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ABSTRACT. Interest on the implementation and improvisation of low-input dairy sheep farming is rising. Our
study aimed to describe a) the milk productivity of the Sfakia sheep, a Mediterranean well-adapted to low-input man-
agement schemes breed (“low-input breed”), and b) the effect of management (MS) and milking system (MLS) on
milk yield and quality. Monthly bulk milk samples (n=307) and reproductive data were collected from 10 extensive
and 10 semi-intensive Sfakia sheep flocks in Crete Greece, over two consecutive lactations. All semi-intensive and
four extensive farms were equipped with a milking parlour machine (MPM). A portable machine (PM) was used in
three extensive farms; hand-milking (HM) was applied in the rest extensive farms. The effect of MS and MLS on daily
milk yield/ewe (DMY), somatic cell count (SCC), total bacterial count (TBC), pH and % lactose content (LACT) of
milk was explored with linear mixed-effects models. Mean DMY (p<0.001) as well as the seasonal variation pattern of
SCC (p=0.020) and LACT (p=0.018) differed between MS. TBC was higher in extensive farms using MPM than HM
(p=0.002); PM was related to lower SCC, compared to MPM (p=0.044) and HM (p=0.012). Concluding, mild interven-
tions in management and milking practices could improve the productivity of “low-input” dairy sheep breeds.
Keywords: dairy sheep, low-input system, semi-intensive management system, reproduction, udder health

Correspondence: Nikolaos Tzanidakis, Clinic of Farm Animals, Faculty of Veterinary
Medicine, Aristotle University of Thessaloniki, 11Voutyra str., 54627 Thessaloniki,
Greece.

E-mail: tzanidakisnikolaos@gmail.com etz Gt SHbmt o S A0S

Date of acceptance: 29-3-2016

Alinloypogio: Nixoroog Tlovidaxns, Khvikn Iapaywyikav Zowv, Tuiupo
Krnyviazpixng, Zyoln Emotnucv Yyeiag, Apiorotéleio [avemotiuio Ocooolovikng,
27. Bovtvpd. 11, 54627 Ocoooloviky.

Fax: +30 2310994464,

Hlextpovikn alinloypogia: tzanidakisnikolaos@gmail.com

Huepounvio apyixnc vmofoing: 8-10-2015
Huepounvia awodoyns: 29-3-2016



68 TZANIDAKIS N., VOUTZOURAKIS N., STEFANAKIS A., BROZOS C. N., SOTIRAKI S., KIOSSIS E.A.

ITEPIAHWYH. H extpo@t] yolakTomapaymy®v mpoPatmy o€ EKUETUALEDCELS YOUNADY EIGPOMY, OOKTH GVEOVOLEVO
EVOLLPEPOV KOl EVPVTEPT] EQAPLLOYN TOL TEAELTOOL YPOVIOL. EKOTOG TG LEAETNG TV 1] SlEPEVYNOT| O) TNG YOAOKTOTOPOYDYIKNG
KOVOTNTOG TOV TPOPRATOL PUANG ZPaKiOV, HOS YOPOKTNPIOTIKNG GLVANG TPOCAPUOCLEVIG GE GUOTHLLATA OLOEIPLONG
YOUNAGOV gl6podV TG Mecoyeiov, kat B) g enidpacng Tov cvotipatog dwayeipiong (MS) kat tpémov aperéng (MLS)
OTNV TOGOTNTO, KOl TOLOTNTA TOV YOAAKTOG ALT®V TV Tpofdtmv. [a Toug okomovg tng HeAETNG, cVALEXON KAV delypota
yoAokTog 0md T deapevi yoéng ydiaktog (n=307) kot ototyeio avomapay®ykng dwuyeipiong, amd 10 ektatikéc kot 10
NU-EVTOTIKES EKULETAAAEVGELS TPOPAT®V TG PLANG Zpaxinv otnv Kpitn, o€ unviaia Bdon yia 2 cuveyxdpeves yoraKTIKES
neplddovc. To svuvoro TV Nu-eviaTikdy kot 4 amod TG 10 extotikég povadeg d1€betav otabepd aperktipro (MPM), evd
epappolotav auerén pe eopnt unyovh (PM) ko aperén oto yépt (HM) og 3 kot 4 ektaticég EKUETAAAEVGELG, AVTIGTOLYOL.
H enidpaom tov MS kat tov MLS oty nuepnota yad/yn ava npoPative (DMY), otov apiBud copatikdv kuttapav (SCC),
oV ol pukpofiakn yrwpida (TBC), oto pH kot otnv % mepiektikdmta oe Aoaxtoln (LACT) tov yahaxtog diepevvinke
He Ypappka povtéda ktov emdpdcemv. H péon DMY (p<0.001) kot n emoykn Stakdpavon tov SCC (p=0.020) ko
LACT (p=0.018) emnpedotnrav onpavtikd and o MS. Ocov apopd tn cvykpion petaéd tav pedodwov aueréng, o TBC
NtV VYNAOGTEPOG OTIC EKTATIKEG eKpETOAAEDOELS e MPM o€ oyéon pe avtég pe HM (p=0.002). H xprion PM cuoyetiotnke
pe yapnAdtepa eninedo SCC, o oyéon 1660 pe to MPM (p=0.044) 660 kot 10 HM (p=0.012). Zvpnepacpatikd, nmeg
Sy eploTIkeC mapeUPAcels Kot 1 epapoyn opBdV TPAKTIKOV APEAENG O EKUETOAAEDGELS YOAOKTOTAPAY®YMY TPORATMV

YOLNADV €16podY Ba propovoay va. BEATIOGOVY GNUAVTIKA TIG AT0SOGELS TOVG.

Aééerg evpeTnpiacng: yolaxtomopoaywya. wpopforo, ,

oVaTopaywYH, VYELO HOTTOD

INTRODUCTION

airy sheep farming is of major economical and agricul-
D tural importance, especially for South European and
Mediterranean countries (de Rancourt et al., 2006). Due to the
diverse microclimatic and geomorphological conditions within
this area, a variety of different sheep breeds and management
systems are encountered (Boyazoglu and Morand-Fehr, 2001;
de Rancourt et al., 2006). The management systems applied
by farmers are utilizing the local environmental resources and
well-adapted dairy sheep breeds to achieve ideal productiv-
ity outputs. Under these conditions, a cost-effective output is
achieved by low-input management systems. Additionally,
low-input farming systems are in accordance with animal
welfare rules and preservation of environmental sustainability
(Vagnoni et al., 2015) and towards the general social demands
for traditional dairy products.

Dairy sheep farming is usually based on extensive
(low-input) and semi-intensive management systems. The
main differences between these two management systems
are based in a) hours per daywhere animals spend outside
the farm, in pastures or grazing plains (i.e. extensively
managed sheep are basically reared outdoors throughout the
year, but animals are kept indoors or under shelter at least
during winter nights or the lambing season), b) investment
in infrastructure [i.e. semi-intensive farms invest in a larg-
er extent infacilities and equipment such as buildings and
automated milking parlours (higher inputs), whereas less or

oboTHUA OLOYEIPIoNS XOUNADY EI0POMYV, NUI-EVIOTIKC CUOTHUATO,

none indoor facilities, and none or a small milking parlour
machine (sometimes portable) are available in extensive
farms] c) nutrition (i.e. nutrition of extensively reared sheep
is mostly based on grazing and concentrate feed supplement
is provided rarely, while semi-intensively reared sheep are
offered almost constantly concentrate feed and hay on top
of grazing - higher inputs)(Stefanakis et al., 2007; Volanis
etal., 2007).

The economic performance of low-input dairy sheep
farms is directly related to the annual ewe milk yield, which
is mainly affected by the management system applied, the
udder health of ewes and the reproductive performance
traits of the animals within each flock. In order to properly
outline all the above, an in-depth description and analysis of
1) productivity scores per flock (main milk and reproductive
traits) and ii) different management strategies applied, is
needed. Only then, it will be possible to thorough estimate
those flock traits, one by one, and reveal management flaws
allowing in a second phase specific targets and improve-
ment methods to be set. These allocated traits could subse-
quently be improved by technical intervention, better man-
agement strategies and prophylactic measures. With these
inexpensive methods and without gross changes in the facil-
ities or equipment of the flocks, a beneficial improvement
of the milk quantity and quality potential of dairy sheep
well-adapted to low-input management schemes (“low-in-
put breeds”) should be expected.
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Although older surveyshave extensively recorded milk
characteristics of “low-input breeds” (Stefanakis et al., 2007;
Volaniset al., 2007), there is lack of information regarding
udder health parameters and repoductive performance indi-
ces. Furthermore, no exploration of the effects of different
risk factors nor comparison of the available management
systems or parity status of ewes has been described. Thus,
the purposes of this study were to: a) characterize milk
productivity, udder health parameters and reproductive per-
formance in “low-input dairy sheep breeds” for two consec-
utive production years and b) describe the variation of milk/
udder and reproductive traits of “low-input breeds” under
different management systems and factors.

MATERIALS AND METHODS

Selection of a study area and a “low-input sheep breed”

Many sheep are bred in Mediterranean region, area
which is exposed to significant environmental changes, such
as climatic alterations (warming and precipitation decrease),
desertification and pasture degradation (Giorgi and Lionello
2008; Lorent et al., 2009). Within this area, the island of
Crete in Greece is a distinctive study scenario because on
top of the specific climatic conditions the island presents
a highly dense sheep population. The sheep population in
Crete is approximately 2 million heads (1.82 x 106) and
counts for approximately 20% of the national sheep (9.07
x 106 heads) population of Greece (National Statistical
Service of Greece, 2014). It is therefore obvious that such
abiotic stress factors combined with a variety of biotic stress
factors (different management and breeding systems) can
significantly influence dairy sheep production.

The Sfakia sheep is a “low-input dairy breed”, which
prevails in Crete mainly due to its successful adaptation to
the semi-arid environment of the region. It is a hardy small
sized breed (weight: 44kg - 64kg; height: 64cm — 74cm,
for ewes-rams, respectively) with relatively high milk pro-
duction of 109.8440.81 of milk for a lactation period of
156.5+29.3 days (Kominakis et al., 2001). Mating period
is in May and June (for multiparous ewes) or at the end of
summer (for less than one year old — primiparous- ewes).
The length of the lactation period varies and usually ranges
from October to the beginning of summer, or from January
to summer, for multiparous and primiparous ewes, respec-
tively. Milk production of “low-input Sfakia sheep” is the
stock for a large variety of traditional dairy products with a
protected geographical indication and a protected designa-

tion of origin, contributing considerably to local agricultural
income (Boyazoglu and Morand-Fehr, 2001). This breed
was selected as a representative low-input model for the
comparison of the management effects on output perfor-
mance.

Selection of farms

For the purposes of this study, 10 semi-intensive and 10
extensive dairy sheep flocks of the Sfakia sheep breed were
selected in the regions of Rethymno and Chania in Crete,
Greece, where the majority of population of this breed is
reared. The selection was based on previous management
level description and input characteristics of these farms
(Stefanakis et al., 2007; Volanis et al., 2007). So, compared
to extensive farms, the semi-intensive ones had markedly
more available infrastructures (shelters, buildings, milking
machines), richer nutrition (increased use of concentrate
feed supplements), higher labour inputs (more farmers and
milkers, increased cleaning and maintenance labour), less
land usage (minimum to less grazing) and higher energy
inputs (power supply, fuel usage etc.). The extensive farms
had importantly fewer inputs and in some cases absence of
some inputs (e.g. no energy inputs), thus being represen-
tative of typical low-input management systems. Monthly
bulk milk samples were collected in each flock for two
consecutive lactation periods (December to August for lac-
tation periods 2009/2010 and 2010/2011). Machine-assisted
milking with a milking parlour machine (MPM) was applied
in all semi-intensive flocks and in four out of ten exten-
sive flocks. In three extensive farms a portable milking
machine (PM) was used, whereas hand-milking (HM) was
applied in the rest three extensive flocks. Due to the similar
distribution of the the three MLS’s within the extensive
management system, reproductive characteristics and milk
parameters were compared between MPM, PM and HM of
extensive system only.

Daily milk yield per ewe measurements

In each monthly visit per farm, the number of ewes
milked and their daily milk production were recorded, in
order to calculate the average daily milk yield per ewe
(DMY). Daily milk production and number of ewes milked
once (i.e. of ewes milked once during the suckling period)
was recorded separately and not used for the calculation of
average DMY. Due to milking order of ewes in all farms
(separate milking of multi, primiparous and suckling ewes)
the calculation of DMY was made from ewes normally
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milked (not suckled) by dividing their daily milk produc-
tion with their number. These calculations were applied in
this way, so to avoid under- or over- estimation of average
DMY.

Bulk milk sample collection and analysis

In each monthly visit of the two consecutive lactation
periods studied, a bulk milk sample from the milk produced
the specific day (pool of milk collected during morning
and evening milking) was collected (n=307) and kept at
4°C until analysis. Samples were processed, after 12 to 18
hours, at the State Milk Quality Laboratory (ELOGAK)
in Rethymno, Crete. The samples were heated to 250C
and pH was measured. Lactose levels % (gr/100ml) of
bulk milk samples were measured by infrared methods
(MilkoscanTM, FOSS®). Somatic cell count (SCC) and
the number of total bacterial count (TBC) were assessed in
samples with pH>6, using the FossomaticTM (Gonzalo et
al., 1993) and BactoScanTM system (FOSS®, Denmark),
respectively. All procedures in the present study were car-
ried out with no physical or clinical intervention on animals
and the trial was run under the supervision of veterinarians.

Questionnaire

Following thorough discussion with all the farm own-
ers, detailed questionnaires were filled in for each of the two
above mentioned lactation periods. Data regarding the com-
position of the flock (total flock size, number of ewes that
gave parturition, number of multi- and primiparous ewes,
number of rams and lambs born), the available surface per
animal indoors, the availability of separate lambing, suck-
ling and quarantine/infirmary rooms within the farm and the
type of grazing (common or private pasture) were collected.

Reproductive performance traits (return to oestrus after
mating, miscarriages and dystocia rates, ewe mortality at
parturition, stillbirths and rates of lamb mortality: until 48h
post parturition (pp), 48h pp to weaning and post-wean-
ing) were recorded per farm. Additionally, with the use of
the above data, the following parameters were calculated:
fecundity, fertility, prolificacy and the ewe to ram rate (ewe/
ram).

Regarding the milking process, the following data were
collected: type of milking system (parlour milking machine
systems, portable (bucket) milking machine, hand milking),
frequency of milking, number of milking personnel, use of
disposable gloves during milking, udder preparation before
milking, teat dipping post milking, general percentage

and time-period of most clinical mastitis cases, treatment
(route of administration, duration of treatment) and the usual
outcome of clinical mastitis, the percentage of ewes with
one functional udder-half, the mortality rate due to clinical
mastitis and the intramammary application of drying off
antibiotics at the end of the lactation period. Data collected
in the questionnaire also included: number of adopted lambs,
the pp weaning day, the onset, the frequency and duration of
milking during the suckling period (if applied) and informa-
tion about administration of vaccines against clinical masti-
tis infectious agents.

Statistical analysis

Mean values (£SD) were used for the descriptive pre-
sentation of the continuous data collected through the ques-
tionnaire, as well as of the parameters [pH, (%) lactose con-
tent, TBC, SCC)] determined in monthly bulk milk samples.
The mean values of the outcome variables were compared
between different management systems, using the indepen-
dent Student’s t-test or the Mann Whitney test (depending
on the distribution of the outcome variable).

The fixed effect of year of experimentation, MS and
month of lactation on the repeated measurements of bulk
milk parameters [pH, (%) lactose content, TBC, SCC)] of
the 20 visited farms was analyzed with linear mixed-effects
models. Using the same statistical approach, the fixed effect
of year of experimentation, MLS and month of lactation on
bulk milk SCC, TBC and DMY was explored for the 10
extensive farms. Given the repeated-measures design of the
study, covariance structure of linear models was assumed to
be a first-order autoregressive structure. The levels “semi-in-
tensive management system”, “milking parlour machine”,
“year 1” were set as the baseline condition for the estima-
tion of model parameters for the fixed effect of MS (2-level
factor), MLS (3-level factor) and year of experimentation
(2-level factor). Between-farm variability was included
as a random effect in the model structure; the intercept of
the models was allowed to vary across farms. The random
effect of farm (repeated over month of lactation), as well as
the fixed effects of MS, MLS, month of lactation, and the
interaction terms MS x month of lactation and MLS x month
of lactation were stepwise added in the model structure.
The subsequent improvement of model fit was evaluated
by model comparisons based on the -2 log-likelihood ratio
criterion (at 0.05 significance level). Estimates of model
parameters and parameter-specific P-values were estimated
using a normal approximation. Normality of model residuals
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was assessed through diagnostic Trellis plots.

Data processing, statistical analysis and graphical illus-
tration of the results were done using nlme [20], lattice [21]
and ggplot2 [22] packages in R version 3.1.3[23].

RESULTS

Data regarding the composition of the flocks (total num-
ber of sheep, number of multi- and primiparous ewes) and
mastitis-related indices are presented in Table 1. According
to the data collected through the questionnaire, the indoor
available surface area/animal was higher in semi-inten-
sive (2.99+£1.61 m2/ewe) compared to extensive farms
(1.90+0.87 m2/ewe) (Table 1). A discrete lambing, weaning
and isolation room was available in most semi-intensive
farms (7/10, 8/10 and 7/10 farms, respectively), while such
facilities were present in less than one third of the extensive
farms (1/10, 3/10 and 3/10, respectively). Half of the flocks
shared a common pasture with other flock(s); the majority
of the flocks applying common grazing (8/10 farms) were
extensively reared, thus meaning that most semi-intensive
flocks had private grazing areas.

[Table 1]

Results on the reproductive traits recorded are presented
in Table 2. As demonstrated, parameters of reproductive
performance exhibited no statistical differences between the
two management systems, except for prolificacy (p<0.05).
Prolificacy values were higher for semi-intensively bred ewes
(1.36+0.10 lambs/delivery) compared to extensively bred
ewes (1.26+0.10 lambs/delivery; Table 2).

[Table 2]

The mean duration of lactation period was 230.50+19.32
and 183.50+22.07 days for semi-intensive and extensive
farms, respectively. DMY per ewe was 0.87£0.38 and
0.62+0.25 1 for semi-intensively and extensively bred ewes,
respectively (Table 1). In 18 out of 20 farms, ewes were
subject to milking once per day during the 2nd half of the
suckling period; the mean start day for semi-intensive and
extensive farms was at 17 and 22 days pp, respectively. In
all studied farms the time of weaning ranged from 30 to 55
days pp (38 and 41 days pp, for semi-intensive and extensive
farms, respectively; Table 1).

Concerning udder handling, post milking teat-dipping
was applied in only 3 (2 semi-intensive and 1 extensive) out
of 20 flocks, only for a limited time period during the lacta-
tion; udder preparation before applying the milking devices
was not the case in any of these dairy flocks. Milking was

carried out by one (3 extensive farms), two (7 semi-inten-
sive farms and 6 extensive farms) or three (3 semi-intensive
farms and 1 extensive farm) individuals and the use of gloves
during milking was reported in only 3 (extensive) farms.
Milking frequency during the lactation period was twice per
day in all flocks. According to farmers, mastitis problems
were more frequently observed in the following stages of
the lactation period (in descending order): suckling period,
before the onset of dry period, the last two months of the
lactation, the first or second third of the lactation. Regarding
the treatment of clinical mastitis cases, a combination of
intramammary and intramuscular antibiotics was used in
4 out of 20 farms (1/10 semi-intensive and 3/10 extensive
farms), whereas only systemic antibiotics were administered
in the rest of the farms; the usual duration of treatment was
two consecutive days. Treatment with dry period antibiot-
ics at the end of the lactation was not applied in any of the
flocks visited. In only 3 (semi-intensive) out of 20 flocks a
yearly vaccination against clinical mastitis agents took place.
Animal losses due to clinical mastitis did not exceed 1%
(0.72% + 0.88%) of total flock population (Table 1). The
frequency of mastitis-related mortality and permanent loss of
one half-udder was higher in semi-intensively (1.30%+0.80%
and 4.35%+5.34%, respectively) compared to extensively
bred ewes (0.10%+0.31% and 2.45%=+1.28%, respectively);
however, this trend was not proven statistically significant
(p>0.05 in all cases; Table 1).

Monthly variations of bulk milk traits (pH, % lactose
content, SCC, TBC) and DMY were analyzed in relation to
the management system applied (Figure 1). Estimated coef-
ficients (mean value+SEM) and the respective significance
levels for the fixed effects of experimentation year, MS,
month of lactation and their interaction term are presented
in Table 3. As illustrated in Figure 1, significant monthly
fluctuations were detected for the five dependent variables
[F(7, 292)=23.760, p<0.001 for DMY; F(7, 292)=0.203,
p<0.001 for % lactose content; F(7, 292)=4.440, p<0.01
for SCC; F(7, 292)=3.000, p<0.05 for milk pH; F(7,
292)=3.589, p0.05 for TBC]. The fixed effect of the inter-
action term MS x month of lactation was proven non signifi-
cant for bulk milk pH, TBC and DMY (p>0.05 i all cases),
which therefore shows that the monthly variation pattern of
the above mentioned dependent variables was similar for
semi-intensive and extensive systems (Figure 1). On the
contrary, MS had a significant effect on the monthly varia-
tion pattern of bulk milk SCC [F(7, 292)=2.428, p=0.020)]
and % lactose content [F(7, 291)=6.391, p=0.018] in the
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Figure 1. Monthly variation of daily milk yield/ewe (lit), pH,
lactose content (%), somatic cell count (SCC x1000 cells/ml) and
total bacterial count (CFU/ml) of bulk milk throughout the lacta-
tion period, in relation to the management system (MS) applied.
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course of the lactation period. SCC levels were significant-
ly (p<0.05) elevated in late lactation (months 9 and 7 for
semi-intensive and extensive farms, respectively; Figure 1).
In overall, individual daily milk yield was higher by 0.288 1
in semi-intensively compared to extensively bred ewes [F(1,
292)=58.910, p<0.001], but lactation curve followed the
same time pattern for both management systems (Figure 1).
Lactose content (%) was lower by 0.062 gr/100ml of bulk
milk samples collected from semi-intensive farms [F(1,
291)=5.640, p<0.001]. [Table 3] [Figure 1]

The effect of MLS on the fluctuations of milk traits
(SCC, TBC) and DMY throughout the lactation period was
assessed within extensive farms (Figures 2-4). The monthly
variation pattern of SCC (Figure 3) and TBC (Figure 4)
was not related to MLS in extensive farms (p>0.05 in both
cases). Though not statistically significant, an increase of
SCC of bulk milk in farms applying MPM and HM, in com-
parison to PM, at late lactation was observed (Figure 3). In
addition, an overall effect of MLS on the levels of SCC and
TBC was detected. In particular, bulk milk samples collect-
ed from farms where PM was used exhibited lower levels
of SCC by 598.818 (p=0.044<0.05) or 677.268 x 103 cells/
ml (p=0.012<0.05) when compared to samples collected

Figure 2. Monthly variation of daily milk yield/ewe (lit) of 10
extensive farms, in relation to the month of lactation and the
milking system applied. Values are expressed as mean +SE.
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from farms where MPM or HM was applied, respectively.
Interestingly, bulk milk TBC values were higher by 498.454
units in extensive farms with MPM than in farms with HM
(p=0.002<0.01). [Figures 2, 3, 4]

DISCUSSION

The potential effect of management systems on repro-
ductive and productive performance of a “low-input dairy
sheep breed” was explored in the present study. Different
reproductive practices were followed in semi-intensive
and extensive farms; oestrus synchronization schemes,
scheduled mating and lower ewe/ram ratio were reported in
semi-intensive farms, while were not the case in extensively
bred ewes. However, no statistical differences were found
in the reproductive indices recorded, apart from prolificacy.
The significantly higher numbers in semi-intensively reared
ewes could be attributed to better feeding and management
strategies. Improvement of animal nutrition and manage-
ment methods may possibly enable the preservation of
multi-pregnancies, the decrease of early embryonic losses
and the avoidance of metabolic diseases related to prolifica-
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Figure 3. Monthly variation of somatic cell count (SCC x1000
cells/ml) of bulk milk collected from 10 extensive farms, in rela-
tion to the month of lactation and the milking system applied.
Values are expressed as mean +SE.
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cy (Rhind et al., 1980; Vifioles et al., 2009; Gootwine, 2011;
Fthenakis et al., 2012).

Almost half of the extensive farms (4/10) revealed a
modernizing trend towards updating management practices
and available equipment. In particular, 4 out of 10 extensive
farms had a MPM installed, which was a common char-
acteristic for all semi-intensive farms. This differentiation
may imply a transition stage of these farms towards a more
advanced and intensified management state.

As presented on Table 1, mean DMY of extensive
farms was close to the levels previously recorded for Sfakia
breed (0,71 mean DMY; Kominakis et al., 2001). However,
mean DMY of semi-intensive farms exceeded the expected
levels. Furthermore, DMY was different between the two
management systems (Table 1). Semi-intensive farms had
higher milk production (higher DMY by 0.288 1, p<0.001)
and a longer lactation period (230.50+£19.32 days against
183.50422.07 days for extensive farms; Table 1). Based on
the relative literature (McKusick et al., 2001; Sinapis, 2007),
reasons for the degraded milk production of extensive farms
could be: the later time point of weaning (on the 41st day of
lactation period against the 38th day in semi-intensive farms;
Table 1), the poorer ewe selection on a basis of productivity

Figure 4. Monthly variation of total bacterial count (CFU/ml)
of bulk milk collected from 10 extensive farms, in relation to the
month of lactation and the milking system applied. Values are
expressed as mean +SE.
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traits, the hand milking system and the lower nutritional
input, namely less addition of concentrates and more graz-
ing in uncultivated grasslands or shrublands which all have
a low energy and protein value. However, in the current
study only the differences regarding the daily milk produc-
tion between the two management systems were explored,
an integrated study also including the quality and organo-
leptic characteristics of milk produced by intensively and
more extensively bred ewes would further add to the present
knowledge.

Regarding both semi-intensive and extensive farms, a
lack of advanced udder health management was observed.
Only in few farms, post-dipping (in 1 extensive and 2
semi-intensive farms) and vaccination against mastitis (in 3
semi-intensive farms) were applied. “Blind” mastitis treat-
ments, the non-usage of dry-period antibiotics and non-ste-
roid anti-inflammatory drugs, as well as the absence of an
integrated management for subclinical mastitis were the
case in most farms, against the already established guide-
lines for udder health management (Fthenakis et al., 2012;
Fragkou et al., 2014). Although good milking practice was
not always the case, the frequency of clinical mastitis cases
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Table 3. Estimated coefficients (mean value+SEM) for the fixed effects of year of experimentation (year 1 vs 2), management system
(extensive vs semi-intensive), month of lactation (months 2 to 8 vs 1) and the interaction term of management system and month of
lactation on bulk milk parameters (SCC, TBC, % lactose content, pH) and DMY. Significant coefficients are flagged.

SCC TBC % lactose content pH DMY

(Intercept) 1132.124248.5 183.92+153.36 5.26+1.28 6.64+0.03 310.72429.37
Year2 399.56+100.65™ 149+70.44™ -0.82+0.6 0.08+0.01" -49.17+11.89™
Extensive -327.71+461.09 153.874+292.1 0.34+2.64" -0.07+0.06 -102.75445.19™
Month2 161.44+254.22 99.75+165.06 4.26+1.7" 0.01+0.04 21.24+16.39"
Month3 83.9+262.61 71.12+174.6 -0.1£1.7 0.02+0.04 7.42+19.75
Month4 -420.09+263.21 85.58+175.79 0.04+1.7 0+0.04 28.05+21.15
Month5 -529.3+£263.25™ 104.34+175.94 0.01£1.7 0.04+0.04 30.97+21.7
Month6 -752.04+263.25™ 530.32+175.89™ -0.09+1.7 -0.03+0.04 6.7+£22.01
Month7 -263.42+263.12 496.64+177.84" -0.05+1.7 -0.01+0.04 -45.54+21.4"
Month8 22.54+261.37 259.37+173.45 -0.65+1.7" 0.01+0.04 -132.2420.27"
Extensive: Month2 -52.494+473.71 -210.324309.53 -4.66+3.12 0.02+0.07 -55.59+31.27
Extensive: Month3 84.26+483.09 8.96+320.15 -0.28+3.11 0.06+0.07 -40.49+34.83
Extensive: Month4 450.9+483.76 -40.4+321.47 -0.36+3.11 0.03+0.07 -53.42436.24
Extensive: Month5 640.93+483.72" -52.244321.45 -0.37+3.11 0.06+0.07 -67.18+36.51
Extensive: Month6 781.69+482.58™ -287.94+319.94 -0.39+£3.11° 0.06+0.07 -53.88+35.96
Extensive:Month7 701.41+485.59" -152.96+321.47 -0.85+3.14™ 0.05+0.07 -54.53+34.88
Extensive: Month8 860.09+543.75 -283.54+357.78 -0.62+3.47 0.12+0.08 -6.25+38.35

*: p<0.05, **: p<0.01

was close to the accepted thresholds described by Bergonier
et al. (2003) for both MS (5.33%+2.97% and 5.22%+3.62%
for semi-intensive and extensive farms, respectively; Table
1). Though the udder health management practice was
irrelevant to the management system applied, there seemed
to be a trend for semi-intensive farms to exhibit higher
case frequency and clinical mastitis-related losses (death
or involuntary slaughter, functionality loss of one half-ud-
der) compared to extensive farms (Table 1); however, this
trend was not proven statistically significant (p>0.05 in all
cases). As indicated by the high SD values of the above
mentioned variables (Table 1), this could be attributed to the
high variability detected among the semi-intensive farms,
regarding mastitis-related animal and udder functionality
losses. Another possible cause could be the improper usage
(e.g. poor maintenance or wrong adjustment of milking
machine’s vacuum and pulse, poor hygiene of milkers /
milking machine, wrong milking order of ewes etc.) of
the milking equipment in semi-intensive farms, that could

adversely affect the incidence and severity of clinical masti-
tis cases (Bergonier et al., 2003).

The relation of clinical to subclinical mastitis frequen-
cy is often described as the “tip of the iceberg phenome-
non”, which suggests that a single clinical mastitis case
can indicate multiple subclinical mastitis cases in a farm
(Bakken and Gudding, 1982). In the present study, such a
phenomenon was also implied by the relatively high SCC
of bulk milk samples with a concurrent low clinical mastitis
incidence in the farms visited. The levels of bulk milk SCC
in MPM and PM had values over 0.5x106, while in HM
they exceeded 1x106 SCC/ml of bulk milk (Figure 3). This
finding suggests that machine-milked ewes were less like-
ly to suffer from subclinical mastitis in comparison to the
hand-milked ewes (Berthelot et al., 2006). However, SCC
levels did not differ between farms of the two management
systems (p>0.05). This is in accordance to the lack of ade-
quate prophylactic measure (i.e. use of dry-off antibiotics,
on time diagnosis and proper mastitis treatment) regarding
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subclinical mastitis in both management systems. When
the effect of milking method within a single management
system (namely the extensive management system) on SCC
was explored, significantly lower levels of the later were
recorded for PM (by 598.818 and 677.268 x103 cells/ml in
comparison to MPM and HM, respectively; p<0.05 in both
cases). The closer inspection of the udder by the farmer
before and/or during milking and the milder interference
with animal welfare achieved while milking with a portable
milking machine, could potentially contribute towards the
protection of the udder against subclinical mastitis and the
production of low SCC milk. Targeted interventions and a
careful prophylactic approach is essential against subclinical
mastitis, lately reported as the primary cause of “Milk-drop
syndrome of ewes” (Fthenakis et al., 2012).

In regard to TBC values, when the effect of the milk-
ing method used within the same management (extensive)
system was explored, significant differences between hand-
and machine-milked flocks were detected. In particular,
bulk milk samples collected from extensive farms where
HM was applied, exhibited significantly lower TBC (by
498.454 units, p=0.002<0.01), when compared to bulk
milk samples of flocks with MPM (Figure 4). This finding
implies that the possibly inadequate hygiene and functional
status of the parlour machine, as well as the lack of good
milking practice, can outweigh the risk of microbial con-
tamination of the milk during HM, thus resulting in milk
of higher bacterial burden in flocks with MPM. However,
HM resulted in lower DMY (by 0.181 1, p=0.001) when
compared to PM (Figure 2). It appears that machine-assist-
ed milking has a beneficial effect on the milk productivity
of ewes, but to ensure the quality of the produced milk,
attention should be paid to the maintenance of the milking
equipment. The results of our study revealed a significant
increase of SCC levels of bulk milk samples collected from
both semi-intensive and extensive farms at the late stage of
the lactation (month 9 and 7 for semi-intensive and extensive
farms, respectively; p<0.05 in all cases) (Figure 1). Bulk
milk samples collected in months 5-7 of the lactation showed
significantly higher TBC values (Figure 1). A seasonal vari-
ation of the quantity and the physicochemical properties of
sheep milk has been previously described (Casoli et al., 1989;
Carta et al.,1995). Similar to our results, Gonzalo et al.(1994)
reported an effect of lactation stage on milk yield and SCC
levels of the Churra dairy sheep. This result was expected
and can be attributed to the different infective status and milk
dilution/concentration effects throughout the lactation period

(Carta et al., 1995). For the extensively bred ewes, the three
milking methods applied (MPM, PM, HM) did not signifi-
cantly affect the monthly variation patterns of SCC, TBC and
DMY (Figures 2-4).

Conclusion

In conclusion, an attempt to describe the reproduc-
tive and milk productive status of “low-input dairy sheep
breeds” in relation to different management systems applied
has been made in this study. Crucial declinations from the
established guidelines concerning udder health management
and milking procedures have been identified. In the same
time, strong indications implying the potential improvement
of quantitative and qualitative milk traits under more inten-
sified management conditions were presented. Mild inter-
ventions (i.e. induction of milking using a portable milking
machine, adequate udder health prophylaxis) could prove
beneficial towards the increase of milk production and the
reduction of SCC and TBC levels. Targeted genetic selec-
tion could also contribute to the exploitation of the full pro-
ductive potential of such promising breeds, reared in low- or
medium- input management schemes, increasing their rel-
ative high output. Attention should be paid though to the
preservation of animal welfare and the special characteris-
tics which enable low-input sheep farms to thrive in rather
challenging climatic and geomorphological conditions.
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