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Abstract - Eighteen primiparous Large White sows were selected on d 104 of gestation. Animals had
either high (AP) or reduced (R) level of body fatness, as a result of different feeding levels during rea-
ring. A jugular catheter was surgically implanted under general anaesthesia and regular blood sam-
pling, glucose tolerance and meal tests were performed. Plasma concentrations of insulin, glucose,
urea, non-esterified fatty acids (NEFA), phosphorus and calcium were determined by radio-immune
assay or enzymatic assay. Plasma concentration of urea increased with the progress of lactation,
whereas NEFA decreased. Results of glucose tolerance and test meals suggested that animals with grea-
ter body reserves at farrowing were less tolerant to glucose than the lean ones. In addition, the higher
NEFA level observed in AP animals also suggested that the level of body fatness at farrowing might
be involved in the regulation of feed intake during lactation and could partially explain the lower spon-
taneous feed intake observed in these animals. &copy; Inra/Elsevier, Paris

sows / body fat / metabolites / lactation / glucose tolerance

Résumé - Effet du niveau d’alimentation pendant la croissance sur les performances de truies
Large White primipares. Deuxième partie : évolution des paramètres sanguins en fin de gestation,
au cours de la lactation et lors de tests de tolérance au glucose et de repas tests. Dix-huit truies
primipares Large White ont été sélectionnées à 104 j de gestation. Les animaux différaient par l’état
de leurs réserves corporelles, soit importantes (AP), soit réduites (R), à la suite de niveaux d’ali-
mentation différents pratiqués pendant la période de croissance (28 kg - saillie). Un cathéter jugulaire
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était placé sous anesthésie générale afin de réaliser des prélèvements sanguins hebdomadaires, des tests
de tolérance au glucose et des repas tests. Les niveaux plasmatiques d’insuline, de glucose, d’acides
gras non estérifiés (AGNE), d’urée, de phosphore et de calcium ont été déterminés, soit par des
dosages radio-immunologiques, soit par des méthodes enzymatiques. Le niveau plasmatique d’urée
augmentait au cours de la lactation, tandis que celui des AGNE tendait à diminuer. Les résultats des
tests de tolérance au glucose et des repas tests suggèrent une tolérance moindre au glucose chez les
animaux ayant plus de réserves corporelles à la mise bas. Le taux d’AGNE circulant plus élevé chez
les animaux AP laisse supposer que le niveau des réserves corporelles à la mise bas pourrait être
impliqué dans la régulation de la prise alimentaire pendant la lactation et pourrait aussi expliquer en
partie la plus faible ingestion d’aliment observée chez ces animaux. &copy; Inra/Elsevier, Paris

truies / adiposité / métabolites / lactation / tolérance au glucose

1. INTRODUCTION

Nutritional requirements of lactating sows
depend mainly on their milk production [17].
In practice, because feed intake during lac-
tation is generally too low to meet the requi-
rements, sows lose body weight and backfat
and this has been associated with reproduc-
tive disorders at weaning [12, 20]. A nega-
tive correlation between feed intake during
gestation and feed intake during subsequent
lactation has been reported in many studies
[3, 5, 27]. Similarly, we observed a nega-
tive correlation between feeding level during
rearing and ad libitum feed intake during
lactation [ 16]. It has been suggested that the
level of the body fatness at farrowing could
play a major role in the variation of feed
intake during lactation [6, 14, 28].

During gestation, physiological modifi-
cations occur, such as the increase of the
uterine blood flow, in order to convey the
nutrients required for the development of
foetuses [18]. Similar to women [8], sows
have also been reported to become less tole-
rant to glucose and to have diabetic tenden-
cies with the progress of gestation [2, 7, 23].
Bouillon Hausman et al. [2] noted that preg-
nant sows fed ad libitum were less tolerant
to glucose compared to those fed restric-
tedly. Recently, glucose tolerance has been
reported to be closely connected with piglet
mortality [11] and with feed intake during
gestation [29]. And, according to Weldon
et al. [27], postpartum hypophagia obser-

ved in sows fed ad libitum during gestation
would be related to a reduced glucose tole-
rance and insulin resistance.

The aim of the present work was to study
the effect of the feeding level during rear-
ing, with the concomitant changes in body
reserves at service, on 1) the concentrations
of circulating metabolites during late gesta-
tion and during lactation, 2) the glucose tole-
rance in late gestation and mid-lactation.

2. MATERIALS AND METHODS

2.1. Animals and feeding treatment

At 28 kg live weight and 72 days of age on
average, purebred Large White gilts were selec-
ted according to their body weight and general
conformation. The experiment comprised three
replicates from January to May 1995. Animals
were housed in groups of 4-5 per pen, with indi-
vidual stalls where they were kept only when
they were fed. Half of the females were fed to
appetite (AP) twice a day for 1 h each time,
whereas the other half (R) received 80 % of the
intake of AP gilts from the same replicate, at the
same body weight. Females were fed at 0900
and 1500 hours, and the feed consumption of the
AP females was recorded each day. All gilts
received the same standard rearing diet (13.4 MJ
digestible energy (DE) per kg; 18.1 % crude pro-
tein (CP); 0.96 % lysine). After service, gilts
received individually 2.6 kg/d of a standard ges-
tation diet (12.6 MJ DE/kg; 13.9 % CP; 0.59 %
lysine). The day of expected parturition, all
females received 1 kg of feed at 0900 hours.
After farrowing, they received a standard lacta-
tion diet (13.1 MJ DE/kg; 17.1 % CP; 0.90 %



lysine). The level of feeding was progressively
increased to reach ad libitum from d 5 post-far-
rowing. From weaning until the end of the expe-
riment, 14 d after weaning, animals received
4.2 kg/d of the gestation diet. Piglets received
no creep feed during the experiment and were
weaned after three weeks of lactation (22 ± 0.5 d).

2.3. Oestrus and farrowing
synchronisation

From d 260, oestrus cycles were synchronised
with oral administration of allyl-trenbolone
(RegumateO, Roussel-Uclaf, France), as a daily
dose of 20 mg as a top dressing on the feed for
18 d. Two weeks before the expected parturi-
tion, the gilts were individually penned, in far-
rowing crates (1.9 x 2.6 m), on concrete floor
with straw bedding. Parturition was induced at
114 d post-insemination, by a single intra-mus-
cular injection of 2 mL cloprostenol at d 113 of
gestation (PlanateO, Pitman-Moore, USA). A
myorelaxant (Monzal@, Boehringer Ingelheim,
Germany) and oxytocin (Rhone Merrieux,
France) were used when farrowing started to sti-
mulate contractions and facilitate the deliverance
of the piglets. Supervision of piglet birth and
gilts behaviour was provided during parturition.
Litters were standardised to 11 piglets within
48 h of birth, using fostered piglets if necessary.
A full description of animal management and

diet compositions has been given by Le Cozler et
al. [14].

2.4. Animal selection

Within each of the three batches, six gilts
(three from AP treatment and three from R treat-
ment) were selected at the end of gestation. Selec-
tion was based on body weight (BW), backfat
thickness (BF), legs conformation and day of
service. Extreme animals in BW and BF were
excluded of the selection, but no difference at
farrowing in the average BW and BF was obser-
ved between selected and non-selected animals
(241 kg and 21 mm).

2.5. Operation and weekly blood
sampling

On day 104 of gestation, an indwelling Silas-
tic&reg; (Dow Coming, Midland, MI, USA) catheter
was surgically implanted into one of the jugular
veins of the gilts under general anaesthesia and

exteriorised on the dorsal side of the neck. Cathe-
ters were rinsed every 2 d, with a 10-mL saline
solution (0.9 % NACI) containing heparin and
antibiotics. Blood samples were regularly col-
lected at 1100 hours for glucose, insulin, non-
esterified fatty acids (NEFA), urea, phosphorus
and calcium determination. Values were recorded
in relation to the parturition date (± 0.5) (d -5, 0,
+ 5, + 10, + 20 and + 27). Blood samples were
collected into heparinised tubes (20 pL of 5 000
IU/mL of heparin per tube) and centrifuged at
2 500 rpm for 10 min. After centrifugation, the
plasma was stored at-20 °C until assay.

2.6. Glucose tolerance and meal tests

Glucose tolerance tests were performed on d
106 of gestation and d 13 of lactation. After a
17-h fast, 0.5 g of glucose per kg of body weight
(30 % glucose anhydride, Braun&reg;, Boulogne,
France) was injected intravenously through the
jugular catheter. The injection was followed by
an injection of 20 mL of a saline solution (0.9 %
NaCI) containing 100 IU heparin/mL. Minute
zero was defined as the time at the end of glucose
infusion. Blood samples were collected at -45,
- 15, 0, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70,
80, 90 and 120 min.

Test meals were performed on d 108 of ges-
tation and d 15 of lactation. After a 17-h fast,
gilts received 1.6 kg of the lactation diet. The
duration of the meal was recorded and any feed
refusals were removed and weighed 30 min after
the start of the test, if necessary. Blood samples
were collected at -30, -15, 0, 15, 30, 45, 60, 75,
90, 105, 120, 135, 150, 165 and 180 min. Minute
zero was defined as the time of the blood sam-

pling which was performed just following the
meal deliverance.

During tolerance and test meals blood samples
were collected and treated as previously descri-
bed for the regular samples.

2.7. Chemical analyses

Automated enzymatic methods using a Cobas
Mira multichannel analyser (Roche, Basel, Swit-
zerland) were performed to determine concen-
trations of glucose, phosphorus, calcium (bio-
Merrieux kits ref 61273, 61571, 61041; Marcy
1’Etoile, France), NEFA (Wako Chemical NEFA C;
Unipath, Dardilly, France), and urea (Urea uni-
mate 5, ref. 07-3685-6; Roche, Neuilly-sur-Seine,
France). The intra-assay CV were 1.7 % for a



880 mg/L sample of glucose, 3.4 % for a 436 mg/L
sample of phosphorus, 3.2 % for a 110 mg/L
sample of calcium and 2 % for a 436 mg/L of
urea. The inter-assay CV were 5.6 % for a 880 mg/L
sample of glucose, 6.9 and 11.6 % for a 80 and a
50 mg/L sample of phosphorus, respectively,
13.7 % for a 108 mg/L sample of calcium and
7.7 % for a 387 mg/L sample of urea.

Plasma levels of insulin were measured with
a validated RIA method [19]. Sensitivity was
3 j!IU/mL. Intra-assay CV of 10, 6 and 7 % and
inter-assay CV of 14, 19 and 24 % were obtained
from pool samples containing 3.8, 63.6 and
263.3 /-l1U/mL of insulin.

2.8. Calculations and statistical analysis

Data on daily samples were analysed by split
plot analyses, using the GLM procedures of SAS
[21]. The model tested the effect of treatment
during rearing against effect of animal nested
within treatment as error term, whereas the effect
of day of sampling and the interaction of the day
of sampling with treatment were tested against
the residual error of the model, according to the
SAS [21] specifications for repeated measures
analysis. Significant interactions being observed,
effect of feeding treatment was also tested within
day of sampling, and the effect of day of sam-
pling was analysed within treatment.

For glucose tolerance tests, the half life of the
injected glucose and maximum increase in gly-
caemia were determined using the NLIN proce-
dures of SAS [21 For each treatment, the fol-
lowing model was used:

ment (AP or R), Xti = glucose concentration at ti,
Xpi= pre-test concentration of glucose, XMAXI =

the maximal increase in glucose concentration
immediately after the infusion, Xdi, the difference
between initial and asymptotic concentrations of
glucose, L = time (min) relative to the end of the
pulse dose of glucose (0 < ti < 60). Ordinary least
square estimates of parameters were obtained
using the Marquardt iterative method with a
convergence criterion of 10-8. Parameter esti-
mates were compared between treatments using
the extra sum of squares principle. A full des-
cription of the method used was given by Van
Milgen et al. [26].

Data on glucose, insulin, NEFA, lactate and
urea concentrations before the test (meal or glu-
cose tolerance); 1 h after the beginning of the

test; 2 h after the beginning of meal in the case of
the test meal; 3 h after the infusion in case of
glucose tolerance test were analysed. A numeric
expression for glucose tolerance was obtained
by integrating the glucose concentration curves
from glucose tolerance tests over 0-120 min
using fasting levels as base line. The incremen-
tal insulin area was calculated by integrating the
hormone concentration curve. The calculations
were performed by an interpolation of the evo-
lution of glycaemia or insulinemia concentrat-
ions between two consecutive points. Maximum
increases in glucose and insulin concentrations,
and the corresponding times needed to reach
these maximal values during the tests meal, were
determined. Data were analysed by split plot ana-
lyses, using the GLM procedures of SAS [21]. ] .
The model tested the effect of treatment during
rearing against the effect of animal within treat-
ment, whereas the effect of sampling day and
the interaction of sampling day with treatment
were tested against the error of the model. When
significant interactions were found, the effect of
treatment within stage was tested.

The evolution of the concentrations of glu-
cose, insulin and NEFA immediately after the
start of meal and glucose tolerance tests were
analysed using multivariate analysis with repea-
ted measure analysis of variance, because the
concentrations of glucose, insulin and NEFA
were interrelated. Concentrations of glucose,
insulin and NEFA were dependant variables and
treatment during rearing was the independent
variable. A repeated statement for time was inclu-
ded and basal concentrations were used as a co-
variable.

3. RESULTS

A total of 17 gilts of the 18 initially selec-
ted were used in the final calculations. One
of the AP gilts was sick during lactation.
Most of the gilts farrowed on d 114 of ges-
tation (85 %) and average gestation length
was 114 (± 0.5) days.

3.1. Weekly sampling

The concentrations of plasma metabo-
lites at d -5, 0, +5, +10, +20 and +27 relative
to parturition are summarised in table I.





Concentration of calcium was not affected

by the day of sampling or the feeding treat-
ment during rearing (94.6 ± 6.5 mg/L).
Level of phosphorus was significantly higher
by about 10 mg/L the day of parturition than
it was either before or after farrowing in AP
sows, whereas no statistical difference was
observed in R gilts. Plasma concentration
of NEFA was significantly higher at partu-
rition than during the pre- or post-partum
periods in the two treatments (table n.

During lactation, NEFA level reached a
maximal value on d +10, but no significant
effect of lactation day was observed.
Concentration of urea increased during lac-
tation and decreased after weaning to reach
similar values to those observed at the end of

gestation (table n. Insulin level was signi-
ficantly lower during parturition than at the
end of gestation (d -5) or during the rest of
experiment (d +5 to d +27).



No difference in metabolite levels among
treatments was observed at d -5 or d 0 (table
I). At d +5, plasma levels of glucose and
insulin were higher (P < 0.05) in the R gilts
than in the AP ones, by 15 and 41 %, res-
pectively, whereas the level of NEFA was
lower by 9 % (P < 0.1). At d +10, urea was
1.4 mmol/mL higher in the R gilts than in
the AP females (P < 0.05). No effect of
treatment was observed at the end of lacta-
tion (d +20), whereas, after weaning (d +27),
the glucose concentration was higher and
the NEFA level tended to be lower in the R

gilts than in the AP ones (P < 0.1).

3.2. Glucose tolerance tests

Concentrations of glucose, insulin,
NEFA and urea before the test were signi-
ficantly different in gestation and in lacta-
tion, + 26.5 mg/dL, + 7.9 pIU/mL, -1 036
pEq/L and -2.7 mmol/L, respectively (table In.
Only the urea level was affected by rearing
treatment. It was higher in R gilts than in
AP ones, by 0.8 mmol/L (P < 0.05).

Profiles of glucose, insulin and NEFA
during glucose tolerance tests are present-
ed in figure l. Immediately after the infusion
of glucose, the plasma level of glucose
increased, and reached values of 491 and
402 mg/dL in gestation and lactation, res-
pectively. Insulinemia also increased imme-
diately after infusion, and reached its maxi-
mal value 18 min later (figure 7 b, e). One
hour after the infusion of glucose, the glu-
cose level was significantly higher during
lactation than during gestation in the AP
gilts, whereas 120 min after the infusion, it
was lower during lactation than during ges-
tation in both treatments (P < 0.05). The
area under the insulin curve was not affec-
ted by physiological state, but the area under
the glucose curve was higher during lacta-
tion than during gestation (P < 0.01). Imme-
diately after the injection of glucose, NEFA
decreased in gestation and lactation ( figure 7
c,,!. One hour after the infusion of glucose,
urea and NEFA levels were significantly

higher during lactation than during gesta-
tion. After 120 min, urea and NEFA levels
were still significantly higher in lactation
than in gestation (table 11).
No effect of treatment during rearing was

observed for most of the parameters, but a
tendency (table II, P < 0.1) to reach later
the maximal insulin concentration value was
observed in the R gilts than in the AP (20.6
and 16.9 min, respectively). The half-life
of glucose was not different during gesta-
tion between treatments (figure I a, e), but
tended to be higher during lactation for the
AP gilts than for the R ones (18.9 and 13.5
min, respectively; P < 0.1). During lacta-
tion, glucose levels were significantly higher
from 20 to 80 min after the injection of glu-
cose in the AP gilts (figure 7 cl). No effect of
treatment on glucose or insulin levels was
observed, when expressed by the area under
the curves (table II), but NEFA concentra-
tions in gestation and lactation (figure 7 c, /)
were higher in the AP gilts than in the R
ones (P < 0.05).

3.3. Test meals

No differences between treatment and

stage of experiment were observed for the
duration of the test meals (14.8 ± 7.3 min).
The test meals were performed 2 d after the
glucose tolerance tests. Similar effects of
treatment or physiological state as during
tolerance test were observed for the pre-test
values for most of the metabolites and

consequently, were not presented in table
III.

Glycaemia and insulinemia increased
and reached their maximal value 1-h after
the beginning of the meal (table 111). No
effect of stage of experiment or treatment
was observed on the time needed to reach
the maximal values. Maximal values of glu-
cose and insulin were significantly higher
during lactation than during gestation (by
28.6 mg/dL and 82.0 pIU/mL, respectively;
table lll). One hour after the beginning of





the meal, urea concentration was signifi-
cantly higher during lactation than during
gestation, and glucose and NEFA levels ten-
ded to be higher during lactation than during
gestation (P < 0.1). Three hours after the

test, levels of glucose and insulin remained
higher than before the test, whereas concen-
trations of urea and NEFA were lower (table
III; figure 2 a, f). Urea remained signifi-
cantly higher during lactation than during





gestation and was not affected by rearing
treatment. After the meal, a lower NEFA
concentration was observed both during ges-
tation and lactation in the R group (P < 0.1). ).

4. DISCUSSION

The results for NEFA concentrations in
the weekly samples (d -5 to +27, table 0
are in agreement with those obtained in other
recent studies [10, 25, 27]. The highest
concentration of NEFA at parturition was
partially due to the lower feed allowance
the day of farrowing, compared with that
given before or after farrowing. But this
phenomenon may be amplified by metabo-
lic changes associated with lactogenesis and
parturition [25]. When lactogenesis occurs,
the adrenergic receptor population increases
in the adipose tissue, resulting in an increase
in epinephrine-stimulated fatty acid release,
and, consequently, a higher concentration
of circulating NEFA [4].

In contrast with our results, some authors
have observed a linear decrease in plasma
NEFA concentration with the progress of
lactation [10, 25]. Trottier and Easter [25]
suggested that both the increase in feed
intake during lactation and the accelerated
uptake of NEFA by the mammary gland
might explain this evolution. In the present
work, a higher concentration of NEFA was
observed during the second week of lacta-
tion than during the first one. This was fol-
lowed by a reduction during the third week
of lactation, which agreed with the results of
Weldon et al. [27] and Neil [16]. As growth
hormone is known to be a catabolic hor-

mone, the decrease in its plasma level during

the third week of lactation observed by
Schams et al. [22] may explain the decrease
in NEFA at the end of lactation. Similarly,
as IGF1 is known to act as an anabolic hor-
mone for protein, its decrease during lacta-
tion, observed by Schams et al. [22], may
explain the increase in urea level noted in
the present work. The increase in urea level
may reflect more pronounced protein losses
at the end of lactation, but according to Neil
[ 16], the high level in plasma urea could
also reflect the fact that the dietary protein
intake surpassed the actual requirements of
the lactating sows. The differences in urea
levels among treatment in the present work
would then be the consequence of the higher
feed intake in the R gilts compared to the
AP ones [14].

In the present work, the concentrations
of NEFA were lower at the beginning of
lactation in the gilts restrictedly fed during
rearing, and which, consequently, had lower
body fat reserves at farrowing. Weldon et
al. [27] also observed differences in NEFA
levels during lactation in gilts fed different
feeding levels during gestation. As litters
were equalised at birth, the difference in
NEFA levels between treatments could not
be related to a different number of suckling g
piglets and consequently, to a different level
of milk production, as proposed by Neil
[16]. Thus, gilts from both treatments had
similar nutritional demands, as illustrated
by the similar growth of the litters [14]. It
has been reported in cows that mobilisation
of body fat during lactation occurs because
the energy supplied by the daily feed intake
is too low to meet the needs for milk pro-
duction [15]. Bareille and Faverdin [1] sug-
gested that body fat mobilisation in early



lactation would be the initial phenomenon
orchestrating a limitation of the daily feed
intake in cows, by a direct metabolic inhi-
bitory effect. The mechanisms involved in
the negative relationship between feeding
level during rearing and ad libitum feed
intake during lactation would then be related
to the lipostatic regulation of long-term feed
intake (Kennedy, 1953, cited by Kissileff
and Van Itallie [13]). Thus, similar to the
suggestion of Dourmad [6], the body com-
position at farrowing could then explain
most of the effects of the feeding level
during rearing on metabolite profiles and
feed intake during lactation. The higher
concentration of NEFA during lactation in
gilts fed ad libitum during rearing was more
likely the result of higher body reserves at
farrowing rather than that of the lower feed
intake during lactation.

Plasma glucose and insulin concentra-
tions the day of parturition were not affected
by feeding treatment during rearing, proba-
bly because all animals received only 1 kg
feed the morning of farrowing, following a
17-h fast. At d +5 and d +10, these concen-
trations of glucose and insulin tended to be
lower in the fat gilts, which had been fed
ad libitum during rearing, than in the thin
ones. Similar results were observed in gilts
receiving different levels of feed during ges-
tation [27, 29]. Weldon et al. [27] demons-
trated that regular injection of insulin is
effective in increasing circulating concen-
tration of insulin and in stimulating feed
intake. According to these authors, the post-
partum hypophagia observed in sows fed
ad libitum during gestation is related to a
reduced glucose tolerance and an insulin
resistance. Thus this phenomenon would be
related to the glucostatic regulation of short-
term feed intake first developed by Mayer
(1955, cited by Kissileff and Van Itallie
[13]), complementing the theory of the lipo-
static regulation of long-term feed intake
previously described.

The results from glucose tolerance tests
gave more information on the possible dif-

ferences in glucose tolerance and/or insu-
lin resistance between gilts with different
body reserves at service. The absence of dif
ference between treatments for the peak
value of glucose following the infusion
confirmed that the amount of glucose infu-
sed provided similar initial concentrations of
plasma glucose [29]. During the glucose
tolerance test performed in lactation, the
lower half life of glucose in gilts with low
body reserves at farrowing suggested a bet-
ter glucose tolerance in these females. This
is in agreement with Weldon et al. [27], who
observed similar effects of glucose tolerance
during lactation in gilts fed restrictedly
during gestation. At the end of gestation,
the sensitivity of insulin release in response
to glucose stimulation tended to be higher in
the gilts with low reserves at service than
in those with high body reserves, whereas no
difference between treatments was obser-
ved in lactation. Insulin peaks were similar
in both treatments after glucose infusion in
lactation, but the decrease in insulin level
happened faster in the gilts with low body
reserves at service than in the other ones.

According to Weldon et al. [27], these
prolonged high levels of glucose and insulin
observed in fat animals might be explained
either by an increase in the half life of insu-
lin or by an increase in its secretion. In the
present work, 1 h after the beginning of the
glucose infusion during lactation, the insu-
lin concentration was higher in the fat gilts.
Similarly, the test meal performed during
lactation confirmed that the levels of insulin
tended to be higher 2 and 3 h after the start
of the meal in the fat animals. But despite
the fact that the glucose concentration see-
med to be higher, no statistical difference
was observed. The high persistence of glu-
cose and insulin concentrations after a meal

may then delay the onset of the ensuing meal
and reduce the number of meals per day
[27] and therefore, may reduce daily feed
intake, as was observed in the present expe-
riment [14]. Dourmad [6] also observed a
reduction in daily feed intake during lacta-
tion in primiparous sows, which received



different levels of feed during gestation, and
this reduction was mostly the result of a
reduction of meal size, rather than a decrease
of the number of meals per day.
When glucose tolerance tests were per-

formed in pregnant primiparous [29] or mul-
tiparous [7] sows, a difference in glucose
tolerance was observed between animals
with different fat reserves at the end of ges-
tation. According to Xue et al. [29], the grea-
ter body fat reserves of sows fed a high
energy level during pregnancy might impair
their glucose tolerance and the sensitivity
of their insulin release to glucose concen-
trations. In the present study, plasma level of
glucose during gestation was not affected
by rearing treatment after an infusion, but
higher peaks of insulin were observed for
fat gilts. This result suggested that more
insulin had to be released for the same
amount of infused glucose and consequently,
these animals might be more resistant to
insulin. Etienne et al. [7] observed a higher
concentration of glucose during the entire
gestation after a meal in sows fed a low level
of feed during gestation, but these animals
also had a lower level of circulating insu-
lin. In the present work, the glucose concen-
tration tended to be higher in lean gilts 1 h
after the beginning of the test meal during
gestation, suggesting a poor glucose tole-
rance.

The apparent difference between the
results from the meal and glucose tolerance
tests during gestation suggested that some
differences in the physiology of the digestive
tract of the animals reared differently may
exist. Differences between an oral and intra-
venous infusion of glucose observed by
Shuster et al. [24] in humans were also
observed and may explain the differences
observed in the present study. Shuster et al.
[24] observed differences in concentrations
of polypeptides and other digestive hor-
mones between the two types of tests, that
might influence insulin secretion. In pigs,
regulation of feed intake is a combination
of three different factors working largely in
the duodenum: osmotic sensitivity, gluco-

receptors and cholecystokinin [9]. Thus,
possible differences in the digestive phy-
siology, and in the regulation of the digestive
peptides and hormones between fat and lean
animals at farrowing may partially explain
the differences observed between test results.

5. Conclusion

Restricting daily feed allowance to gilts
during rearing produces animals with a lower
fat content at farrowing. Fat sows at farrow-
ing had higher plasma concentrations of non-
esterified fatty acids and lower basic levels of
insulin during lactation. They appeared to be
less tolerant to glucose infusions and more
resistant to insulin. After a test meal during
lactation, higher plasma levels of glucose and
insulin were observed in these animals. This
could delay the onset of their next ensuring
meal and/or its size. The differences observed
between the concentration of substrates are

probably responsible for the post-partum
hypophagia observed in primiparous sow
during lactation.
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