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The breeding season for sheep in Norway is in late fall, with
the lambings occurring in April/May. During the winter the
animals are mostly kept in barns and shorn shortly before the
mating season and again in spring a few weeks before parturi-
tion. The removal of the fleece increases the thermal conductance
considerably and the lower critical temperature increases from
below zero to about 28°C (Blaxter 1962). In a cold environment
this means that the animals must produce more heat to main-
tain the normal body temperature. This factor in itself increases
the maintenance requirements of the ewes. In addition the preg-
nant state increases the requirements with about 40 % (Mody-
anov 1969).

It would be of interest, then, to study the degree to which
the ewes mobilize their body fat in order to meet the increased
energy requirements, during gestation under controlled feeding
conditions.

Plasma levels of non-esterified fatty acids (NEFA) and free
glycerol (PG) are useful parameters of fat mobilization. NEFA
may, however, be used directly by peripheral tissues as a source
of energy, while the glycerol formed during the intracellular
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hydrolysis of triglycerides has to be phosphorylated in the liver
before it can be metabolized further. Theoretically PG should,
therefore, be a better indicator of fat mobilization than NEFA.
While NEFA has been used in controlling the nutritional state
of sheep (Russel et al. 1967), PG determinations do not seem to
have been applied previously as indicators of fat mobilization
in this species.

This paper reports changes in NEFA as well as PG during
the gestational period in 15 ewes kept on controlled feed intake
in an open barn.

MATERIAL AND METHODS

Fifteen healthy ewes of the Dala breed, varying between 73
and 91 kg, were bred in late October. During the whole gestation
period the ewes were given a daily ration of 0.054 kg (0.045 kg
dry matter) high-quality hay per kg metabolic body weight
(W0.75), based on 2 weighings in late November. In addition to
the hay, each animal received a daily supplement of 0.1 kg grain
mixture with 15 % minerals. The animals were kept in an open
barn where the temperature changed with the outdoor tempera-
ture.

The mean and lowest temperatures in the barn were recorded
on the days when blood sampling was made.

- The ewes were shorn just before mating and again in Fe-
bruary about 5 weeks before parturition.

Blood samples were taken in the morning before feeding.
For glycerol determinations, heparinized blood was immediately
separated by centrifugation, and the plasma samples kept in
polyethylen tubes at —20°C until they could be analyzed. For
non-esterified fatty acid determination serum was used.

Plasma free glycerol was measured enzymatically by use of
the reagents produced by Boehringer (Germany). The method
is based on the following reactions:

Glycerol + ATP glycerol kinase a-glycerol phosphate + ADP
ADP + Phosphoenolpyruvate pyruvate kinase Pyruvate 4+ ATP
Pyruvate -+ NADH + H+ lactic dehydrogenase Lactate + NAD+

The reaction was followed spectrophotometrically by record-
ing the decrease in NADH at 334 nm (Pinter et al. 1967).
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Figure 1.

The body weight of 15 Dala sheep during the gestation
period. The last point indicates the mean body weight the day after

parturition.

The assay as described in the Boehringer brochure is in-
tended for human plasma. When sheep plasma was used, a sub-
stantial dehydrogenation of NADH was observed even before
the addition of glycerol kinase. Correction for this “unspecific”
decrease in absorbancy therefore had to be done for each ana-
lysis. The resulting corrected change in absorbancy multiplied
by a factor of 10.8 gave the glycerol content in mg per 100 ml
of plasma.

Non-esterified fatty acids were determined according to the
method described by Patterson (1963).

RESULTS

The body weights of the ewes were constant during the first
2 months of gestation, and thereafter slowly increased up to
parturition (Fig. 1). The mean body weight the day after lamb-
ing was 3.0 kg less than the mean weight before mating, indi-
cating undernourishment during part of the gestation period.

NEFA showed constant low values (mean 430 peq./l serum,
s = 175, n = 15) during the first 2 months of pregnancy, but
increased considerably later (Fig. 2). The highest NEFA values
(mean 2028 peq./l, s =438, n = 15) were recorded in the first
blood sample taken after shearing, with a subsequent drop and
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Figure 2. A: The plasma concentration of glycerol and free fatty
acids during the gestation period.

B: The mean and lowest temperature in the barn on the day of samp-
ling.

again a rise towards parturition when the values reached an
average of 1893 peq./l (s = 544, n = 10). PG followed the same
pattern as NEFA during gestation, being low and constant during
the first 2 months, 39 wmol/l plasma (s = 19, n = 15). The
highest PG values (119 pmol/l, s = 28, n = 15) coincided with
the peak NEFA values shortly after shearing. Just prior to par-
turition the average value was 89 ymol/1 (s = 41, n = 10) (Fig.
2).

The mean temperatures in the barn on the days of blood
sampling varied between 8.3 and -2.4°C, while the lowest tem-
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peratures on nights before sampling varied between 4.0 and
- 8.8°C. The lowest temperature in the barn coincided with the
first blood sampling after shearing (Fig. 2 B).

DISCUSSION

The constancy of the body weights and the low serum and
plasma values for NEFA and PG during the first 2 months of
pregnancy, indicate adequate feeding of the animals during this
part of the gestation period. In the following months, when the
energy requirement increased due to the advancing stage of
pregnancy, the NEFA level increased and passed 750 peq./l in
the beginning of February. This level has been reported by Rus-
sel et al. (1967) as indicating undernourishment in Scottish
Blackface sheep.

In the present investigation one might have expected the
NEFA concentration to level off at 1000—1200 peq./1 which by
Russel et al. was found to correspond to a severe degree of under-
nourishment. However, the shearing, combined with the sub-
sequent marked drop in the environmental temperature obviously
induced a very strong increase in the metabolic rate not com-
pensated by increased food intake. The resulting increase in fat
mobilization is reflected in the further rise in the NEFA values
(2028 peq./1) at this time. An even higher degree of fat mo-
bilization has been reported by Halliday et al. (1969) on shorn
sheep exposed to acute cold. The serum of these animals, who
had previously been kept in a thermoneutral environment,
reached a NEFA value of about 3500 peq./l after 1 day’s ex-
posure to - 20°C.

The concomitant rise in the PG after shearing in this study
further supports the assumption of a cold induced fat mobili-
zation. The highest mean PG values (119 pmol/l) are actually
of the same order of magnitude as those reported by Bergman
(1968) for pregnant ketotic sheep fasted for 3—5 days a few
weeks before parturition.

The closely similar patterns of NEFA and PG indicate that
both substances are good parameters for the degree of fat mo-
bilization.

Although the state of pregnancy by itself substantially in-
creases the energy requirements of ewes, it is unlikely that this
alone should induce an increase in fat mobilization of the mag-
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Figure 3. The relation between metabolism and ambient tem-

perature at different fleece lengths. The figures on each line indicate

the fleece thickness, and the shadowed area shows the temperature

range in the barn the last third of the gestation period in the present
experiment.

nitude indicated by the values recorded for NEFA and PG. In
addition the shearing combined with the low temperature in the
barn must have played an important role. A sheep with a fleece
thickness of 100 mm has a lower critical temperature of -3°,
while a newly shorn sheep with a fleece of 1 mm thickness has
a lower critical temperature of 28° (Blaxter 1962). The ewes of
the present investigation had a fleece length of 5—10 mm after
shearing, corresponding to a critical temperature of about 26—
22°. According to Modyanov (1969) sheep of Caucasian breed
have a resting metabolic rate of 26.8 kcal./kg per day during the
last third of pregnancy. Assuming the same critical temperatures
as reported by Blaxter, one may construct a metabolic rate/am-
bient temperature diagram by drawing a line between the lower
critical temperature and the body temperature in a coordinate
system with the ambient temperature along the absissa and the
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metabolic rate along the ordinate (Scholander et al. 1950) as
shown in Fig. 3. This diagram shows how the metabolic rate
varies with the ambient temperature at different fleece thick-
nesses. The shadowed area indicates the temperature range in
the barn during the last third of the gestation period in the pre-
sent investigation. It is obvious that the animals were kept at
an ambient temperature far below their critical temperature
during this period. The ewes probably had to increase their
metabolic rate after shearing 2—4 times the resting rate, in
order to maintain their body temperature constant. This strong
increase in the metabolic rate was not compensated by increased
food intake, but resulted in a high degree of fat mobilization
reflected by the marked rise in NEFA and PG during the last
part of the gestation period.
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SUMMARY

Fifteen pregnant ewes in an open barn were kept on a constant
hay diet during the whole gestation period. The ewes were shorn as
usually in fall and spring. The serum non-esterified fatty acids
(NEFA) and the plasma glycerol (PG) content were followed during
the gestation.

The body weight, NEFA and PG values were rather constant
during the first 2 months of gestation (NEFA: 430 = 175 peq./1 serum,
PG: 39 =19 pmol/l plasma) indicating an adequate feeding during
this period. NEFA and PG showed thereafter a parallel increase and
reached maximal values at the first sampling after shearing which
coincided with a marked drop in environmental temperature. NEFA
was then 450 % and PG ahout 340 % of the normal values, indicating
a strong increase in fat mobilization in this period. The shearing
reduces the isolation property of the fur considerably, and the ewes
have to produce extra heat to maintain the normal body temperature
at low environmental temperatures. The metabolic rate after shearing
was estimated to have been 2—4 times the basal rate at the tempera-
tures in the barn. This strong increase in the metabolic rate was
not compensated by an increased food intake, but resulted in in-
creased fat mobilization.

SAMMENDRAG

Serum uforestrede fetisyrer og plasma glyserol som indikatorer pd
fettmobilisering hos drektige spyer utsatt for kuldepdkjenning.

Femten drektige sauer holdt i sauefjgs ble satt pi en konstant hgy-
foring under hele drektigheten. Sauene ble klippet som vanlig hgst og
var. Konsentrasjonen av fri fettsyrer (NEFA) i serum og fritt glycerol
(PG) i plasma ble bestemt gjentatte ganger i lgpet av drektighets-
perioden.

Kroppsvekten, NEFA og PG holdt seg ganske konstante de to fgr-
ste manedene av drektighetsperioden (NEFA: 430 = 175 peq./1 serum,
PG: 39 =19 pmol/l plasma) noe som tyder pa adekvat foring. NEFA
og PG gkte deretter parallellt og nidde maksimalverdier ved fgrste
provetaking etter varklipping. NEFA var da 450 % og PG 340 % av
normalverdiene og indikerte en sterk gkning av fettomsetningen.

Klipping vil nedsette pelsens isolasjonsevne sterkt og sauene mé
produsere ekstra varme for 4 holde en konstant kroppstemperatur ved
lave temperaturer i omgivelsene. Energiomsetningen etter klipping ble
beregnet til 2—4 ganger basalomsetningen ved de aktuelle fjgstempe-
raturer. Denne sterke gkningen i energiomsetningen ble ikke kompen-
sert ved gket forinntak, men resulterte i gket fettomsetning.

(Received September 14, 1970).





