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Abstract

In the Republic of Macedonia the multitude of farms are cattle farms with an average
capacity of up to 5 heads (74,6 %). The highest number of heads form all categories are bred
in the Pelagonia region (19,6%), followed by the Skopje region (15,68%). The Vardar
region has the least number of cattle (5,49%). Cattle crosses represent the majority of their
kind in R. Macedonia (43,91%), followed by the Holstein - Frisian breed (39,65%). Out of
the total number of sheep farms in the country, 41,69% are farms with a size of 50 heads,
whereas farms with the size 51 - 100 and 101 - 500 heads are present with 20% and 30,4%
respectively. Farms with a size of 301 — 500 heads consist 5,32% of the total number of
sheep farms and farms with 501 -1000 and above 1001 heads are present with 2,30 % and
0,30% respectively. The highest number of sheep are bred in the Eastern region (22 %), after
which is the Pelagonia region (16,9 %) and the Skopje region with the lowest number of
4,5%. Highly represented in the breed structure of the sheep population in R. Macedonia are
the Ovcepolka (26,9%) and Sharplaninska pramenka (18,4%) strains.Out of the total number
of goat farms in R. Macedonia, farms with a size of 1-5 heads consist the greatest percentage
(65,09%), followed by farms with a size of 6-20 heads which participate in the total number
with (26,05%). The eastern region has the highest number of goats (46,7%). In the breed
structure of the goat population, highest participation was noted for indigenous goat breed
(67,17 %). The presence of the Saneen breed is 11,75%, the Alpine 6,55 % and mixed
breeds deriving from them are present with 4,19% and 10,34% respectively.

Key words: farm size, breed structure, regional distribution.

Introduction

Long-term development of livestock production in the future will primarily be determined
by: environmental conditions, tradition of livestock production, farm size and economic
factors. As a very important sector of agriculture livestock production occupies an important
place in the structure of farmers' income, but also in the overall economy. The ability to
converse plant food in high quality food products for human populations gives special
significance to the livestock production. The agricultural sector is one of the most important
sectors in the Macedonian economy. The share of this sector in the gross domestic product
of the Republic of Macedonia is around 10% and increases to 15% if we take into account
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the food industry. Livestock accounts for 27,5% of the value of agricultural production
(Economic calculation in agriculture, SSO, 2002-2010). Cattle, sheep and goats breeding in
the country are mainly performed by individual farmers. The production is orientated for its
own consumption, but part of this production is marketed to dairy plants and
slaughterhouses. It is noticeable, existence of a number commercially oriented family farms,
large specialized livestock production enterprises, whose number is declining. According to
the State Statistical Office of the Republic of Macedonia, in 2010 the highest percentage of
cattle, sheep and goats (97,1% of cattle, 95,8% of sheep and 98,7% of goats) were located in
individual farmers, while the rest goes to business sector (SSO, Yearly Report, 2011). Main
aim of this paper is to determine regional distribution, farm size and breed structure of cattle,
sheep and goats in the country as main indicators which will serve to evaluate production
capacity of different regions in the country but also to recommend future activities in order
to improve and increase production from ruminants. Operational data form Food and
Veterinary Agency (FVA) in 2012 are used to determine regional distribution, farm size and
breed structure of cattle, sheep and goats in the country.

EU trends in cattle, sheep and goat sector

Success in milk production, or total milk produced is primarily influenced by the technology
of breeding and breed genetic capacity. Specialized dairy cattle farms in the EU, according
to the system of EU farm typology and classification, is the cattle farm in which more than
2/3 of the income is realized from milk production. In these farms most of the agricultural
lands are processed to produce food for their own needs. Production technology and farm
management is directed towards the production of milk and specialized farms are poorly
diversified. Most of the farms in the EU-15 are breeding at least 50 or more heads, which
was not the case in the EU-10, where most of the farms were located in the herd size up to
10 or fewer heads. But, in the period 2000-2007 only large farms in the EU-15 with more
than 100 heads of cattle were able to buy new breeding heads, while farms with more than
10 heads, farms in the EU-10, failed to raise livestock, while those farms with under 10
cattle heads have reduced the quantity and slowly disappeared. As a result of a number EU
policies the number of dairy cattle in the last decade decline. Overall decline in the number
of milking cows in the EU-15 in the period 1990-2010 is almost 33%, with the lowest
average rate of decline registered in Denmark, France, Ireland and the Netherlands. During
2000-2010 decline in the number of milking cows continues, following parameters are
noted: decrease of 12% (EU-15), 20% (EU-10) and 14% (EU-27) (Evaluation of CAP
measures applied to the dairy sector, 2011).

This situation, the distribution of farms and their size affects milk production, even 87% of
the milk in the EU-15 and 56% of the EU-10 comes from specialized farms. Despite this
fragmentation in the production, large reduction of the quantity and the emergence of the
tendency to increasing farm size and increase production indicating strong restructuring of
the EU cattle milk production (e.g. Germany, the trend of reducing the cattle number from
5,2 million in 1996 to 4,2 million cows in 2006, but there was milk yield increase from 5,8 t
per head to 7,3 t. In this period there was also a change in the number of farms from 186000
in 1996 to 92000 in 2006, and the increase in the average number of cattle on a farm from
28 heads in 1996 to 46 heads in 2006), (European Commission, 2010b).

650



SECTION 6: ANIMAL BIOTECHNOLOGY

Dairy sheep production is usually based on local breeds, well adapted to the production
areas which are in many cases less favoured. Sheep use natural resources of low interest for
other species, helping the maintenance of ecological equilibrium and natural landscape. In
addition, they contribute to the maintenance of economical activity and population in rural
areas (Ugrante and Gabina, 2004). At the European level, sheep and goat breeding represent
minor agricultural activity representing 3,6% of the total value of livestock production in the
EU-27. However, in certain Member States, sheep and goats farms occupy a significant part
of the overall agricultural area: 31% in UK and 20% in Ireland, Spain, Romania and Italy.
Sheep sector is characterized by a reduction of the quantity of sheep meat breeds (33% less
reproductive sheep heads for meat production during the period 2000-2009), while the total
number of sheep intended for dairy production has grown steadily (+43% number of milking
sheep). Generally it can be seen a downward trend in the total number of sheep from 1990 (-
1% per year) and slightly accelerated decline after 2005 (-3%). The number of goats was
reduced by 11% in the period 1990-2009. This reduction was still compensated by
productivity gains, which resulted in increased production of goat's milk. As main recent
developments in dairy sheep breeding in EU can be noted: 9% increase of milk production
from 1995, almost 2/3 of the milk produced is purchased and processed by commercial
dairies with considerable variation among Member States, exports of EU-produced cheese is
3/4 of world trade with cheese; stable prices for sheep's milk in recent years, with
differences between Member States. As the trend in most EU countries where sheep are
milked there has been a rapid development of "productive breeds" in Spain is Assaf breed,
where this breed according to the national census exceeds local dairy breed Churra, while
sheep breed Lacaune is considered to be represented by more than 200000 reproductive
sheep heads. Similar is the situation in Greece and Slovakia where the races Lacaune and
East Friesian breed are the only sheep breeds on the rise (de Rancourt and Carrére, 2011).
In dairy goat breeding following trends are noted: 10% increase in milk production from
1995, goat milk purchase compared sheep milk is lower intensity and noticeable number of
producers process milk on their farms, marginal international trade of goat cheese, constant
price growth of goat milk in the Member States that are major producers of goat milk
(Evaluation of the CAP measures for the sheep and goat sector—Executive summary, 2011).
Livestock sector at primary level

Cattle breeding

A dairy cattle breeding is closely associated with technology of breeding and overall crop
production. It is an expression of two biological and technological differently organized
systems (milk and meat) which are interconnected, where meat production is in negative
correlation with milk production. Considering the characteristics of the production,
especially milk production, many factors will affect the volume of production. Data as:
heads quantity, breed, farm size, breed and head regional distribution, as well as breeding
technology provide the appropriate information for production capacity in terms of milk
production. According to operational data FVA in 2012 about 40,797 cattle farms are
registered in the Republic of Macedonia, with a total of 263283 cattle in all categories, with
average farm size of 6,5 cattle per farm, taking into account all cattle categories. The data
indicate that the average size of a farm in the Republic of Macedonia is different from the
average size of cattle farms in some EU member states, Greece (14 cattle per farm) and
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Austria (86 cattle per farm), but it is still twice the average size cattle farms in Montenegro
(Markovi¢ et al., 2011).

Regional distribution

According to its structure and orientation cattle farms are small, traditional and low
productive, with milk yield from 2,000 up to 3,000 liters (SSO, 2011). Largest number of
cattle, according to the operational data of FVA in 2012 (Figure 1), in all categories are
present in Pelagonija region (19,6%), followed by Skopje (15,68%), while the Vardar region
is characterized with lowest distribution of bovines (5,49%). In other regions the distribution
of cattle ranged from 9,29% (Southwest) to 14,73% (Polog).

Farm size

High percent (74,6%) of cattle farms in the Republic of Macedonia bred up to five heads.
Also quite low percentages (21,1%) of farms are farms from 6 up to 20 heads.
Approximately 4 % of cattle are farms with more than 20 highly productive heads and
slightly higher annual milk production, and only 1% of the cattle farms, which usually are
carriers of milk production and quality genetic material, are farm with over 50 breeding

heads. Data structure of farms in 2012 is given in Figure 2 and Figure 3.
Regional ditribution -Cattle (%)

0.0
Pelagonia Skopje Polog Northeast East Southeast Soutwest Vardar

Figure 1. Cattle regional distribution

A similar trend in the farm size is observed in certain regions of the country (Figure 3). The
unfavorable structure, regarding farm size, is present in: Southwestern (83,42%), Polog
(79,13%) and Northeastern (70,73%) region where predominant farms are cattle farms with
less than five heads. In these regions farms which should be carriers of cattle dairy
production (from 51 up to 100 heads) are almost absent, although in these regions is very
high percentage of registered holdings (Southwest 13,3%, Polog 21,8% and the Northeast
12,9%) regarding total number of registered farms in the country. In other regions also
highly present are farms under five heads, but in these regions, there is a slightly better
distribution of farms according to their size. Smallest number of farms in the category under
five heads was noted in the Eastern region (63,89%). Category of cattle farms from 6 up to
20 heads ranges from 17,50% in the Southeast up to 27,37% in the Eastern region of
country. While in Skopje and Northeastern region in this category (from 6 up to 20) are
registered 26% of the farms. In other regions this category of farms is under 20% with the
lowest (15,16%) value noted in the Southwestern region.
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Farms that have a potential for milk production, according to farm size are farms with size
of 21 up to 50 heads (small family farms). Generally speaking, compared to other categories
of cattle farms their participation is quite small. Lowest percent of farms from this category
is present in the Southwest (1,16%), and the highest percent in the Eastern (6,80%) and
Skopje region (6,0%). This category of farms in Pelagonia and Vardar region is present with
only 5,63% and 5,88%, respectively. In the other three regions in the county distribution of
those farms is approximately 4% and in the Polog region is 1,63%. As regions where there is
a little bit higher farm distribution of cattle farms with 51 up to 100 heads are: Skopje (3,67)
and Vardar (3,07) region, while in other regions this category is less than 2%, with the
lowest value in the Southwestern region (0,19%). The presence of large farms (farms with
more than 101 breeding heads) is quite small and unevenly distributed in the country, 1,20%
of the farms in the Vardar region belong to this category and 0,38% of the farms in
Pelagonia region. In other regions the presence of this category of farms is low, with lowest
value in Polog region where 0,02% of the farms are representative of this category.
Cattle farm size (%a)

1.2%

3.9% 0.2%

21.1%
m=<35

= 6-20
21-50
m51-100
m>101

74.6%

Figure 2. Cattle farm size

Breed structure

Breed structure, genetic capacity but also breeding technologies among other factors have a
significant impact on total milk production. In order to determine breed distribution in the
country cattle farms were classified according to cattle breeds present in the country. The
total number of farms in the Republic of Macedonia, according to their ordinal humber of
the holding is 40,737, but since in one farm can be bred more cattle breeds, with separation
of the breeds that are present in a farm and their registration, their number is higher. Bovine
breeds distribution is shown in Figure 4. The results indicate that the largest share in the
cattle population in the Republic of Macedonia belongs to crosses with 43,91%, Holstein-
Friesian breed is present with high percentage (39,65%) in the country. Breed distribution
according to regions is suggesting that crosses are present in a range from 67% in Skopje to
27% in Pelagonija and Polog region. It should be noted that the share of dairy breeds such as
Holstein- Friesian, regarding total number of cattle is highest in Pelagonija region (64,2%)
and Polog region (56, 3%), and lowest in the Skopje region (11,86 %). Based on the analysis
and comparison of the data in the Republic of Macedonia in the period 2006-2012, there was
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a reduction in the number of farms. The total number of dairy farms in the Republic of
Macedonia in 2006 was 48741, to be reduced up to 40737 in 2012, according to their ordinal
number of the holding. While in 2006 approximately 86% of farms were farms with 1-5
cows, and the proportion of large farms over 30 cows was 0,7%. In 2012, there was a slight
improvement in the structure of farms, but again most of the farms (73,6%) belong to the
category number up to 5 heads, cattle farm with 10 cattle were 87,6%, while about 3%
belong to the category over 30 heads. Lowest percent (0,27%) belongs to farms breeding
over 100 heads.

Cattle farm size in differentregions (%o)
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Figure 3. Cattle farm size in different regions (%)

Sheep breeding

Specific climatic conditions, the mountainous nature of the terrain, the advantage of the
sheep to make full use of the capacities of rural (marginal) areas, then the ability to maintain
economic capacities of the rural population, as well as the tradition of sheep breeding are
ideal for development of sheep breeding in the Republic of Macedonia. The sheep milk, at
least until now, mainly is intended for domestic market and it is the raw material for
processing of different types of cheeses and other dairy products. Sheep milk production in
the Republic of Macedonia in a longer time of period shows significant oscillations.

Breed distribution (%)
50,00
45,00
40,00
35,00
30,00
25,00
20,00
15,00
10,00 +
5,00 |
0,00 . . .
Crosess  Holstein -~ Busha  Simental Montaphon Obriental Braunswis —Buffalo

Figure 4. Breed distribution
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Cattle breed/population distribution (%)

100,00
80,00 u Buffalo
60,00 B Busha
40.00 Braunswiss
20,00 B Crosses
0,00 ® Montaphon
Obriental
B Simmental
m Holstein

Figure 5. Cattle breed distribution in different regions

Totally produced sheep milk is affected by the number of breeding sheep in the country,
genetic capacity and farm practice. Regarding ownership structure the highest percentage
(97 to 98%) of the total milk production in the past period belongs to the individual farmers
(SSO, 2011). While the rest amount of milk production belongs to the large agricultural
enterprises and cooperatives. Considering the characteristics of sheep breeding technologies,
several factors (climate, economic characteristics and farm size, as well as the technology of
breeding) significantly affect the volume of sheep milk production. Mainly in sheep
breeding are present two production systems (extensive and intensive) with multiple
subsystems. In our conditions dominates extensive semi nomadic system. But the production
of sheep milk generally distinguishes six systems that are based on the length of suckling
period. Breeding technology in the Republic of Macedonia in most sheep farms is
traditional, which means lambing once a season (January-February), lambs weaning (March-
April) and milking period until the middle of July. System of sheep breeding in the
Mediterranean pool often have a dual direction of production (excluding wool because of the
low interest and low price), where two-thirds (or three-quarters) of income is due to milk
and one-third (or one-quarter) of the income is a result of the production of meat. Although a
high proportion of income in the sheep breeding is connected with milk production very few
dairy sheep in the country are under the control of the productive and reproductive traits.
Less than 0,3 to 0,5% of milking sheep, or in about 1500 dairy sheep in the country are
under control of the productive and reproductive traits. Implementation of monitoring and
determination the genetic quality and milk yield in sheep breeding is with low-intensity in
the country. Undoubtedly this low coverage, lack of reproduction centers and low level of
education of farmers adversely affect the development and utilization of the country's
overall capacities in sheep breeding. According to operational data FVA in 2012 in the
Republic of Macedonia 6671 sheep farms are registered with a total of 750,201 sheep heads
in all categories, that the average size of sheep farms would be 113,4 heads per farm, taking
into account all sheep breeding categories.
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Regional distribution
According to the operational data of FVA, most of sheep population are bred (Figure 6) in
the Eastern region (22,0%), followed by Pelagonija (16,9%), while the Skopje region is
characterized with the least sheep heads (4,5%). In other regions the percentage of sheep
heads ranges from 9,0% (Southeast) up to 14,27% (Southwest).

Regional distribution-Sheep (%)
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Figure 6. Sheep regional distribution

Farm size

Majority (41,69%) of sheep farms belong to group of farm which are breeding up to 50
heads, farms with a size of 51 up to 100 and from 101 up to 300 heads cover 20% and 30,
4%, respectively. Only 5,32% of sheep farms in the country belong to farms with 301 up to
500 heads. Very small part of the overall structure of the sheep farms belong to large farms
from 501 up to 1000 and more than 1001 heads, 2,30 and 0,30%, respectively (Figure 7).
Highest number of sheep farms (Figure 7) in the Republic of Macedonia is located in the
categories up to 50 and from 101 up to 300 sheep. High density of farms (Figure 8) in the
category up to 50 heads was noted in the Eastern (59,6%), Northeast (55,69%) and Skopje
region (41,53%). In other regions this category of farms is between 20% and 33% with the
lowest values in Pelagonija (12,13%) and Vardar (8,61%) region. Unlike other regions
where most farms still belong farms under 50 heads, in four regions of the country
(Pelagonija, Southwestern, Polog and Vardar) prevailing in farm size from 101 up to 300
sheep. In addition, 57,11% of the farms in Pelagonija, 47,19% of the farms in the Vardar
region, 43,31% of the farms in the Polog and 35,38% of the farms in the Southwest region,
belong to the category from 101 up to 300 heads. High distribution of farms in the category
from 301 up to 500 heads were observed in Polog (14,29%) and Vardar (14,98%) region,
while the same category had lowest distribution (2,27%) in the Northeast region. Farms with
over 1001 heads are present in all regions with the exception of the Skopje region, and the
highest presence (1,25%) of these farms was observed in Polog region.
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Sheep farm size (%)
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Figure 7. Sheep farm size

Breed distribution

Regarding breed structure of sheep population in the country, most frequent sheep
population is Ovchepolian (201,673 heads, or 26,9%), and Sharplaninian (138 290 heads, or
18,4%) pramenka, with their usual concentration in the regions were those population are
originated (Figure 9). Crosses of different breeds are present with 24% and Wiirttemberg
crosses are present with 16,3% of the total number of sheep. Highest concentration of
crosses was observed in Skopje and Vardar (81,5%) region. Dairy breeds as Awassi,
Blackhead Pleven, and East Friesian breed are insignificantly present. Crosses with Awassi
breed have very low participation in the sheep population, accounting about 4% of the total
number of sheep, with largest distribution in Pelagonija region (13 478 heads) (Figure 10).
Goat breeding

Considering the climatic conditions, as well as the experiences of other countries, the
Republic of Macedonia has capacity for adequate development of goat breeding and through
the formation of pure breed goat farms and application of intensive farming or semi
intensive goat breeding systems. Goat breeding in the Republic of Macedonia posse’s high
development capacity including breed genetic improvement, higher milk production, which
in turn will offer economic benefits to farmers. Main products from goat breeding in the
country are different types of cheese that are commonly placed on the domestic market, but
also production and sale of fresh milk. The highest part of income from goat breeding is
accomplished by milk production, but a very small number of dairy goats are under control
of productive and reproductive traits. Less than 0,2% of the population of dairy goats, or less
than 1000 heads, are included in activities regarding monitoring and determining the
genetic quality and milk yield. Undoubtedly this low coverage, lack of repro-centers and low
level of education of farmers adversely affect the further development and utilization of the
overall capacities of goat breeding.
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Sheep farm structure in different regions (%)
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Figure 8. Sheep farm structure in different regions
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Figure 9. Sheep breeds in the country
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Sheep breed/population distribution (%6)
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Figure 10. Sheep breed distribution

Regional distribution

According to the operational data FVA, Southeast and Eastern region are characterized by
the highest number of goats which occupy 46,7% of the total number of goats in the
Republic of Macedonia (Figure 11), low goats density was noted in Skopje region (4,1%),
while in other regions they are present in a range from 6,0% (Polog region) to 12,8%
(Vardar).

Regional distribution-Goats (%)

H Goats (%)
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Figure 12. Goats regional distribution

Farm size

According to operational data FVA in 2012 (Figure 13) in the Republic of Macedonia 5746
goat farms are registered, with total of 48,492 goats, that will give average farm size of 8,4
heads per farm, taking into account all breeding categories. The majority (65,09%) of goat
farms in the Republic of Macedonia are farms wit up to 5 heads, goat farm size from 6 up to
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20 goats comprise 26,05% of the total number of farms. A small percentage (6,61%) of
farms belong to goat farms from 21 up to 50 heads, while very low percentage belongs to
farms which are breeding 51 up to 100 (1,76%), 101-200 (0, 40%) and more than 200
(0,09%) goats. Goat farms (Figure 14) up to 5 heads are mostly present in the: Eastern
region (80,18%), Southeast (63,6%) and Skopje region (64,4% ). In the Northeastern region
52,85% of farms belong to this category. In other regions this farm category is smaller and
ranges from 48,18% in the Vardar, 46% in the Southwest and Polog up to 31,96%
Pelagonija region. Although Pelagonija region is a region with the lowest distribution of
farms up to 5 heads, this region compared to all other regions in the country has highest
percent (43,35%) of goat farm in the category from 6 up to 20 heads. In the Southwest,
Polog and Skopje region this category of farms is present with 39,34%, 37,89% and 30,37%,
respectively. Lowest distribution (16,85%) of this farm category is present in the Eastern
region. In the most important category of farms, farms with a size from 51 up to 100 heads,
only the Vardar region have double-digit distribution (10,00%). Two-times smaller
distribution, regarding Vardar region, has Pelagonija region (5,70%), while the remaining
regions have even smaller distribution (under 5%). Distribution of farm category between
101-200 heads is very low in the country, but still 182 farms in the Vardar region belong to
this category. In all other regions, the presence of this category of farms is below 1%. Farms
larger than 201 heads are recorded in the Southeastern and Skopje region but with very with
low distribution, 0,23% and 0,24% respectively, while in all other regions of these farms are
not present.

0.40 Goat farm size (%o0)
1.76 0.09
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m51-100
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Figure 13. Goat farm size
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Goat farm size in different regions (%)
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Figure 14. Goat farm size in different regions

Breed structure

Largest share in the goat population in the Republic of Macedonia has a domestic goat,
representing 67,17% of the total goat number (Figure 15) and it dominates with over 85% in
the Eastern, Southeastern and Southwestern region. Saanen goat participate with 11,75%,
Alpine breed with 6,55%, while their crosses participate with 4,19% and 10,34%
respectively (Figure 16).

Goat breeds (%)
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Figure 15. Goat breeds in the country

Breed distribution according to regions, suggesting that Saanen goat is the most present in
Northeastern, Pelagonia and Skopje region. Dairy breeds and their crosses in the country
occupy only one-third from total population but they are usually bred in small herds.
Insignificant part of the population of dairy goats is under control of productive and
reproductive traits, as well as the low level of primary and secondary education of farmers
significantly contribute to reducing the development capacity of goat breeding. The absence
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of the application of appropriate methods of breeding and nutrition of goats on the majority
of the farms are limiting factors in terms of improving dairy capacity.

Goat breed/population distribution (%)
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Figure 16. Goat breed/population distribution in different regions

Conclusions

Based on analyzed data, can be concluded that the greatest potential for cattle dairy
production, given the largest presence of Holstein- Friesian breed, have Pelagonija (3183 |
per cow) and Polog region (3138 | per cow). Significant presence of crosses in other regions
in the country (from 33,8% up to 67,3%) is a solid base for the dairy industry. However, the
small farm size is an unfavorable characteristic of cattle breeding in the Republic of
Macedonia. This weakness becomes more pronounced if is noticed that during this analysis
the total number of cattle in the country is included, rather than only dairy cows, affecting
further reducing of farm size, and thus the total capacity to milk production. Also, the small
population of dairy cows, which is under the control of the productive and reproductive
traits, as well as the low level of primary and secondary education of farmers, has significant
effect on dairy cattle breeding. Main characteristics of sheep breeding in the country is a
preponderance of small (up to 50 heads) in the Eastern, Northeastern, and in the Skopje
region) and medium-sized farms (101-300 heads in Pelagonija, Vardar and Polog region).
Regarding the breed structure of sheep population in the Republic of Macedonia is
characterized by a very small distribution of the dairy breeds and their crosses, regarding
high presence of domestic breed and their crosses with meat-wool breeds (Wiirttemberg).
Insignificant part of dairy sheep population in the country is under the control of the
productive and reproductive traits, as well as the low level of primary and secondary
education of farmers have strong influence on sheep breeding. High distribution of goat
farms with less than 5 heads except in Pelagonia region, dominance of domestic goat breed
in the country regarding dairy goat breeding as well as low percent of goat population
included under the control of the productive and reproductive traits are main weakness in
this sector. Future activities in ruminant sector should be orientated in: increasing farm
specialization and size and application of modern production technologies in dairy farming.
Improvement of breed structure on farms, breeding dairy breeds, but also genetic
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improvement of indigenous populations should be main direction in the country regarding
ruminant breeding.
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PEIT’HOHAJIHA TMCTPUBYIIUJA HA TOBEJAPCKHU, OBYAPCKHA N
KO3APCKH ®APMHU BO PEITYBJIMKA MAKEJIOHUJA, CIIOPE]]
I'OJIEMHUHATA HA ®APMATA U PACOBATA CTPYKTYPA

Buammvup LlaGupekn, Kowo Iopuay, F'oko Bynesckn, Coma CpGruHOBCKa, Jlparocias
Komescku, Cpekxo I"opruesckn u Topan TpajkoBckn

AncTpakr

Bo Peny6nmka Makenonuja Hajronem Opoj ox roBenapckute ¢papMu ce papMu co IpOCceIHa
rosieMuHa Ha ¢apma 1o 5 rpna (74,6%). Hajronem Opoj on rpiata Bo CHTe KaTETOPUH O
BHIOT TOBEJO ce oArienyBaaT Bo [lemaronuckuot peruoH (19,6%), omHOcHO BO CKONICKHOT
peruon (15,68 %). Hajman 6poj Ha rpna e 3abenexan Bo Bapmapckuor peruon (5,49%).
Mernesute ce Haj3actancHu (43,91%), momeka XommtajH-ppU3ncKaTa paca ¢ 3acTarneHa co
39,65%. On BKymHHOT Opoj Ha oB4YapckH (apmu Bo 3emjara 41,69% oTmara Ha dapMu co
rojemuHa 0 50 rpia, mojaeka dgapmure co rosemuna o 51-100 kako u gapmure ox 101-
500 rpna ce npucytau co 20% u 30,45%, pecniektuBao. @apmure co ronemuna ox 301-500
rpna 3adakaat 5,32% ox BKymHHOT Opoj Ha oBYapcku ¢apmu Bo 3emjara. OBYapCKHTE
¢apmu co romemuna ox 501-1000 rpma u Hag 1001 rpio ce 3acranenu co 2,30% u 0,30%,
pecriekTrBHO. Hajromem Opoj Ha oBIM ce oariieyBaaT Bo McTouHHOT pernoH (22%), 1o Koj
cnenyBa Ilemaronuckmor permoH (16,9%) m ckomckmor pernon co 4,5%. Hajsucoko
3acTalieHa BO pacoBaTa CTPYKTypa BO OBYapCTBO € OBUYenosickata oBma (26,9%) u
aprnannHckara npamenka (18,4%). On BxkynHuor Opoj Ha kozapcku ¢apmu Bo P
Makenonuja papMute co rojemMuHa ox 1-5 rpia ce Haj3actanenu (65,09%), mo koj ciemat
(dapmute co rosiemuna ox 6-20 rpja Kou MaK y4ecTByBaaT BO BKYIHHOT Opoj co 26,05%.
HcTOYHMOT pernoH Ha 3eMjaTa MMa HajroieM Opoj Ha ko3u (46,7%). Bo pacosara
CTPYKTypa Ha IOIyJlallkjaTa KO3M HajroJieM MPOLEHT € HOTUPaH Ka JIoMalllHaTa aBTOXTOHA
ko3a (67,17%). IlpucyctBoto Ha CaHckaTa ko3a ¢ 11,75%, AnmuHa e 3acrameHa co 6,55%
J0JieKa HUBHUTE Melne3nuTe ce npucyTHu co 4,19% u 10,34%, pecniektusHoO.

Knayunu 300poBu: ronemuHa Ha (apma, pacoBa CTPYKTypa, PEerHMOHaJIHA JTUCTPHUOYIH]ja,
roBeJa, OBIIM U KO3H.
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Abstract

Balancing the nutrients (especially Ca and P essential macro minerals responsible for high
egg production and eggshell quality in laying hens), in the diets for layers selected for low
body weight, but high egg sizes is a state of art. Whole cycle egg production results (egg
number, laying percentage, feed consumption) and egg quality parameters (egg size, shell
strength, yolk color and Hough Units) were compared in two groups of ISA Brown layers
fed isoprotein and isocalloric diets without (NP) or with (AP) phytase enzyme at level of
0.01%. Trial group diet supplemented with phytase, contains lower level (on average 0.5%)
of Non Phytate Phosphorus (NPP) source-Mono-Calcium-Phosphate (MCP). Non significant
differences in daily laying percentage (81.02% vs 80.83%) and number of egg produced per
hen housed (297.96 vs 297.99) were recorded. Analyzes revealed non significant differences
in egg size and shell strength (60.96g vs 61.38g; 3851.05 vs 3928.67 g/cm?) between the
groups. Some significance, not attributable to the phytase supplementation, in yolk color
(9.23 vs 10.53) and Hough Units (70.88 vs 67.64) were monitored for trial and control
group, respectfully. Correlations between eggshell strength and egg weight were non
significant. Modification of the feed formula through lowering the NPP and phytase
supplementation is valuable approach that decrease the feed costs but does not influence
number, size and quality of the eggs produced.

Key words: poultry, nutrition, phosphorus, phytase, egg production, egg quality.

Introduction

Balancing the nutrient in the feeding of the modern type egg layers is a state of art. High
selection pressure toward better feed conversions have lead to decreased body weight,
therefore lower feed intake capacities and higher egg sizes in these birds. These two
characteristics are in high negative correlations therefore leads to need of fine tuning the
nutrients essential for maintaining high performance (egg number) and high quality products
(medium to big sized eggs with sufficiently strong shell). Beside Ca, Phosphorus (P) is
accounted as essential mineral responsible for high egg production and egg shell quality in
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laying hens. Organically-bound phosphorus salts of phytic acid (phytate phosphorus) is
almost unavailable for the metabolism of birds (Klis et al, 1996; Kornegay 1996; Angel et
al., 2002;) meaning that birds can hardly use phytate P due to evolutionary lack of enzymes
that will degrade the phytate molecules. On the other side Non Phytate Phosphorus (NPP)
sources as feed ingredients, are rather expensive but also limited, non-renewable resources,
therefore inorganic part of P ingredients in the feed are often reduced with efforts of helping
the birds to reach for phytate P in the grain sources (corn, barley, wheat, soya e.t.c) through
supplementation with exogenic phytase enzymes. It is well known that low levels of
available phosphorus have negative effect on production records, and that supplementations
of exogenous phytase can help overcoming these negative effects. For example adverse
effects of a low P (1.3 or 1.1 g/kg NPP) diets were overcome with phytase supplementation
in the experiment of Francesch et all, (2005). There are numerous reports of many authors
that supplementing diets with an exogenous phytase enzyme does not affect production
level. In many of the studies improved performances in terms of better feed conversion
ratios are reported, and significantly improved shell quality (Jalal and Sheideler 2001; Lim
et al., 2003; Liebert et al., 2005; Liu et al, 2007; Rubio et al 2009; Skiivan et al, 2010;
Meyer and Parsons 2011; Singh et al, 2011). Panda et al (2005b) compare different levels of
non-phytate phosphorus (NPP) sources in the diets of White Leghorn at the beginning of the
production period and conclude that low level of 0.15% NPP (180 mg/b/d) in the diets
enables reasonable production performance but decrease the live weight, during 28 to 44
weeks of age and that higher amount are needed for improve bone mineralization. Same
authors, (2005a) in different article reported the results obtained by adding phytase to the
low NPP diets (1.2 and 1.8gNPP/kg). Addition of phytase to 1.2gNPP/kg diet significantly
enhanced the body weight and equals groups fed diets containing 1.8-3.0gNPP/kg feed.
Adding phytase to diets with NPP levels beyond 1.8 g/kg revealed no additional advantage
in hen day egg production, food intake, food efficiency, shell weight, shell thickness and
shell strength while egg weight, specific gravity and Haugh units were not influenced by
phytase supplementation. In the trial of Koelkebeck and Boling, (2009), supplement feed
with enzyme phytase resulted in substantially improved egg production. Comparative
analyze of the production results in advance aged Hy-Line White-36 layers (60-72 week of
age) fed diets with phytase in comparison with the group fed conventional diet was
performed by Zaghari et al (2008). They found no significant difference in egg production,
egg shell thickness and breaking strength. Their final conclusion was that phytase improves
P utilization in older hens. Mohammed et all (2010), in their article report improvement in
production (egg number) of Hy-Line White-36 hens fed diets containing rice bran and
supplemented with phytase. They find better feed conversion and shell thickness but lower
egg size in the groups fed phytase supplemented diets. In the experiment of Yildiz et al
(2010), layers at age 22-42 weeks were fed basic diets (16% CP, 2800kcal/ME/kg and
13.86mg/kg™ Mn) supplemented with three different levels of Mn (0, 35and 70mg kg™) and
phytase (0, 100 and 500U). No significant differences were find in body weight, egg
production, egg weight, feed conversion ratio and egg quality characteristics. This
experiment was conducted to follow the production data of two flocks of layers, fed diets
with or without added phytase, where diets lower in NPP were supplemented with phytase,
through the whole production cycle. R. Macedonia is in the region where high summer
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temperature causes problems in the shell thickness especially in the flock of advanced age,
therefore phytase could be a possible solution for improvement of the shell quality.

Material and methods

Two farm houses (trail and control) were housed with ISA Brown pullets fed isoprotein
and isocalloric diets with (Added Phytase - AP, trial or F+) or without (No Phytase- NP,
control or F-) added exogenous phytase enzyme. Total and available phosphorus phase
feeding level (Phase0 — FO, >28; Phasel- F1, 28-50 and phase2-F2, >50 weeks of age) was
calculated in the diets formula according the recommended nutrient requirements (table 1).
Lower level (on average 0.5%) of Non Phytate Phosphorus (NPP) sourced from Mono-
Calcium-Phosphate (MCP), and exogenous phytase (Ronozyme P 5000) supplementation
at level of 0.01%, was used in the trial group. In-house environmental and management
conditions were similar for both groups of layers. Egg production results and egg quality
parameters were compared in trial and control group. Egg quality analyzes were performed
in the laboratory for egg marketing quality control at the Institute for animal biotechnology
of the Faculty of agricultural science and food, using Egg Multi Tester EMT 5200 and
Eggshell Gauge (Robotmation Co. Ltd., Tokyo, Japan). This equipment offers unbiased,
computerized measure of the physical characteristics of eggs (weight, yolk color, Hough
Units) and eggshell (egg breaking strength). Statistic analyses on results were performed
by computer program STATISTICA module ANOVA and Fisher's LSD test to determine
the level of statistical significant difference between the groups for the parameters of
interest.

Table 1. Diet formulas used in the trial
NP Diet | AP Diet | NP Diet | AP Diet | NP Diet | AP Diet

FO - FO + F1- F1+ F2 - F2 +
Ingredient % % % % % %
Corn 42.76 43.65 44.49 45.70 44.58 45.49
Barley 5.00 5.00 9.20 9.20 10.00 10.00
Soya been meal 30.42 30.25 24.43 23.97 23.75 23.58
Rape seed meal 4.00 4.00 4.80 4.80 5.00 5.00
Vegetable oil 5.81 5.51 5.20 4.84 4.28 3.97
Limestone 9.56 9.56 9.56 9.63 10.20 10.25
Salt 0.26 0.26 0.27 0.27 0.22 0.22
Sodium bicarbonate 0.21 0.21 0.17 0.17 0.29 0.29
MCP 1.50 1.03 1.20 0.73 1.04 0.56

DL-Methionine 98% 0.10 0.10 0.13 0.13 0.10 0.10
Enzyme — Ronensime 0.00 0.01 0.00 0.01 0.00 0.01
phytase 5000 (+ or -)
Betaine — Methionine 0.05 0.05 0.02 0.02 0.03 0.02

Cholin — Chloride 0.08 0.08 0.03 0.03 0.01 0.01
Vit.-Min. premix 0.50 0.50 0.50 0.50 0.50 0.50
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
ME KCal / kg 2740.00 | 2740.00 | 2750.00 | 2740.00 | 2700.00 | 2690.00
Dry matter 89.00 89.00 88.80 88.80 88.70 88.70
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Humidity 11.00 11.00 11.20 11.20 11.30 11.30
Crude ash 13.87 13.44 13.51 13.07 14.00 13.58
Crude fat 7.48 7.20 6.94 6.60 6.04 5.76
Crude proteins 17.95 17.96 16.27 16.17 16.14 16.15
Crude fiber 4.20 4.22 4.18 4.19 4.21 4.23
Lysine 0.96 0.96 0.85 0.85 0.83 0.83
Methionine 0.44 0.44 0.39 0.39 0.39 0.39
Met + Cystine 0.75 0.75 0.68 0.68 0.68 0.68
Ca 3.80 3.80 3.80 3.80 4.00 4.00
P (total) 0.67 0.57 0.60 0.50 0.57 0.47
P available 0.39 0.30 0.33 0.25 0.30 0.21
P Phytase liberated 0.00 0.09 0.00 0.08 0.00 0.09
P avail + P Phytase liber | 0.39 0.39 0.33 0.33 0.30 0.30
P organic 0.03 0.02 0.03 0.02 0.02 0.02

Diet FO +, F1 + and F2 + = diets supplemented with Phytase & FO -, F1 - and F2 - = diets without
Phytase

Results and discussion

Two flocks performed quite similar in terms of daily laying percentage (81.02% vs
80.83%) proving that different diets have no significant effect on production performances
(Figure 1). These findings are in-line with the previously published results (Ciftci et al,
2005; Liebert et al, 2005, Yildiz et al, 2010). Number of egg produced per hen housed was
almost similar (297.96 vs 297.99) as well as the feed consumption (table 2).

Laying percentage % of both flocks (F + and F -) compared to technology
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Figure 1. Egg production curves for both flocks

668



SECTION 6: ANIMAL BIOTECHNOLOGY

Table 2. Production parameters of two flocks

Production parameters

Control farmhouse F -

Phytase supplemented
feed farmhouse F +

Feed consumption/hen housed 41.99 41.66
Number of egg produced/hen housed 297.96 297.99
Average production % 81.02 80.83

Egg quality parameters were not significantly influenced by different diets. Average egg
size was 61.38g for NP (F-) group, while hens fed phytase supplemented F+ (AP) diet
group, produced slightly smaller eggs (60.96g). This non significant difference in egg size
was noticed through all feeding phases (FO, F1 and F2) and is comparable with the result
published by Zaghari et al (2008). Shell strength of the two groups of layers at all three
feeding phases were on average 3988.40 and 3871.13, 3861.68 and 3756.36, 3946.80 and
4041.60 for the first (>28 weeks of age), second (age 28-50 weeks), and third phase of
production (>50 weeks of age) for both groups (without added phytase — NP and with
added phytase — AP), respectively (table 3).

Table 3. Egg quality parameters

SheIEI; /itéfzngth Egg weight (g) (gsgﬁeciﬁg) Hough Units
Means STD Means | STD | Means STD Means | STD
Added Phytase
First phase 3871.13 | 84099 |59.26 |6.81 | 955 1.15 6752 |8.93
AP FO +
Added Phytase
Second phase 3756.36 |1028.88 |62.44 |853 |8.94 0.70 7446 |7.68
AP F1 +
Added Phytase
Third phase 404160 | 692.78 |61.16 |7.91 | 9.5 0.47 69.68 |7.32
AP F2 +
No Phytase
First phase 3988.40 | 892.23 |59.82 |8.70 |10.79 121 6403 |7.90
NP FO -
No Phytase Second
phase 3861.68 | 99257 |62.77 |9.15 | 9.69 137 7250 |7.70
NP F1 -
No Phytase
Third phase 3046.80 | 832.66 |61.78 |3.00 |11.99 0.65 6450 |6.17
NP F2 -
Average for
3851.05 | 897.19 |60.96 |7.78 |9.23 0.91 7088 |8.63
AP orF +
Average for 392867 | 913.13 |61.38 |825 |10.53 1.45 67.64 |8.52
NP or F -
gAr‘(’)irsgemrbOth 380052 | 90230 |61.17 |7.99 | 9.89 1.38 69.23 |8.69
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Our results for LSD test of the egg quality parameters, revealed no significant difference
between F - and F + groups in egg weight (table 4) and shell strength (table 5) that is inline
with the published results of Panda et al (2005a). Significant difference in the comparison
between groups for the yolk color, presented in table 6, are hardly atributable to the effect
of phytase but is probably effect of the added coloring agents in the vitamin mineral
premix, at the stage of mixing the feed in the feed plant. LSD test of Hough units revealed
significantly lower values at the feeding phase 1 (F1) in both diet groups compared to the
other feeding phases (FO and F2). This is most probably due to the seazonal effect (high
summer temperatures) that coincidence with this feeding phase. Small, negative but non
significant correlations were noticed between egg weight and egg shell strength (r=-

0.090524).
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Table 4. Egg weight LSD test between the groups

LSD Test; Variable: EGG_WEIG (fitaza.sta)
Marked differences are significant at p < .05000
M=59.256 | M=62.436 | M=61.160 | M=59.824 | M=62.772 | M=61.780
AP FQ 0.174 0.533 0.807 0.133 0.409
AP F1 0.672 0.253 0.883 0.828
AP F2 0.658 0.593 0.863
NP FO 0.197 0.517
NP F1 0.742
NP F2
Table 5. Eggshell strength LSD test between the groups
LSD Test; Variable: SHELLSTR (fitaza.sta)
Marked differences are significant at p < .05000
M=3871.1 | M=3756.4 | M=4041.6 | M=3988.4 | M=3861.7 | M=3946.8
AP FO 0.666 0.625 0.659 0.972 0.828
AP F1 0.408 0.373 0.686 0.580
AP P2 0.877 0.601 0.818
NP  FO 0.626 0.904
NP F1 0.805
NP F2
Table 6. Yolk color LSD test between the groups
LSD Test; Variable: YOLK_COL (fitaza.sta)
*Marked differences are significant at p < .05000
M=19.5522 | M=8.9360 | M=9.2500 | M= 10.792 | M=9.6920 | M= 11.990
AP FO 0.048* 0.455 0.000* 0.650 0.000*
AP F1 0.432 0.000* 0.013* 0.000*
AP F2 0.000* 0.270 0.000*
NP FO 0.000* 0.003*
NP F1 0.000*
NP F2
Table 7. Hough Units LSD test between the groups
LSD Test; Variable: HOUGH_UN (fitaza.sta)
*Marked differences are significant at p <.05000
M=67.522 | M=74.456 | M=69.680 | M=64.026 | M=72.500 | M=64.500
AP  FO 0.003* 0.470 0.126 0.030* 0.312
AP F1 0.107 0.000* 0.381 0.001*
AP F2 0.057 0.340 0.143
NP FO 0.000* 0.872
NP F1 0.008*
NP F2
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Conclusions

Feeding layers with lower level of NPP has no detrimental effects on egg production and
egg quality parameters if the diet is supplemented with exogenous phytase enzyme.
Supplementation of phytase enables the hens to use P from the grains therefore allows
decreased NPP (inorganic sources of P, in this case MCP) levels for at least 0.5%.
Additional effect of such feeding technology approach is reduced feed costs due to lower
production costs but also due to lower feed consumption or better feed conversion.
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MPOU3BOJICTBO HA JAJUA U KBAJIUTET HA JAJLA O]l HECUJIKHA
XPAHETH IIPU JUETA CO U BE3 IOJAJEHA ®UTA3A

Cpexkko I'eopruescku, [Iparocnas Kouescku, Bnagnmup [labupcku, I'oko bynescku, Biago
Bykosuu, Kovo Ilopuy, Hukonosa Henesbka, Camko Apcos, I'opan Taces

AncTpakr

banancupame Ha xpanurtennure marepun (nocebHo Ca m P kako eceHIMjalHu Makpo
MHUHEpaIX OJrOBOPHH 3a BHCOKaTa IPOAYyKIMja Ha jajiia M KBaJIUTETOT Ha JIyIIaTa Kaj
HECHJIKHUTE), BO CMECKHUTE 32 HECHJIKH CEJICKIIMOHMPAaHW Ha Maja XKMBa Maca, HO rojiema
Maca Ha MPOU3BEJCHUTE jajua, € yMeTHOCT. [Ipou3BoiHUTE pe3ynTaTu BO TEKOT Ha LETHOT
mukiyc (0poj Ha jajua, MHTEH3UTET Ha HECUBOCT, KOHCYyMallMja Ha XpaHa) U IapameTpuTe 3a
KBaJIUTETOT Ha jajuaTa (TOJIEMHHA HA jajaTa, IBPCTHHA HA JIyIImara, 00ja Ha >KOJITOKOT U
Hough-oBu enuuunm) Oea cnopeayBanu kaj ase rpynu Ha ISA Brown necunku 6e3
nonasame (HII) mmm co momaBame (AII) emsum ¢uraza Ha HEUBO A 0.01%. Cmeckara Ha
OIMUTHATA I'pyIa co AoJajcHa (HTasa, COApIKEIIe HaMaJIeHO KOJIMYecTBO (Bo mpocek 0.5%)
ox cypouHata Moo Kammmym ®ochar (MK®D) xako u3Bop Ha He®utmnacku Dochop
(HO®D). He Gea 3abenexaHu CUTHU(HUKAHTHHA PaA3IMKH BO HHTEH3UTETOT Ha HECHBOCT
(81.02% vs 80.83%) u GpojoT Ha MpOM3BEACHHU jajia Mo BceneHa Hecwika (297.96 Vs
297.99). AHanu3uTe nokakaa HeCUrHU()MKAHTHH PA3JIMKU [TOMely TPYIUTE BO rOJIEMHUHATA
Ha jajiata ¥ UBpCTHHATA Ha aymmara (60.96g vs 61.38g; 3851.05 vs 3928.67 g/cm?). Ciraba
curHu(UKaHTHA pa3iiiKa, Koja He MOXe Jia ce NpUIHMIIEe Ha JI0/laBameTo Ha (urasa, BO
6ojara Ha xontokor (9.23 vs 10.53) u Hough-osure emuuuim (70.88 vs 67.64) e
MOHHMTHpaHa Kaj ONHMTHATa W KOHTPOJHATa Ipymna pecrnekTuBHO. Kopeamumure mnomery
rojieMMHaTa Ha jajiuaTa M [BpPCTHHATa Ha JymmaTa Oea HECHUIHU(HKaHTHH.
Monudukanujata Ha COCTaBOT Ha cMecKara Npeky HamanyBawmbe Ha HO® u nonaBame Ha
¢uTaza e BpeJcH MpUCTaIl KOj TH HaMaTyBa TPOIIOIHTE 3a HCXpaHa Oe3 11a Bivjae Ha OpojoT,
roJIeMHHATa ¥ KBAJIUTETOT Ha TIPOU3BENICHUTE jajla.

Kayuynu 300poBu: xuBHHa, UcxpaHa, pocodop, duraza, jajuenpon3BoICTBO, KBAIUTET Ha
jajue.

676



SECTION 6: ANIMAL BIOTECHNOLOGY

UDC: 636.52/58.034.084
Original scientific paper

COMPARING PRODUCTION DATA OF LAYERS UNDER COVENTIONAL AND
RESTRICTIVE FEEDING PROGRAM

Srecko Georgievski®”, Dragoslav Kocevski', Vladimir Dzabirski', Gjoko Bunevski', Vlado
Vukovic!, Koco Porcu?, Nikolova Nedeljka?, Sasko Arsov®, Goran Tasev®

YFaculty of Agricultural Sciences and Food-Skopje, Ss Cyril and Methodius University in
Skopje, Republic of Macedonia
?Institute for animal science, Ss Cyril and Methodius University in Skopje, Republic of
Macedonia
3Z1-VA jajce, Layer farm Crveni Bregovi — Negotino, R.Macedonia
“e-mail: gjorgjievskisrecko@yahoo.com

Abstract

Experiment was conducted to compare ad libitum feeding and quantitative feed restriction
technique applied on egg producing ISA Brown layers. Pullets of same age were placed in
two farm houses under similar environmental conditions and fed ad libitum until the age of
40 weeks. One of the flocks was put under gradual decline of daily feed allowance
(controlled quantity of daily feed consumed), starting from 40 weeks of age onward, while
the other flock remain on the usual ad libitum feeding technique. Both flocks were kept until
the end of the exploitation period (80 weeks of age). Nutrient composition of the feed was
defined according the recommended requirements and age of the layers. Records of the
production (number and size of the eggs), mortality, feed consumption, feed conversion and
egg quality parameters were collected during the experiment. Feed consumption of layers
under restrictive feeding program was 41.85kg and of the full fed ones 42,87kg of feed
(based on the hen housed number). This means 1kg of saving in terms of feed or roughly
0.3EUR/bird/cycle. Expressed in terms of standard 100 000 layer farm it is
30000EUR/cycle. Daily feed consumption was 113.12g of daily feed consumption for the
trial flock and 117.39g in control group of layers. Laying percentage was not significantly
different in control and trial flock (81.59 vs 80.55%). Feed conversion rate was 2.355 vs
2.299 kg feed/kg egg mass or expressed per egg 143.87g vs 140.44¢ feed/egg in the control
(ad libitum) and restrictive feeding group, respectively. Egg size was same for both groups
(61.08g vs 61.08g egg size). No differences were noticed in the egg quality parameters
(Hough Units, eggshell strength, yolk color) between both groups. Restrictive feeding
applied on layers at age of 40 weeks lead to lower feed consumption, lower production costs
and has no negative effect on the egg production (egg number, size and quality).

Key words: poultry, restrictive feeding, egg production, egg quality.

Introduction
Modern layers are genetically sized toward smaller body weight but higher egg mass
produced under optimal management and feeding conditions. Feed consumption is affected
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by feed quality, temperature, age and level of egg production and many other variables. But
it is interrelated and bird driven only if full-fed programs are applied. Even if there are
thoughts that some restriction could be applied in order to control the level of daily feed
consumption by the manager, additional efforts in this direction is lacking. It is due to need
of additional investments in equipment, know how e.t.c. but there are also easily managed
approaches that does not need many extra efforts and still offered some gain in terms of
profitability. Poultry breeders know well that broiler breeders are subjected to restrictive
feeding program that, if properly applied, does not influence the production and on the
contrary influence the efficiency thus profitability. Overconsumption of feed under the full-
feeding protocols always results in a excessive body fat buildup even in a layer genotypes
negatively influencing feed conversion rates without benefit for the egg producers. Today’s
high feed price makes such restrictive feeding techniques actual to be applied in egg
producing farms. Restrictions of 12 t013% in feed quantity were suggested by Swanson and
Johnston (1975). They claim that this is possible at early age before peak of production,
without negative effects on egg production records and with substantial economic savings.
Kuney and Swanson (1979) reported possibilities for applying restriction at later stage (after
40 weeks of age) but they mentioned the importance that this restriction should be
introduced gradually to reduce the stress of restriction.

The effect of restrictions on the levels of 11% and 8% during the first laying cycle and 12%
and 10% during the second cycle were analyzed by Kuney and Enos (1980) in comparison
with ad libitum-fed layers. In their reports restrictive feeding programs significantly
improved feed efficiency escorted with non significant depressions laying rate and increased
shell thickness. Quantitatively restriction (feeding 105 g/bird/day) initiated at different
stages of production on performance and economic returns of White Leghorn layers were
analyzed by Cunningham and Polte (1984). Conclusions were that that early feed restriction
resulted in reduced egg production and size while restriction started at age of 38 and 45
weeks lead to egg production comparable to the ad libitum fed hens and lower feed costs.

In the conducted experiments Cunningham (1984) concluded that if start of restriction is at
age of 36 weeks and is not severe, but rather offers 105g/bird/day, production results are
comparable full feeding program offering less fed usage and improved profitability,
demonstrating that maximum production levels do not always mean maximum returns.

Feed restriction programs applied in the experiments of Miles and Jacqueline (2000),
resulted in slight decrease egg size, but support the theory that feed restrictions should be
applied at later stages of production when majority of the eggs being produced fall into the
large size category.

Material and methods

Basic idea of the trial lies in, maybe, the forgotten technology of restrictive feeding of
layers where total input of feed (as un approach for reducing the costs of production) is
reduced and as a consequence lower feed costs are made, but production results are
maintained at the satisfactory level. Such approach logically leads to reduced feed inputs,
lower levels of manure produced, but having in mind the genetically high egg producing
predisposition of the modern laying genotypes, keeping the production records on
restrictive amount of daily feed allowances is a challenge. Such restriction feeding
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techniques are usual for broiler breeders and are seldom practiced on layer stocks.
According the published records, there are different opinions about the age of the layers
when this feed restriction should start and all of them have positive and negative sides.

The age of 40 weeks is the age when the birds gave most of their genetic potential of egg
production in terms of reaching high peak (92-3-4% intensity of egg production at age of
28-30 weeks) and also sufficiently long period (10-12 weeks) of producing over 90%. At
this age birds start to have a tendency of producing oversized eggs (and this happened
especially at the latest stages of production when their body size reaches maximum —
leading to maximal daily consumptions, lower intensity of egg production, but high daily
egg mass output due to the size of the eggs) under ad libitum feeding technique. This
period of egg production usually compensate for the smaller egg size at the beginning of
the laying period therefore contributing to the average feed to egg mass conversion rate
figures. Unfortunately these oversized eggs are very often escorted with poor shell quality
leading to breakage, leakage and distribution problems, thus, failing compensate with
extraordinary profit from premium price. Since egg number and size are partly genetically
determined characteristic, it could be modified through feed management techniques.
Usual approach of keeping the size of the eggs at these latter stages of production at
desired level is through lowering the feed density but then it rises up the feed conversion
ration and in terms of money it is a game of costs vs returns.

Based on all previously mentioned assumptions, comparative trial with two flocks of ISA
Brown pullets that were housed in two farm houses at age of 16 weeks 16818 pullets in
control farm house and 17587 in the trial farm house) is conducted.

Birds were fed formulas based on the recommended nutrient levels (table 1) and managed
(lighting) appropriate to the age and weight, following the management manuals. The only
difference was restrictive feeding program applied to the trial flock after the age of 40
weeks. Basically, daily feed allowances were recalculated, and defined amount of feed
was delivered to the layers after the age of 40 weeks. This means that two flocks were kept
under same condition (ad libitum feeding technique) at the beginning of laying period till
age of 40 weeks. After this age the trial farm house flock was subjected to gradual feed
restrictions through limited daily feed consumption. Control of the daily allowance of feed
(Diet F1-up to 50 weeks of age and F2 — >50weeks) was performed calculating the final
desired feed consumed (Table 2).

The technology of restrictive feeding applied in the trial suppose gradual introducing of
115g daily feed allowance per bird in the period of 14 days after the age of 40 weeks, than
slowly reducing it to 11-112g/bird/day. These amounts are only calculative figures and the
exact amounts were calculated on the spot before the beginning of the trail feeding
program depending on the history of feed spent / bird housed up to the age of 40 weeks
(this should be on the level of 17.5kg/bird housed). Beside this basic assumption for the
calculation of the daily feed allowance for the period after week 40, lies in the feed
consumption goal of reaching 48kg feed/ bird housed at age of 80 weeks.
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Table 1. Nutrient composition of different diets (phase feeding) used in the experiment

Diet FO Diet F1 Diet F2
Ingredient % % %
Corn 43.00 44,55 44.07
Barley 5.00 9.00 11.00
Soya been meal 34.15 29.61 28.65
Vegetable oil 5.70 5.00 4.00
Limestone 9.50 9.53 10.00
Salt 0.25 0.28 0.24
Sodium bicarbonate 0.22 0.17 0.29
MCP 1.46 1.21 1.11
DL-Methionine 98% 0.10 0.10 0.10
Betaine — Methionine 0.04 0.02 0.03
Cholin — Chloride 0.08 0.03 0.01
Vit.-Min. premix 0.50 0.50 0.50
Total 100.00 100.00 100.00
ME KCal / kg 2750.00 2750.00 2720.00
Dry matter 88.90 88.90 88.80
Humidity 11.10 11.10 11.20
Crude ash 13.55 13.50 13.89
Crude fat 7.48 7.01 6.01
Crude proteins 17.99 16.45 16.01
Crude fiber 4.10 4.10 4.20
Lysine 0.95 0.85 0.83
Methionine 0.45 0.40 0.39
Met + Cystine 0.75 0.67 0.67
Ca 3.77 3.81 3.98
P (total) 0.68 0.61 0.60
P available 0.40 0.35 0.33

Based on all previously mentioned assumption and figures, definite quantity of feed to be
spent in the period after 40 weeks is calculated and daily feed allowance derivates out of
this total figure, as it is presented in the table below (table 2). If the feed spent by the week
40 is higher than 17.4kg stated in table 2, then the amount that should be delivered to the
birds after this age should be proportionally decreased.

Actual goal was to have same production % (laying intensity) in both farm houses (control
and trial) keeping the size of the eggs at the same level that in overall will lead to better
feed/egg mass conversion ration in favour of trial group. Egg production and egg quality
parameters were analyzed to compare control feeding technique with ad libitum feeding
technique.
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Table 2. Example for calculation of the restrictive (control) feeding technique

Number of hen housed 18 000

Age (period) >40 weeks | 40-80 weeks 18-80 weeks
Tot_al feed consumption for the 174 30.6 48
period (kg)

Daily consumption (g) 112.9 109.3 111
Total quantity of feed needed (kg) 313 200 550 800 864 000
Weekly quantity of feed needed (kg) 14 236 13770 13936
Daily quantity of feed needed (kg) 2034 1968 1990
Mortality up to 40 weeks (3%) 540

Number of remained hens at age 40 17 460

weeks

Daily feed consumption (g) (19681/ 1127;1 60) =

Results and discussion

Both group of layers performed quite well and close to the technological levels presented in
the ISA BROWN manuals (graph 1) during the period of investigation (409 days). In
general no significant differences were noticed in comparison of the production parameters
in the control (ad libitum) and restrictive feeding group. Average laying percentage was
81.59 for the control and 80.55% for the trial group of layers (table 3) and only high
mortality rates (graph 2) during the extremely hot summer days were noticed as a problem,
but affects both flocks. It could be noticed that rate of mortality was even slightly lower in
the trial than in the control group probably due to lower body weight and less body fats.

Production results of both flocks of layers
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Figure 1. Egg production curves for both flocks
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Figure 2. Mortality rates for both flocks

As could be noticed from the records of production for both flocks (table 3), full feeding has
no advantage over restrictive (controlled amount of daily feed allowance) feeding technique
in terms of production data. Number of eggs and kilograms of egg mass produced per hen
housed are equal. Careful monitoring of production results revealed that control feeding
techniques has some advantages over full feeding approach.

Feed spent per average hen and hen housed in the control (ad libitum fed) group is higher
compared to the trial group of hens and this is directly attributable to the applied restrictive
feeding technique. What is the most important this higher amount of feed consumed did not
reflect the number of eggs produced because it was same in the control and trial flock.

Feed conversion is also one of the crucial production parameters. Expressed in terms if feed
conversion rate trial group was superior to control one (2.299 vs 2.355) resulting in less feed
per egg spent, therefore lower cost price of the eggs. Figures for amount of feed spent per
produced egg are in favour of trial group. Namely, control flock spent 143.87g feed per
produced egg, that is more than the feed spent per egg produced in the trial group (140.449)
meaning that the trial group spent 3.4g less feed compared to the hens of control group.
These fact leads to better financial results of the layer farm activity if restrictive feeding
technique is applied.

Size of the eggs produced influences all important productivity and profitability
parameters. Number of egg and size of the produced eggs in the control and trial flock are
presented in the table 4 below. These egg size records, followed in both groups, revealed
that actually no difference in the average egg size were found between both groups
(61.08g vs 61.08g). Only notification for the egg size is that 0.5% less L sized eggs, 0.7%
more M sized eggs and 0.1% less S sized eggs were produced in the trial group similar like
in the experiment of Miles and Jacqueline (2000). Additionally, less dirty and broken eggs
were monitored in this group. No significant differences were monitored in the egg quality
parameters presented in the table 5.

Lower feed consumption can be realized through proper and sound management of feed
quantity on a daily basis. Feed consumption records presented in table 3 the showed that
layers under restrictive feeding program consumed 41.85kg and the full fed ones 42,87kg of
feed (based on the hen housed number). This means 1kg of saving in terms of feed or
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roughly 0.3EUR/bird/cycle. Expressed in terms of standard 100 000 layer farm it is
30000EUR/cycle. This is a final result of lower daily feed consumption. These figures in our
experiment were 113.12g of daily feed consumption for the trial flock and 117.39g in
control group of layers.

Results from our study (comparable results between restricted and full feeding programs)
resemble the results reported in the study of Cunningham and Polte, 1984 where restriction
was started at age between 38 and 45 weeks. In their study just like in our case trial
(restrictive fed hens) group consumed smaller quantity of feed and produced smaller (non
significantly) egg size due to production of higher number of medium sized eggs.

Table 3. Production parameters of two flocks

Production parameters Control flock | Trial flock
Avrage number of layers in the trial period 15016 15986
Total Quantity of feed consumed 720950kg 735990 kg
Quantity of feed spent / average number of 48kg 46.01 kg
layers
Quantity of feed spent / housed number of 42,87 4185
layers
Average daily feed consumption (g) 117.39 113.12
Number of eggs / average hen 333.70 327.83
Number of eggs / hen housed 301.66 300.89
Kg eggmass / average hen 20.38 20.03
Kg eggmass / hen housed 18.20 18.20
Feed conversion - kg feed / kg egg mass 2.355 2.299
Average egg weight (g) 61.08 61.08
Average laying intensity % 81.59 80.55
Feed spent (g) / egg 143.87 140.44

Table 4. Number and size of the produced eggs
Number of eggs %
Egg size Control Trial Control flock | Trial flock
flock flock
XL 232240 243180 4,63% 4,64%
L 2312770 | 2396630 46,15% 45,73%
M 1748290 | 1865770 34,89% 35,60%
S 144720 145800 2,89% 2,78%
DIRTY 497670 516600 9,93% 9,86%
BROKEN 75350 72720 1,50% 1,39%
TOTAL 5011040 | 5240700 100.00% 100.00%
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Table 5. Egg quality parameters

Egg quality Control flock | Trial flock
Average eggshell strength value 3897.00 3835.00
Average yolk color value (according LaRoche) 8.9 10.40
Average Hough Units value 71.80 71.20
Average weight of the analyzed eggs 60.20 60.15

Our data confirms that gradually applied restrictive feeding programs reduce the drop of
production due to the stress at point of starting with changed (restrictive) feeding program
and were in agreement with the findings of Kuney and Swanson 1979, even that in their
experiment time limited approach in restriction was applied.

Recorded data in our trial confirms that restrictive feeding technique is appropriate
management tool for situations when high feed price exist. Lower feed consumption, lower
production costs, less environmental pollution without affecting the productivity parameters
are the outcomes of applying this feeding technique. Equal number of eggs and equal
average egg size (61.08) in both groups both groups support this fact.

Conclusions

Production parameters are not affected in the layer flock subjected to restrictive feeding
program after the age of 40 weeks, if the restrictions are reasonable, sound and gradually
applied. Restrictive feeding technique is efficient tool for improving the efficiency of egg
production in terms of feed conversion ratio, thus leading to lower feed costs and improved
profitability, especially in the upcoming periods of high world market grain, ingredients and
feed prices. It should be considered every time when egg producers are facing high feed
prices because it helps maintaining the profitability of the industry to desired level. Based on
obtained results of this trial, such feeding technique is approved to be used after 40 weeks of
age in layers.
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CIHHOPEJIBA HA ITPOU3BOJHUTE PE3YJITATH KAJ HECUJIKU ITPU
KOHBEHIIMOHAJIHA U PECTPUKTUBHA UCXPAHA

Cpekxko I'eopruescku, Jparocnas Konescku, Biaaqumup [labupckw, T'oko bynescku, Bnano
Bykosuu, Kovo Ilopuy, Hukonosa Henesbka, Camko Apcos, I'opan Taces

AncTpakr

ExcriepumeHT e opraHm3upal 3a na ce crnopenu ad libitum TexHUKaTa W TEXHHKaTa Ha
KBaHTUTaTUBHA PECTPUKTHBHA MCXpaHa NMpUMeHeTa Ha jajueHocHHuTe ISA Brown Hecmiku.
Japku Ha ©CTa BO3pacT ce CMECTEHHU BO JiBa 00jeKTa BO CIMYHM YCJIOBH Ha OJTJICIYBabE U
xpaHetu ad [libitum no Bo3pact ox 40 Hexenu. EMHOTO jaTo € CTaBEHO Ha MOCTENCHO
HaMaJyBame Ha JHeBHaTa Jax0a (KOHTPOJIMPAHO KOJUYECTBO HA JHEBHO KOHCyMHUpaHaTa
XpaHa) 1Mo HaBpuryBame Ha 40 Helenum BO3pacT, JoJAeKa APYLOTO jaTo € OCTaBeHO Ha
BooOuuaenara ad libitum texnomoruja Ha ucxpana. OOere jara ce OArNeAyBaHH Ha OBO]
Ha4yMH ce 0 KPajoT Ha ekciuioaraunoHuoT nepuon (80 HenenHa Bospact). HyTHTHBHHOT
COCTaB Ha CMECKHTE ¢ JIe(UHHpaH BO COINIACHOCT CO NpelopayaHUTe MOTpeOH U Bo3pacTa
Ha HECHJIKUTE. 3alliCh 3a TMPOU3BOACTBOTO (Opoj W TojeMHWHa Ha jajia), MOPTAIHTET,
KOHCyMallija Ha XpaHa, KOHBEp3Wja Ha XpaHa W MapaMeTPUTE 3a KBAJIMTETOT Ha jajiara ce
coOHMpaHu 3a BpeMe Ha eKcrnepuMeHTOT. KoHCcymanujaTa Ha XpaHa Ha HECHWIKHTE Kale e
NPUMEHETa PECTPUKTHBHA MCXpaHa u3HecyBaie 41.85kg a kaj oHue ko Oea XpaHETH MO
BoJba 42,87kg xpaHa (u3paseHo Bp3 0a3a Ha OpojoT Ha BceneHH Hecunku). OBa 3Haun 1kg
3amrena Bo xpana wuiam okony 0.3EUR/mruna/umkiyc. M3pazeHo BO TepMHHH Ha
crargapaHa gapma co roigemuHa o 100000 Hecmnku ucroro nzHecyBa 30000EUR/muxtyc.
JlrHeBHaTa KOHCYMaI#ja n3HecyBaiie 113.12¢g 3a onurHara u 117.39g 3a KOHTpOJIHATA TpyTia
Ha HeCWIKU. VIHTEH3UTETOT Ha HECHBOCT HE Ce pa3JMKyBalle CHIHH()UKAHTHO BO
KOHTPOJIHOTO 1 onUTHOTO jato (81.59 vs 80.55%). KonBep3ujara na xpanara oemre 2.355 vs
2.299 kg xpana/kg jajueHa maca wid W3pa3eHO 1O HpomsBeneHo jajue 143.87g vs 140.44g
XpaHa/npou3BeieHo jajiie kaj kouTposinara (ad libitum) rpyma w rpymara Ha koja e
NPUMEHETa pECTPUKTUBHA HWCXpaHa, COOTBeTHO. He ce 3alenexaHu pas3iMKH BO
rapameTpuTe 3a KBaIUTeT Ha jajueto ( XodoBu eIuHUIM, IBPCTUHATA Ha JIylnaTa, 6ojara
Ha JKOJTOKOT) IoMely rpymnuTe. PecTpuKTHBHaTa MCXpaHa NPUMEHETa Ha HECHUJIKM Ha
Bo3pact on 40 Hexmenu pesyiTupalie co HaMalieHa KOHCyMaldja Ha XpaHa, HaMaleHH
NIPOM3BOJIHM TpOIIONM Oe3 HeraTWBHO Ja BJIMjae HAa IPOM3BOAHHTE Iapamerpu (6poj,
TOJIEMHMHA U KBAJUTET Ha jajiara).

Knyunu 360poBH: >XMBHMHA, PECTPUKTHBHA HCXpaHa, jajIENPOM3BOJACTBO, KBAINUTET Ha
jajua.
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Abstract

Alfa s, casein represents the main milk protein fraction which has an important role in the
transport calcium phosphate in milk . There are four alleles (A, B, C and D) present in the
ag;-casein gene. Polymorphisms were detected within ovine og-casein gene using PCR —
RFLP. One hundred seventeen DNA samples were isolated from 6 different strains of
Pramenka sheep from different parts of the Balkan Peninsula: Karakachanka (Macedonia),
Svrljiska (Serbia), Bardoka (Kosovo), Istarska (Croatia), Dubska (Boshia and Herzegovina)
and Pivska (Montenegro). Three distinct patterns (designated nonA/nonA, nonA/A and A/A)
were observed. Allelic frequencies were 0.08/0.92 A/nonA. No polymorphisms were
observed in Bardoka and Istarska strains and all animals carried the nonA/nonA genotype.
The highest diversity, related to ag-casein gene, were in the Karakachanka strain where 7
animals had nonA/A genotype, while 2 carried genotype A/A.

Key words: sheep, Pramenka, ag;casein, polymorphisms.

Introduction

agy casein, composed of 215 amino acids is the main milk protein fraction. It has an
important role in the transport of calcium phosphate. There are four alleles (A, B, C and D)
present in the ag casein gene. In domesticated ruminants ag; casein is polymorphic and the
variants are related to the milk yield and quality (1). The aim of this study was to determine
the polymorphisms in ovine g casein gene present six autochthonic strains of Pramenika
breed on the Balkan Peninsula which is most economically important sheep breed in this
region. Polymorphisms were detected using Polymerase Chain Reaction — Restriction
Fragment Length Polymorphisms (PCR — RFLP) by digestion with Mbo Il restriction
enzyme (2).
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Material and methods

One hundred seventeen DNA samples were taken from 6 different strains of Pramenka
sheep breed from different parts of the Balkan Peninsula as follow: Karakachanka from
Macedonia (20 samples), Svrljiska from Serbia (20 samples), Bardoka from Kosovo (19
samples), Istarska from Croatia (19 samples), Dubska from Bosnia and Herzegovina (20
samples) and Pivska from Montenegro (19 samples) (3). Genomic DNA was extracted from
blood samples using the method reported by somebody (yr). Briefly, which include
Proteinase K which proteolysis DNase causes cell lyses, phenol-chloroform purification
from proteins and alcohol precipitation. The region of interest from ovine ag; casein -casein
gene where the polymorphisms occur was amplified.

The PCR reaction mixture for amplification of the part from the ovine ag casein - gene.
Briefly, 25 pl containing: 200 ng of genomic DNA, 1x PCR reaction buffer, 2.5 mM MgCl,,
primers: os:-F GGTGTCAAATTTAGCTGTTAAA and aS-R
GCCCTCTTCTCTAAAAAGGTTT in final concentration of 1 pM and 2 U of Taqg DNA
polymerase. The conditions for amplification were: 3 minutes 95°C (hot start), and 35 cycles
of: denaturation at 95°C for 30 sec, annealing at 55°C for 30 sec and amplification at 72°C
for 45 sec.

The final elongation was performed at 72°C for 10 minutes. The amplified products were
checked on 1.5 % agarose gel electrophoresis (AGE). The digestion of amplified DNA was
performed using Mbo |1 restriction enzyme in a mixture with total volume of 25 pul which
contained: 1x Restriction buffer, 15 pl of amplified DNA and 5 U of RE. Restriction
fragments were analyzed by 3% agarose TBE gel electrophoresis.

Results and discussion

The amplified fragment of interest from alfaS1 gene was 372 bp in length. (Fig. 1). Three
distinct patterns (nonA/nonA, nonA/A and A/A) were observed in the PCR-RFLP analysis
of ovine aS;-casein gene (Fig. 2). The nonA allele exhibited two fragments at 306 bp and
66 bp as expected based on known sequences (2). In addition to 66 bp fragment, the A allele
created bands of 160-bp and 146 bp which slightly interfere between them. NGenotype
frequencies of 117 sheep samples from 6 different strains of Pramenka sheep were 0.02 for
AJA, 0.12 for nonA/A and 0.86 for nonA/nonA. Allele frequencies among estimated DNA
samples were in ratio 0.08/0.92 A/nonA.

In the Bardoka and Istarska strains, no polymorphisms were observed and all animals were
heterozygous for the nonA genotype. Only one animal exhibited a DNA sample with the
nonA/A genotype among the Svrljsika and Dubska strains. The Pivska strain exhibited five
nonA/A genotypes. The highest diversity in the aS;-casein gene was present in the
Karakachanka strain where 7 animals had nonA/A genotypes, while 2 carried the A/A
genotype. These observations are partially consistent with the published data related to the
genetic diversity among the reported strains of Pramenka breed determined by microsatellite
and mitochondrial DNA analysis (3,4). It those studies it was reported that the Karakacanka
strain formed a genetically divergent population and has a largest deviation in the frame of
Pramenka breed based on DNA microsatellites analyses (3,4).
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12 3 4 5 6 7 8 9 10 11 12

372 bp

Figure 1. 1.5% AGE of PCR fragment (372 bp), line #1 — DNA ladder, lane #2-7 and
9-12 - samples; line #8 — negative control.

Three distinct patterns (nonA/nonA, nonA/A and A/A) were observed in the PCR-
RFLP analysis of ovine aS;-casein gene (Fig. 2).

1 2 3 4 5 6 7
320bp — CEEEERY — — — G  — —
T e e s s e
306 bp
100bp — e
E— . 160/146bp
———
66 bp

Figure 2. 3% AGE of Mbo Il digested PCR products: line #1 — DNA ladder; line #2 -
A/nonA, lines #3-6,— nonA/nonA,; line #7- A/A.

Conclusions

The heterogeneity of Karakachanka strains in terms of DNA microsatellites, mitochondrial
DNA and polymorphisms of aS1 casein gene compared to other strains of Pramenka sheep
is likely due its geographical isolation and because it is a very small population it is subject
to the effects of inbreeding.
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MOJUMOP®U3AM KAJ OBUMOT oS; KASEMH T'EH MEI'Y ABTOXTOHUTE
COEBHU HA TIPAMEHKA BO BAJIKAHOT

3opan [lonoscku, bnaruna Jumutpuescka, Kouo ITopuy, Myxamen bpka, Anma
Paxmanoswy, boxunapka Mapkosud, Panuma [ljenosud, Bnagimvup Maprera, Xajpum
Mexmeru, Mencyp Berapa

AncTpakr

Anda S 1 xa3eHHOT ja MpeTcTaByBa HajBaKHATA (paKlrja O] MICYHUTE MPOTCHHH KOj MMa
yJiora BO NPEHOCOT Ha KaiuyM ¢odaTor Bo MiekoTo. Jlocera ce oTkpueHH 4 anenu Ha
reHoT 3a anda Sl kazewH. (A, B, C u D). 3nommmopdusmure 6ea nerexrupanu co PCR-
RFLP. Cto u cexymuaecer mpumeporm Ha JIHK Gea m3ommpanu on 6 coeBu Ha pacarta
npaMeHKa OJi pa3iuuHu Kpaumra Ha bankanckuor mnosyoctpoB u Toal KapakauaHka
(Makenonwuja), Cepseumnka (Cpouja), 6apaoxa (Kocoso), Mcrapcka (Xpsarcka), JyOcka
(bocha wu Xepuerosuna) u IluBcka (Ilpua T'opa). Tpu paznuyHu ciaydaum ce
UACHTU(DHUKYBAHU U 00CISKEHH Kako nonA/nonA, nonA/A u A/A. Anennara QpekBeHIH]ja
n3HecyBame 0.08/0.92 3a A/nonA. Kaj Mcrapckuor u 6apmoka cojoT HE ce OTKPHUEHH
NONMUMOP(GU3MH U CHTE JXMBOTHHM CE HOCHTEIM Ha TeHOTHNOT nonA/nonA. Hajeucoka
JauBep3u(uKanyja moBp3aHa 3a reHot 3a anda S1 xasenH e yrBpaeHa kaj Kapakauanckuor
COj Kaje ceIyM >KUBOTHH MMaaT NonA/A reHOTHI, a 2 KMBOTHH CE HOCHUTENM HAa T€HOTHUII
A/A.

Kayuynu 300poBu: oBIM, pamMeHka, anda S1 kazeunH, nonumMopdusmu.
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Abstract

The development of plasma biomarkers has proven to be more challenging than initially
anticipated. In the past, the identification of fish species was carried out mainly by
examining the external morphological characteristics. Gender identification among fish
species based on morphological features is very difficult and therefore the electrophoresis of
plasma proteins can be used as a useful molecular tool. In this survey, native polyacrylamide
gel electrophoresis (Native-PAGE) and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) were applied to analyze plasma proteins of koi carp (Cyprinus
carpio haematopterus). The electrophoregrams showed that using SDS-PAGE as a
technique is possible to discriminate male from female samples based on the presence of
female specific protein (FSP) which can be used as a suitable marker. The Native-PAGE is
not showing differences between male and female plasma samples. In the electrophoregrams
obtained from SDS-PAGE, the molecular weight of FSH is approximately 143 kD and it is
in according with pervious findings from the studies of different fish species.

Key words: koi carp, seum proteins, female specific protein, PAGE.

Introduction

Different methods have been successfully developed and used to collect diverse types of
information associated with proteins. This is especially the case for the identification and
quantification of proteins in complex samples, such as plasma. Numerous studies have
demonstrated the impact of proteomics on answering key biological questions; especially
those that help us understand vital functions of a living system. (Surinova et al., 2011).
Plasma proteins are kind of mirror on the physiological status in the organism.

Mulcahy, (1967) described changes in the plasma proteins of salmon, which were
correlated with infection by Ulcerative Dermal Necrosis (UDN). The plasma electrophoretic
patterns in health and UDN, differed quantitatively in the relative amounts of protein in the
major protein fractions, and qualitatively in the occurrence of new fractions in some of the
diseased fish. It provides the basis for a diagnostic method of UDN outbreaks.
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In the past, the identification of fish species was carried out mainly by examining the
external morphological characteristics. Currently, electrophoresis of sarcoplasmic proteins,
plasma proteins, liver proteins and a number of enzymes often have been used by some
researchers as an aid in the species or gender identification of fish (Pinerio et al., 2001).

Despite the fish being of commercial significance and an interesting specimen for academic
studies as well, limited studies exist on aspects of physiological changes associated with
reproductive cycle and gametogenesis. Kumar Lau et al.(1999) presented eletrophoretetic
profile of plasma proteins at different stages of maturation and attempts to trace the presence
of female specific protein or vitellogenin. This study intends to show that the plasma
proteins of same fish species can show electrophoreticaly different pattern related to gender.

Material and methods

Twenty-one koi carp (Cyprinus carpio haematopterus), with a mass between 190 and 1200
g, were obtained from an experimental fishery at the Graduate school of environmental
sciences at Ohio State University, Columbus USA. The blood was taken from dorsal aorta of
live individuals. The blood samples were centrifugated at 1500 rpm for 10 minutes to
separate the plasma. The obtained plasma was used for electrophoretical analysis of
proteins.

SDS-PAGE was performed according to Laemmli (1970) method. Plasma proteins were
separated on 16 x 12 cm and a 1 mm thick gel. The gel consisted of 3% stacking part on
which proteins were stocked and a 12.5% running part on which proteins were separated.
Each plasma sample was mixed with a buffer composed of 10% glycerol, 2%
mercaptoethanol, 2% SDS and 0.01 bromphenol blue. Protein concentrations were adjusted
to 2 pg/pl and 20 pl of samples were loaded on the stacking gel. The electric power of 300
Volts was used until the line of brome phenol blue came to the lowest part of the gel. The
duration of electrophoresis was around 3 hours. After the electrophoresis, the proteins were
stained with 0.04% Commassie Brilliant Blue R-250 in 40% ethanol and 5% acetic acid, and
then distained in 10% acetic acid. Middle range protein ladder from 29 — 205 kD was used
as a standard during the electrophoresis.

Native PAGE was done using the procedure established by Efremov et al. (1981). Plasma
proteins were analyzed on gel with the dimensions of 16 cm x 12 cm x 0.1 cm using 12%
acrylamide in 6 M urea. Each plasma sample was mixed with a buffer composed of 20%
sucrose, 10% mercaptoethanol, 10% acetic acid and 0.01 brome- phenol blue. Protein
concentrations were adjusted to 2 pg/ul and 20 pl of samples were loaded on the stacking
gel. During the electrophoresis the electric power of 300 Volts was used for 5 hours.. After
the electrophoresis, the proteins were stained with 0.04% Commassie Brilliant Blue R-250
in 40% ethanol and 5% acetic acid, and then distained in 10% acetic acid. As a comparative
samples were used plasma samples from bassfish, yellow perch and bovine plasma sample.

Results and discussion
In the Figure 1 and 2 are shown the electrophoregrams from SDS-PAGE and Native PAGE
of fish plasma proteins.
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<—205 Myosin

<—116 p-galatosidase
<—97 Phosphorylaseb

<—84 Transferip

<—66 Bovine Serum Albu

&— 36 Carbon anhydrase

<— 29 Trypsin inhibitor

Figure 1. 12.5% SDS-PAGE on plasma proteins from 14 samples of koi carp. #1 male/827
g, #2 female /586 g, #3 female/697 g, #4 female/734 g, #5 male/502 g, , #6 male/294 g, #7
male/635 g, #8 Broad Range Standard (myosin 205 kD, galatosidase 116 kD, phosphorilase
b 97 kD, transferrin 84 kD, bovine plasma albumin 66 kD, glutamate dehydrogenase 55 kD,
ovalbumin 45 kD, carbon anhydrase 36 kD and trypsin inhibitor 29 kD) #9 female/663 g,
#10 male/1200 g, #11 female/747 g, #12 female/750 g, #13 male/194 g, #14 male/325 g, and
#15 female/287 g.

1.2 3 4 5 6 7 8 9 10 11 12 13

Figure 2. 12% Native-PAGE on plasma proteins from 14 samples. #1 bass fish, #2 female /586 g, #3
female/697 g, #4 female/734 g, #5 male/502 g, #6 male/294 g, #7 male/635 g, #8 bovine plasma
proteins, #9 male/1200 g, #10 female/747 g, #11 female/750 g, #12 male/194 g, #13 yellow perch.
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Electrophoretic plasma protein profile of female Cyprinus carpio haematopterus — koi carp
obtained by SDS-PAGE reveals appearance of female specific protein. Previously it was
characterized as 143 kDa female-specific glycolipoprotein (FSP) which is a calcium-binding
protein (Komagata et al,. 1991). The protein is evidently absent in the plasma of males.
There is an only one male sample (#14), where the FSP is slightly appearing. Native PAGE
didn’t show an appearance of FSP but it shows the differences between plasma protein
samples from different fish species (Yilmaz et al, 2007). The electrophoregrams also
showed the individual differences among the plasma samples, but they were not subject of
interest of this study. Electrophoresis of plasma proteins have been widely used in the
classification of fish. These kinds of studies brought about a new look to taxonomical
evaluation. Discrimination of related taxa can be easily made according to their
electrophoretic results of plasma proteins (Theophilus and Rao, 1998).

Conlusions

SDS-PAGE can be used as a techinique for gender determination of koi carp based on
identification of the presence of female specific protein in plasma sample.
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EJIETPO®OPETCKA JETEPMHUHAILIMJA HA ) KEHCKHU CHELIU®HUYEH
IMPOTENH KAJ KOI CARP KAKO AJIATKA 3A HJIEHTUO®UKAILINJA HA
MMOJIOT: CIIOPEJIBA HA TEXHUKA

3. T. Ilonoscku, b. P. [lumutpuescka, E. Muckocka-Munescka, K. ITopuy, K. banyo

AncrpakTt

Co pa3BojoT Ha OHOMapKepuTe BO IUIa3Ma C€ JOKaKyBa [eKa THC CTaHyBaaT MHOTY
MOMHTEPECHH OTKOJIKy INTO ce€ MpeTnocTaByBano. IlopaHo, wuaeHTH(uUKanujata Ha
pa3IMYHUTE BHIOBH PHOM OWMIO BOTJIaBHO 0a3MpaHO HA aHAIM3UPAEmE HA HAIBOPEIIHUTE
MOPQOJIOMKN KapakTepucTHKH. OnpenyBameTo Ha MOJNOT Kaj Pa3iIW4yHd BUAOBH pUOH
3aCHOBAHO Ha MOP(QOJIOIIKH OCOOMHHU € MHOTY TEIKO M 3aToa eleKTpodopesaTa Ha Iu1a3Ma
NPOTEMHNUTE MOXKE Ja Ce KOPHCTH Kako COOJBETHAa MOJIEKyJapHa ajaTka. Bo oBaa
UCTpaXxKyBawe, HAaTHUBHaTa mnojuakpuwiamua ren enekrpodopesa (Haruua ITATE) wu
comuyM-poaeii-cyndar momuakpuwiaamug ren  enekrpodopesata (CIC-ITATE) ©Oea
KOpUCTEHHM 3a aHajiM3a Ha IUIa3Ma MOpOTeMHUTe Kaj kom kpamor (Cyprinus carpio
haematopterus). Enexrpodoperpamure nokaxysaar aeka CIC-IIATE kako TEXHHKa MOXe
Jla TIPaBU pa3jivka MoMery MallKd U )KEHCKH €MHKU 0a3upaHo Ha MPHCYCTBO HA JKEHCKU
cnennduaen nporenH (PKCII), ko] mMoxe ma OMIe MCKOPHCTEH KaKO COOIBETEH MapKep.
HaruBnata IIAI'E He mnokaxyBa pasziukd Momely MalIKUTe M JKEHCKHUTE Ila3zMa
npumeporm. Ha enekrpodoperpamor og CAC-TIATE, monekynckara maca Ha JKCII e okoiry
143 x/I 1 € BO COTIIacHOCT CO NMPETXOJHUTE NCTPaXKyBamba Kaj IpyrH BUIOBH prOH.

Kayunu 360poBu: Koi carp, cepym npotensu, moyioBo crenuduyen nporeus, PAGE.
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Abstract

This study was carried out from 2011 to 2012 to evaluate qualitative and quantitative
oxyteteracycline residues in cow’s milk produced in different rural areas of Tetovo in
Macedonia. Our research has evaluated presence of oxytetracycline residues in raw milk
produced from 20 milking cows’ farms in Tetovo region in Macedonia. About 156 milk
samples were controlled by application of ELISA test for qualitative evaluation of
oxitetracycline residues. All positive samples were frozen and analyzed with high
performance liquid chromatography (HPLC) method for qualitative evaluation of
oxytetracycline in Institute of Food Safety and Veterinary in Tirana. By this control
performed using ELISA was evaluated that 4.5% (7/156) of raw milk samples were positive
for oxytetracycline residues. All positive milk samples were tested with HPLC to evaluate
the quantity of oxitetraxycline. The detected levels of positive samples were as following:
60ug/l, 80ug/l, 140ug/l, 220ug/l, 3000 ug/l, 1200 ug/l and 1400ug/l (ppb). Positive results
are confirming treatment of milking cows with high doses of oxytetracycline which may
contain the drug in the milk for lengths of time.

Key words: residues, oxyteteracycline, milk, cows, Tetovo.

Introduction

Oxytetracycline is a broad-spectrum veterinary antibiotic and is used to kill many
pathogenic bacteria. For a long time it is used in lactating and non-lactating dairy cattle for
the treatment of bacterial infections such as enteritis, pneumonia, diphtheria, infections
infection caused by chlamydia, genital infections, urethritis and other infections in animals.
Regulatory limits protect consumers from over-exposure to oxytetracycline above maximum
residue limit (MRL) of 100ug/l milk (Lewis, 1997; Alica et al., 2003). As antibiotic with
broad-spectrum of tetracycline, oxytetracycline works by interfering with the ability of
bacteria to produce proteins that are essential to them. Effect of this antibiotic is related to
stops the spread of the infection and the remaining bacteria are killed by the immune system
or eventually die (Bishop et al., 1994). However, some strains of bacteria have developed
resistance to this antibiotic, which has reduced its effectiveness for treating some types of
infections (Grave et al., 1993). Using oxyteteracycline for treatment of different animal
infections remains a very effective way to control many infections in milking cows. Even
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thought the advantages of treatment the oxyteteracycline residues are having adverse effects
on people allergic to antibiotics. Use of this antibiotic build up antibiotic-resistant organism
in humans and cause inhibition of starter cultures used to produce cultured milk products
such as yogurt and cheeses (Alica et al., 2003). For these reasons it is important effectively
control of oxitetracycline residues in milk and therefore, regulatory authorities have enacted
maximum residue limits (MRLSs) for oxytetracycline in milk (EMEA; 1995). Many countries
have introduced in national residues monitoring programs the control for residues of
oxytetracycline in cow s’ milk used for human consumption. On this context, Republic of
Macedonia is realizing each year national residues monitoring plan according to EU specific
legislation for residues control. Detectable concentrations of antibiotic residues in milk
supplies higher than the MRLs are not allowed to be used to by consumers. One of main
cause for having residues in cow s’ milk is treatment of metritis and other genital infections
having the incidence ranged from 10 to 15 % (Lewis, 1997). The most commonly observed
diseases recorded in the dairy farms are mastitis in average incidence until 30% (Alica et al.,
2003). According to the results of other studies disease conditions such as dystocea, retained
fetal membrane, metabolic problem and foot problem recorded in dairy farms are having the
incidence above 15%. Other authors are reporting that more than 50% of the farmers
interviewed utilized oxytetracycline, and only 5% of the farmers were aware of dry cow
therapy for controlling mastitis (Forst et al., 1991). Administration of antibiotics was
accomplished using the routes of intramuscular, intramammary, intrauterine and peros in
52.9%, 30.9%, 8.8% and 14.7% of the farms respectively (Grave et al., 1999). For above
reason oxitetraxycline in milking cows is commonly used and risk of residues of this group
of antibiotics is higher.

Material and methods

Study was focused in 20 cattle farms located in Tetovo district in Macedonia. 156 raw milk
samples were collected every month from different dairy farms in Tetovo. Attention was
paid to collection of milk samples analyzed were of different farms from different locations.
Milk samples were kept in the refrigerator (4°C) until analysis and were analyzed within two
days at most.

Use of ELISA for qualitative detection

For detection of oxytetracycline residues in raw milk samples collected from milking cows
in Tetova are used MaxSignal® Oxytetracycline ELISA Test Kit. It is a competitive enzyme
immunoassay for the qualitative and quantitative analysis of milk samples. The method is
based on a competitive colorimetric ELISA assay. During the analysis, sample is added
along with the primary antibody specific for the target drug. If the target is present in the
sample, it will compete for the antibody, thereby preventing the antibody from binding to
the drug attached to the well. The secondary antibody, tagged with a peroxidase enzyme,
targets the primary antibody that is complexed to the drug coated on the plate wells. The
resulting color intensity, after addition of substrate, has an inverse relationship with the
target concentration in the sample. Use of MaxSignal® Oxytetracycline ELISA Test is
performed according to instruction closed to kit box.

HPLC analysis for qualitative detection of positive samples
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All positive samples confirmed by MaxSignal® Oxytetracycline ELISA Test are tested with
HPLC to quantify the residue of oxytetracycline. To perform HPLC procedure are used
chemicals and material: Acetonitrile and methanol were of HPLC grade; oxalic acid
dihydrate Suprapur and Na2HPO4 heptahydrate; ethylene diamine tetraacetic acid (EDTA)
disodium salt, citric acid monohydrate (Thermo Fischer Scientific) were of purity grade.
Solid phase extraction (SPE) column Oasis HLB, 3 cc, 60 mg was purchased from Waters
(Milford, USA). The vacuum unit for SPE was purchased from Supelco. The other hardware
included an analytical balance (Kern, Balingen, Germany), a cooling centrifuge (Mechanika
Precyzyjna, Poland), and a rotary vacuum evaporator (Biichi, Flawil, Switzerland),
(Petkovska et al., 2006).For the qualitative and quantitative evaluation, the external standard
method was used. Each sample was analyzed in duplicates way at the least, every series
containing a blank sample. Simultaneously, aliquots of the milk samples with the addition of
standard solutions of known concentrations were measured. The detection and quantization
limits were established based on the standard deviation of the blind test and the slopes of the
calibration curves, repeatability was based on 20 parallel determinations and the recovery
was based determinations of the milk sample with the addition of the solution of standards
of known concentrations (50pg/l and 100pg/1). Basic statistical processing was done using
the Unistat software, Version 5.1 (Unistat Ltd. 1998).

Results and discussion

Raw cow s’ milk samples before analytical process was controlled with ELISA to find out if
the oxytetracycline residue is present or not. Even thought the MaxSignal® Oxytetracycline
ELISA Test is used also for quantitative evaluation of oxytetracycline residues, many of
studies recommended use of it only for qualitative detection. In our study we use this kit to
find out the presence of oxitetracycline in milk. Then all positive cases were performed with
HPLC to quantify the level of oxytetracycline residues. The antibiotic residues of positive
samples which showed residues oxytetracicline above MRLs were 5/156 or 3.2%.
Oxytetracycline was found being present in all positive samples in a concentration from 60-
1400pg/l. Levels of oxiteteracycline in five positive milk samples above MRL were
respectively 140ug/I, 220ug/l, 3000 ug/l, 1200 ug/l and 1400ug/l. The positive milk samples
were analyzed by HPLC for oxitetraxycline quantification. A given sample was regarded as
positive for oxytetracycline if its retention time and peak corresponded to that of the
standard. Retention time was considered a reasonably unique identifying characteristic of a
given samples (Ding and Mou; 2000; Cinquina et al., 2003).

Table 1. Milk samples collected in dairy farms and positive case of oxytetraxycline residues
from 2011-2012 in Tetovo, Macedonia

Detection of
. oxitetraxycline Above MRL
No. farms No. milk samples residues with HPLC (100 pg/L) in %
(%)
20 156 4.5% (7/156) 3.2% (5/156)
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Table 2. Qualitative evaluation of raw cow s’ milk samples confirmed positive by HPLC

Milk samples Qualitative evaluation by HPLC
1.North part of Tetovo 60 ug/l
2.West part of Tetovo 80 ug/I
3.West part of Tetovo 140 ug/l
4.West part of Tetovo 220 ug/l
5.South part of Tetovo 300 ug/l
6.West part of Tetovo 1400 ug/I

The area inscribed by the peak isproportional to the amount of substance separated in the
chromatographic system. To get the concentration of oxytetracycline, a reference standard of
a known concentration had been injected in to the HPLC and concentration of the sample
was extrapolated from the curve peak area. Studies in Europe carried out for detection of
oxytetracycline residues in raw milk produced by milking cows reported values of incidence
from 0, 5% to 2, 7 % (Grave et al., 1999; Allara et al., 2001). There are many studies
confirming the low incidence from 0, 01%- 1.5%. In some cases in Germany and USA the
incidence of level of oxytetracycline was higher than 5% and the cause was attributed the
genital infections in milking cows (Heeschen et al., 1996). Comparing of chromatograms of
reference standards, oxytetracycline HCl and some samples those were positive for
oxytetracycline from the dairy farms were performed in these study to detect level of this
antibiotic in milk. The range for oxytetracycline residue level was Opg/l to 1600ug/1 (Grave
et al., 1999). The antibiotic residue positive samples which showed residues of
oxytetracycline were 7 (4.5%).

Conclusions

The oxytetracycline residues of milk samples collected in dairy farms in Tetovo in
Macedonia showed positive cases of oxytetracycline in 4.5% of total samples confirmed by
MaxSignal® Oxytetracycline ELISA Test. Performing analytical control with HPLC
oxytetracycline residues above MRLs were confirmed in 5 samples or 3.2%. The most of
milk samples originated from west part of Tetova confirming values of incidence of
oxytetracycline above the MRL and the risk of oxytetracycline residues in cow s’ milk
produced in this area.
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KBAJINTATUBHA U KBAHTUTATUBHA EBAJIYALIUJA HA PE3UIYU
OJ1 OKCUTETPALIMKJIMH BO KPABJO MJIEKO BO TETOBO,
MAKEJOHHJA

Mencyp Kam6epu, Kanenan Cynaj

AncTpakr

Omaa cryamja Ocme cmpoBeneHa on 2011 mo 2012 nma ce omeHaT KBaTUTATUBHUTE H
KBaHTUTATUBHHUTE OCTAaTOIM Ha oXxyteteracycline BO KpaBjo MIIEKO MNpPOM3BEAECHH BO
pas3MuHK pypasiHu noapadja Ha TeroBo Bo Makenonuja. HameTo uctpakyBame ro olieHyBa
MIPUCYCTBO Ha OCTaTOLHU O/ aHTUOMOTHK BO CYpOBOTO MJIEKO MPOM3BEAEHO 0J (hapMHTE CO
20 MOJ3HM KpaBH BO TETOBCKHOT peruoH Bo Maxkenonuja. BkynHo 156 mpumeponu Ha
Mieko Oea koHTponmpanu co npuMmena Ha EJIMCA Tect 3a KBalMTaTHBHA eBalyaldja Ha
ocraronu ox oxitetracycline. Cure O3UTHBHY NpUMeEpoIH Oea 3aMp3HAaTH W aHAIU3UPAHH
co BucOko mepdopmaHcHa Teyna xpomarorpaduja (HPLC), meronm 3a kBaiuTaTHBHA
eBallyalllja Ha aHTHOMOTHK, aHanu3aTa Oeme peanmnzupana Bo MHcTHTyTOT 32 O6e30eqHOCT
Ha XpaHaTa ¥ BeTepuHa Bo Tupana. Co oBaa koHTpona kopuctejku ELISA ce omeHun neka
4,5% (7/156) ox cypoBOTO MIIEKO OAPENEHH MPUMEPOIM Oea MO3UTHBHHU 32 OCTATOIM HA
oxitetracycline. Cute mosuTuBHH Mieko Tpobu Oea Tectupanu co HPLC nma ce ouenu
KOJIMYECTBOTO Ha oxitetraxycline. OTKpreHH HUBOA Ha MO3UTUBHKUTE IpuMeponu Oea: 60ug /
1, 80ug / 11, 140ug / 1, 220ug / 11, 3000 ug / 11, 1200 ug / 1 u 1400ug / 1 (ppb). [ozutnBHUTE
pe3yiratd To INOTBpAyBaaT TPETMAaHOT Ha MOJ3EHE KpaBU CO BHUCOKM JI03M Ha
oxytetracycline xoj Moxe 1a COAPIKH JISKOBH BO MIICKOT 3a OJpEICH BPEMEHCKH TIEPHOI.
Kayunu 300poBu: ocraromy, oxyteteracycline, Mieko, kpaBu, TeToBo.
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Abstract

In the last ten years the pig production of the Republic of Macedonia has a positive trend.
This study was realized during 2010 and 2011 under the state herd book project. The
registrations and the major part of analyzes are conducted via WinPig software. The used
methodology was based on the daily individual registration of the "feeding days". Six pig
farms "from farrowing to finish" were the subject of the investigation. The information's
were adjusted and the results by farm were calculated. The most of farm results show
positive trend of the analyzed traits. In 2010 and 2011 from the analyzed 11344 and 12294
inseminations the conception rate was 85,4 and 84,0%, respectively. The number of total
born piglets was 11,7 and 11,92, the number of born alive was 10,98 and 11,2, the number
of still born was 0,74 and 0,72, respectively from 9272 and 9918 realized farrowing's in
2010 and 2011. The number of weaned piglets was 9,4 and 9,9, the lactation mortality rate
was 14,8 and 12,0% with individual weight of 6,2 and 6,7kg, respectively from 9270 and
9729 realized weaning's in 2010 and 2011. The number of empty days per litter was 16,8
and 13,8, the farrowing index was 2,30 and 2,33, under lactation length of 26,8 and 27,2
days in 2010 and 2012, respectively. Finally the number of weaned piglets per sow per year
increased for 1,4 piglets in 2011 compared with 2010 (21,7 p/s/y in 2010 vs. 23,0 p/sly in
2011).

Key words: pigs, livestock production, farm results.

Introduction

Several analyzes were conducted since 1990's related with the pig performances on-farm in the
Republic of Macedonia (Belicovski et al., 1993, Belicovski et al., 1994, Belicovski et al.,
1995, Belicovski et al., 1996, Vukovic et al., 2004). They shows that pig husbandry in the
country is driving through the time with various results depend of explored farm and year.
Generally, in the last ten to twenty years the pig production of the Republic of Macedonia has
a positive trend in many relevant performances. The quality of the carcasses on the slaughter
line (Vukovic et al., 2006 and Vukovic et al., 2010) shows that the market pressure had
positive effect on the farms who improve the production in all segments and reach the
European level.

Farm results in the developed counties mostly are compared under the several performances
like: farrowing rate(%), number of born alive per litter, number of weaned piglets per sow per
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year, non-productive days per litter, farrowing index and others which becomes internationally
accepted like an indicators of overall swine farming success. The most commonly used
indicator is the number of weaned pigs per sow per year (w/s/y). This figure could express the
overall farming results having in mind that factors affecting weaned pigs per year are many
and they are incorporated into regular management of the pig farms (www.daff.qld.gov.au,
2012). The reached average level in some EU breeding organizations on the large number of
farms was 28,8 w/s/y in 2011 (www.pigprogress.net, 2012) and some others in 2010 predict
new targets of 35 w/s/y since at that time the 5% of the best farms realized production of 32 to
34 weaned piglets per sow per year (www.wattagnet.com, 2010).

Material and methods

This study was realized during 2010 and 2011 under the state herd book project. The
registrations and the major part of analyzes are conducted via WinPig software. The used
methodology was based on the daily individual registration of the "feeding days". Six pig
farms "from farrowing to finish” from Republic of Macedonia were the subject of the
investigation in the equal periods in 2010 and 2011, respectively. The information's were
adjusted and the annual results by farm were calculated for the following traits: the number
of services, the conception rate (%), the total number of born piglets/litter, the number of
born alive piglets/litter, the number of still born piglets/litter, the number of weaned
piglets/litter, the pre-weaning mortality(%), the farrowing index, the non-productive days
(days) and the number of weaned piglets per sow per year. The source of analyzed data were
recorded as a result of the total number of services per farm and year in 2010 (n=11344) and
in 2011(n= 12294). The distribution of services per farm, year and total is presented in the
Graph 1. The litter size traits and other analyzed traits were observed from 9272 and 9918
realized farrowing's in 2010 and 2011 and from 9270 and 9729 realized weaning's in 2010
and 2011.
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Figure 1. Number of services per farm and year

Results and discussion
In 2010 and 2011 from the analyzed 11344 and 12294 inseminations the average conception
rate for all analyzed farms was 85,4 and 84,0%, respectively (Graph 2). The greater and the
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smaller conception rate are determined in 2010 (Farm 3 vs. Farm 1). The annual trend per
separate farms and overall is negative or variable since generally farms shows decreasing of
the insemination success in 2011. The observed differences per year are not large, however
they could express the variations per farms in management and could indicate possible
negative influences of the genetic and non-genetic factors. The overall results for the
conception rate in observed farms generally shows acceptable results above 80%. Compared
to the observed conception rate (%) in sows per Macedonian farm published in the past
(Belicovski et al., 1993) the analyzed results were much higher.

2010
H2011
T

0 T
Farml Farm2 Farm3 Farm4 Farm5 Farm6 Average

Figure 2. Conception rate (%) in sows per farm and year

The average number of total born piglets per litter was 11,70 and 11,92, the average number
of born alive per litter was 10,98 and 11,20 and the average number of still born per litter
was 0,74 and 0,72 (Graph 3, Graph 4 and Graph 5), respectively in 2010 and 2011. Trend
per year shows that observed gain on the total born and born alive is 0,22 piglets per litter
and much lower changes of the average number of still born piglets (-0,02 per year). The
observed trend is close to the predictions for genetic improvement of those traits on the
phenotypic level (Vukovic et al., 2002).

Observed average number of born alive per litter realized in the Macedonian pig farms in
2010 and 2011, compared with those published before (Belicovski et al., 1993) were much
higher (10,98 and 11,20 vs. just 9,30 piglets).
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Figure 3. Total number of born piglets/litter per farm and year
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Figure 4. Number of born alive piglets/litter per farm and year
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Figure 5. Number of still born piglets/litter per farm and year

The number of weaned piglets was 9,4 and 9,9, the pre-weaning mortality rate was 14,8 and
12,0% in 2010 and 2011, respectively (Graph 6 and Graph 7).
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Figure 5. Number of weaned piglets/litter per farm and year

705



SECTION 6: ANIMAL BIOTECHNOLOGY

2010

] m2011
6,0
5,0 T T T T T T

Farm1l Farm2 Farm3 Farmd4 Farm5 Farm6 Average

-
~
=]

11

Figure 6. Pre-weaning mortality per farm and year (%)

Decreasing of the pre-weaning mortality rate of -2,78% generally support the greater
number of weaned piglets per litter in the observed years (0,44 piglets per litter). The
expressed result means significant improvement in the farrowing management and utilizing
of the higher number of live born piglets per litter on the phenotypic level. In average, the
realized level is much higher with the level observed in the period 1990-1992 (Belicovski et
al., 1993) for the number of weaned piglets per litter (7,77 vs. 9,42 and 9,86 piglets) and
much lower for the pre-weaning mortality rate (15,29% vs. 14.8 and 12,00%).

The results of the number of empty days per litter (16,8 and 13,8 days) and the farrowing
index (2,30 and 2,33) in 2010 and 2011, respectively are presented in the Graph 8 and 9.

The observed level farrowing rate in average (2,22 vs. 2,30 and 2,33) and individually per
separate farms in two periods (1990-1992 according Belicovski et al., 1993 and the actual
investigation for 2010-2011) shows positive trend. Annually on the farm level, the
combination of the observed non-productive days per farm (Graph 9) and litter size traits at
farrowing (Graph 3, 4 and 5) and at weaning (Graph 6 and Graph 7) the overall results per
farm and year could be compared under the complex indicator - number of weaned piglets
per sow per year (Graph 10.).
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Figure 7. Farrowing index per farm and year
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Figure 8. Non-productive days per farm and year (days)
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Figure 9. Number of weaned piglets/sow per farm and year

According conducted investigation the number of weaned piglets per sow per year increased
for 1,4 piglets in 2011 compared with 2010 (21,7 p/s/y in 2010 vs. 23,0 p/s/y in 2011). In
addition if we indirectly calculate the number of w/s/y under the input parameters used from
the investigation finalized in early nineties (Belicovski et al., 1993) we could come to the
average number of only 17,25 piglets. Is very clear that in 20-21 years absolute progress on
the phenotypic level is 4,45 and 5,75 wi/sly, respectively. The realized progress is going
much faster in the last years, however if we linearly divide the absolute gain for two
observed years the trend is 0.22 to 0.28 w/s/y which is consistent with previously predicted
trends (Vukovic et al., 2002).

The overview of the achieved results in the investigated years are showed in the Table 1.
According those results and expressed trends compared with previous investigations in the
Republic of Macedonia (Belicovski et al., 1993, Belicovski et al., 1994, Belicovski et al.,
1995, Belicovski et al., 1996, Vukovic et al., 2004) we could summarized that Macedonian
pig husbandry significantly improve the farm performances. The observed results are
expressing progress in the better control of the factors responsible for proper swine farm
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management (usage of superior genetic, artificial insemination, better feeding and housing
and much higher level of applied knowledge in daily production).

Table 1. Overview of annual results of the Macedonian pig farms (2010-2011)

Parameteres/traits 2010 2011 Difference
Conception Rate % 85,4 84,0 -1,40
Preg. days/Lit 115,4 115,6 0,14
Total born/Lit 11,70 11,92 0,22
Live born/Lit 10,98 11,20 0,22
Born dead/Lit 0,74 0,72 -0,02
Pigs weaned/L.it 9,4 9,9 0,44
Wean.weight/pig 6,2 6,7 0,55
%Pre-w mortality 14,8 12,0 -2,78
Suckl. days/Lit 26,8 27,2 0,36
Non-prod. days/Lit 16,8 13,8 -2,98
Lit/Sow/Year 2,30 2,33 0,04
Pigs weaned/sow/yr 21,7 23,0 1,35
Number of serves 11344 12294 950
Farrowing 9272 9918 646
Total Weanings 9270 9729 459

Conclusions

In the last twenty years the pig production of the Republic of Macedonia has a positive trend
of annual improvements observed under common farm performances. Compared with the
European's Macedonian pig farms figures are easily coming closer by achieved results.

The average level of production results observed in 2010 and 2011 per Macedonian farms
were: the conception rate of 85,4 and 84,0%, the number of total born piglets per litter 11,7
and 11,92, the number of born alive per litter 10,98 and 11,2, the number of still born per
litter 0,74 and 0,72, the number of weaned piglets per litter 9,4 and 9,9, the pre-weaning
mortality rate of 14,8 and 12,0%, the number of empty days per litter 16,8 and 13,8, the
farrowing index 2,30 and 2,33, respectively.

The number of weaned piglets per sow per year increased for 1,4 piglets in 2011 compared
with 2010 (21,7 p/sfy in 2010 vs. 23,0 p/s/y in 2011). The realized trend in this complex trait
was 0,22 to 0,28 w/s/y in the last twenty years on the phenotypic level.
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IPEI'JIEJ] HA TIOCTUT'HATHU PE3YJITATHU BO CBUIbAPCKOTO
IMPONU3BOJACTBO BO PEITYBJIMKA MAKEJOHHJA

Bykosuu B., AunHos C .

AncTpakr

Bo mocnexHuTe necet ronMHM Ha CBHEAPCKOTO MPOM3BOJICTBO Bo PenmyOimka Makenonuja
nMa no3uthBeH TpeH . OBaa cryauja ce peaauzupa Bo TekoT Ha 2010 u 2011 roauHa npexy
MIPOEKTOT 32 BOBEIyBame Ha MAaTHYHO KHUTOBOJCTBO. Perucrpanujara M morojeMuoT Ael
o] aHanu3uTe ce n3BpueHu npeky WinPig coprsep. Kopucrenara Geme meronosoruja koja
ce 0Oa3upa Ha JHeBaTa IOEAWHEYHA perucrpanuja Ha "XxpaHunoeHu paeHoBu". Illecr
cBumapcku (apmu "o mpaceme 10 ToB" Oea mpeamer Ha aHanmza. VHpopmauuure Oea
oOpaboTeHu a pesynrtature 6ea mpecmeranu 1o (apma. [lororemMuoT nenm on pe3ynaTaThTe
mo Qapma MmokaxyBaaT MO3UTHUBEH TPEHI O]l aHANM3MpaHHUTe cBojcTBa. Bo 2010 m 2011
rogauHa of aHammsupanute 11.344 u 12.294 wHCeMeHaIy CTENCHOT HA KOHIENIHja Oere
85,4 u 84,0%, pecnektuBHO. BxynmHmnoT Opoj Ha pomeHu mpacuma Oeme 11,7 u 11,92,
OpojoT Ha xuBo ponernu Oeme 10,98 u 11,2 , 6pojot Ha poneru G6eme 0,74 u 0,72, omHOCHO
ox 9272 u 9918 peanusupaat npacema Bo 2010 u 2011 romuna. Bpojor Ha oxOueHU
npacuma Oeme 9,4 u 9,9, makranmonara cMpTHocT Oemie 14,8 u 12,0%, co moenuHeuHa
TexuHa on 6,2 u 6,7 kr, peciekTUBHO o 9270 u 9729 peanusupaar obuBama Bo 2010 u
2011 . BpojoT Ha npa3Hu JIeHOBH 110 Jierio Oerre 16,8 u 13,8 , uHAEKCOT Ha Mpacemke Oere
2,30 u 2,33, no/mKuHATA Ha JakTandjaTa u3Hecymame 26,8 u 27,2 mena Bo 2010 u 2012,
pecriekTnBHO. KoHeuHO OpojoT Ha OnOMEHM Tpacuma 10 MaTopHia Oemie TOJIUIIHO
sroyiemeH 3a 1,4 mpacuma Bo 2011 romuna Bo cropenda co 2010 romuna ( 21,7 P/ S/ y Bo
2010 macmpoTu 23,0 P/ S/ y Bo 2011 romuna).

Kayunu 300poBu: cBUBH, T00UTOK, (hapMCKH PE3yaTaTH.
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Abstract

According to the Low of Animal Production of R. of Macedonia from 2008, for every breed
of cattle in our state is nessesery to create a separate breeding program. Black and white
(Holstein) population is a dominant highproductive breed of cattle, which is aimed for high
dairy production. Facing the obtained results from controlling of several bigger cattle farms
in our state, the following breeding traits and goals for our hostein population are
recommended: milk production — more than 8.000 kg per cow for standard lactation, milk
fat content — more than 4%, milk protein content — more than 3,4%, body weight of cows —
600-700 kg, height of withers of cows — 135-145 c¢m, udder — spacious, simetric, with good
support of ligaments and lifted from the surface, well adapted for machine milking, with the
average milk speed 2,3-2,5 kg/min. Also, the other important breeding goals are: producing
healthy cows with good adaptation, less somatic cells content in milk, healthy and flexible
animals with good longlasting, with healthy udder, good fertility and big capacity for
growing. Because of the fact that breeding goal is an economic category, in future it is
essential to increase dairy production by more forage crops, by better consumption ability
with the pararel increasing of body capacity. The previous is important from the aspect of
the production economy, as well as from the ecological agricultural and dairy production
and products with better quality in the R. of Macedonia.

Key words: cattle, selection, Holstein, breeding goals, breeding program.

Introduction

Holstein or Black and White breed is the most productive dairy breed in the world, which
has relatively large body capacity and ability to consume large forage crops, as well as with
good adaptation and accommaodation ability. Therefore, Holstein cows are spreaded al aover
the world, from the East to the West, from the meadows to the mountain regions. This breed
is rearing mainly for intensive dairy production, which is connected with intensive plant
production.
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Picture 1 Picture 2
Picture 1. Black and white (BW) type of Hosltein cattle . Picture 2 Red and white (RW) type
of Holstein cattle

Black and white (Holstein) population is a dominant breed in the world, with almost 20%
from the total cattle population in the world (Trajkovski and Bunevski, 2006). In the R. of
Macedonia, from the total number of cattle, 42% belong to Holstein breed. It is a high
productive breed aimed for high milk production.

Breeding strategies

In different parts of the world, there are several different breeding strategies of cattle
production, which vary from the different points of view:

- Balance between profitable, market oriented and sustainable production,

- Results of Holsteinization (+ effects),

- How to continue? Breeding for functional traits, or using the heterozis effects or ?
Anyway, the influence of dual-purpose breeds of cattle in intensive and extensive production
system is increasing in the Europe and in the world (Simmental and its crossing with RHF,
or Simmental with beef breeds.

Common strategies for dairy production in the world are: a) “high input” strategy (in USA,
Canada, Israel, Japan, etc.);b) “low input” strategy (N. Zealand, Australia, etc.);c) “medium
input” strategy, with “high performance” cattle and “permanent pasture using” strategy
(Switzerland, etc.);d) using dual-purpose cattle breeds — “dual-purpose cow strategy”
(mainly in middle Europe: Baravia, Austria, etc.).

Defining the breeding goals

Theoretically, the breeding goal represents the directed genetic improvement of the certain
charactedistics realized in successive generations of animals which accomplish the desired
production through the future, but expectes economic, social and ecological production
conditions (Groen, 2000). The clear definition of breeding goals means what we have to
expect in the future. So, definition of breeding goals is the first step of every breeding
program for each breed of cattle. But for each productive type and breed of cattle, there are
different separated breeding objectives, depending by defferent zootechnical, economical
and market conditions. From the point of view from the farmers, every breeding goal ought
to satisfy 2 main conditions: 1) maximal profit in current productive conditions, and 2) with
realization risk in the working limits (Groen, 2000). According to the breeding goals, the
following breeding and selection program ought to be adapted for each breed of cattle, with
the emphasis on defining traits, agregate genotype, variances, covariances, fixed and random
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effects, heritabilities and other parameters. Finaly, all breeding goals are directly or
indirectly connected with the profit function on the farm, so they have an ecomonical value.
Size of Holstein population and cattle breeding in the R. of Macedonia

From the total population of cattle in our state (269.443 heads — Annual Statistical Review
of RM, 2011), 41,57% or totaly 112012 heads belong to Holstein population.

Tablel. Population of black and white cattle in the R. of Macedonia from 2008 to 2010
(Veterinary Chamber of the Ministry of Agriculture, 2010)

Breed of No. of B No of2009 No of2010
cattle/Year hez;l ds In % heé ds In % heé ds In %
CB;;IC: andwhite | 01843 | 4180 | 109525 | 42,49 112012 | 4157
Total No. of cattle] 243667 | 100,0 | 257724 | 1000 | 260443 | 100,0

Our cattle rearing is based mainly on small individual farms which number takes 95% from
total cattle breeding, and on small number of large cattle farms (with more than 100 heads)
which are specialized for intensive cattle production. Individual farmers have a small
number of cattle per farm — in 2011 the national average is 6,5 heads of cattle per farm. In
our state there are totally 45.127 registered dairy producers, which posses 91% from total
cattle heads and have 1 to 9 cows per farm (graph 1), which is in correlation with their small
ownership of agricultural land per farm. From the other side, larger farms are the nucleus of
high-productive cattle genetics, mainly of black and white cattle.
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Figure 1. Structure of cattle farms according to their average number of cows per farm in
RM (MAFW, 2010)

Material, method of work, obtained results and discussion

In the following tables are presented the results from the controlled dairy farms of Holstein
cattle in 2011 in the R. of Macedonia.

From table 3 can be considered that the average milk production in Holstein population in
2011 for all controlled lactations on 5 biggest farms in the RM is 6171 kg, but calculated on
Il lactation is 6640 kg milk. Compared with the other Holstein population in the other
countries, it is similar with the neighbouring countries, but lower than western and north
European countries (from 8000-10000 kg milk) (Trajkovski and Bunevski, 2006).
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Table 2. Results of the controlled 5 biggest farms for milk production traits in Hosltein
farms in 2011

Average milk Milk yield Milk Milk Dry non- Rglatlve

yield per cow | calculated on . weigth of
Farms . fats, proteins, | fat matters .

for all I lactation, . milk
. % % in milk, %

lactation, kg kg
Farm 1 6947,5 7085.3 4,21 3,62 9,76 1,0338
Farm 2 7915,0 8587,8 3,68 3,59 9,59 1,0325
Farm 3 5504,0 6329,9 3.72 3.65 9.69 1.0321
Farm 4 5842,0 6171,8 4,64 3,79 10,06 1,0336
Farm 5 4645,6 5021,4 4,00 3,48 9,19 1,0307
Average 6170,82 6639,3 4,05 3,626 9,658 1,0325

Also, comparing with the other reproductive traits for Holstein population in the other
countries, it is similar with the neighbouring countries, but lower than western and north
European countries, due to the selection work and realization of the breeding programs for
that breed of cattle.

Table 3. Results of analyzes of several reproductive traits of controlled cows on 5 biggest
farms in 2011 in RM

Parameter Farm 1| Farm 2| Farm 3| Farm 4| Farm 5 | Average
Length of pregnancy, days 282,5 | 283 283 282 283 282,7
Age at first insemination, months 15,9 16,5 15,2 16,0 16,8 16,08
Age at first delivering, months 25,8 25,6 24,6 29,6 40,5 29,22
Twinning, % 1,1 1,5 2,5 1,0 1,3 1,48

Average number of semen doses
per insemination
Annual mortality of calves, % 3,5 1,1 4,0 7,8 3,9 4,06

2,3 2,5 15 2,5 2,4 2,24

Breeding program for Holstein cattle in the R. of Macedonia

Every breeding program has the following steps of its realization: 1) defining the breeding

goals, 2) defining the breeding program, defining the selection criteria, 4) creating of

breeding scheme, 5) creating a breeding structure, 6) creating the mating plan, 7) progeny

controlling, and 8) economical analyses of the breeding program.

According to the Low of Animal Production (2008), in 2010 was prepared the Common

Breeding Program for Livestock Selection (CBPLS) by the Ministry of Agriculture, and a

Breeding program for Holstein cattle in Macedonia was recommended in 2011. In the

Breeding program, totally more than 30 traits are taken in account for the Hosltein selection,

devided in several groups of traits:

a) Productive traits: milk production (in kg), milk fats (in % and kg), milk proteins (in %
and kg), dry matters in milk (in %), and specific weight of milk (in %),
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b) Reproductive traits: calving period (in days) and service period (in days);

c) Exterier traits: body mass (in kg), wither height (in cm), body length (in cm) and chest
circumference (in cm),

d) Linear traits — 18 traits according to the World Holstein Association Program,

e) Other traits: milking spead, delivering difficulties, desease resistance, number of Somatic
cells (SCC), fertility, growing, longlasting etc.

Breeding goals for Holstein cattle in the R. of Macedonia

The main breeding objective for Holstein cows in economical dairy production. That high

milk yield could be produced by rearing of big cows (with 140 cm of wither heigth), with

large and long bodies, which can have a good ability of consumption of big amount of

forage crops. The udder ought to be large, spacious, well balanced between fore and rear

quarters and balanced udder index, with good support ligaments and proper size of teats

which are simetric settled on the udder quarters, as well as well adapted for machine

milking. Legs ought to be thin, with derisable pasture, and with strong and healthy hoofs.

Holstein cows ought to have a high milk production on different climate and environmental

conditions. Specialy desireable animals are those with a good resistance on deseases, with

good longlasting, good fertility, early maturing, easy delivering, good conductivity at

milking and with well growing (daily gain). Holstein heifers ought to have a fast

development and to have 390-420 kg of body weight at 15-16 months of age at the first

insemination, i.e. 24 to 26 months of age on their first delivering.

The main breeding goals for Holstein population in the R. of Macedonia are presented in

table 4.So, the main breeding goals in selection of Holstein cows are directed to the genetic

improvement of:

- Production traits (kg of milk, kg and % of milk fats, kg and % of milk proteins),

- Reproductive traits (with the special emphasis on calving interval in days),

- Linear (exterior) traits of their conformation, and

- Other traits connected with their functionality, resistency, milk quality, longlasting and

efficiency.

Table 4. Main breeding objectives for Holstein cows in the R. of Macedonia

Milk production: — more than 8.000 kg per cow for standard lactation
Milk fat content: — more than 4%,

Milk protein content: — more than 3,4%

Body weight of cows: —600-700 kg

CHoevlngr:lt of withers of _135-145 cm

— spacious, simetric, with good support of ligaments and lifted from the

Udder: surface, well adapted for machine milking

Average milking

speed: 2,3-2,5 kg milk/min

producing healthy cows with good adaptation, less somatic cells content in
milk, healthy and flexible animals with good longlasting, with healthy
udder, good fertility and big capacity for growing

Other important
breeding goals:
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According Boicherd (2010), cattle selection has been long oriented towards production, in a
non sustainable way. Now cattle have to face new challenges for sustainable production with
its three pillars: economic, societal and environmental. So, breeding objectives should be
adapted to efficiently account for all traints involved in sustainability. Boicherd (2010)
showed that after the long period of selection on production, most functional traits have been
deteriorated, sometimes up to a critical point, and need to restore. This is particularly the
case for fertility, mastitis resistance, longevity, metabolic diseases (e.g.: - 1% conception
rate (CR) per year in Holstein). From the other side, most of the functional traits have a low
heritability (0.02-0.10) and are difficult to select.

Future of Holstein breeding goals and selection

Cattle selection has been long oriented towards production, in a non sustainable way. Cattle
have to face new challenges for sustainable production with its three pillars: economic,
societal and environmental. Breeding objectives should be adapted to efficiently account for
all traits involved in sustainability. Dairy production today has: a) very high level of
performance traits, b) increasing herd sizes, c) increasing occurrence of diseases, d) time for
observing cows limited. So, we have to select a so called “functional and healthy cow*.
Genetic improvement requires: 1) definition of traits, 2) Recording schemes, 3) Knowledge
of genetic parameters, 4) Economic weights, 5) Inclusion in breeding goal. From the
International comparison of dairy bulls, MACE EBVs from Interbull April 2012 will
forse five major traits in cows selection: protein in kg (as an indicator of production);
overall Udder (indicator of conformation); longevity; SCS (indicator of udder health);
calving to First Service (indicator of fertility). Even there is no global effect from using of
Genomic Selection (GS) yet, in future, animals are evaluated from their DNA information,
with markers covering the genome. GS is already applied on dairy cattle and will be
extended of other situations in the near future. It is a unique opportunity to:

1) Have a more balanced genetic trend - genetic trend up to doubled! Opportunities for a
more diversified objective,

2) Select for new traits considered as unachievable until recently — right now where is a
disconnection between performance recording (in a reference population) and Selection (of
candidates without performance) = Flexibility!,

3) Accuracy is the same for males and females,

4) For some traits recorded on a high scale, the accuracy is little dependent on heritability.

In near future we have to expect the rapid use of GS and its beneficions.

Conclusions

According to the controlled traits and obtained results of milk production and reproduction
traits in Holstein cows in Macedonia, the following breeding traits and goals for our
Holstein population are recommended: milk production — more than 8.000 kg per cow for
standard lactation, milk fat content — more than 4%, milk protein content — more than 3,4%,
body weight of cows — 600-700 kg, height of withers of cows — 135-145 cm, udder —
spacious, simetric, with good support of ligaments and lifted from the surface, well adapted
for machine milking, with the average milk speed 2,3-2,5 kg/min. Also, the other important
breeding goals are: producing healthy cows with good adaptation, less somatic cells content
in milk, healthy and flexible animals with good longlasting, with healthy udder, good
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fertility and big capacity for growing. So, in the future selection of dairy cattle more
emphasis ought to be given to the functual traits, not only on milk production.
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JE®UHHUPAILE HA OAT'JIEAYBAYKUTE IEJIA HA XOJIITAJH TOBEJATA
BO PEIIYBJIMKA MAKEJOHHNJA

byneBcku I"oko, Konescku Hparocnas, [Jlabupcku Brnagumup, Tpojadanen CrmexaHna,
ITopuy Kouo

AncrpakTt

CoracHo 3aKk0HOT 3a cTodapcTBo Ha PM ox 2008 ronmHa, moTpeOHO € 3a cexoja MOBakKHA
paca roBeJja BO Hallata 3eMja Ja ce Kpenpa rnocebHa oAriieyBadka nporpama. LipHo-6enaTa
(xommTajH) mMoIyNaIKja Ha TOBeJa MPETCTaByBa JOMHHAHTHA OJIarOpOJIHA paca ToBeaa Koja
WHTCH3UBHO CE OATJIAYBa 3a IIPOM3BOJCTBO HA MiIeKO. COrIaCHO IIPOM3BOJHUTE MapaMeTpH
KOHM ce TOOHMEeHN BO KOHTPOJIUpPAHUTE NorojeMu ¢gapmu Bo P. Makenonuja, npeluioxKeHH ce
CIICTHUBE OJTJICIyBaYKH IICJIM 3a XOJIIITajH TOBeAara: MJICKONpOM3BOACTBO — Haza 8000
KI/KpaBa 3a CTaHJapJHa JaKTaluja, COApPKMHA Ha MileyHa MacT — Haj 4%, coapkuHa Ha
MPOTEMHU BO MJICKOTO — Han 3,4%, TenecHa Mmaca kaj kpasute — 600-700 kr, BucHHA Ha
rpebeHoT Kaj kpaBute oa 135 no 145¢m, BUMe - MPOCTpaHO, yeIHAUCHO, CO J00pa moTHopa
OJl JINTaMEHTH W MOIMIHATO OJ] IOJOT, IPHJIArOJCHO 32 MAIIMHCKO MOJ3EHe, MPOCEeYHaATa
MOJIBHOCT Tpeba na Omme 2,3 - 2,5 KI MIICKO/MHH, a IpyrH OMTHU KapaKTEPHCTHUKH ce:
noOmBaame 3IpaBH TIpia co AoOpa aJanTalrdoHa CIoCcOOHOCT, moMan Opoj Ha COMATCKH
KJICTKH, 3APaBU 1 (PICKCHOMIHY KMBOTHH €O NOOpa JONTOBEYHOCT, CO 3IpaBO BUME, 100pa
IUVIOAHOCT M TOJIeM KamamuTeT 3a pacT. [lopaam (axroT mTo onrjiemyBaykaTa Lel €
eKOHOMCKa KaTeropHja, BO WIHHHA € MHOTY Ba)XHO NPOHM3BOJCTBOTO Ha MIIEKO aa Ce
3rojieMyBa CO IIOrOJIEMO YYeCTBO Ha BOJIyMHHO3HaTa Jo0OMTOYHa XpaHa. Toa Ou ce
MOCTHIHAJIO CO 3TOJIEeMyBale Ha CIIOCOOHOCTa 3a KOHCyMalldja Ha JKMBOTHHTE, CO
napajielHo 3rojieMyBambe Ha (OpMaToT Ha rpjara. Toa € BaXXHO Kako OJ AacHeKT Ha
€KOHOMHYHOCTAa Ha MPOM3BOJCTBOTO, Taka M OJl aclleKT Ha EKOJOIIKOTO 3€MjOJeJICKO
MIPOM3BOJICTBO Ha MJIeKO Bo P. MakeoHuja co nogo0ap KBAJIMTET Ha IPOU3BOIUTE.

Kayynan 300poBHM: roBena, celeKUuja, XOJIITAjH, OATJCAYBaYKH LIENH, OATJeIyBauka
nporpama.
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Abstract

The advantage of bioprotective cultures using arises from the fact that it is not necessary to
declare E- number which is obligatory for additives and causes skepticism among the
consumers. The purpose of this research is to determine the influence
of bioprotective cultures B-2 SafePro (Lactobacillus sakei) and B-LC-48 (Lact. curvatus) in
vacuum packaged chicken breast on: pH values, sensory characteristics, total bacteria count
and the amount and appearance of purge in vacuum packaging. Smoked chicken breasts in
casing are used in this research, which are sliced and packaged in vacuum. Depending on
the bioprotective culture used and the manner of its application, before vacuum packaging,
the  following  five  product groups are made: 1-reference  products
without bioprotective culture, 2-A-products with spray application of bioprotective culture
B-2 SafePro, 2 -B products with droplet application of the bioprotective culture B-2 SafePro,
3-A-products with spray application of bioprotective culture B-LC-48 and 3-B products with
droplet application of bioprotective culture B-LC-48. Smoked chicken breasts treated with
droplet application, from the bioprotective culture B-2 SafePro, compared to the other
product groups, gave the most satisfactory results in all tested parameters.

Key words: bioprotective cultures, pH, sensory characteristics, microorganisms.

Introduction

The awareness of consumers, through education, constantly increases. If the food is
hygienically unsafe (pathogenic microorganisms, contaminants, radiation) it might cause
diseases and organic illness. On the other hand, additives are used to inhibit multiplying and
developing of undesirable microorganisms. Constant consuming of food that contains
additives of chemical origin could result in undesirable effect on human body. This
conclusion requires new criteria in food sector especially in meat industry. Those criteria
allow long shelf life and improving the sensorial characteristics of meat products without
using additives of chemical origin. Something like this is possible only
if bioprotective microorganisms are used. This implies inoculating with lactic-acid bacteria
which inhibit the spoilage and pathogenic microorganisms. The purpose of this paper is
based on the previous researches and literature informations for issues described in it. The
attention in this research is directed towards determination the influence of bioprotective
cultures (Lact. sakei) and B-LC 48 (Lac.bac. curvatus) in vacuum-packaged chicken breast
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on: pH values, sensorial characteristics, total number of bacteria and the amount and
appearance of purge in vacuum packaging.

The advantage of bioprotective cultures using results from the fact that declaring E-numbers
is not necessary which is obligatory when using additives which causes skepticism among
the consumers.

Canned meats (definition and division)

Canned meats are defined as a products manufactured from: meat, animal fats, viscera,
residues of fat and connective tissues and additives which are exposed to the influence of
heat in hermetically sealed containers (cans, glass, tubes, casings from allowed plastic and
aluminum material) (LIunnecku, 1990).

Depending on the regime of heat treatment, two types of canned meats are distinguished:
semi-shelf stable and shelf stable canned meats (Korce-Pavlic D, 2003). Smoked chicken
breasts in casing belong to the group of chunks of canned meats. These types are produced
from cured or cured and smoked pork, beef and mutton, tongues, solid fats and additional
ingredients.

Microorganisms in food production and preservation

Employing of microorganisms in food production and preservation is as old as the
production of food is. Desirable and undesirable microorganisms are part of meat products
micro  flora. The undesirable micro  flora  contain  the  following
microorganisms: Esherichia coli, Listeria monocytogenes, Clostridium perfringens, which
are involved in meat spoilage processes, whereas slime producing bacteria
are: Achromobacter, Flavobacterium, Alcaligenes, Pseudomonas and Serattia.

Those microorganisms could be transfered to meat through: soil, dust, equipment etc. That is
the reason why this type of spoilage appears in the producing area, not only due to
inappropriate process for cooling the meat but due to irregular hygienic conditions, as well.
When the slime appears in the producing areas, with the aim to keep the meat safe, the
following actions should be taken: meat is put into the cooling chambers where the
temperature is around 0-2°C, the air moisture is lowered while the air circulation is
increased. Under these conditions slime producing bacteria can not be reproduced, meat
dries and future development of the spoilage processes is stopped. (IIunnecku b, 1990).
Desirable microflora are: lactic-acid bacteria and Micrococcus. To stimulate the bacterial
growth, increasing the medium acidity i.e. decreasing the pH value is necessary
(Benmuoscka Jlanuena, 2007). Lactic-acid bacteria convert the carbohydrates in meat using
them as an energy source. As a result of this, lactic acid is created which decreases the pH
value resulting in products shelf life extending.

Employing the bioprotective culture b-2 safepro (lactobacillus sakei)

B-2 SafePro is a single strain culture containing Lac. sakei (microaerophilic bacteria) in
freeze-dried form and can be applied in cooked and cured meat products. The theoretical and
experimental knowledge date from the 1987 year, when, for the first time, the bacterium was
isolated from fresh beef packed in modified atmosphere (MA).

So far the application of B-2 SafePro always resulted in inhibiting the following bacteria:
Listeria monocytogenes, Brochothrix thermosphacta, Leuconostoc sp etc., which are a part
of the spoilage micro flora, which appears as a result of temperature regime changes during
keeping the products. During growth of B-2 in a product a part of the fermentable sugars are
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converted into lactic acid. In the 1991 a research was conducted for the profile of
acidification of Lactobacilus sakei. In a liquid medium (MRS-IM) at 10°C, 1% sugars were
added, significant in meat production. Acidification was observed in medium where sucrose
(disaccharide consisting of fructose and glucose) is added, as well as in medium where
glucose is added. Neither addition of lactose nor maltodextrin caused acidification (Jelle,
1991). Lactobacilus sakei has limited lipolytic activity against fat of animal origin and
low proteolytic activity (Jelle, 1991). The strain does not produce biogenic amines,
H,0, or bacteriocin. B-2 is capable of growing at 2°C, and its optimum growth temperature
in MRS-agar is 35°C. However exceeding the temperature limits of below 20 and above
40° C, results in longer lag phases and lower acidification rates. In the same temperature
range, addition of salt, generally, results in slower acidification. Even salt concentrations as
low as 2% slightly inhibits the activity of B-2. B-2 is not active in the presence of 10% salt.
At optimum temperature conditions, the absolute maximum level of salt that allows growth
of B-2 is 6% with inoculation level higher than 10° CFU/m.

Concerning the other commonly used meat additives, B-2 has been shown to survive the
addition of 450 ppm Na-meta bisulfate in vacuum packed fresh British sausage. However
the culture did not grow to the same level (from 10" to 10° CFU/g) as in the sausage without
Na-meta bisulfate. Addition of NaNO, (100 ppm prolonged the lag phase of B-2 for 1 day
at 10°C (Andersen, 1997). Beside the anti-microbic effects typically for B-2, its applying in
dry and semi-dry meat products results in improving their sensorial characteristics.

The mode of action for the inhibitory effect of B-2 on Listeria and other microorganisms is
not specifically known. However, based on the mechanisms generally described in the
literature, it is assumed that so called ,,competitive exclusion® is the major reason for
success of B-2, though unknown mechanisms could be responsible, as well. ,,Competitive
exclusion® is due to a critical balance between the growth of the competitive culture versus
the contaminant at the specific conditions. That balance could be upset if growth parameters
are changed for both microorganisms. In the case of B-2 the major competitive factors are:
faster growth at storage conditions compared to the contaminant, faster utilization of
easily fermentable nutrients, fast distribution at meat surface, quick removal of oxygen i.e.
lowering the redox potential, production of inhibitory organic acids and lowering the pH.
Employing the bioprotective culture b-Ic-48 (lactobacillus curvatus)

B-LC-48 is a single strain culture containing (Lactobacillus curvatus) (facultative anaerobic
bacteria) in  freeze-dried form.  This bioprotective culture is  recommended
for bioprotection of different types of Ready-To-Eat food products which are packed under
vacuum or modified atmosphere and cold-stored. Due to competitive exclusion
and bacteriocin production L.curvatus contributes to suppressing growth of indigenous
lactic-acid bacteria and Listeria monocytogenes. B-LC-48 grows at 4-40°C and survives
freezing. The culture does not ferment saccharose and lactose and, consequently, if lactose
or saccharose are added, the acid formation will be limited. B-LC-48 is packed in water
proof and air proof aluminium foil pouch. Culture should be stored at temperatures below -
17°C to have a shelf life for at least 18 months. At +5°C the shelf life is at least 6 weeks. The
culture is applied by spraying its suspension onto the product surface after cooking. It is
necessary during the treatment salt to be limited below 10%.
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Material and methods

Smoked, sliced and vacuum-packed chicken breasts in casing are used in this research. They
are produced according to the usual technological procedure which is applied in meat
processing facility "Lecker" in countryside of Trebosh - Tetovo.

After heat treatment and cooling, the products are sliced. Then slices are vacuum packed in
polyethylene bags. Depending on the bioprotective culture used and the manner of its
application, before vacuum packaging, the following five product groups were made:
1-reference products without bioprotective culture,

2-A-products with spray application of bioprotective culture B-2 SafePro,

2-B products with droplet application of bioprotective culture B-2 SafePro,

3-A-products with spray application of bioprotective culture B-LC-48 and

3-B products with droplet application of bioprotective culture B-LC-48.

The following bioprotective cultures are used: B-2 SafePro, single strain culture
of Lactobacillus sakei in freeze-dried form, and B-LC48, also, single strain culture
of Lact. curvatus in a convenient freeze-dried form. These bioprotective cultures should be
stored at temperatures below -17°C in order the shelf life to be at least 18 months. They are
packed in aluminium foil pouches (25 ). These bioprotective cultures are product
of Chr.Hansen, Danemark.

Following methods are used:

Culture preparation and application

The culture must be dissolved in non-chlorinated water. One pouch (25 g) is dissolved in %2
liter of water. One half of the solution is used for spray application and the other half for
droplet application. Automatic dispenser standardized to a quantity of 0,25 ml is used for
droplet application. One droplet of 0,25 ml is enough for 100 g of meat product. After the
preparations, droplet and spray application with solution of bioprotective culture B-
2 SafePro is done, and then in the same way B-LC-48 application is completed. It should be
noted that spray application with plastic atomizer does not offer complete accuracy in terms
of the solution amount that should be applied to the product surface. The solution should be
applied on both sides of the sliced product. Because these products are vacuum-packed
distribution of culture onto the surface are less critical.

pH measuring:_before heat treatment, after heat treatment and 30 days after production.
Digital pH-meter Metler Toledo MP 120 is used. pH values, before and after heat treatment
are obtained by direct measuring with probe, and results are displayed on the pH meter.
Sensory characteristics examination (appearance, color, odour, taste, texture and
consistence), 30 and 60 days after production.

Total number of bacteria examination (microbiological examination), 30 and 60 days after
production.

Purge description at 40 days after production (clear, colorless or milky, slimy, thick).

Purge amount into packages (%)

That information is obtained by digital scale measuring (American Weight Scales, Inc.),
with accuracy + 0,1 g in vacuum-packed products before and after opening the bag, after
previously removed purge. The purge is removed from the surface and from the inside of the
bag by paper. After that the product is put again in previously opened bag, and then
measured again. The difference between the weight of the product, before and after opening
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the bag, expressed in percentage in relation to the weight of the product before its opening,
expresses the purge extracted from the product during its keeping.

Results and discussion

Bioprotective cultures solubility, pH value and sensorial characteristics of smoked chicken
breasts, produced with and without bioprotective cultures, is evaluated. The amount of purge
is described and calculated and microbiological analyses are conducted.

It is concluded that bioprotective culture B-LC-48 is more difficult to dissolve compared to
B-2 SafePro.

The results of pH value measurement, 30 days after production are presented in Table 1.

Table 1. pH values of the products
Days after production

Product groups
2-B
5,45

1 2-A
6,18 5,46

3-A
5,68

3-B

30 58

The lowest pH value is found in smoked chicken breasts where bioprotective culture B-
2 SafePro is applied. pH value of 5.45 has been observed in products with droplet
application of bioprotective culture, while the products with spray application have shown a
pH value of 5.46. The highest pH (6.18) has been found in referent group of products that
had not been treated with bioprotective cultures. The lower pH value is a factor that has a
significant influence on extending the shelf life of the product.

The results from sensorial evaluation made in the periods of 30 and 60 days after production
are presented in Tables 2 and 3.

Table 2. Sensorial evaluation of products, 30 days after production

Groups | Appearance | Colour | Odour | Texture | Consistence | Taste | Total
Points 1-5 1-5 1-5 1-10 1-10 1-15 | Max.50
1 4,83 33 33 8,17 8,5 10,50 | 39,1
2-A 4,8 4,17 38 8,33 8,33 12,40 | 41,33
2-B 4,17 4,20 42 8,5 8,5 12,50 | 41,70
3-A 4,33 4 3,83 8,17 8,17 12,50 41
3-B 4,33 4,17 3,5 8,17 8,17 12,17 40,5

The products treated with bioprotective culture B-2 SafePro with droplet application, in
total, are sensorially the most acceptable (41.70 points) 30 days after production. They, also,
exhibit the best results regarding colour, odour, texture, consistence and taste.The referent
group of products, without bioprotective cultures, has the worst sensorial grade in total (39.1
point).

According to the percentage of purge, 40 days after production (Table 4), it could be
concluded that it is the lowest (2.73%) in the group of products treated with B-
2 SafePro with droplet application (2-B). The same group of products has, also, the best
results regarding the characteristics of purge (clear and slime-free with an excellent odour),
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compared to the rest of the product groups. The highest amount of purge (3.74%) has been
found in referent group that has not been treated with bioprotective cultures. This group has
the worst purge characteristics: slimy, milky and thick.

Table 3. Sensorial evaluation of products, 60 days after production

Groups | Appearance | Colour | Odour | Texture | Consistence | Taste | Total

Points 1-5 1-5 1-5 1-10 1-10 1-15 | Max.50
1 3,50 3,33 2,78 8,11 8 6,55 | 31,98
2-A 4 4,44 4,33 8,22 8 11 39,42
2-b 4,33 4,44 4,67 8,22 8,55 11,2 40,8
3-A 4,33 4,22 3,44 7,44 8,11 8,77 | 36,55
3-b 4 3,89 3,22 8,11 8,44 8,66 | 36,78

The products treated with bioprotective cultureB-2 SafePro with droplet application, also, in
total, are sensorially the most acceptable (40.8 points), 60 days after production. The
referent group of products, without bioprotective cultures, has the worst sensorial grade in
total (31.98 points). The results for purge amount found in the bags, along with the
description of the purge, 40 days after production are presented in Table 4.

Table 4. Purge amount and its description, 30 days after production

Product groups | Purge amount (%) Description of the purge
1 3,74 Milky, thick and slimy
2-A 2,89 Milky, slime free, excellent odour
2-b 2,73 Clear, slime free, excellent odour
3-A 2,99 Milky and slime free
3-b 2,92 Milky and slimy

Microbiological examinations of referent group (without bioprotective cultures) and control
groups (treated with bioprotective culture), have been done at the Veterinary institute,
Skopje, 30 and 60 days after production. No pathogenic bacteria have been found, both, 30
and 60 days after production. However, the total bacteria count has been proven to be higher
in referent group of products (without bioprotective culture) than the control groups (treated
with bioprotective culture).

Conclusions

Based on the research results, the following conclusions can be presented:

Smoked chicken breasts treated with bioprotective cultures have lower pH values than
products which are not treated with bioprotective cultures. The lowest pH value is found in
smoked chicken breasts treated with bioprotective culture B-2 SafePro, droplet application.
Products treated with biprotective cultures are sensorially more acceptable then untreated
products. The products treated with bioprotective culture B-2 SafePro, droplet application,
are sensorially the most acceptable.Percentage of purge in vacuum packages is lower in
products treated with bioprotective cultures than untreated products. Purge amount (%) is
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the lowest in products treated with B-2 SafePro, droplet application. The same products have
the most favorable purge characteristics. Total bacteria count is evidently higher in referent
group of products which are not treated with bioprotective cultures compared to the control
groups, treated with bioprotective cultures.
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YHOTPEBA HA BUOITPOTEKTUBHU KYJITYPU BO BAKYYM ITAKYBAHHU
IMWJIEINIKHA I'PAJIX BO IPEBO

IejxoBcku 3natko, YxeBcka Jlana

AncrpakTt

[IpenHocTa HA KOPUCTEHETO HA OMO3AIITUTHUTE KYJITYpPH MPOU3JIETYBa 0/ (haKkToT AeKa He €
moTpeOHO nexnapupame Ha E-OpojoT Koj e 3aH0IDKHUTENeH MpHu yHoTpedara Ha aIuTHBH H
NPEeAN3BUKYBAa CKENTHOM3aM Kaj IIMpOKaTra IOTpolnyBadka Maca. lleara Ha oBa
HCTpaXyBame € Ja ce YTBpAM BIMjaHHETO Ha OuosamtutHUTe Kyntypu B-2 SafePro
(Lactobacillus sakei) u B-LC-48 (Lactobacillus curvatus) npu HuBHaTa amjukaigja BO
MIPOM3BOIOT BAaKyyMHpaHM JAWMEHH MWICIIKA TIpaad Bo 1peBo Bp3: pH BpengHocrta,
CCH30PHHUTE KapaKTEPUCTUKH, BKYITHHOT Opoj Ha OAKTEpUH U KOJMYECTBOTO M U3IJIEJOT Ha
M3JBOCHATa TEYHOCT BO BaKyyM IaKyBamara. Bo McnuTyBamaTa ce KOPHCTCHH AWMEHU
MWICIIKK Tpajd BO IPEBO, HapeXXaHM W MaKyBaHM BO BakyyM. Bo 3aBucHocT of
yrnorpebeHara OMO3aIITUTHA KYJITypa W HaYMHOT Ha HEj3MHA alUIMKalMja, Ipell BaKyyM
MaKyBawbeTo, U3pabOTeHN ce CIIeIHHUBE TeT IPYNU MPOU3BOAM: l-pedepeHTHH NMPOHU3BOAN
0e3 arummupaHa OWO3aIITUTHA KYyNITypa, 2-A-TIpOM3BOAM CO CIpej alUiMKandja Ha
6uo3amrutHata Kyarypa B-2 SafePro, 2-B-npousBoan co arumkanuja co HakamyBambe Ha
Ouo3amtuTHata Kyntypa B-2 SafePro, 3-A- mpousBoau co cmpej amiukainuja Ha
ounozamtutHata Kynarypa B-LC-48 u 3-B- mpomsBoam co ammmkamndja co HakalyBambe Ha
ouozamtutHaTa Kyiarypa B-LC-48. IIpu Toa qUMEHHTE MUICHIKU TPagyl cO alUIHKANHja co
HakamyBame Ha OuosamTuTHata Kyiarypa B-2 SafePro, Bo crmopemba co mpeocraHature
IpyIy NPOU3BOJIH, AaBaaT EBUJICHTHO MOJI00PH PE3YJITaTH 3a CHUTE UCIIMTYBaHHU NapaMeTpH.
Kayynu 300poBuM: OHONPOTEKTHMBHH KynTypHu, pH, CEH30pHH KapaKTepUCTHKH,
MHUKPOOPTaHU3MHU.
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