
HAL Id: hal-00901437
https://hal.science/hal-00901437v1

Submitted on 11 May 2020

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

THERMOREGULATION AND ENERGY METABOLISM IN
THE NEONATAL PIG

J. Le Dividich, J. Noblet

To cite this version:
J. Le Dividich, J. Noblet. THERMOREGULATION AND ENERGY METABOLISM IN THE NEONATAL PIG.
Annales de Recherches Vétérinaires, 1983, 14 (4), pp.375-381. ⟨hal-00901437⟩

https://hal.science/hal-00901437v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


THERMOREGULATION AND ENERGY METABOLISM

IN THE NEONATAL PIG

J. LE DIVIDICH J. NOBLET

lNRA de St-Gilles, 35590 L’Hermitage, France

Abstract

The period of 2-3 days following birth represents a critical period in the life of a pig. A major factor adver-
sely affecting survival is the difficulty of the piglet to maintain homeothermy. Its thermoregulatory mecha-
nisms available at birth become active immediately, but the thermogenesis is limited by the paucity of
body energy reserves mainly composed of glycogen. Ingestion of colostrum is associated with a conside-
rable increase in the metabolic rate wich contributes to maintenance of body temperature. Within the first
day of life, it is established that both heat production and rectal temperature are closely related to the
level of colostrum intake. Failure to provide an adequate thermal environment reduces colostrum intake in
the neonatal pig with corresponding effects on the development of the immunological and thermoregula-
tion system. Finally, the key role of cold stress on neonatal mortality is discussed.

Data from different countries show that prewea-
ning losses average 15 to 20 % of live born piglets.
It is noteworthy that this mortality rate should
remain so high despite the great increase in know-
ledge in neonatal physiology, nutrition, health
and management. The majority of these deaths
occur during the first postnatal week with the hea-
viest losses being reported within 72 h of birth

(fig. 1 ). In addition, later deaths are often triggered
off by events in the first hours of life. This illus-
trates how critical the neonatal period is to survival
and how research on all aspects of the baby pig
remains a very important priority.
Many attempts have been made to identify the

causes and key factors involved in baby pig morta-
lity. Starvation leading to hypoglycaemia, diarrhea
and crushing are generally reported as the main
direct causes of death. However exposure to cold
soon after birth is probably responsible for more
deaths than any other factor. For example, a mor-
tality rate of 6 % has been reported during the first
day of life in litters that were farrowed at an envi-
ronmental temperature of 25 5 °C. However at 10 OC
the mortality rate was 31 % (Parker et al., 1980).
Provision of bedding considerably reduces the
losses of piglets within the first four days of life
(Aumaitre, 1980). In this regard it is commonly

accepted that the neonatal pig is very susceptible
to cold (Mount, 19681. Even at thermal neutrality,
the piglets depend upon considerable mobilization
of body energy reserves until such times as it
achieves homeothermy and is consuming suffi-
cient energy-yielding substrates from its diet. Thus
both the thermoregulatory capacity of the piglet
associated with body energy reserves at birth and
colostrum intake are important since they deter-
mine the ability of the newborn to survive during
the first days of life.

Thermoregulation capacity of the neonatal pig

Despite the sharp fall in rectal temperature (RT)
which occurs at birth, there is no reason to believe
that the thermoregulatory mechanisms available at
birth do not become active immediately. Indeed,
piglets born in cold conditions respond very quickly
by increasing their heat production. For example,
(fig. 2) at an ambient temperature of 18 °C, the
meiabolic rate of piglets is 130 % higher compared
to that at 31 °C within the first 20 min after birth
(Noblet and Le Dividich, 19811. However the pig is
the most cold sensitive ungulate (Curtis and
Rogler, 19701. It has a critic:al temperature of 33-
35 °C (Mount, 1959) in comparison with the 29 °C
for lambs (Alexander. 1961 and 13 °C for calves



(Gonzales-Jimenez and Blaxter, 1962). Domestic
pigs, in contrast to wild pigs are virtually hairless
when born (Hansen et a/., 1972) and subcuta-
neous fat is lacking (Manners and McCrae, 19631.
These together with a high surface/mass exposure
presumably accounts for the pig’s high critical

temperature. As a consequence the thermal insula-
tion and the heat conserving capacity of the neo-
natal pig are very low. This is illustrated by the fact
that each 1 °C decrease below the critical tempe-
rature is associated with 1.5 kJ/kg ! 75/hour
increase in heat production (Noblet and Le Divi-
dich, 1982). This compares the 0.5 to 0.6 kJ/kg
0.75/hour reported in older pigs.

Cold resistance results from coordinated mecha-
nisms which decrease heat loss and increase heat

production. Decreasing heat loss is mainly achie-
ved by behavioural adjustments including hud-

dling, piloerection, and postural changes. In this

respect, laboratory thermocline tests show that the
piglet less than 1 day old is capable of choosing an
environmental temperature which is very close to
its critical temperature (Mount, 19631. However in
practice, the newborn piglet prefers to lie close to
the udder of the dam than in the heated area

during the first days of life (Titterrington, 19741.
-1

This behaviour undoubtedly predisposes the piglet
to be overlaid by the sow. This is illustrated by the
finding that the neonatal mortality is inversely rela-
ted to the time spent by the piglets in the heated
area (Berbigier and Le Dividich, 1978).
The inadequacy of protection against heat loss

in the newborn pig increases the importance of
heat production in the maintenance of body tem-
perature. In this regard the neonatal pig has the
capacity to considerably increase its heat produc-
tion in response to cold. For example, its metabolic
capacity to considerably increase its heat product-
ion in response to cold. For example, its metabolic
temperature, is approximately four times higher
than the minimal metabolic rate, i.e. 34-35 vs 8-
9 ml 02/kg°.75/min (Noblet and Le Dividich,
1982; Studzinski, 1972). This metabolic capability
is reached at environmental temperatures of 15-
18 °C which is rather low (Nichelman et al., 1975;
Noblet and Le Dividich, 1982). Nevertheless, this
temperature is close to the environmental tempe-
rature found in the farrowing house, unless supple-
mental heating and bedding are provided.
The thermostability of the fed piglet is substan-

tially improved during the first day of life since the
fall in rectal temperature in response to cold expo-
sure is less marked in the 30 h old compared to the
6 h old piglet (Curtis et al., 1967). Similarly to

other newborn mammals including newborn
infants (Hill and Rahimtula, 1965) and lambs

(Dawes and Mott, 1959) the metabolic rate of the
fed piglet is characterised by a continuous rise

during the first 24 to 48 h of birth (Mount and
Rowell, 1961 ; Gentz et al., 1970; Noblet and Le
Dividich, 1981). This increase is probably associa-
ted with postnatal hormonal changes. Also the
specific dynamic action of colostrum is important
since the successive sucklings occur near the peak
V02 resulting from the previous suckling (Gentz et



a/., 1970; Noblet and Le Dividich, 1982). In addi-
tion the availability of energy substrates may be
involved in this age improvement in thermostabi-
lity. In this regard it is recognized that carbohy-
drate are the major energy source in the period
immediately following birth (Mount, 19681. Howe-
ver the increase in plasma FFA and in

(3-hydroxybutyrate levels associated with a

decrease in RQ (Pegorier et al., 1981 ; Noblet and
Le Dividich, 1981) during the first postnatal day in
the fed piglet, provides evidence for the early invol-
vement of lipid metabolism. By the 2nd day of life
90 to 95 % of the energy requirement for metabo-
lism are derived from fat catabolism (Mach and
Princ, 1968).

Body energy reserves at birth

The piglet, like other newborn mammals

requires energy reserves which can be mobilized at
birth and will suffice until regular food intake is
established. These reserves are present as triglyce-
rides in the adipose tissue and glycogen in the
liver, muscle and other tissues (table 11. The total
amount of fat in the newborn piglet ranges from 1
to 2 % of the body weight. Since about half is
structural fat the amount available as an energy
substrate is necessarily very small. About
105 kJ/kg BW are derived from fat mobilization
during a 24 h fast from birth (Seerley and Poole,
1974) which corresponds to about 25 % of the
total energy expended at neutral temperature. In

addition, certain fatty acids including oleic, palmi-
tic and palmitoleic seemed to be preferentially uti-
lized (Seerley and Poole, 1974). Recently, brown
adipose tissue has been detected in the pig (Daun-
cey et al., 1981). However, it is likely that the very
small amounts found are of limited significance.

The paucity of fat stores emphasizes the impor-
tance of tissue glycogen as energy reserves.

Table 1 shows the glycogen level at birth from a
number of studies and demonstrates the wide

range of values obtained. A 3.78 % content is

reported in the whole body. From these data the
total amount of glycogen stored at birth can be
estimated to 30-35 g/kg BW which corresponds to
500-580 kJ/kg BW of which approximately 90 %
are derived from muscle glycogen. This provides a
theoretical starvation survival time of about
1.2 days assuming a metabolic rate of 13 ml
OZ/min/kg BW at thermal neutrality. It is noticeable
that the glycogen level in the muscle is substan-
tially higher in the newborn pig than in other
species studied (Dawes and Shelley, 1968). These
glycogen stores are rapidly depleted after birth. For
example, during the first 12 h postpartum, 75 % of
liver glycogen and 41 % of muscle glycogen are
utilized in the fed piglet (Elliot and Lodge, 1977). A
low environmental temperature hastens the utiliza-
tion of glycogen by increasing glucose utilization

for thermogenesis (McCance and Widdowson,
19591. In this respect, the importance of shivering
for thermogenesis (BrOck et al., 1969) suggests
that the muscle glycogen is the major contributor
to energy metabolism during cold exposure.

Attempts made in order to increase the energy
stored in the newborn as fat or carbohydrate
through maternal feeding have had variable
results. Under normal conditions overfeeding of
the sow or giving supplemental fat or carbohydrate
during late gestation do not appear to stimulate
significantly foetal fat or glycogen deposition
beyond the control (see the literature in the review
by Pettigrew, 1979).,Also the pregnant sow has
the capability of buffering her foetuses against
moderate dietary deficiencies (Etienne, 1979). A
significant increase in liver glycogen stores has
been found in piglets of diabetic mothers (Ezekwe
and Martin, 1978). However the supplemental
amount of glycogen deposited hardly meets the
energy requirement of the newborn for 1 hour
under practical husbandry conditions.

Nutritional importance of colostrum

The gross composition of sow colostrum is

given in table 2. Crude protein is highest at farrow-
ing while lactose and fat increase from colostrum
to milk. The fat content of colostrum and milk is
related to the amount of fat given to the sow (Pet-
tigrew, 19791. For example, fat colostrum of sows



Table 3. -- Mean increment in V02 and in RT in

newborn piglet over a 2 h period following a single
load of colostrum at 3 h of age.

- !!-

Environmental temperature (’C) 32 18 8
Colostrum intake (g/kg BW) 33 32
Increment in V02 (ml/kg BW/min) 4.03 3.35
Increment in RT (°C) 0.58 0.60

According to Noblet and Le Dividich, 1982.

fed 0.18 kg supplemental fat per day during the
last five days of gestation is 53 % higher compared
to that of sows fed a similar amount of supplement-
al energy as cornstarch (Coffey et aL, 1982). Also
the milk production is increased (Pettigrew, 1979).
This has been found to be of great interest to the
survival of small piglets which compete less effect-
ively with littermates (Hartsock et al., 1976; Pet-
tigrew, 1979). Analysis of the nitrogen fraction
indicates that colostrum is well balanced in essen-
tial amino-acids despite a slight deficiency in sulfur
amino-acids (Duee and Jung, 19731. It is noti-
ceable that alanine, a key glucogenic amino acid is
present in high amounts in the colostrum.

Figure 3 provides evidence for the thermogenic
importance of colostrum in that both body tempe-
rature and heat production are closely related to
colostrum intake in cold exposed piglets (Noblet
and Le Dividich, 1981). In addition partition of
variance of rectal temperature between birth

weight and colostrum intake indicates that the

effect of colostrum intake becomes predominant
from about 15 h after birth (Le Dividich and

Noblet, 1981 Feeding colostrum is always follo-
wed by a postprandial rise in V02 and RT in both

warm and cold exposed piglets (table 3) which per-
sists more than 2 h. Thus feeding colostrum not
only stops the fall in RT but also causes an

increase at both experimental temperatures which
suggests that the postprandial rise in metabolic
rate contributes to the maintenance of body
temperature.

Ingestion of colostrum results in a rapid increase
in plasma glucose of the neonatal pig indicating
that ingested colostrum is absorbed quickly from
the gut (fig. 4). In this regard the concomitant ele-
vation of V02, RO and plasma glucose suggests
that among the nutrients absorbed, glucose is

quickly metabolized (fig. 4). However, the steady
decrease in R0 following the rise after feeding pro-
vides evidence for a progressive contribution of
non carbohydrate materials coming from either

body and (or) colostrum in the energy metabolism
of the neonatal pig.

Evidence for the key role of cold stress
on neonatal mortality

Since the energy stores at birth are meagre and

relatively independent of the nutritional and meta-
bolic status of the pregnant sow an early and high
intake of colostrum by the neonatal pig appears to
be vital not only to acquire immunological protect-
ion from disease but also to insure sufficient sup-
plies for thermogenesis and to correct blood defi-
ciencies (Aumaitre and Seve, 19781. In this regard
we have found a significant relationship between
the capacity of the piglet to consume colostrum
and the temperature exposure within the first day
of life (Le Dividich and Noblet, 1981). At an

ambient temperature of 18-20 °C commonly found
in the farrowing house, the piglets consume 27 %
less colostrum than their littermates kept at 30-
31 °C (table 4). Very similar results are found in

neonatal rabbits reared in incubators (Bernard and
Hull, 1964). Also, the suckling drive may be

depressed in the hypothermic newborn lambs

(Alexander and Williams, 1966). Thus it is likely
that in contrast to the older animals, the neonates



are unable to increase their food intake when

exposed to cold. The reasons for this particular
behaviour are not known. However it is probable
that hypothermia induced by cold exposure
reduces the vigor of the piglets leading to a less
aggressive nursing behaviour (Hartsock et al.,
19761.
Thus cold stress impairs the neonatal pig’s ther-

mostability by increasing its metabolic rate and

reducing the quantity of colostral nutrients avai-
lable for thermogenesis. This &dquo;vicious circle&dquo;
would therefore lead to chilling, hypothermia and
death. In addition, the reduction in colostrum
intake also lowers the level of circulating immuno-
globulins (Blecha and Kelley, 1981) resulting in

diminished passive antibody protection and in an
increased susceptibility to disease. In this respect
it has been reported that piglets which died before
weaning had lower levels of colostrum derived

immunoglobulins at 24 h of age than those which
survived (Hendrix et al., 19781. In addition, cold
stress per se increases the incidence of infectious
diseases by lowering the piglet resistance to

pathogenic microorganisms as demonstrated for
TGE. (Furuuchi and Shimizu, 1 976) and enterotoxi-

genic E. coli. (Armstrong and Cline, 1977). The
complex etiology of neonatal piglet mortality and
the central role of cold stress based on this analy-
sis is illustrated in figure 5.

Conclusions

The immediate period following birth is very cri-
tical for the survival of the young piglet. Its energy
metabolism and hence its thermoregulation in res-
ponse to cold exposure are limited by the paucity
of energy reserves. At birth, the piglet is almost



totally dependent upon carbohydrate for mainte-
nance of vital body function and thermogenesis.
Emphasis is given to the effects of environmental
temperature on colostrum intake and therefore on

energy and immunoglobulins intake. The key role

of cold stress on neonatal piglet mortality is
discussed.
EEC seminar on gastro-intestinal diseases in the
young pig and calf. 1-3 December 1982, INRA,
CRZV de Theix, 63110 Beaumont, France.

References

ALEXANDER C., 1961. Temperature regulation in the newborn lamb. 111. Effect of environmental temperature on
metabolic rate, body temperature and respiratory quotient. Aust. J. Agr. Res., 12, 1152-1134.

ALEXANDER G., WILLIAMS D., 1966. Teat-seaking activity in newborn lambs: the effects of cold. J. Agric. Sci.,
Camb., 67, 181-189.

ARMSTRONG W.D., CLINE T.R., 1977. Effects of various nutrient levels and environmental temperatures on the inci-
dence of colibacillary diarrhea in pigs: intestinal fistulation and titration studies. J. Anim. Sci., 45, 1042-1050.

AUMAITRE A., 1980. Effect of environmental conditions at birth on viability and survival rate of piglets. ln: Housing
and climatic environment for the pig. INRA Ed. Paris.

AUMAITRE A., SEVE B., 1978. Nutritional importance of colostrum in the piglet. Ann. Rech. V6t., 9, 181-192.
BERBIGIER P., LE DIVIDICH J., KOBILINSKY A., 1978. Echanges thermiques chez le porcelet nouveau-n6: applica-

tion de la m6thode du bilan d’6nergie. Ann. Zootech., 27, 181-194.
BERNARD E., HULL D., 1964. The effect of the environmental temperature on the growth of newborn rabbits reared

in incubators. Biol. Neonate, 7, 172-178.

BLECHA F., KELLEY K.W., 1 981. Cold stress reduces the acquisition ot colostral immunoglobulins in piglets. J. Anim.
Sci., 52, 594-600.

BRUCK K., WUNNENBERG W., ZEISBERGER E., 1969. Comparison of cold adaptive metabolic modifications in dif-
ferent species, with special references to the miniature pig. Fed. Proc., 25, 1035-1041.

CLOSE W.H., LE DIVIDICH J., 1982. Nutritional and environmental factors influencing the growth and the develop-
ment of the young piglet. Paper presented at the 33rd Ann. Meeting of E.4.A.P. Leningrad.

COFFEY M.T., SEERLEY R.W., MARTIN R.J., MABRY J.W., 1982. Effect of level, source and duration of feeding of
supplemental energy in sow diets r? metabolic and hormonal traits related to energy utilization in the baby pig.
J. Anim. Sci., 55, 329-336.

CURTIS S.E., HEIDENREICH C.J., . ARRINGTON R.B., 1967. Age dependent changes of thermostability in neonatal
pigs. Am. J. Vet. Res., 28, 1877-1890.

CURTIS S.E., ROGLER J.C., 1970. Thermoregulatory ontogeny in piglets: sympathetic and adipokinetic responses to
cold. Am. J. Physiol., 28, 149-152.

DAUNCEY M.J., WOODING F.B.P., INGRAM D.L., 1981. Evidence for the presence of brown adipose tissue in the
pig. Res. Vet. Sci., 31, 76-81.

DAWES G.S., MOTT J.C., 1959. The increase in oxygen consumption of the lamb after birth. J. Physiol., Lond., 146,
295-31 5.

DAWES G.S., SHELLEY H.J., 1968. Physiological aspects of carbohydrate metabolism in the foetus and newborn. /n:
Dickens F., Randle P.J., Wheelan W.J. (Ed.) Carbohydrate metabolism and its disorders. Vol. 2, Academic Press,
New-York.

DUEE P.H., JUNG J., 1973. Composition en acides animes du lait de truie. Ann. Zootech., 22, 243-247.
ELLIOT J.L., LODGE G.A., 1977. Body composition and glycogen reserves in the neonatal pig during the first

96 hours post-partum. Can. J. Anim. Sci., 57, 141-150.
ETIENNE M., 1979. Influence de I’alimentation des truies gravides sur 1’6volution des reserves corporelles mater-

nelles et le d6veloppement de la port6e. Ann. Biol. Anim. Biochim. Biophys., 19, 289-302.
EZEKWE M.O., MARTIN R.J., 1978. Influence of maternal alloxan diabetes or insulin injections on fetal glycogen

reserves, muscle and liver development of pigs (Sus domesticusl. J. Anim. Sci., 47, 1121-1127.
FURUUCHI S., SHIMIZU Y., 1976. Effect of ambient temperature on multiplication of attenuated transmissible gas-

troenteritis virus in the bodies of newborn piglets. lnfect. Immun., 13, 990-992.
GENTZ J., BENGTSSON G., HAKKARAINEN J., HELLSTROM R., PERSSON B., 1970. Factors influencing oxygen

consumption in the newborn pig with special reference to feeding. Biol. Neonat., 16, 328-392.
GONZALES-JIMENEZ E., BLAXTER K.L., 1982. The metabolism and thermal regulation of calves in the first month of

life. Brit. J. Nutr&dquo; 16, 199-212.

HAKKARAINEN J., 1975. Developmental changes of protein. RNA., DNA., lipid, glycogen in the liver, skeletal muscle,
and brain of the piglet. Acta Vet. Scand., (Suppl. 59), 1-198.



HANSEN W.J., FOLEY C.W., SEERLEY R.W., CURTIS S.E., 1972. Pelage traits in neonatal wild, domestic and &dquo;cross-
bred&dquo; piglets. J. Anim. Sci., 34, 100-102.

HARTSOCK T.G., GRAVES H.B., 1976. Neonatal behaviour and nutrition-related mortality in domestic swine.
J. Anim. Sci., 42, 235-241.

HENDRIX W.F., KELLEY K.W., GASKINS C.T., HINRICHS D.J., 1978. Porcine neonatal survival and serum gamma-
globulins. J. Anim. Sci., 47, 1281-1286.

HILL J.R., RAHIMTULA K.A., 1965. Heat balance and metabolic rate of newborn babies in relation to environmental
temperature, and the effect of age and weight on basal metabolic rate. J. Physiol., 180, 239-265.

KELLEY K.W., 1982. lmmunobiology of domestic animals as affected by hot and cold weather. In Proceeding of the
2nd International Livestock environment Symposium. pp. 470-482. ASAE. Eds. St Joseph, Michigan.

LE DIVIDICH J., NOBLET J., 1981. Colostrum intake and thermoregulation in the neonatal pig in relation to environ-
mental temperature. Biol. Neonat., 40, 167-174.

MACH P., PRINC J., 1968. Sources of energy in suckling piglets. Acta Univ. Agric. Brno, 3, 391-397.
McCANCE R.A., WIDDOWSON E.M., 1959. The effect of lowering the ambient temperature on the metabolism of the

newborn pig. J. Physiol., 147, 124-134.
MANNERS M.J., McCREA M.R., 1963. Changes in the chemical composition of sow-reared piglets during the first

month of life. Br. J. Nutr., 17, 495-513.

MERSMANN H.J., PHINNEY G., MUELLER R.L., STANTON H.C., 1972. Glycogen metabolism in pre- and postnatal
pigs. Am. J. Physiol., 222, 1620-1627.

MOUNT L.E., 1959. The metabolic rate of the newborn pig in relation to environmental temperature and to age. J.
Physiol, 147, 333-395.

MOUNT L.E., 1963. Environmental temperature preferred by the young pig. Nature, 199, 122-123.
MOUNT L.E., 1968. The climatic physiology of the pig. Ed. Arnold London.
MOUNT L.E., ROWELL J.G., 1960. Body size, body temperature and age in relation to the metabolic rate of the pig in

the first weeks after birth. J. Physiol., 154, 408-416.
NICHELMANN M., BARNICK H.G., LYHS L., 1975. Studies into heat regulation of newborn swine. I. Heat production

Monatsschr. Veterinaernomed., 30, 348-353.
NIELSEN H.E., 1981. What are the rea’ causes of piglet mortality. Guelph Pork Symposium. Guelph.
NOBLET J., LE DIVIDICH J., 1981. Energy memamism of the newborn pig during the first 24 h of life. Biol. Neonat.,

40, 175-182.

NOBLET J., LE DIVIDICH J., 1982. Thermic eff8!1 of colostrum in newborn piglet in relation to environmental tempe-
rature. 9th Symposium on Energy Metabolism. Lillehammer (Norwayl.

PARKER R.O., WILLIAMS P.E.V., AHERNE F.X., YOUNG B.A., 1980. Serum concentrations changes in protein, glu-
cose, urea, thyroxine and triiodothyronine and thermostability of neonatal pigs farrowed at 25 and 10 °C. Can. J.
Anim. Sci., 60, 503-509.

PEGORIER J.P., DUEE P.H., ASSAN R., PERET J., GIRARD J., 1981. Changes in circulating fuels, pancreatic hor-
mones and liver glycogen concentration in fasting and suckling newborn pigs. J. Dev. Physiol., 3, 203-21 7.

PETTIGREW J.E., 1979. Supplemental dietary fat for peri-partals sows: a review. Annual Meeting of ASAS, Tucson.
SEERLEY R.W., POOLE D.R., 1974. Effect of prolonged fasting on carcass composition and blood fatty acids and glu-

cose of neonatal swine. J. Nutr., 104, 210-217.
STUDZINSKI T., 1972. The post-natal changes in minimal metabolic rate in the pig. J. P’hysiol., 224, 305-316.
SWIATECK K.R., KIPNIS D.M., MASON G., CHAO K.L., CORNBLATH M., 1968. Starvation hypoglycemia in newborn

pigs. Am. J. Physiol., 214, 400-405.
TITTERI NGTON R.W., 1974. The position of the creap heater on the behaviour of piglets during the first week of life.

BSE Thesis. School of Agriculture. University of Edinburgh.


