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Abstract

Romania ranks third in the EU28 in terms of sheep numbers  
(9.8 millions), having a self-sufficiency for sheep meat of 
150 % and therefore exports are important at national level. 
Objectives of the current research trials were: i) to evaluate 
the potential of the Turcana breed to produce organic lamb 
meat under highland pasture-based conditions; ii) to evalu-
ate the overall resistance of the breed and fitness indicators, 
in comparison with two native breeds, reared under low-
input conditions; iii) to study the genetic base using mole-
cular assisted selection in order to produce hypoallergenic 
milk and derived milk products. The conventional pasture 
from the current project had a potential of production of 
189  kg/ha for Turcana purebreds, and of 236 kg/ha for  
F1German Blackheaded x Turcana (GBxTA) crossbreed lambs. 
While for the organic pasture, it was estimated a production 
potential of 191 kg of meat per hectar while rearing Turcana 
purebred lambs, and of 240 kg/ha for the F1GBxTA dual-
breeds. In the current preliminary study, the genetic poly-
morphism of ovine β-casein gene in the Romanian Zackel 
breed was highlighted, using TaqMan assay. β-casein in sheep 
is strongly correlated to economically important milk quanti-
tative traits, being a first step in introducing genomic selec-
tion for the production of organic hypoallergenic sheep milk 
and derived products.

Keywords: Romanian Zackel sheep, Turcana sheep, organic 
lamb production, animal welfare, β-casein

Zusammenfassung

Bedeutung lokaler Schafrassen für die 
Produktionseffizienz und das Tierwohl 
in ökologischen und Low-input-Produk-
tionssystemen in Rumänien

In Rumänien gibt es rund 9,8 Millionen Schafe und damit steht 
das Land an Platz drei in der EU28. Der Selbstversorgungsgrad 
liegt bei Schaffleisch bei 150 % und Exporte sind erforderlich. 
Qualitätsverbesserungen sind die Herausforderungen der 
Schafhaltung, um auf internationalen Märkten wettbewerbs-
fähig zu bleiben. Ökologisch zertifiziertes S c haffleisch und  
Schafmilchprodukte können eine Möglichkeit sein, die Schaf-
haltung ökonomisch nachhaltig zu betreiben. In aktuellen Ver-
suchen wurde untersucht, wie i) sich die verbreitete Turcana 
Schafrasse auf Dauergrünland im Hochland für eine ökologi-
sche Schaffleischproduktion eignet, ii) sich die Rasse in Wider-
standsfähigkeit und Fitness im Vergleich zu anderen lokalen 
Rassen verhält und iii) welche Rolle die Genetik in der Produk-
tion von anti-allergener Schafmilch und deren Produkten 
spielt. Es konnten auf konventionell bewirtschafteten Weiden 
pro Hektar und Jahr 189 kg Lammfleisch m i t r e inrassigen  
Turkana und 236 kg mit F1-Kreuzungen aus Deutsches 
Schwarzkopf x Turcana produziert werden. Auf ökologisch 
bewirtschafteten Weiden lagen die Werte in ähnlicher Höhe 
(191 kg bzw. 240 kg Lammfleisch). Es konnte festgestellt wer-
den, dass β-Kasein in der rumänischen Zackel-Schafmilch 
besonders hoch ist. Dieses ist ein wertgebender Inhaltstoff 
und wichtig für die Verarbeitung zu Schafkäse. 

Schlüsselwörter: Rumänisches Zackelschaf, Turcanaschaf, 
Ökologische Lammfleischproduktion, Tierwohl, β-Kasein
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1  Introduction

In Europe, sheep production systems vary greatly among 
countries and regions. In most Mediterranean countries, the 
production of dairy sheep is predominant (Todaro et al., 
2015; Rahmann, 2006), while in North, Central and Eastern 
Europe, meat has become the main product (Sargison, 2008). 
The substantial diversity among sheep breeds, production 
environments and management systems requires systematic 
and comprehensive breed evaluations, in order to allow pro-
ducers to identify genotypes that are best suited for their 
production systems and meet current market demands 
(Leeds et al., 2012). Furthermore, exotic breeds are often 
being introduced into various rearing systems without ade-
quate knowledge about the acclimatization ability to those 
specific conditions (Browning et al., 2011), which can lead to 
poor efficiency in sheep production and reproduction, and 
have detrimental impacts on the environment and animal 
welfare (Hristov et al., 2013; Alemseged and Hacker, 2014; 
Rahmann, 2013).

Currently 85.5 million sheep are being reared in the EU 
(Eurostat, 2016), with a total annual production of 925.000 
tonnes of sheep meat, having a self-sufficiency rate of 88 %. 
The EU exports around 8  % of its total production, while 
imports are around 212.000 tonnes/year, mainly coming 
from New Zealand and Australia (94  %), which represents 
23 % the EU’s own consumption (DG-AGRI, 2013). Moreover, 
the EU sheep numbers have decreased continuously during 
the last 10 years, reaching 85.2 % in 2014, compared to year 
2004.

In Eastern and Southern Europe, majority (over 85 %) of 
the sheep and goats are being reared in mountainous and 
disadvantageous areas, called Less Favoured Areas (LFAs) as 
defined in Dir.75/268/EEC, having an important economic, 
social and ecological role, and also contributing to the  
conservation of the environment (Sossidou et al., 2013;  
Rahmann et al., 2016). With most of the local breeds reared 
belonging to the Zackel and Tsigai strains (Kusza et al., 2008; 
Gavojdian et al., 2013).

Romania ranks third in the EU in terms of sheep numbers 
(9.8 millions), having a self-sufficiency for sheep meat of 
150 % and therefore exports are important at national level 
(DG-AGRI, 2013). Over the last years, exports of live animals 
increased significantly, with exports of live lambs going  
mainly to the Middle East and North Africa. Moreover, the 
country has a pasture surface of 4.9 million ha, which could 
sustain up to 16 million sheep (Dragomir, 2009). With more 
than 95 % of sheep being reared under extensive low-input 
production systems, and the breed structure being domina-
ted by indigenous, unimproved breeds (Turcana and Tsigai).

Romanian indigenous Turcana, accounting for over six 
million breeding ewes (Ilisiu et al., 2010), is one of the most 
representative breed belonging to the Zackel group, reared 
in 14 countries from Central, Eastern and South-Eastern  
Europe. With adult body weights of 30 to 50 kg in ewes and 
60 to 80 kg in rams, growth rates in unweaned lambs of 110 
to 180 g/day (Kusza et al., 2015), milk yields estimates of 60 to 
150 kg/lactation and prolificacy rates (litter rate) ranging 

between 105 to 130 % (Budai et al., 2013). Overall, the meat 
production potential of the breed is modest, making the 
breed uncompetitive for the current market demands.

Objectives of the current research trials were: i) to evalu-
ate the potential of the Turcana breed to produce organic 
lamb meat under highland pasture-based conditions; ii) to 
evaluate the overall organic resistance of the breed and fit-
ness indicators, in comparison with two native breeds, reared 
under low-input conditions; iii) to study the genetic base 
using molecular assisted selection in order to produce hypo-
allergenic milk and derived milk products.

2  Material and methods

2.1 Organic lamb meat production conditions The 
trial was initiated starting autumn 2015 at the Re- 
search and Development Station for Sheep and Goats from  
Caransebes (45°25’N/22°13’E). Caransebes region has an ele-
vation of 280 m above sea level and a total annual precipita-
tion of 737.2 mm, with a mean annual temperature of 12.9 °C. 
The project herd consisted of 90 multiparous purebred 
Turcana ewes, managed under organic rearing conditions as 
stipulated by the Council Regulations of the European 
Comission (EEC, 1991/2092 and EEC, 1999/1804; Rahmann, 
2013) on standards of organic animal husbandry. Two bree-
ding herds were set-up, with half of the ewes (n = 45), ran-
domly selected being mated with Tucana purebred rams, 
while the second group of ewes were exposed to German 
Blackheaded Mutton (Deutsches Schwarzkoepfiges Fleisch-
schaf ) (Rahmann et al., 2001; Rahmann, 2000). Ram/ewe 
ratio was of 1:25, for three consecutive oestrous cycles  
(51 days), with the reproduction season starting in mid Sep-
tember. Nutritional flushing was practiced for three weeks 
before the mating seasons, in addition, all animals had free 
access to potable water and mineral blocks year around.  
Animals were housed indoors during winter for a period of 
120 days, on deep straw bedding, with a space allowance of 
1.8 m2 and 0.5 m2 per ewe and lamb, respectively. Ewes re-
ceived high-quality clovers and pasture hay ad libitum, with 
an additional 200 g of concentrates in late gestation and 
during suckling period. Hay and concentrates were organi-
cally produced on farm. Creep feeding of lambs was not 
practiced, they were solely reliant on the dams milk produc-
tion. Lambs were weaned at 65 ± 5 days of age.

After weaning (April, 2016), lambs were divided into two 
groups of 40 individuals each (20 Turcana purebreds and  
20 F1 German Blackheaded x Turcana), balanced for body 
weights and sex among groups and genotypes. Group I was 
managed under conventional conditions, on a cultivated 
pasture (control group). Group II was managed under  
organic-pasture conditions (experimental group). Both groups 
were kept exclusively on pasture for a period of four months, 
with a gradual transition from indoor housing to pasture of 
10 days. Rotational fenced grazing was practiced, each of the 
two pastures having 6 identical in size areas (1600 m2). Lambs 
were provided on pasture with shelter and shade, and had  
non-restricted access to water and mineral blocks.
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Figure 1 
Turcana ewe (photo: Gavojdian D.)

The conventional pasture was fertilized initially in two  
stages, first in early spring 2012 with a dose of N100P70K70,  
and secondly, after the first harvest with a dose of N50. In 
2013, fertilization was made by administrating N100 in early 
spring and N50 after the first harvest. During both years, the 
pasture was used to produce bailed hay, and was not used 
for grazing.

The organic pasture was fertilized in early-spring 2012 by 
direct grazing with the animals, at a stocking rate of 1 adult 
sheep/1.5 m2, kept for four consecutive nights. After the  
animals removal from the pasture, minimum tillage works 
were done and the pasture was over-seeded using a mix of 
grasses and legumes having the following structure: Lolium 
perenne 40  % (8 kg/ha); Festuca pratensis 30  % (6 kg/ha); 
Festuca arundinacea 10 % (2 kg/ha); Lotus corniculatus 10 %  
(2 kg/ha) and Trifolium repens 10  % (2 kg/ha). Following a 
conversion period of two years (between 2013 and 2014), the 
pasture was used exclusively to produce hay, and was not 
directly grazed by animals. Data on the current experimental 
design, data collection and pasture management was pre-
viously published in more detail by Sauer et al., 2015.

2.2 Health indicators and fitness outputs
The study was carried out in three commercial farms, as  
follows: i) the first commercial sheep farm was rearing  
Turcana purebred ewes (Sanpetru Mare, Timis county, 
46°5’14.14’’N,20°47’26.69’’E); ii) the second commercial farm 
was rearing Tsigai ewes (Chisineu Cris, Arad county, 
46°31’21’’N,21°30’57’’E) and iii) third commercial farm rearing 
Transylvanian Merino ewes, as gene reserve (Sanislau,  
Satu Mare county, 47°38’16’’N,22°19’32’’E). All three farms 
were applying the traditional semi-intensive production  
system, with ewes being managed under communal natural 
pastures between April till November, and then indoor 
housing the ewes during winter, with stock feeding hay (1.5 
to 2 kg of alfalfa and pasture hay) and 200 to 300 g/day of 
concentrates. Lambing season started in mid-February and 
lasted until end of March.

Figure 2 
Tsigai ewe (photo: Gavojdian D.)

Ewes were between 1.5 and 8 years old, with age and parity 
balanced across genotypes and representing a diverse  
sampling of genetic lines within each flock and breed. The 
study herds consisted of 226 Turcana, 260 Tsigai and 560 
Transylvanian Merino breeding ewes.

Data was collected from the veterinarian records and the 
farms own records for a period of 12 months (August 2015 to 
September 2016). All three flocks were included in the official 
performance recording schemes.

Figure 3 
Transylvanian Merino ram (photo: Gavojdian D.)

Occurrence rates of the following health disorders were 
recorded: mastitis, lameness, pneumonia and abortion. 
Annual attrition rates were determined by identifying ewes 
in the herd at the start of the production year not present in 
the herd at the end of the production year. Death and culling 
because of all reasons were included when evaluating attri-
tion rates. Data on the reproductive performance of ewes 
(conception rate, litter size and survival rates of unweaned 
lambs) were recorded for all three breeds.



4   
D. Gavojdian, I. Padeanu, M. Sauer, N. Dragomir, E. Ilisiu, S. Kusza, G. Rahmann  ·  Landbauforsch ·  Appl Agric Forestry Res  · 2016  · online first  · 1-8

In order to assess the effect of the breed on the above  
mentioned health disorders, as well as on the reproduction 
performance of the ewes, the STATISTICA StatSoft® Tulsa OK 
software was used (Hill and Lewicki, 2007). The Main Effect 
ANOVA analysis of variance was applied. Given that data was 
recorded in three farms, the model included this as correc-
tion factor. The model used for statistical analysis is presen-
ted below:

  yijk = µ + PCi + gj + eijk

where 
yijk is the studied reproduction or health trait; 
µ is the overall mean; 
PCi  represents the fix effect of the production system with 

three levels: farm 1, 2 and 3; 
gj represents the random effect of the genotype with 

three levels: Turcana, Tsigai and Transylvanian Merino; 
and 
eijk  is the residual effect. 

When significant effects of the genotype were observed, the 
comparison among populations was tested by performing 
contrast analysis, using Tukey test.

2.3 Genomic selection for hypoallergenic milk
Turcana purebred animals (n = 111) were sampled in the  
present study to detect genetic polymorphism at the CSN2 
loci. Hair follicles were collected form adult breeding ewes, 
between 1.5 and 8 years old, with balanced age and parity 
within the flock and representing a diverse sampling of 
genetic lines. All animals included into the study, were part 
of the official performance recording system, with ancestry 
of the animals known for at least two generations.

Extraction of genomical DNAs from hair follicles were 
performed using method of FAO/IAEA (2004) and they were 
stored on -20  °C until further analysis. Concentration and 
quality of the extracted DNAs were measured and checked 
by NanoDrop Spectrophotometer (Thermo Scientific, USA).

Taqman (Applied Biosystems, USA) genotyping probe for 
ovine β-casein was designed for the fast genotyping of  
the A>G mutation in part of an exon 7 at position 183  
(Met183QVal183). Concentration of the DNAs used for the 
genotyping assay were 50 ng.

The following primers and probe were designed and 
used: forward primer: 5’- CGTGCTGTCCCTTTCTCA-3’, reverse 
primer: 5’-TTTTGTAGGGCTCTTAATTACTCAA-3’, probe A/G: 
CCCCAGAGAGAT[A/G]TGCCCATCC.

After the PCR was finished, allelic discrimination analysis 
was performed using Applied Biosystems software. Samples 
were automatically grouped according to their genotypes. 
The results of the TaqMan allelic discrimination assay were 
graphically interpreted and all of the samples were correctly 
assigned the right genotype.

The research activities were performed in accordance 
with the European Union’s Directive for animal experimenta-
tion (EU-Directive 2010/63/EU).

3  Results and discussion

3.1 Lamb meat production under organic and 
conventional systems
Under pasture conditions, the Turcana lambs had growth 
rates of 206.0 ± 0.14 g/day and 182.7 ± 0.13 g/day, under con-
ventional and organic systems, respectively (Table 1). Pro-
duction system did influence (p ≤ 0.05) the growth rates in 
the purebred Turcana lambs. As for the F1German Black- 
headed x Turcana lambs (F1GBxTA), the production system 
influenced significantly (p ≤ 0.05) the growth rates, with aver-
age values of 258.0 ± 0.12 g/day and 227.3 ± 0.10 g/day 
being recorded in the conventional and organic systems, res-
pectively.

Based on lamb growth rates and the pasture production 
estimates, the potential of meat production for the two 
genotypes and two pasture types was assessed. The conven-
tional pasture from the current project had a potential of 
production of 189 kg/ha for Turcana purebreds, and of  
236 kg/ha for F1GBxTA crossbreed lambs. While for the orga-
nic pasture, it was estimated a production potential of 191 kg 
of meat per hectare while rearing Turcana purebred lambs, 
and of 240 kg/ha for the F1GBxTA dual-breeds. Current results 
are in accordance with previous reports of Ghita et al. (2010), 
which studied the fattening aptitudes of local Romanian 
sheep breeds, reared under various production systems. 
Thus, nutritional strategies in low input and easy to apply in 
pasture based systems can improve the productive perfor-
mance of sheep and have the potential to lead to profitable 
and successful commercial enterprises.

Table 1 
Mean (± SEM) for performances of Turcana lambs reared  
under conventional and organic production systems

Trait Conventional Organic

Growth rates in Turcana lambs (g/day) 206.0 ± 0.14a 182.7 ± 0.13b

Growth rates in F1GBxTA lambs (g/day) 258.0 ± 0.12a 227.3 ± 0.10b

Meat production estimates in Turcana 
lambs (kg/ha)

189 kg 191 kg

Meat production estimates in F1GBxTA 
(kg/ha)

236 kg 240 kg

Row means with different superscript differ significantly at p ≤ 0.05

The technical efficiency and viability of organic and conven-
tional lamb meat production were investigated (Table 2). 
Overall, the production costs in the organic production sys-
tem were greater, when compared with the conventional 
management of the pasture. The pasture seeding related 
costs being higher with 70.6 %, and those of price/tones of 
pasture of 31.5 % for the organic pasture, compared to the 
conventional system. Current results are in accordance with 
previous reports by Sauer et al. (2015) on organic kid meat 
production in Romania.



5D. Gavojdian, I. Padeanu, M. Sauer, N. Dragomir, E. Ilisiu, S. Kusza, G. Rahmann  ·  Landbauforsch ·  Appl Agric Forestry Res  · 2016  · online first  · 1-8

Estimated production costs per kg of lamb meat were higher 
by 68.2  % when rearing Turcana purebreds, and by 68.3  % 
when F1GBxTA crossbreeds were concerned. Altogether,  
higher production costs should be reflected in the economic 
returns (EUR/kg of sold live lamb), in order for the farmers  
to adopt the organic production systems, or for those who  
chosen this production system to respect the additional 
regulations. This could be achieved either throughout niche 
marketing of organic lambs meat products (e.g. develop-
ment of PDO or PGI labelled food products), or by govern-
mental policies and introduction of subsidies schemes into 
the sector to aid its development.

Table 2 
Technical efficiency of organic and conventional production 
for lamb meat

Conventional Organic Differences

185.55 316.66 131.11 EUR/ha

7.77 10.22 2.45 EUR/t

105.88 180.47 74.59 EUR/ha

1.51 2.54 1.03 EUR/kg

Costs categories (in EUR)

Pasture seeding costs/ha

Production costs/t of  
pasture

Annual pasture  
maintenance costs/ha

Production costs/kg of 
Turcana lamb meat

Production costs/kg of 
F1GBxTA lamb meat

1.20 2.02 0.82 EUR/kg

Introduction and use of the German Blackheaded Mutton 
meat specialized breed into crossbreeding schemes with 
local unimproved sheep populations has led to a significant 
increase of both growth rates and lamb meat production per 
hectare. Taking advantage of the German Blackheaded  
Mutton meat producing potential, the local low-input breeds 
high levels of adaptation and organic resistance, and also of 
the heterosis effects.

3.2 Health and fitness indicators in Romanian 
native breeds
Comparison of the three main Romanian indigenous sheep 
breeds for their reproductive performance and organic resis-
tance under European temperate conditions were con- 
sidered necessary knowledge for the sheep industry as 
sheep breeds adaptation and welfare tend to be matters of 
concern. This comparative study was the first attempt to pro-
vide information on the reproductive efficiency and health 
traits in Turcana, Tsigai and Transylvanian Merino breeds 
under temperate climate conditions found in Eastern Europe.

Health, reproductive and fitness indicators in indigenous 
heritage breeds are of importance under extensive produc-
tion systems, especially under organic production, where the 
use of antibiotics and several treatments are being restricted 
by the regulations. Health of the flock influences decidedly 
the economic returns of sheep farms, and genotypes which 

possess a high organic resistance are desirable. However, 
health indicators and the fitness related traits have been 
found to have low heritability rates (0.02 to 0.08), making 
them unsuitable/unattractive for direct selection in the 
genetic improvement schemes.

Conception rates for the Turcana, Tsigai and Transyl- 
vanian Merino ewes are consistent with those estimated by 
Krupova et al. (2009) and Padeanu (2001) for the breeds.  
Significantly lower conception rates were found between the 
Tsigai and Turcana (p ≤ 0.05) and the Transylvanian Merino  
(p ≤ 0.01), respectively (Table 3).

For the Turcana and Transylvanian Merino breeds, the  
litter size is similar to reports of Ilisiu et al. (2010) and  
Padeanu (2010). Considerable lower values for litter size in 
Tsigai were previously reported by Krupova et al. (2009) and 
Padeanu et al. (2012). Higher litter size in Tsigai ewes during 
current trial might be attributed to the good feeding and 
management conditions. In addition, during previous  
studies, ewes were reared for both meat and milk produc-
tions, while in the current study, the reference flock ewes 
were lactating for only a short period of time (80 ± 10 days), 
until the lambs were weaned. This might have led to a better 
body condition of ewes during mating season and thus to 
higher ovulation rates.

Findings on lambs weaning rates are consistent with 
reports for the Turcana and Tsigai lambs reared under Euro-
pean temperate conditions (Padeanu et al., 2012; Gavojdian 
et al., 2013). Breed disparities were found for the lambs sur-
vival rates until weaning, with Tsigai lambs having the  
highest weaning rate (p ≤ 0.05), when compared to Turcana 
and Transylvanian Merino lambs.

Under commercial sheep production systems, the impor-
tance of fitness relates to the attrition of breeding ewes. The 
slight genotype disparities in attrition rates could be ex- 
plained by the considerable lower selection pressure applied 
for the unimproved Turcana, and as a result, decisions on 
voluntary culling of ewes were made only in extreme cases 
for the genotype. In Tsigai and Transylvanian Merino breeds, 
the voluntary culling of ewes occurred especially based on 
traits such as milk yield, fertility, weaning ability, body condi-
tion, wool production and health disorders. Data on attrition 
rates for the three breeds are consistent with estimates 
reported for commercial sheep flocks (Mekkawy et al., 2009; 
Gavojdian et al., 2015).

Table 3 
Mean (± SEM) for reproductive performance and attrition  
rates in Turcana, Tsigai and Transylvanian Merino ewes

Breed Conception  
rate (%)

Litter size 
(lambs)

Lambs  
weaned (%)

Attrition  
rate (%)

Turcana 97.7 ± 0.98a 1.17 ± 0.02a 96.9 ± 1.06a 14.2 ± 2.33a

Tsigai 94.1 ± 0.11b 1.40 ± 0.23b 98.7 ± 1.38b 24.4 ± 0.28b

Transylvanian 
Merino

97.2 ± 0.14a 1.14 ± 0.29a 96.1 ± 1.44a 20.8 ± 0.37b

Column means with different superscript differ significantly at p ≤ 0.05
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Results for the three studied populations regarding the mas-
titis occurrence rates (Table 4) are consistent with estimates 
of Giadinis et al. (2011), which report occurrence rates for 
mastitis of over 10 % for commercial sheep flocks. Further-
more, occurrence rates of over 30 % in European dairy flocks 
are being frequently mentioned in the literature (Bergonier 
et al., 2003; Bishop et al., 2010).

Mastitis has a negative impact on ewe stay-ability, milk 
yield, lambs growth and survival, veterinary costs and repre-
sents a major concern for animal welfare. Importance of clini-
cal mastitis in the Europe was highlighted by Ligda et al. 
(2003), which found mastitis to be the main cause for culling 
in the Greek sheep industry, accounting for 46 % of the attri-
tion cases for the Chios dairy breed.

The current study highlights the low resistance to clinical 
mastitis of the Tsigai breed. As a result, measures such as 
including the genetic resistance to mastitis as a trait into the 
breed’s selection indexes should be taken. Somatic cell count 
(SCC) has been found to be a reliable selection trait (Barillet 
et al., 2001), which can be used as an indicator to enable 
selection for increased resistance to subclinical mastitis in 
the French Lacaune breed (Rupp et al., 2003). For SCC in dairy 
sheep, heritability estimates reported range between 0.03 
and 0.24 (Barillet et al., 2001; Bishop et al., 2010; Makovicky et 
al., 2014; Rahmann, 2013), depending on the breed. The in-
cidence of clinical mastitis in small ruminants is generally 
lower than 5 % (Arranz et al., 2012), whereas the prevalence 
of subclinical mastitis ranges from 10 to 50  % (Sechi et al., 
2009). If treated, ewes with subclinical mastitis were found to 
produce less milk with 15 to 20 %, and in the case of a reinfec-
tion, the milk yield to drop with 30 % (Petrovic et al., 2005).

Lameness occurrence rates in the Turcana and Transyl-
vanian Merino breeds were in accordance with previous esti-
mates for the English flocks (FAWC, 2011), which range from 
8 to 10 %. In the current study, the Tsigai ewes were found to 
be more susceptible to lameness, with an incidence of 
15.4 %. Therefore, selection should be given to future design 
of genetic improvement schemes for the breed.

Given the low winter temperatures reached in Romania, 
pneumonia incidence in Merino flocks is of concern to both 
scientists and breeders, being a lowland fine wool breed  
originating from Spain. Higher pneumonia incidence in the 
Transylvanian Merino population could be attributed to the 
upgrading of the breed with the Australian Merino, which is 
not adapted to the colder climate during winter found in 
Central and Eastern Europe. No available data for compari-
son on pneumonia occurrence in European countries was 

found, except for information on flocks infected with Maedi-
Visna (Benavides et al., 2013).

According to previous reports, in healthy flocks abortion 
accounts for less than 2 %, with 5 % occurrence rate being 
considered as an alarm threshold (Menzies, 2011). Out of the 
four health disorders studied, abortion has to have the most 
significant economical and welfare implications, given that 
abortion will most likely result in culling or death of the ewe.

Table 4 
Mean (± SEM) for occurrence rates of mastitis, lameness, 
pneumonia and abortions in Turcana, Tsigai and Transyl- 
vanian Merino ewes

Genotype Mastitis 
(%)

Lameness 
(%)

Pneumonia 
(%)

Abortion 
(%)

Turcana 3.11 ± 1.16a 2.6 ± 1.08a 1.3 ± 0.76a 1.7 ± 0.88a

Tsigai 4.8 ± 1.18b 15.4 ± 1.43b 1.8 ± 1.29a 3.4 ± 1.46b

Transylvanian 
Merino

2.14 ± 0.23a 8.7 ± 1.22c 3.1 ± 1.03b 1.4 ± 1.05a

Column means with different superscript differ significantly at p ≤ 0.05

3.3 Molecular marker assisted selection for 
hypoallergenic sheep milk
Aim of the current trial was to identify the genetic poly- 
morphism of β-casein gene in Turcana breed, throughout the 
use of TaqMan genotyping assay, in order to provide infor-
mation for future selection schemes of the Romanian indige-
nous sheep breeds, with the ultimate purpose to produce 
hypoallergenic sheep milk and derived dairy products 
(Załęcka et al., 2014).

In the studied population the A variant had a significant 
higher frequency of 0.97, compared to the G variant of 0.03, 
thus indicating that variant A is more characteristic of  
Turcana – Zackel sheep population compared to variant G 
(Table 5). With similar results being previously reported in 
other European Zackel breeds, with variant A detecting a 
higher frequency (50 to 80 %) compared with the G variant, 
as described by Sztankoova et al. (2011) in Czech Sumatra 
and Valachian sheep and by Ceriotti et al. (2004). The most 
frequent genotype was AA (94.59 %) followed by AG (5.41 %). 
Genotype GG was not found in the Turcana breeds. The dis-
tribution of genotypes is in agreement with previous results 
obtained for other European sheep breeds (Ceriotti et al., 
2004; Sztankoova et al., 2011).

Table 5 
Frequency of genotype and alleles of Turcana sheep

Breed Genotype Number Frequency of genotype Allele Frequency of allele

Turcana

GG 0 0.00 A 0.97

AG 6 5.41 G 0.03

AA 105 94.59 0 0
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In sheep and goat αS1-casein (αS1-CN), coded by the CSN1S1 
gene, is characterized by extensive qualitative and quantita-
tive polymorphisms. Some alleles are associated with null 
(i.e., CSN1S1*01) or reduced (i.e., CSN1S1*F) expression of 
the specific protein (Ballabio et al., 2011).

Almost 50 genetic variants have been described in bo-
vine milk protein genes, and, in the sheep and goats, the 
number of genetic variants is continuously rising (Marletta et 
al., 2007). The current preliminary trial is the first attempt to 
produce hypoallergenic sheep milk throughout the use of 
genomic selection in Romania, in order to aid consumers 
affected by food-related allergies. Furthermore, given the 
rising numbers of persons (especially infants, incidence  
estimates of 5 to 8 %) affected by this type of allergies, the 
current research could help sheep breeders to produce and 
market hypoallergenic products, which to benefit both pro-
ducers and consumers safety.

4  Conclusions

Current results have proved to be encouraging regarding the 
potential of the sheep extensive farms from Romania to pro-
duce lamb meat under organic rearing systems. However, 
both farmers and policy makers should be aware and keep in 
mind both the unconsolidated markets for organically sheep 
meat found in Eastern Europe, as well as the volatility of the 
small ruminants meat markets and demand. Further in more 
depth studies concerning the markets need and potential 
should be advised, in order for the policy makers to have a 
more consolidated perspective of the sector in order to for-
mulate proper development strategies of the sector.

For the Tsigai and Transylvanian Merino breeds it would 
be advisable as to include fitness traits into the future bree-
ding selection schemes, with special focus on mastitis gene-
tic resistance, lameness and ewe stay-ability, in order to 
improve animal welfare and the overall flock productivity.

In the current preliminary study, the genetic polymor-
phism of ovine β-casein gene in the Romanian Zackel breed 
was highlighted, using TaqMan assay. β-casein in sheep is 
strongly correlated to economically important milk quantita-
tive traits, being a first step in introducing genomic selection 
for the production of organic hypoallergenic sheep milk and 
derived products.
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