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a b s t r a c t
Aseasonal or out-of-season milk production for small ruminants raised in Mediterranean
areas refers generally to milk having to be produced at a time that corresponds to summer
which is when conditions are generally unfavourable with respect to both physiological
aspects and nutritional factors related to seasonal climatic trends. In fact, sheep and goat
milk production in the Mediterranean basin is mostly based on pasture utilization and
thus follows the pasture availability pattern. This causes a strong seasonal pattern to the
amount of milk processed by cheese processes plants, with the peak being in the spring,
a marked reduction in early summer and nil or low availability of milk from August to
October–November (autumn). In this paper, the reproduction cycles and managerial techniques that can be applied in the Mediterranean environment to reduce or eliminate the
seasonality of milk production are discussed. The use of the “ram effect” at the end of the
anoestrous season and light treatment can be effective and simple tools to maintain milk
yield in the summer period. However, even if sheep and goats are considered to be among
the most heat-tolerant species, the exposure to high ambient temperatures has a detrimental impact on their production and reproductive performances, immune function and
udder health. The use of effective nutritional strategies, the provision of shaded areas and
adequate housing density could then reduce the heat stress.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
About 46% of the world sheep milk originates from the
Mediterranean area. The most important countries in terms
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of the number of dairy sheep and goats are Greece, Italy,
Spain, France and Turkey in Europe, and Algeria, Egypt and
Libya in North Africa (FAOSTAT, 2013). Even if the number
of dairy sheep and goats in the European Mediterranean
countries are less than in the North African countries, the
number of fresh sheep and goat milk yielded in Europe is
more (Table 1).
The productive cycle of Mediterranean sheep and goats
is very closely linked to the Mediterranean climate which
is characterized by a mild winter, with rainfall occurring in
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Table 1
Sheep and goats reared in the Mediterranean area, 2011 (FAOSTAT, 2013).
Country
Europe
Greece
Italy
Spain
France
North Africa
Algeria
Turkey
Egypt
Libya
Morocco
Tunisia
Israel

Fresh sheep
milk (tonnes)

Goats (no.)

7,254,000
5,468,990
2,800,000
1,297,651

773,000
417,839
519,600
273,550

3,350,000
658,800
1,260,000
944,210

13,848,690
11,561,144
2,260,000
2,235,800
944,300
320,000
155,000

320,000
892,822
113,000
60,000
37,700
25,000
16,540

2,578,950
3,033,111
1,240,000
520,000
1,684,700
486,300
36,000

Dairy sheep (no.)

autumn and spring, and a very dry summer. Accordingly,
the fresh forage availability is low in autumn and abundant
in spring. The typical breeding system in the Mediterranean
area implies one lambing per year, with the mating season starting in late spring for mature ewes and in early
autumn for young ewes (about 20% of the ﬂock) the latter are successfully mated only when their body weight is
about 65–70% of normal adult weight. The lambing period
for mature ewes occurs between October and December
(autumn to early winter) to exploit the seasonal availability of the natural pastures at their best. Generally, the older
the ewes, the earlier the lambing; while, late winter is the
lambing period of the primiparous ewes. In general, only
75% of the mated young ewes conceive and lamb; the others are successfully mated only in the next spring and lamb
at about 24 months of age in the autumn that is during the
lambing season of the mature ewes.
The aseasonal milk production for small ruminants
raised in Mediterranean areas means that milk has to be
produced at a time that corresponds to the summer and
generally in unfavourable conditions with respect to both
the physiological aspects and nutritional factors related to
the seasonal climate trends. Examples of aseasonal milk
production have been recorded with the practice of 3 lambings over 2 years that exists in some regions of Italy such
as Tuscany (Secchiari et al., 1988; Biagioli et al., 1989),
Castilla-La Mancha and Castilla-Leon in Spain (Milán et al.,
2011) and Israel (Galal et al., 2008), where lamb meat
makes an important contribution to the farmers’ income.
Generally, lambs are slaughtered or weaned after a
suckling period of approximately 30 days. After the weaning of lambs, ewes are usually milked twice daily until late
spring or early summer. Then despite the different periods
of lambing, the young and mature ewes simultaneously
stop milk production and become dry when the forage pastures dry up, because of the high summer environmental
temperatures.
Under these conditions, the ﬂow of nutrients and energy
from the pasture to the grazing sheep show two critical
constraints: a feed shortage in winter and a sharp decrease
in herbage availability and quality from spring to summer.
Thus, although in most situations feeding is still based on
grazing natural pastures, forage crops and their supplementation with hay and concentrates have been increasing

in importance in areas especially where irrigation is
possible. So, for instance, dairy ewes of high producing
breeds, such as the Awassi and Assaf, are managed in Israel
(Gootwine and Pollott, 2000; Pollott and Gootwine, 2004)
and Spain (Caja and Rancourt, 2002) under intensive production systems that are mainly milk orientated based on
an accelerated lambing regime, machine milking and a
prevalence of zero grazing. Indeed, ewes are fed indoors in
loose stalls with rationed forage and concentrates or totally
mixed rations.
Nowadays, in the Mediterranean area, dairy sheep and
goat farming systems vary from extensive (marked seasonal milk production, dual-purpose breeds, low feed
supplementation, transhumance, hand milking, absence of
farm facilities, farm-made cheese) to intensive systems
(seasonal or continuous milk production, improved local
breeds or crosses, exploitation of forage crops, high feed
supplementation, machine milking and housing facilities,
industrial cheeses) according to the economic relevance
of the production chain and the speciﬁc environment and
breed.
Extensive farms continue to be the reality for the breeding of sheep and goats that are able to take advantage of
the marginal areas of agricultural land. Also, in this type of
farming system, where milk production is highly seasonal,
it is possible to manage the mating activity by techniques of
reproduction and plan the lambing periods and obtain fresh
milk over the entire year, especially in the summer season.
However, it must be pointed out that in high and
medium latitudes, the annual temperature and photoperiod are the two fundamental variables, together with food
availability, that control the seasonal reproductive cycle
of sheep and goats. Indeed, wide areas of the Mediterranean basin are characterized by ambient temperatures
in late spring and summer that often exceed sheep’s thermal neutral zone (5–25 ◦ C) (Curtis, 1983; Costa et al., 1992).
According to Silanikove (2000), if the ambient temperature at night drops below 21 ◦ C for 3–6 h, the animal
has sufﬁcient opportunity to lose all of the heat gained
from the previous day. Unfortunately, during the summer nights, the temperatures in some environments often
exceed 21 ◦ C. According to Sevi et al. (2001), milk production only decreases in lactating ewes when they are
exposed to a temperature humidity index (THI) greater
than 80%. The photoperiod is another important factor
that affects reproduction and the periods of the year when
reproductive activity is absent or high, especially in breeds
that originate from geographical areas at high latitudes.
Thus, appropriate managerial strategies must be developed
to allow sheep and goats to produce milk out of season.
2. The seasonality of the reproductive cycle and
possible management strategies
2.1. The reproductive physiology of sheep and goats: an
introduction
Sheep and goats are considered to be proliﬁc species,
despite the fact that most breeds of both species have seasonal reproductive cycles. During each annual reproductive
cycle, there is a season of low or absent reproductive
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activity (anoestrous season) and a season of high reproductive activity (breeding season).
Several factors are responsible for the regulation of this
cyclical activity (Thiéry et al., 2002). In high or medium
latitudes, of >30◦ (Lincoln, 1992), >35◦ (Malpaux et al.,
1996) or >40◦ (Chemineau et al., 1992) the photoperiod
and the annual environmental temperature cycle are the
main modulators of this seasonal reproduction. However,
reproductive functions in these species are also regulated
by other extrinsic factors, such as social and sexual interactions and nutritional status (Álvarez and Zarco, 2001;
Bearden et al., 2004; Zarazaga et al., 2005). Reproductive
functions are highly demanding in terms of the both the
required quality and quantity of nutrients. Therefore, nutritional status is a very important modulator of reproduction
in sheep and goats (Blache et al., 2008).
2.1.1. Manifestation of seasonality
Reproductive seasonality in ewes and goats is characterized by the succession at regular intervals, with a mean
of 17 and 21 days, respectively, of oestrous behaviour, ovulation and changes in hormonal endocrine levels during the
breeding season, and the cessation of most of these events
during the anoestrous season.
The transition from the anoestrous state to the breeding season is gradual, with the occurrence of a short
cycle not accompanied by oestrus behaviour (silent oestrus
and silent ovulation) in both species. As the ﬁrst corpus
luteum (CL) of the season often regresses (50% in sheep,
76% in goats) prematurely 5–6 days after its formation
(Chemineau, 1983; Knight, 1983). Thus, it is only after the
end of this ﬁrst ovarian cycle that behavioural oestrous
is exhibited. However, it is reported that silent ovulation,
which is neither related to the onset nor the end of the sexual season, can occur in some breeds during mid-anoestrus
(Land et al., 1973; Ortvant et al., 1988). At the endocrine
level, during the anoestrous season, follicle growth and
regression occur and follicles as large as those found during the luteal phase of the oestrous cycle may be present in
both species (Matton et al., 1977; Webb and Gauld, 1985;
Cruz et al., 2005). These follicles produce steroids (oestrogen), and many of the positive and negative feedback
effects of the steroids on the secretion of luteinizing hormone (LH) take place, as in the breeding season (Gordon,
1997). LH continues to be released, but in both species,
this is at a lower frequency than during reproductive season (Karsch et al., 1984; Chemineau et al., 1988; Thiery
and Martin, 1991). A major difference also occurs in the
plasma progesterone concentration which is at virtually
undetectable levels during the anoestrous period (Karsch
et al., 1984; L’Anson and Legan, 1988). To the contrary,
follicle-stimulating hormone (FSH) levels seem not to be
signiﬁcantly different from those found during the reproductive season (Gooding et al., 1969; Roche et al., 1970;
Walton et al., 1977).
2.2. Sheep and goat breeds with aseasonal breeding
activity: examples in the Mediterranean basin
The seasonality of ewe milk production is well known
in the dairy sheep industry. However, in some countries
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of the Mediterranean basin, an intensive management system has been employed in dairy ewes. Examples of this can
be found in Israel and Spain, where two breeds are principally reared: the Assaf and Awassi (Gootwine, 2011; Milán
et al., 2011). In these systems, ewes are kept indoors all
year round, and an accelerated lambing regime is practised
with several mating/insemination periods during the year.
Ewes are milked from the ﬁrst day of their lactation, with
lambs being removed from the ewe into an artiﬁcial rearing unit at birth. This type of milking regime is unique for
dairy sheep, as in most other cases lambs are left with their
mothers to suck until weaning.
For the Assaf ewes, few matings occur in February and
March (early spring), which is considered an “out of season” period as it generally results in a low conception
rate and few lambs being born in July and August (summer) (Pollott and Gootwine, 2004). For the same reason,
no lactation in the Awassi ewes starts in July and August
(Gootwine and Pollott, 2000). In Italy, production of ewe
milk is strongly seasonal and this seasonal production system involves most of the dairy breeds. However, under
certain environmental conditions, certain breeds are able
to mate during different periods.
In the Massese ewe population, the aseasonal milk production is based on a speciﬁc reproductive scheme, which
is favoured by a continuous oestrus cycle throughout the
year (Secchiari et al., 1988; Biagioli et al., 1989). As a consequence, the time between lambings may be reduced
obtaining an average of 3 lambing over 2 years (with an
average inter-lambing period of 8 months) and a longer
lambing season which lasts from the autumn to the beginning of summer (Biagioli et al., 1989). A very speciﬁc
characteristic of the Massese breed is the different length
of the lactation curve, according to the lambing season.
Several surveys carried out over the last 30 years have
demonstrated that three kinds of lambing season may be
noted in the Massese ewe population: (a) early autumn
lambing followed by a short lactation period of 5 months;
(b) late spring lambing also followed by a short lactation
period of 5 months; (c) late autumn lambing followed by an
extended lactation of 8 months (Acciaioli et al., 1999, 2011).
In general, the lactation curve of Massese sheep is characterized by a high level of the lactation peak and a lower
persistence, compared to that of other dairy sheep breeds
(Franci et al., 1999; Steri et al., 2007). As a consequence, the
intensiﬁcation of the reproductive rhythm allows the relative proportion of the ﬁrst part of the lactation in a single
year to increase, which is the most productive. This aspect
also leads to an increase in the ratio of productive days to
presence days for a single ewe in a year (more than 61%)
which in turn leads to an increase in the total productivity of the animals in terms of milk and lamb meat during a
single year (Acciaioli et al., 1999).
Of the sheep breeds reared in Sicily, the Valle del Belice
breed is recognized as the highest milk produced (Giaccone
et al., 2004). This is the reason for its growing integration and the corresponding reduction in numbers to other
Sicilian sheep breeds. The mating activity of Sicilian sheep
traditionally begins on 19th March, the day of the St.
Joseph celebration, with the main lambing season being in
September and October (autumn). A second lambing period
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occurs in winter, and generally lasts from December to
February. Accordingly, sheep milk production shows a seasonal trend, with a great variability throughout the year and
an almost complete termination in the summer particularly
linked to the seasonal availability of forage for grazing.
Despite the seasonal ﬂuctuations of pasture feeding
resources, the lambing distribution of sheep in Sicily is
less seasonal than in other regions of Italy (especially Sardinia) and ewes are more susceptible to mating at different
times of the year. This feature is particularly exploited in
the valley of the Belice river (on the border of the Agrigento,
Trapani and Palermo provinces), where lambing of the Valle
del Belice ewes takes place during the entire year although
most births occur in July and August, earlier than in the rest
of Sicily. A second lambing period occurs in December and
January (Giaccone et al., 2004). This lambing distribution
implies continuous milk production throughout the year
with the highest volume in spring linked to the more abundant forage pastures, and the lowest production in summer,
mainly derived from the lambing season of December to
May, when ewes are fed hay and grazed crop residues.
This out-of-season lambing distribution of Valle del
Belice ewes is then linked to the production of a particular pasta ﬁlata sheep cheese, the PDO Vastedda della Valle
del Belice, which is traditionally made in summer from
raw sheep milk, without a starter addition, and consumed
fresh a few days after manufacture (Mucchetti et al., 2008).
Due to the proﬁtable marketing of this cheese, the farmers generally introduce the rams into the ﬂock in February
to produce milk at the end of summer, although the ewes
lambing from December to May make a major contribution
to the summer milk yield.
2.3. Reproduction management strategies for an
aseasonal production cycle applied to sheep and goat
breeds in the Mediterranean area
Keeping in mind the reproductive physiology of sheep
and goats, it is possible to manage reproduction in such
a way as to have a ﬂock with two or more different reproduction periods, allowing farmers to have milk for 365 days
a year. This is very true particularly of the Mediterranean
areas where the anoestrous period is generally relatively
so short, for example, for Sarda dairy sheep in Sardinia the
anovulatory season is between March and April (Casu and
Manunta, 1968). Seasonality is, however, more marked in
the central European areas, where the anoestrous season
is longer (due to the higher latitude and greater photoperiod variations between seasons). So, for example, in the
Alpine and Saanen dairy goats breeds in France, the anoestrous period lasts for 7 months from March to September
(Pellicier et al., 2009).
It is also worth mentioning that certain methods can
ensure that a ﬂock is in an efﬁcient reproductive condition all year around without the use of traditional hormonal
treatments (progesterone and eCG), which are too expensive and only justiﬁed when linked to AI technique for
genetic improvement.
The ﬂock needs to be split at least into two groups.
In the ﬁrst group, in the Mediterranean area the “ram
effect” is used at the end of the anoestrous period (March,

April, May—Spring) to induce breeding and to ensure the
synchronization and concentration of the lambing season
between September and December, according to the timing of ram introduction. In the second group, the males
are introduced at the peak of the breeding season, when
the animals ovulate spontaneously during the short days
of October, November and December, allowing a natural
breeding management, with the lambing season between
March and May. In the more northern areas (Northern Italy,
France and Central Europe), due to the deep and long anoestrous season, the animals need to be preconditioned by
photo treatment, to have these cycling between April and
June (Rosa and Bryant, 2002).
2.3.1. Ram effect
The ram effect was ﬁrst documented by Underwood
et al. (1944). However, the ﬁrst research designed to investigate the nature of this stimulation was carried out by
Watson and Radford (1960). Later, Morgan et al. (1972)
found that only the deprivation of smell signiﬁcantly
affected the number of ewes showing oestrus. This was
later more intensely investigated by Knight and Lynch
(1980) and Knight et al. (1983). It is now known that the
ﬂeece as well as secretions from the orbital gland due to
the presence of pheromones are effective in stimulating
the reproductive cycle of ewes and goats (Cohen-Tannoudji
et al., 1994).
However, it has been shown that not only pheromones
(Rosa and Bryant, 2002), but also behavioural stimuli
(Chemineau et al., 1986, 2006; Perkins and Fitzgerald,
1994), pre-isolation of the ram (Lishman and Hunter,
1967; Oldham, 1980; Martin et al., 1986), season, breed
(Edgar and Bilkey, 1963; Lishman, 1969) and breeding
rhythm—time of mating, lambing and weaning—of the
ﬂock studied (Lyle and Hunter, 1965) are also factors that
can strongly affect the results of the “ram effect”.
However, what happens when the ram or buck is
introduced at the right time into a ﬂock? The males may
stimulate a high proportion of anovular ewes to ovulate
within 3 days. This ovulation results in a CL, which may
provide progesterone to prime the ewes to display oestrus,
coincident with the next ovulation approximately 16 days
later. As many as 50% of the stimulated CL is will be abnormal and may regress within 6 days (Oldham and Martin,
1978). If an abnormal CL precedes a normal CL it gives a
peak of oestrus behaviour approximately day 24 after the
introduction of the rams. In the Sarda dairy breed, if the ram
is introduced in May at the end of the anoestrous season
(Casu and Manunta, 1968), more than 80% of the animals
will respond to the ram effect and come on heat within
18–24 days of ram introduction (Dattena et al., 2010). However, if the animals are not prepared for the ram effect,
because they are still deeply anoestrous, the results can
be deleterious. In fact, it has been shown that if the ram is
introduced to a ﬂock in a deep anoestrous state, the ewes
will return to the anoestrous state after one or two ovulations. So, for example, more than 50% of Merino ewes
introduced to teaser rams in October in the southern hemisphere became anovular after 50 days (Rosa and Bryant,
2002), suggesting that photoperiodicity overrides the ram
effect.
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Good results can be obtained from ram effect in the
following ways:
a) The females need to be at the end of the anoestrous season (start of the breeding season).
b) The females have to be isolated from males 1–2 months
before the ram is introduced.
c) The male needs to be introduced in a ﬂock with the apron.
d) The male needs to be introduced 15–17 days before the
mating day.
e) The ratio of males to females needs to be between 1:16
and 1:25.
f) The females and the males need to be in a good physical
condition.
2.3.2. Light treatment
To induce the oestrus cycle (heat, ovulations and return
cycles) during the anoestrous season, it is necessary to
manipulate the length of daylight with a lighting programme for the females and males in a barn. This technique,
also called photoperiodic treatment, provides the only
opportunity during the anoestrous period to induce a
“mini” sexual season (2–3 cycles) for the breeds with a
long and deep sexual rest (e.g. Alpine and Saanen dairy
goat breeds). However, it is applicable only in an intensive
farming system (light equipment in the barn) and must be
planned well in advance: 3 months of “long days” with at
least 16 h of daylight plus 2 months of “short days” with
no more than 12 h of daylight is required. With these very
seasonal breeds, which have 7 months of sexual rest from
March to September, it is necessary to apply light treatment even in the Mediterranean area to have reproduction
in the spring (April, May), kidding in autumn (September,
October) and milk yield during winter. Thus, it is necessary to apply robust reproductive protocols for these goat
breeds to have milk during winter, but it is quite simple to
have milk in summer following their natural reproductive
rhythms.

2.3.3. Breeding season
The breeding season in sheep and goats is conventionally considered to start in the late summer/early autumn
in all the breeds and at all the latitudes. During this period,
the female animals ovulate spontaneously and become
pregnant easily. Thus, the main objective is to have a good
concentration of lambing and new born lambs and kids in
the same period (March–April). This is often a problem due
to a reduced number of males in the ﬂock (1–2%). It is well
known that a good male can mate on average 6–8 animals
per day (Hulet et al., 1962a, 1962b; Lightfoot and Smith,
1968), but with a high variability that depends on each
male’s attitude to mating and the number of females on
heat each day. Thus, if a male is left alone with 100 animals most of the females will be pregnant in 30–60 days,
due to many returns in heat, so the result is that the lambing season will last for at least as long as 2 months. If a
higher male/female ratio (4%) is applied together with a
good concentration of females on heat at the same time
(ram effect), the lambing period will be more concentrated
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and better fertility will be obtained (Dattena et al., 2010,
personal communication).
3. Heat stress management and animal welfare
implications
Air change, space and volume allowance are considered
to be the main factors responsible for air pollution in animal
houses, in particular, during the hot season. Poor ventilatia, bedding and surface hygiene can be a serious limitation
to the production performance and health of the farmed
livestock. During summer, exposure to solar radiation and
inadequate nutrition are also responsible for the accumulation of deleterious exogenous and endogenous heat load
on the productivity and welfare of animals.
Experiments conducted on Comisana ewes showed a
marked increase in rectal temperature and respiration rate,
and an alteration in the metabolism and productive performance, after the exposure of ewes to temperatures of
over 35 ◦ C, even for short periods, or after a prolonged
exposure to mean temperatures of 30 ◦ C (Sevi et al., 2001;
Caroprese et al., 2012). Under such conditions, an alteration
in mineral metabolism (Mg, K, Ca, P), with a reduction in
milk production and casein and fat content (mainly the
reduction in long chain and unsaturated fatty acids), and
a worsening of the, milk hygiene quality (with an increase
in neutrophils, staphylococci, coliform and pseudomonas
count) was observed. Moreover, a dramatic worsening of
the cheese-making properties of milk were found, caused
by the reduction in Ca and P content and by the increase in
plasmin activity, the main endogenous proteolytic enzyme
in milk (Sevi et al., 2004). In Sarda ewes, milk yield may be
reduced by 15% if the maximum ambient temperatures are
higher than 21–24 ◦ C, and by 20% if minimum temperatures
are changed from 9–12 to 18–21 ◦ C (Peana et al., 2007).
When the effects of the provision of shaded areas and the
changing of feeding time to lactating ewes during summer
on the fatty acid composition of milk were evaluated, both
strategies were found to increase the unsaturated fatty acid
levels (Sevi et al., 2002b). In particular, the provision of
shade resulted in higher proportions of unsaturated chain
and long chain FA in milk, primarily due to the increased
content of oleic, linoleic and linolenic acids, and a decrease
in caproic, capric, lauric, myristic and stearic acid. As a
consequence, the long to short chain and unsaturated to
saturated fatty acid ratios were signiﬁcantly higher by 4
and 13%, respectively, in the milk of shaded ewes, compared to that of the unshaded animals.
Al-Tamimi (2007) observed an increase in respiratory
and heart rates, and in rectal temperatures by 133, 12
and 1.5%, respectively, in goats exposed to solar radiation, compared to goats in shaded areas. When exposed to
direct solar radiation, goats required 10–14 days to adapt
to thermal stress through physiological adjustments (i.e.
increased respiration rate and peripheral vasodilatation)
and changes in feeding and water timing. When the ambient temperature changed from 20 to 40 ◦ C, a reduction of
feed intake by between 10 and 60% was recorded, depending on the goat breed (Lu, 1989). In such conditions, a
marked alteration in the mineral balance and hormone production occurred. In pregnant goats, heat stress induces
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polydipsia (Olsson et al., 1995). When subjected to 4 days
of water deprivation in a desert climate, goats can feed and
yield milk by maintaining an adequate intestine and udder
blood ﬂow (Maltz et al., 1984).
Milk is also an important source of vaccenic acid
(trans-11 C18:1 , VA), which is an intermediate of rumen
biohydrogenation of linoleic and linolenic acid, and is converted to rumenic acid (cis-9 trans-11 C18:2 , RA) by 9
desaturase in the mammary gland. RA is the major isomer of totally conjugated linoleic acid (CLA) of milk fat, and
both VA and RA are considered to be health-promoting fatty
acids (McGuire and McGuire, 2000). In ewes milk, Nudda
et al. (2006) observed a reduction of VA and RA with the
advancement of lactation, with the lowest values being
recorded in summer. Flaxseed supplementation increased
the content of milk VA by about 50% in the ewes exposed to
solar radiation and by 18% in the ewes protected from solar
radiation. Flaxseed supplementation increased the total
CLA content of milk, regardless of direct exposition to solar
radiation (Caroprese et al., 2011). The decrease in lauric,
myristic and palmitic acid concentration led to a reduction of the atherogenic (AI) and trombogenic (TI) indexes
in milk of ewes receiving ﬂaxseed supplementation. Milk
fat with high AI values has detrimental effects on human
health. It is known that in the human diet, saturated fatty
acid contributes to coronary diseases whereas unsaturated
fatty acids, including CLA (rumenic acid), MUFA (in particular, oleic acid) and PUFA, have a protective effect against
the risk of cardiovascular diseases (Williams, 2000).
The respiration rate of heat-stressed sheep can be
reduced by the administration of whole ﬂaxseed during
summer. The nicotinic acid content of whole ﬂaxseed has a
peripheral vasodilator effect, thus improving heat dispersion by evaporation (Caroprese et al., 2012). Exposure to
high ambient temperature also causes an increase in the
water turnover and intake rate in sheep. Marai et al. (2007)
reported a water intake increase of 50%, and a water loss
decrease of 25% in the faeces and 40% in urine, during heat
stress. Changes in water metabolism are also responsible
for the alteration of nutrient digestibility in heat-stressed
sheep. Furthermore, heat stress can induce an impairment
of rumen functionality in sheep with a reduction in bacterial activity and a dilution of the rumen ﬂuid (Bernabucci
et al., 2009). It was found that in a pending high heat load
situation, a ventilation regimen providing 70 m3 /h/ewe can
sustain ewe milk production (Sevi et al., 2002a). The use of a
ventilation rate of 35 m3 /h per ewe resulted in higher total
milk coliform and an impairment of sheep udder health,
with an increase in somatic cell count compared to milk
from better ventilated animals (Sevi et al., 2003; Albenzio
et al., 2005).
Diurnal thermal ﬂuctuations can affect the sheep and
goats’ immune responses during summer. When Sevi et al.
(2001) evaluated the cellular immune activity in vivo in
sheep exposed to or protected from solar radiation and fed
in the morning or in the afternoon, a reduced in vivo lymphocyte proliferation was found in ewes exposed to solar
radiation and fed in the morning. The supplementation
of whole ﬂaxseed in ewes exposed to solar radiation can
sustain their immune response. Most likely the administration of whole ﬂaxseed can induce an increase in cortisol

secretion, which in turn could inﬂuence the sheep humoral
responses by stimulating IL-10 and inhibiting IL-12 production.
Ewes subjected to heat stress and a reduced ventilation rate display increased cortisol levels. The increase in
cortisol secretion may be responsible for the impairment
of their cellular immune response after the intradermal
injection of mitogens and for the impairment their IgG production after antigen injection (Sevi et al., 2002a; Caroprese
et al., 2012). The incidence of udder health problems in
sheep increases during summer. A reduction in immune
response as a result of heat stress and the increased microorganism proliferation as a consequence of the warm and
humid environmental conditions occurring in the Mediterranean basin can explain the increased incidence of udder
health problems. Heat stress, may in fact reduce the mammary defence capacity thus leading to enhanced bacterial
colonization of the ewe udders, as suggested by the prevalence of environmental pathogens in the microbial species
isolated from bacteriologically positive milk samples of
ewes exposed to direct solar radiation (Sevi et al., 2001).
As a result, there is a deterioration in the milk’s hygienic
and nutritional properties, as well as of its cheese-making
ability (Sevi et al., 2001). When evaluating the effects of
housing conditions on the welfare and production of lactating ewes in summer, Casamassima et al. (2001) found
increased SCC in milk from ewes reared indoors, compared
to outdoors. They attributed this result to the worsening
of air and litter pollution conditions and to faecal contamination. In late lactation milk collected during summer
months, Albenzio et al. (2004) found increased levels of
SCC and macrophage cells, which were associated with
enhanced plasminogen and plasmin activities. The increase
in SCC commonly measured in late lactation milk during
the hot season is responsible for the impairment of the
coagulation properties of milk, promoting the conversion
of plasminogen into plasmin.
The main nutritional strategies against high ambient
temperatures are the use of a high-energy diet to balance
reduced feed intake and an increased energy demand for
thermoregulation. Also the use of protein with a low rumen
degradability to balance the increased nitrogen catabolism
and changed feeding times and the scheduling of feeding times so as to increase the number of feeding and
shifting the feeding to late afternoon. Further, the use of
supplements to improve the immune function and the
physiological and production responses of sheep is suggested.
4. Conclusion
Out of season milk production in sheep and goats can be
obtained by controlling their reproductive activity. In fact,
with the rigorous application of speciﬁc protocols, it is possible to manage small ruminant reproduction throughout
the year and maintain a continuous milk production. Especially in the Mediterranean area, the use of the “ram effect”
at the end of the anoestrous season and light treatment can
be effective and simple tools to help the farmer advance the
breeding season. This together with a sufﬁcient number of
males (1 per 20–30 females) can ensure a good pregnancy
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rate for the females at the onset of and during the breeding
season.
However, the summer production of milk requires
particular control of the rearing environment in sheep subjected to heat stress even if both sheep and goats are
considered to be among the most heat tolerant species.
Exposure to high ambient temperatures has a detrimental
impact on their production performance, immune function
and udder health. Provision of shaded areas, careful litter management, adequate housing density and airspace,
as well as proper indoor ventilation are critical for sustaining the production performance and the udder health
of sheep during the hot season. Also, the improvement
of nutrition management and the genetic development of
heat-resistant breeds have been indicated as key strategies
to improve the productivity, health and welfare of sheep
and goats raised in hot climates.
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