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EFFECTS OF HEAT STRESS ON PHYSIOLOGICAL TRAITS IN SHEEP

Cagr1 Kandemir, Nedim Kosum, Turgay Taskin
Ege University, Faculty of Agriculture, Department of Animal Science,

35100 Bornova, Izmir, Tiirkiye
cagri.kandemir@ege.edu.tr

Sheep husbandry in tropical and sub-tropical regions tends to breed throughout the year, although the sexual
activity is restricted to a certain extent to the summer months. In such areas, a high ambient temperature is the major
constraint on animal productivity. This effect is aggravated when heat stress is accompanied by high ambient humid-
ity. Exposure of sheep to elevated temperatures results in a decrease of body weight, average daily gain, growth rate
and body total solids. The possible mechanisms involved in inducing the biological changes in heat-stressed sheep
could have definite applications. Growth in young animals, the increase in live body weight, is controlled genetically
and environmentally. The available nutrients, hormones and enzymes, as well as, elevated ambient temperatures are
considered as some of the environmental factors that can influence daily gain. During the early stage of embryonic
life, the total cell number and placentome size were greatly reduced and the cell size only slightly decreased by expo-
sure to warm temperatures, compared to thermo-neutral temperatures. This occurred at the time of examining aspects
of placental protein and energy metabolism of pregnant ewes during middle and late gestation. The effect of heat is
aggravated when heat stress is accompanied with high ambient humidity.
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E®EKTUTE HA TOIVIOTHUOT CTPEC BP3 ®U3UOJIOIIKUTE OCOBUHHU HA OBIIUTE

Bo OBYapCTBOTO BO TPOIICKUTEC U CYIITPOIICKUTE PETHOHU MMa TCH,IIGHI_[I/Ija Jla C€ BpIIH OIJIOAYBAmbE€ BO TCKOT
Ha fejiaTa ro/inHa, Hako CEKCyaJilHaTa akKTUBHOCT € OrpaHU4Y€Ha A0 OAPCACH CTCIICH Ha JICTHUTE MCCCIHU. Bo takBuTe
00J1acTH BHCOKAaTa TEMIICpaTypa € riiaBHa IpeyKa 3a NPOAYKTUBHOCTA Ha JKUBOTHUTE. OBOj e(i)eKT C€ BJIOIIIYyBa Kora
TOIIOTHUOT CTPEC € NPUAPYKEH CO BUCOKaA aMOMeHTalTHa BIIAXHOCT. M310KeHoCTa Ha OBLUTC HA 3roJICMCHU TEMIIC-
parypu pe3yiaTrnpa CO HaMajlyBalb€e Ha TE€JICECHATa TCKHHA, IPOCCYHUOT JHEBCH IPUPACT, IPOLUCHTOT Ha PACTEKOT U
BKYIIHaTa TEJICCHA Maca. MoXHUTE MEXaHH3MHU KOU CE BKIIYUCHU BO INOTTUKHYBAaHC Ha OHOJIOIIKH IIpOMEHU Kaj
OBIUTE BO TOILUIMTC IMPEACIN IIe(i)I/IHI/ITI/IBHO Ou MoxKere Jla C€ KOpucrar. PacTexxoT Ha MiTaguTe KUBOTHU U 3rojemy-
BalkbETO HAa HMBHATa TEJIECHA Maca € KOHTPOJIMPAHO I'€HETCKU U OJ HaJABOpEUIHATa CpCaArnHa. I[OCTaHHI/ITC XpaHjJIuBH
MaTre€pur, XOpMOHU U €H3UMHU, KAKO U NOKAYCHUTE TEMIIEPATYpHU Ha BO3AYXOT C€ CMETAAT 3a HEKOU OJ CKOJIOIIKUTE
q)aKTOpI/I KOHM MOXKat na BIII/IjaaT Bp3 THEBHUOT IIpUPACT. HpH H3JI0KCHOCT Ha BUCOKU TEMIIEpATYypH BKYITHHOT 6p0_]
Ha KJICTKW U roJicMruHara Ha INIaH€HTOMOT BO (1)a3a’ra Ha eM6pI/IOHaJIHI/IOT pa3130j Oca 3HAYUTEITHO HaMaJICHHU, JOZCKa
rojieMHHATa Ha KICTKUTE Oelie caMo MaJIKy HaMaJiICHa, BO cnopenﬁa CO TEPMO-HEYTpaJIHU TEMIICpATypH. Toa ce
CJIy4YH IIPpU UCIIUTYBAalC HAa IPOTECUHUTE HA ILUIALICHTATa U €HEPIreTCKUOT MeTaboJIn3aM Kaj T'paBUIHU OBIU BO CpeaU-
HaTa U KOH KpajOT Ha 6peMeHOCTa. E(i)eKTOT Ha TOIUIMHATa C€ BJIOIYBa KOra TOIUIMHCKUOT IIPUTHUCOK € MPUAPYIKECH
CO BHCOKa aMOMEHTAJIHA BJIIAXKHOCT.
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INTRODUCTION lent extensive production system. In fact, since

sheep are considered very rustic animals, their

Studies on the heat stress and result of wel- ability to cope with prohibitive environmental

fare in sheep have developed slowly, due to some conditions and inadequate management practices,

of their physiological peculiarities and their preva- without harming their welfare and productive per-
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formance, has been often overrated. In addition,
the diffusion of extensive husbandry of sheep has
led to the belief that sheep and goats did not need
any welfare assessment. This was based on the fact
that generally the highest standard of livestock
wellbeing, associated with minimal behavioural
restriction and man’s intervention in the biological
cycle of the animal, is attributed to the extensive
production system. Sheep are mostly spread
throughout internal and marginal areas, where
breeders are still anchored to traditional produc-
tion systems and are not receptive to updated hus-
bandry techniques, especially to those without an
immediate economic and tangible impact.

EFFECT OF HEAT STRESS
ON BODY WEIGHT

Growth, the increase in live body mass or cell
multiplication, is controlled genetically and envi-
ronmentally. The available nutrients, hormones
and enzymes, as well as, elevated ambient tem-
peratures are considered as some of the environ-
mental factors that can influence ADG (Hafez,
1991; Habeeb et al., 1997). Placental development
requires adequate and organized interaction of
vascular growth factors and their receptors — in-
cluding a vascular endothelial growth factor and
the placental growth factor. Exposure to environ-
mental heat stress early in placental development,
could impair normal placental vascular develop-
ment due to lower levels in these tissues. During
the early stage of embryonic life, the total cell
number and the placentome size were greatly re-
duced and the cell size only slightly decreased by
exposure to warm temperatures, compared to
thermo-neutral temperatures. This occurred when
environmental conditions, i.e. fetal and placental
weights and total examining aspects of placental
protein and energy metabolism of pregnant ewes
during mid and late gestation. Regnault et al.
(2000) additionally found that chronic heat expo-
sure lowers the circulating placental hormone con-
centrations due to impaired trophoblast cell devel-
opment. The impact of heat exposure during pla-
cental growth is big enough to restrict early fetal
development, even before the maximum fetal
growth phase. Soto et al. (1998), however, re-
ported the main effect of heat stress over reproduc-
tive efficiency to be during the first 17 days of
pregnancy and the use of shade to be beneficial to
improve the pregnancy rate in a flock. Lamb birth

weights of temperate sheep breeds show a linear
decline when maintaining their dams for genera-
tions in hot, semi-arid locations. Such results give
an idea regarding the level of tolerance of the men-
tioned temperate sheep breeds to the hot condi-
tions. Lambing average daily gain values were re-
corded to be lower in summer than in winter in
lambs, as well as in a psychrometric chamber (30—
40 °C) compared to a shelter (20-30 °C), for Suf-
folk sheep (Marai et al., 2000; Padua et al., 1997).
Similarly, body weight, growth rate, total body
solids and body solids daily gain (g) were impaired
following exposure to elevated temperatures (Is-
mail et al., 1995). The effects of elevated ambient
temperature on growth performance are the prod-
uct of a decrease in anabolic activity and the in-
crease in tissue catabolism. This decrease in
anabolism is essentially caused by a decrease in
voluntary feed intake of essential nutrients. The
decrease, especially metabolizable energy for both
body maintenance and weight gain, causes a loss
in the production per unit of feed. The increase in
tissue catabolism occurs mainly in fat depots
and/or lean body mass. The latter effect is due to
the catabolism of endogenous DNA and RNA
purines due to the increase in catacholamines and
glucorticoids (Marai et al., 2000, 2006).

FEED INTAKE AND UTILIZATION

Sheep have a better ability to convert fibrous,
low quality feedstuffs into meat and other prod-
ucts than cattle (Hafez, 1991). However, moderate
heat stress reduces intake and growth in young
sheep consuming a high feed intake of medium
quality roughage diets. This does not affect the
relative responses to supplements providing prin-
cipally fermentable ME or a similar amount of
fermentable ME and additional metabolizable pro-
tein (Dixon et al., 1999). Exposure to high ambient
temperatures, augments the efforts to dissipate
body heat, resulting in the increase of respiration
rate, body temperature and consumption of water,
and a decline in feed intake. A higher heat incre-
ment is caused by the specific dynamic action that
accompanies the metabolism of feed which is
highest in the case of poor quality, fibrous feed-
stuffs (Marai et al., 2000). Factors such as water
deprivation, nutritional imbalance and nutritional
deficiency may exacerbate the impact of the heat
stress. Sheep, however, recorded a lower sensitiv-
ity to heat stress, when compared to cattle, at a
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maintenance feed level. The provision of shade
shelter is suggested as a practical measure applica-
ble under extensive conditions (Silanikove-Nissim,
2000). Studies show dry matter intake to decrease
significantly following exposure to heat stress in
Croix, Karakul, Rambouillet, Sardinian and Co-
misana sheep (Nardon et al., 1991). Similarly, dry
matter intake per kilogram live weight was lower
and the maintenance requirements were higher at
high ambient temperatures. The decrease in con-
centrate intake by rams was estimated to be ap-
proximately 13%, without altering the roughage
consumption, when kept at 35 °C in a climatic
chamber. The daily feed intake and feed conver-
sion also significantly decreased in Suffolk lambs
under hot conditions in a climatic chamber (30.5
°C), compared to a group under shelter (19.3 °C),
during spring (Padua et al., 1997).

GESTATION PERIOD

Exposure of the pregnant ewe during mid and
late gestation to warm ambient temperatures,
greatly reduces the total embryo cell number and
placentome size. In addition, lamb birth weight,
live body weight gain or growth rate, as well as,
the total body solids and daily solids gain are im-
paired by exposure to elevated temperatures. In
other words, it can be stated that lamb production
is deleteriously affected by exposure to heat stress
and this causes an economic loss. The percentage
loss pertaining to heat stress has been estimated in
other species, to be more than 70% of live weight
at weaning (Marai et al., 2006). Such phenomena
necessitate either to protect the ewes from expo-
sure to high ambient temperatures during the
breeding season or to carry out breeding of ewes
during the milder periods of the year, in the warm
climate zones.

ANIMAL WELFARE AND MILKING
MANAGEMENT ON SHEEP

Confined rearing is usually characterized by
high stocking density and prolonged faeces accu-
mulation in sheep housing. Therefore, adequate
space allowance, careful litter management and
scrupulous monitoring of the terms of temperature,
relative humidity and air quality are crucial aspects
in sheep housing. The minority of sheep and goat
flocks are permanently housed, while most of them
are housed only during the night and in periods in
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which grazing is not feasible. In any case, it is fun-
damental to understand that maintenance of good
hygiene conditions, associated with correct dimen-
sioning of structural parameters and adoption of
proper management practices, is important in ei-
ther type of system. Unfortunately, sheep often
have shelters that are not appropriate, in terms of
design, materials and size.

Milking management is a critical point in
sheep farms. The time animals need to adapt to
machine milking, pre-parturition training to milk-
ing parlour, the number of lambs born by ewes,
and type of milking, can markedly affect the wel-
fare, health and production performance of dairy
sheep. The behaviour of animals in the milking
parlour is probably influenced by both genetic fac-
tors and their previous handling experience. The
stress caused by fear of humans has practical im-
plications on dairy animal performance. Therefore,
reducing the emotional or physical stress of dairy
animals helps to increase their productivity and to
maintain their health status. Two main mecha-
nisms may be involved in the response of lactating
animals to stress: a local mechanism, proposed by
Silanikove ef al. (2000), which connects the plas-
min-plasminogen system to the autocrine inhibi-
tion of lactation, and a systemic mechanism which
takes into account the role of the hypothalamic-
pituitary-adrenal axis(HPA) in determining the
rate of milk secretion (Matteri et al., 2000). Si-
lanikove et al. (2000) showed that stress activates
the HPA axis that liberates cortisol into blood
plasma. This in turn induces the liberation of the
plasmin activator from the mammary epithelial
cells into the mammary cistern, where it activates
the plasmin system that degrades p-casein and
produces the residue 1-28 B-casein. This is also
called proteoso-peptone channel blocking (PPCB).
PPCB inhibits the ion channels in mammary epi-
thelia apical membranes and thus also inhibits lac-
tose and monovalent ion secretion. This results in
a decrease in milk volume. When injecting the 1-
28 Bcasein fraction into the udder lumen of sheep,
Pulina et al. (2005) observed a transient reduction
in milk production, which was not associated with
the disruption of the integrity of the mammary cell
junctions. In the systemic mechanism, stress acti-
vates the HPA axis and stimulates the secretion of
adrenocorticotropic hormone (ACTH) by the pi-
tuitary gland. The ACTH stimulates the synthesis
and release of glucocorticoids from the adrenal
cortex. Cortisol causes a decrease in milk synthesis
by blocking the uptake of glucose by the mammary
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gland (Sevi et al. 2001, Dwyer et al., 2004). A sec-
ondary effect of stress is the inhibition of prolactin
synthesis by the pituitary gland due to the hypo-
thalamic release of dopamine. Both situations
cause a transient metabolic energy surplus due to a
reduction in the energy output by the milk and an
increase in mobilization of stored energy. This is
caused by a sharp increase in glucocorticoids, fol-
lowed by an increase in insulin and adipose tissue
uptake capacity. If the stress continues, it may
have negative effects on lactation yield, especially
in the second half of lactation, due to increased
secretion of the leptin hormone by adipose tissue.

EFFECTS OF BREAKDOWN OF THE
MATERNAL BOND ON LAMB WELFARE

Artificial rearing has not had great diffusion
in sheep breeding. Apart from technical and man-
agement factors, the outcome of artificial rearing
of lambs depends largely on the ability of the new-
born to readily adapt to the artificial teat (Sevi et
al., 2006). During the transition from maternal
milk to artificial rearing, emotional and nutritional
stresses of young animals have deleterious effects
on their growth, health and vitality. Such stresses
are caused by the breakdown of the mother/young
bond and by inadequate substitution of sheep milk,
which is nutritionally much richer than commer-
cial milk replacer. The recent introduction of the
so-called acid milk replacers on the market solves
a number of technical problems, but tends to
sharpen the nutritional stress of the lamb due to
their lower fat and protein contents compared to
traditional milk replacers. When the transition to
artificial rearing is abrupt, it is necessary to use
strategies which help lambs to have a fast and
positive approach to the artificial teat. This is im-
portant because of at least three reasons: firstly,
lack of adaptation to artificial rearing can have
deleterious effects on growth and survival of new-
born animals; secondly, the presence of long-
lasting stress conditions can lead to a reduction of
immune function; and thirdly, the more difficult
the approach to artificial rearing is, the more com-
promised is the ability of young animals to face
other stressful situations, even transitory ones.
Previous studies have highlighted that, even after
an early separation of lambs from their mothers, a
gradual transition over a 10-day period, from ma-
ternal milk to milk replacer can improve the wel-
fare of the artificially reared lamb, even if it does

not allow it to reach the same growth rate of the
dam suckled lamb (Sevi et al., 1999a,b). On the
contrary, keeping the lamb with the mother, thus
giving it all maternal stimuli (touch, vocal, smell
and sight), but hindering its access to the mother
udder, does not improve the well-being of the
lamb. Instead, such deprivation from natural suck-
ling frustrates the lamb, probably because of non
satisfaction of its social and nutritional expecta-
tions (Napolitano et al., 2003). A useful tool to
minimize the stress related to artificial rearing is
gentling. In fact, several studies (Boivin et al.,
2001; Caroprese et al., 2006) have highlighted that
gentling strongly encourages the lambs reared
without their mothers to positively interact with
the stockman, whereas gentling has no beneficial
effects on dam-reared animals. In artificially
reared lambs, gentling improves their immune re-
activity, making it comparable to that of dam-
suckled lambs, and reduces their plasma cortisol
responses to handling. Peer rearing, mainly in the
presence of older and more expert lambs, can also
be greatly beneficial, by minimizing the stress re-
lated to lamb separation from the mother and by
stimulating an adequate behaviour of the artifi-
cially reared lamb (Casamassima et al., 2001).

CONCLUSIONS

Field trials have clearly demonstrated that
even if sheep are considered to be very rustic, they
can greatly benefit from careful flock manage-
ment, which can markedly improve their well-
being and biological efficiency. Extensive hus-
bandry has proved to be beneficial to the welfare
needs of lactating ewes, but exposure to climatic
extremes, seasonal fluctuations of herbage quality
and quantity, and parasitism can threaten the wel-
fare of extensively reared flocks. Under semi-in-
tensive farming conditions, instead, sheep are gen-
erally preserved from hunger and thirst, and are
sheltered from climatic extremes, but they live in a
very predictable and less motivating environment.
In semi-intensive rearing much attention must be
given to the micro-environment control, and to the
choice of proper house structures, material and
design, in order to avoid crowding, aggressive be-
haviour, increased ambient pollution, and poor
udder health. Irrespective of rearing system, proper
timing, careful control of sanitation of milking op-
erations and adoption of correct technical parame-
ters of milking machines are also important for
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sheep welfare. For all these reasons the farmer and
the stockmen play a major role in semi-intensive
and extensive rearing.
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