, which
in most cases result in poor ventilation and hygiene. Both
open and closed types of milking systems are present. Al-
most all commercial farms have installed water systems
which enable ad libitum drinking.

2.2. Data collection, sample handling and
analysis

This research was conducted on 50 commercial farms
with different numbers of dairy cattle representing all re-
gions of Kosovo that are delivering raw milk to two milk
processors. One of them is the largest milk processor in
Kosovo, “Devolli”, and the other one is a smaller dairy
processor, “Rona”. The purpose of research was to confirm
the hypothesis that selected parameters are in direct corre-
lation with SCC. The higher the value of these parameters,
the higher the SCC and vice versa. Milk recorders were re-
sponsible for taking raw milk samples and delivering them
to the KVFA raw milk laboratory as well as for the collec-
tion of other data included in the study. Milk analyses were
done from samples of raw milk taken from respective farms
using the standard method — A4 according to the Interna-
tional Committee for Animal Registration ICAR (2007).
Samples were taken in the evening and in the morning with
sterile bottles that contained AZIDIOL to preserve 40 ml of
milk samples for 24 hours. Then they were put in a mobile
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refrigerator at a temperature of 4°C and transported to the
laboratory for analysis. Each test-tube was identified
through specific labelling for each farm.

Milk samples were initially analyzed on farm by using
mobile digital equipment called “Porta SCC” which shows
the number of SCC in 1 ml of milk. Then, samples were
sent to the raw milk laboratory of the Ministry of Agricul-
ture, Forestry and Rural Development where milk samples
were analyzed for additional parameters with the modern
FOSS equipment. The MAFRD Administrative Instruction
describing the standards for raw milk quality was used to
calculate the economic losses.

This Administrative Instruction determines the parame-
ters for the raw milk quality, the methods to verify the qual-
ity, classify the raw milk according to its quality and to take
samples for the analysis. The fresh milk is classified in four
classes according to its quality: a) class Extra; b) class I; ¢)
class I, and d) class II1.

This instruction defines the correction factors to use on
the basis of CFU (colony forming units) of bacteria and of
the SCC, in order to determine into which category the raw
milk falls after the analyses and understand if the raw milk
will receive a price incentive or disincentive relative to the
base price.

2.3. Statistical analyses

In order to determine the role of parameters that have an
impact on the profitability and the sustainability of dairy
farms in Kosovo, a Regression Analysis statistical package
has been used (Ragsdale, 2001). The regression analyses
have shown good results in identifying the factors that hin-
der the sustainability of dairy farms in Kosovo. This statis-
tical program is used as a tool to statistically confirm the
correlation between milk quality and the above-mentioned
parameters that are the main factors having an impact on
the profitability and sustainability of Kosovo dairy farms.
The linear regression model was used to evaluate the im-
pact of independent variables as to possible effects on the
SCC in the raw milk, which in the linear regression model
is presented as a dependent variable, whilst all other pa-
rameters are considered as fixed variables.

3. Results

The statistics of the regression model, i.e. the root mean
square error (RMSE), the coefficient variation (CV), the
average of the dependent variable (SCC), the standard de-
viation (Std DEV) R square, the adjusted R square, the in-
tercept and other coefficients are presented in Table 2 and
Table 3.

According to the results of the regression analyses, there
is an indirect correlation between the dependent variable in-
tercept SCC and the coefficient of the yield which means
that when SCC increases the yield decreases. In this study,
the increase of 1,511 SCC/ml in the raw milk will result in
a yield decrease of one litre. The P value shows that we are

60% confident of these results. Good milking practices are
definitely a factor having an impact on the increase of SCC.
This is explained by the fact that the P value is below 0.05.
This means that we are between 95% and 99% confident
that good milking practices have an impact on the SCC. By
contrast, the correlation between the number of milking
cows in the herd and the SCC is direct, which means that
for one dairy-cow increase in the herd, the SCC will in-
crease by 23,696, but this is not a significant factor. The
standard error (RMSE) in the regression model shows the
unexplained variability around the regression line, which is
the true random variability after the effect of independent
variables has been removed. The R square shows the pro-
portion of total variability in SCC explained by the regres-
sion model, which means that 25% of the changes in SCC
are caused by the analyzed parameters.

Table 2 — Multiple regression statistics for SCC as function of four
variables using linear functional form on 50 dairy farms in Kosovo.
Variable or Statistics Linear Functional form
Estimated Coefficient P - value
Intercept (SCC) 2,465,067 0,390
Milk Yield - 1,511 0,386
Milk Protein - 386,854 0,655
Proper milking procedures -946,747 0,001
Number of lactating cows 23,696 0,389
Note: Dependent variable = SCC.
Table 3 — Regression model statistics.
Dependent variable mean 1050172
Standard Error of the Estimate (RMSE) 738209
Coefficient of Variation (CV) 0,703
R-Squared 0,250
Adjusted R-Squared 0,183
No. of Observations 50
Note: Dependent variable = SCC.

3.1. Results of financial effects before the treat-
ment

Based on the results of conducted laboratory analysis,
there are significant differences between the farms includ-
ed in the study for the respective period regarding the SCC
in the raw milk. In order to calculate the financial loss, a
correction factor for milk quality was used based on
MAFRD Administrative Instruction MA 20/2006 (Table 4).

The financial effects are calculated for every individual
dairy farm for one-year period according to the following
rule:

Initially, the base price of raw milk was calculated on the
basis of the fat composition of the milk:

- For each 1% fat, the raw milk price was €0.07

- Base price per litre = % fat in milk X €0.07
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Table 4 — MAFRD Administrative Instruction MA 20/2006.
. Classification
Correction SCC/ml
factor Class CFU
koloni/ml

1,15 E <100,000 <400,000
1,00 I < 200,000 < 500,000
0,95 11 < 500,000 < 600,000
0,80 11T > 500,000 > 600,000

To calculate financial gains or losses, after determining
the base price of raw milk, a correction factor from
MAFRD Administrative Instruction was applied; then, on
the basis of the average of the two official SCC test results
obtained during the month, it was determined in which
class the raw milk sample falls:

- If the average SCC per farm is lower or equal to
400.000, the farm belongs to the group EXTRA and the raw
milk price is increased by 15% with respect to the base
price (115% of the base price);

- if the average SCC for farm is between 400.000 and
500.000 somatic cells, the farm belongs to the group I, and
the raw milk price is kept equal to the base price (100%);

- If the average SCC for farm is between 500.000 and
600.000 somatic cells, the farm belongs to the group II and
the raw milk price is reduced by 5% with respect to the base
price (95% of the base price);

- If the average SCC for farm is greater or equal to
600.000 somatic cells, the farm belongs to the group III and
the raw milk price is reduced by 20% with respect to the
base price (80% of the base price).

Financial effects are separately calculated for each single
farm for a one-year period (365 days respectively). The
farm loss was calculated as follows:

- Effect 1 = Yield * Class Extra Price * 365 days

- Effect 2 = Yield * real price (correction factor) * 365 days

- Loss (Euro) = Effect 1 — Effect 2

From this formula, the loss percentage of each farm is sep-
arately calculated. By assuming that all milk produced had re-
ceived the Extra class price, the overall financial loss calcu-
lated for the 38 dairy farms that did not receive the price for
Extra Class milk was equal to €166,233 annually, whereas
the average annual financial loss per farm was €3,325.

Table 5 — Financial effects according to the group of milk quality
using Class I as basis.
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Table 5 shows the actual revenue generated for the year
by milk class and the average annual financial losses per
farm. Initially, financial effects were analysed for each in-
dividual farm and than by group analysis as well. The aver-
age annual financial loss per farm is €845.

Table 5 shows that the poorest quality of milk is produced
by farms that belong to the third group where the average
annual loss per farm is €2772, as result of the high SCC,
whilst group II presents an average annual loss per farm e-
qual to €559.

There are significant differences in those farms that pro-
duced EXTRA raw milk quality during the whole research
period and those farms that produce poor milk quality

Around 66% of all commercial dairy farms that were s-
tudied are producing poor raw milk quality, while the re-
maining 34% of them produce raw milk with acceptable
standards.

4. Discussion

The dairy sector in Kosovo is believed to be a very im-
portant contributor to the local population’s diet and to
Kosovo’s future economic development. Although the
country has favorable natural conditions for milk produc-
tion, the local industry needs to consolidate farms for greater
efficiency and to further increase the processing quality and
consistency in order to effectively compete with imported
products. One of the current challenges for commercial
dairy farmers in Kosovo is how to reduce the costs associat-
ed with the presence of the high Somatic Cell Counts in raw
milk. Dairy products are homogenous; consumers are more
willing to switch from one brand to another when products
are homogeneous. With the products homogeneity, con-
sumers tend to be less loyal because any brand of dairy
products is able to meet their needs (Besanko et al., 2003).
The sale of milk products coming from Kosovo dairy farms
depends on the quality of the fresh milk produced on those
farms. Supplying milk processors with quality milk is es-
sential for the production of high quality final milk products
that consumers will buy. To ameliorate the quality of dairy
products, it is fundamental to improve the relationship be-
tween dairy farmers, dairy processors, and retailers in order
to avoid possible problems; communication links must be
established and utilized on a regular basis, since current
problems with the quality of dairy products are mainly due
to the scarce communication among the stakeholders of the
dairy industry supply chain. Furthermore, to improve the
competitiveness, trust must be established with partners in
the dairy supply chain (Handfield and Nichols, 1999).

The high SCC number indicates the occurrence of masti-
tis among dairy cows, which is one of the main factors af-
fecting the quality of milk produced on Kosovo farms.
Mastitis also causes great economic losses on US dairy
farms (Campbell and Marshall, 1975).

The presented results lead us to conclude that the SCC in
the fresh milk produced on Kosovo dairy farms is very high
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if compared to the existing standards approved by MAFRD.
This is a worrying issue for all stakeholders in the milk in-
dustry. The significant differences between various farms
included in our research emphasize managerial divergences
in many ways which are directly linked to the inexistent
knowledge of proper farm management practices.

The imported dairy products are dominating the market.
The improvement of the fresh milk quality (reduction of
SCC) is a relevant factor for the increase in the demand for
domestic milk by Kosovar consumers, resulting in a posi-
tive effect on the sustainability of cattle-rearing farms in
Kosovo.

The improvement of the quality of milk by moving from
Class III to Class Extra may be achieved through the appli-
cation of good managerial practices and a realistic inter-
vention in the dairy cattle farming infrastructure in Kosovo.
This would help avoid great economic losses which are
now affecting the sustainability of dairy farms in Kosovo.

There is serious concern that if commercially-oriented
dairy farms with continue to produce low quality milk,
some of them will not have any chance to sell milk legally
in and will lose investments.

5. Conclusions

The milk sector is important because it can supply Koso-
vars with quality livestock products at reasonable prices. It
can create better living standards for all citizens and farm-
ers while protecting the environment in villages and rural
areas. It can also increase the competitiveness of livestock
products. The competitive economic pressure on milk pro-
duction in Kosovo derives at least in part from unfair com-
petition of imported products creating difficulties for do-
mestic producers to survive. Dairy producers will improve
their profits by making sure to produce dairy products of
higher quality while keeping costs as low as possible; con-
sumers are assumed to buy a product as long as the per-
ceived value of the product equals the price of the product
(Schrimper, 2001). In order to be competitive on the mar-
ket, it is necessary that Kosovo farmers increase their work
efficiency and produce milk products being acceptable for
Kosovo consumers. Much research conducted with Kosovo
farmers shows that the quality of domestic milk, i.e. the
production of safe food, is a determinant factor for the sur-
vival of Kosovo farmers.

The results of this study have confirmed that the quality
of fresh milk produced in Kosovo, based on existing stan-
dards, is still low and requires immediate improvement.
Only the milk which is of acceptable quality will enable
processors to make milk and milk products packaged for
consumers demanding high quality, and by doing this they
will be able to compete with the imported products.

Many deficiencies observed, especially those dealing
with farm management, may be ameliorated by applying

more advanced hygiene practices and improving infrastruc-
tures such as milking equipment, adequate milk storage,
overall farm hygiene, etc.

This study points out opportunities for a proper approach
in the future for avoiding factors that contribute to the de-
crease of the quality of milk produced on Kosovo farms
thereby gaining the trust of consumers for domestic milk
and milk products.
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