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Introduction 

Holten, F., M. Neil, S. Einarsson and J. Hakansson: Energy metabolism during late 
gestation and lactation in multiparous sows in relation to backfat thickness and the 
interval from weaning to first oestrus. Acta vet. scand., 1993, 34, 9-20. - Ten crossbred, fourth 
or fifth parity sows were divided into 2 groups - high (H) and low (L) - according to their 
backfat thickness 9 days before parturition. Body weight, backfat thickness and litter weight 
were recorded repeatedly during a 5 week lactation period. The length of the interval from 
weaning to first oestrus was also noted. All sows were fed a commercial diet (11.9 
MJ/kg, 14.5% crude protein). During gestation, daily food intake was 2.2 kg/sow, while 
during lactation it was 3.0 kg/sow plus 0.4 kg/piglet. 
Blood samples were drawn on day 9 before parturition and on days 2, 7, 14 and 21 of lac
tation. The samples were analysed to determine concentrations of glucose, urea nitro
gen, creatinine, triglycerides, free fatty acids and beta-hydroxybutyric acid. 
In both groups, concentrations of free fatty acids and urea nitrogen were low on day 9 
before parturition while those of triglycerides were high, indicating anabolism regard
less of backfat thickness. 
During the first week of lactation, concentrations of free fatty acids increased in the H
group but not in the L-group, and concentrations of urea nitrogen were higher in the H
group. These differences, together with the greater loss of weight observed in the H-group, 
indicate that catabolism of maternal fat and protein depots was more pronounced in the 
H-group than in the L-group during this time. On day 14 of lactation, both groups 
showed equally low concentrations of free fatty acids, decreasing creatinine concentra
tions and stable triglyceride and urea nitrogen concentrations. Furthermore, weight loss 
during the second and third weeks of lactation was low in both groups. These facts, 
taken together, indicate that the catabolic rate was decreasing in both groups during this 
period. No differences in return to oestrus interval were noted between the groups. 
The present study indicates that under a restricted feeding regime the catabolic rate dur
ing the first week of lactation is higher in sows with higher backfat thickness in late ges
tation. 
As lactation progresses, a more balanced metabolism is achieved regardless of backfat 
thickness, which may tend to reduce differences in return to oestrous interval. 

parturition; body composition; free fatty acids; urea nitrogen; progesterone. 

During mid gestation, when the metabolism 
of the well fed sow is anabolic, fat and protein 

are deposited in both maternal and foetal tissue 
(Close et al. 1985). During late gestation, pro-
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tein and energy accretion in maternal tissue 
decrease regardless of the food intake level. Con
sequently, a negative maternal energy balance 
can develop before farrowing in the poorly fed 
sow (Close et al. 1985). This metabolic change 
is reflected by decreasing insulin concentra
tions (Simoes Nunes et al. 1987) and increasing 
serum concentrations of free fatty acids (Ruiz 
et al. 1971), alanine (Simoes Nunes et al. 1987) 
and urea nitrogen (Ruiz et al. 1971 ), indicating 
that maternal fat and protein are being mobi
lized. 
After parturition, suckling stimulates the release 
of prolactin and oxytocin from the maternal pitui
tary gland. In the rat these hormones have 
been found to promote the utilization of mater
nal stores of energy and protein for milk synthe
sis. Prolactin in the rat has been shown to 
induce an increase in the number of insulin 
receptors in mammary gland and a decrease in 
their number in maternal fat (Flint et al. 1981, 
Flint 1982), while oxytocin mobilizes glucose from 
maternal stores and contributes to its deposition 
in the mammary gland (Altszuler & Hamp
shire 1981, Stock & Uvniis-Moberg 1985). In addi
tion, suckling induces the secretion of glucagon 
(Algers et al. 1989), which promotes the release 
of maternal energy supplies through glycogen
esis, through the breakdown of triglycerides 
in fat depots and by inhibiting hepatic fatty 
acid production (Stryer 1981). Although it is well 
established that the sudden shift to catabolism 
during early lactation in the bovine often results 
in hyperketonemia, no such change has been 
noted to occur in the sow (Sherer et al.1980). 
The rate at which maternal fat depots are mobi
lized in the sow during lactation, reflected by a 
loss of weight and a decrease in backfat thick
ness, is influenced by body weight and backfat 
thickness at farrowing (Yang et al. 1989, Rojkit
tikhun et al. 1992), litter size (Sterning et al. 
1990, Yang et al. 1989), litter weight gain (Stern
ing et al. 1990) and lactation feeding (John-
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ston et al. 1986, Yang et al. 1989), but the rate of 
maternal fat mobilization varies considerably 
between sows (Reese et al. 1984, Sterning et al. 
1990). 
A large degree of genetically determined vari
ation in weight loss during the first lactation has 
been reported (Rydhmer et al. 1992). 
Furthermore, differences in lipolytic capacity 
between genetically lean and fat breeds have been 
shown in vivo (Wood et al. 1977) and in vitro 
(Standal & Vold 1973). This indicates that indi
vidual differences in energy metabolism might 
exist between equally nourished sows with the 
same performance during lactation (Rojkittik
hun et al. 1992). It is well known that excessive 
fat loss during lactation delays the return to nor
mal cyclic activity after weaning (Reese et al. 1984, 
Sterning et al. 1990). 
Thus, it is of great importance to study the 
energy metabolism of sows during late gestation 
and lactation to receive further knowledge 
about the individual differences that seem to exist. 
The objectives of the present study were to 
study serum concentrations of certain energy and 
protein metabolites during late gestation and lac
tation in the sow, in relation to backfat thick
ness during late pregnancy and to changes in body 
weight during the first 3 weeks of lactation. 

Material and methods 
This study was performed with 11 fourth or 
fifth parity, crossbred Swedish Yorkshire x 
Swedish Landrace sows kept at a research sta
tion belonging to the Department of Animal 
Nutrition and Management. 
During gestation the sows were kept indoors, with 
3 or 4 sows in each pen. Three weeks before 
expected farrowing they were moved to individ
ual farrowing pens, where they remained dur
ing the lactation period, which lasted 33-37 
days. After weaning they were moved back to 
the gestation unit. 
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while the concentration of beta-hydroxybutyr
ic acid was determined by oxidation it to acetoac
etate which reduces a proportional amount of 
NAD to NADH (Custer et al. 1983). The plas
ma progesterone concentration was determined 
using a radioimmunoassay system (Rosu et al. 
1976). 
All analyses were performed at the Depart
ment of Clinical Chemistry, Swedish University 
of Agricultural Sciences, Uppsala, Sweden. 

Statistical analysis 
The statistical analysis was carried out with 
the SAS GLM-procedure (SAS Institute Inc. 
1985). Changes in sow weight and backfat thick-

ness were tested for effects of backfat thickness 
group (high or low). In the analysis of blood 
parameters the effect of day of sampling (-9, 2, 
7, 14 or 21 days post partum), and backfat 
thickness of the sow 9 days ante partum (high 
or low) and the interaction of day and backfat 
thickness were tested. 

Results 
One sow showed agalactia post partum on the 
day after parturition, and was therefore exclud
ed from the analysis. The other sows were all clin
ically healthy and had a normal appetite during 
the sampling period. Body temperatures ranged 
from 37.9 to 39.5 °C during the day of parturi-

Tab le 2. Changes in live weight and backfat thickness of sows, litter size and weight during lactation and interval 
from weaning to first oestrus in the high and low backfat thickness groups (means with standard deviations) 

No of sows 

Sow live weight (kg) 
At farrowing 
Weight loss 1st week of !act. 
Weight loss 2nd week of !act. 
Weight loss 3rd week of !act. 
Weight loss from 3 weeks to weaning 

Backfat thickness (mm) 
9 days ante partum 
Loss 9 days a.p. to 3rd week of lactation 
Loss 9 days a.p. to weaning 

Litterdata 
Litter size at birth 
- at 2 days post partum 
- at 3 weeks of age 
Total litter weight at birth (kg) 
Litter weight gain during the first 3 weeks (kg) 
Lengh of weaning to first oestrus interval (days) 

1 One sow missing 
2 (p<0.05) indicates statistically significant effects 
3 One sow with silent oestrus excluded 
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Backfat thickness 

High (H) 

5 

226.8 (±21.3) 
14.0 (±5.0) 

1.2 (±1.8) 
3.8 (±2.8) 
4.0 (±5.7) 

18.8 (±3.5) 
3.5 (±1.7) 
4.4 (±2.0) 

13.6 (±2.1) 
10.8 (±2.3) 
10.6 (±2.3) 
21.1 (±2.7) 
47.3 (±4.3) 
5.2 (±0.8)3 

Low(L) 

5 

200.4 (±22.8) 
4.2 (±3.2)1 

0.5 (±2.3)1 

1.8 (±2.3) 
8.8 (±3.3) 

12.9 (±2.0) 
1.6 (±1.9) 
1.9 (±1.9) 

11.6 (±2.7) 
9.2 (±1.9) 
9.2 (±1.9) 

16.3 (±2.8) 
41.5 (±6.4) 

5.6 (±0.5) 

P-value, 
effect of backfat 

thickness (H or L) 

0.10 
0.012 

0.61 
0.25 
0.14 

0.01 
0.05 
0.08 

0.26 
0.26 
0.33 
0.02 
0.24 
0.51 
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Table 3. Serum concentrations of energy and protein metabolites in pregnant and lactating sows with high or 
low backfat thickness (least squares means). 

Day after parturition P-value for the effect of 

Backfat 
-9 2 7 14 21 Day thickness Day 

(Hor L) Backfat 

Glucose (nmol/l) 4.1781 4.71b 5.45< 5.33< 5.42< <0.001 0.92 0.84 
Urea (nmol/l) 3.55• 3.568 4.148 4.99b 5.14b <0.001 0.02 0.54 
Creatinine (µmol/l) 175• 1658 1658 145b 138b <0.001 0.39 0.81 
Triglycerides (µmol/l) 6408 332b 332b 275b 322b <0.001 0.83 0.22 
Free fatty acids (µmol/l) 2618 3528 2778 117b 87b <0.001 0.01 0.11 
Betahydroxybutyric 
acid (µmol/l) 3898 241b 248b 245b 243b <0.001 0.38 0.09 

1 Figures followed by different letters differ significantly (p<0.05). 

tion and the 2 following days. Two sows occa
sionally refused some of their daily food rations 
during the last 2 weeks of lactation. The total 
amount of food refused by these sows was 1 and 
2 daily rations, respectively. 
Changes in live weight and backfat thickness of 
the sows, litter size, litter weight and length of 
the interval from weaning to first oestrus are 
given for the H- and L-groups in Table 2. 
Sow weight loss was greatest during the first week 
of lactation. This loss was most evident in the H
group, amounting to 14.0 kg during the first week 
oflactation and a total of 16.6 kg during the first 
3 weeks. The difference in weight loss between 
the 2 groups was significant during the first 
week (p<0.01 ). Weight loss was slightly higher 
in the L-group than in the H-group during the 
last 2 weeks of lactation. 
Backfat thickness decreased in both groups 
from 9 days before farrowing until day 21 of lac
tation, but the decrease was highest in the H-group. 
(p<0.05). During the last 2 weeks of lactation there 
was only a slight decrease in backfat thickness, 
which was about the same in both groups. The 
number of piglets born, litter weight at birth and 
litter size on day 21 of lactation were higher in 
the H-group than in the L-group. 

The interval from weaning to first oestrus 
(mean 5.4 days) did not differ significantly 
between the 2 groups. One sow in the H-group 
that showed silent oestrus was not included in 
the calculation of the mean interval. 
Serum concentrations of the metabolites in the 
H and L groups are presented in Fig. 1. Results 
from the statistical analysis on the effects of day 
and backfat thickness are presented in Table 3. 
The concentration of glucose was low and equal 
in the 2 groups 9 days ante partum. By day 2 of 
lactation, it had risen in both groups (p<0.05), 
and a further rise was noted between day 2 
and day 7 (p<0.05). Thereafter only minor 
changes occurred, as reflected by values on 
days 14 and 21 of lactation. 
The concentration of urea nitrogen was similar 
in the 2 groups 9 days before parturition. In the 
L-group, a minor decrease had occurred by 
day 2 of lactation, whereafter there was a con
tinuous increase during the first 3 weeks of 
lactation. In the H-group the urea nitrogen 
concentration rose continuously from 9 days 
before parturition until day 14 of lactation. A 
difference (p<0.05) was found in urea concen
tration between the groups, with higher values 
noted in the H-group. 

Acta vet. scand. vol. 34 no. 1 - 1993 





Energy metabolism in sows 15 

In the L-group, the concentration of creati
nine decreased continuously throughout the 
period, whereas in the H-group no decrease was 
noted until day 14 of lactation. Changes in 
creatinine concentration were significant over 
time but not between groups. 
A significant decrease in the serum concen
tration of triglycerides was recorded in the H
group between day 9 before parturition and day 
2 of lactation. A further decrease, though not sig
nificant, occurred between day 2and14 of lac
tation. In the L-group, the decrease was signi
ficant between day 9 before parturition and 
day 2 of lactation, thereafter no changes occurred. 
The changes were significant over time but not 
between groups. 
Serum concentrations of free fatty acids were sim
ilar in the 2 groups 9 days before parturition. By 
day 2 of lactation, the concentration had 
increased considerably in the H-group. It 
remained stable until day 7, but by day 14 a sig
nificant decrease had occurred, and the concen
tration was low on day 21. 
In the L-group, the concentration of free fatty 
acids remained unchanged from day 9 before par
turition until day 2 of lactation. 
Between day 2 and 7 the concentration decreased 
sharply, whereafter it remained low and stable 
until day 21 of lactation. The changes were sig
nificant over time (p<0.01) and between groups 
(p<0.05), with higher concentrations in the H
group. 
Before parturition the concentration of beta
hydroxybutyric acid tended to be higher in the 
H-group than in the L-group. By day 2 of lac
tation, concentrations in both groups had 
decreased and were equal. Thereafter they 
remained stable until day 21 of lactation. 

Discussion 
This study demonstrated that highly pregnant 
sows in the H-group were able to maintain 
their maternal fat reserves at higher levels than 

sows in the L-group even though the former had 
to nourish a larger number of foetuses while 
receiving the same food ration as the latter. 
During late gestation, the 2 groups had similar 
concentrations of free fatty acids, urea nitrogen 
and triglycerides, the former 2 being low and the 
latter high. These similarities suggest that the dif
ference in backfat thickness was due to a great
er predisposition to deposit fat in the H-group 
during early and mid pregnancy rather than 
to a higher catabolic rate during late pregnan
cy in the L-group. 
During the first week of lactation, catabolism was 
excessive in the H-group, as reflected by high 
concentrations of free fatty acids, increasing 
urea nitrogen concentrations and pronounced 
weight loss. 
Catabolism during the same period in the L-group 
was less pronounced. Similarly, it was found that 
during the first 10 days postpartum, the ener
gy balance of thin sows was less negative than 
that of sows in normal condition (de Lange et al. 
1980). 
As lactation proceeded concentrations of free 
fatty acids and creatinine decreased, while 
those of triglycerides stabilized in both groups, 
indicating that the metabolism was becoming 
more balanced. Further, only moderate loss of 
backfat was noted in both groups during the last 
2 weeks of lactation. Consequently, the rea
son why no delay in return to normal cyclic 
activity was noted could have been that all 
sows were able to maintain maternal energy sup
plies at a sufficient level during late lactation. 
In previous studies the influence of weight loss 
and feeding level during lactation and backfat 
thickness at weaning on the length of the inter
val from weaning to first oestrus was found to 
be significant in primiparous sows but less evi
dent in multiparous sows (Reese et al. 1982, 
Yang et al 1989). Furthermore, the ratio between 
backfat change during lactation and body weight 
at parturition was 0.036 for parity 1 and between 
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0.020 and 0.026 for parities 2 to 4 (Yang et al 1989). 
These findings are in accordance with the 
present study and suggest that although mul
tiparous sows lose weight and backfat during lac
tation, they are less prone to develop a negative 
balance severe enough to reduce the ability to 
show standing oestrus after weaning. 
A considerable proportion (13-53%) of the tri
glycerides passing through mammary circulation 
is excreted and incorporated into milk compo
nents during lactation (Linzell et al. 1969). Such 
incorporation might explain the marked decrease 
in triglyceride concentration observed at the onset 
of lactation in the present study. The decrease 
was more pronounced in the H-group, despite 
their increasing food allowance and the exces
sive mobilization of maternal fat. A possible expla
nation might be an impaired ability to digestive
ly adapt to an increase in the demand for 
triglycerides in the H-group, since elevated 
energy intake in a previous study led to an 
increase in triglyceride concentration (Ruiz et 
al. 1971). 
Suckling induces an increase in serum concen
tration of gastrin while somatostatin concentra
tion decreases (Uvniis-Moberg et al. 1984). 
These changes indicate that an increase in 
digestive capacity occurs with onset of lacta
tion. 
The triglyceride concentrations were equal in 
the 2 groups before parturition, agreeing with 
previous comparisons made between lean and 
obese sows during pregnancy (Pond et al. 1983). 
A considerable amount of glycogen is deposit
ed in the foetuses during the last week of ges
tation (Hakkarainen 1975). Consequently, a 
decrease in the concentration of triglycerides in 
the sow might even occur before parturition, when 
energy metabolites are shunted to the foetal cir
culation. 
In accordance with the results of the present study, 
a decrease in the concentration of free fatty acids 
was recorded in primiparous sows during ear-
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ly lactation (Ruiz et al. 1971). Concentrations of 
free fatty acids in primiparous sows that showed 
high weight loss were low still at the fifth week 
of lactation (Hutten, unpublished results). The 
uptake of free fatty acids by the lactating mam
mary gland is low (Linzell et al. 1969, Spincer et 
al. 1969), suggesting that mobilized maternal fat 
is metabolized before being incorporated into 
milk components. 
Despite the negative energy balance during 
early lactation, which was most evident in the 
H-group, low concentrations of beta-hydroxy 
butyric acid were noted. In earlier studies, the 
concentration of beta-hydroxybutyric acid dur
ing gestation and lactation in primiparous sows 
increased or remained unchanged (Ruiz et al. 
1971, von Maryke et al. 1976, Sherer 1980). The 
results of studies on the fat metabolism in pig
let liver cells suggest that species specific resis
tance to ketone body formation exists (Pegorier 
et al. 1983). This suggestion is supported by 
the observation that even in starved pigs the 
increase in ketone body formation was only 
moderate (Bengtsson et al 1969, Gentz et al 1970). 
The fact that plasma concentrations of glucose 
increased after parturition in both groups agrees 
with earlier studies (Ruiz et al. 1971, Nachrein
er & Ginther 1972a,b, Pond et al. 1983). 
Initially, this increase might be due to a rise in 
the cortisol concentration at parturition (Molok
wu et al. 1973), while suckling-induced releas
es of oxytocin (Forsting et al 1979), gastrin (Uvniis
Moberg et al. 1984) and glucagon (Eriksson et 
al. 1987, Algers et al. 1989) might account for the 
increase as lactation proceeds. 
Nitrogen retention has been shown to occur dur
ing the week before parturition in both poorly 
fed, thin sows and in adequately fed sows in nor
mal condition (de Lange et al. 1980). Nitrogen 
is mainly deposited as foetal protein during 
late pregnancy and deposition is much lower in 
the maternal tissue of pregnant animals than in 
nonpregnant animals (Close et al. 1985). 
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Since urea nitrogen is the end product of nitro
gen metabolism in terrestrial vertebrates (Kane
ko 1989), increasing serum concentrations of urea 
are indicative of protein catabolism in animals 
whose dietary intake has not changed. 
In the present study, concentrations of urea 
nitrogen were low in both groups 9 days before 
parturition, which supports previous reports 
of protein anabolism during late gestation (Close 
et al. 1985). The increase in concentrations not
ed during early lactation in both groups corre
lated well with the increase in food intake, but 
although the level of food intake was still 
unchanged at day 2 of lactation, the urea con
centration had already started to increase in the 
H-group at this time. Furthermore, urea concen
trations were significantly higher in the H
group than in the L-group throughout the study. 
The fact that weight loss was initially more 
pronounced in the H-group suggests that the high
er urea concentration in sows in this group was 
due to their higher rate of maternal protein 
mobilization. Thin, multiparous sows have been 
shown to lose less nitrogen during the first 
week of lactation than normal sows fed the 
same ration (de Lange et al. 1980). 
Creatinine is the end product of muscle catab
olism and increases in connection with the 
wasting of muscle tissue (Wallach et al. l 978). The 
fact that the creatinine concentration in the 
present study was already high before parturi
tion and that the urea concentration was low at 
the same time suggests that maternal protein was 
converted into foetal protein. The high concen
tration of creatinine at the onset of lactation 
together with the increase in the urea concen
tration and the considerable loss of weight sug
gest that muscle protein was mobilized and 
that protein metabolites were lost. The decline 
in the concentration of creatinine over the 3-week 
period and the fact that weight loss during the 
second and third weeks of lactation was only mod
erate indicate that protein catabolism decreased 

and that the demand for precursors needed 
for milk synthesis was more adequately covered 
by ingested nutrients. The tendency for the 
decrease in creatinine concentration to be 
delayed in the H-group might have been due to 
the more pronounced weight loss in this group 
during the first week of lactation. 
The findings of the present study indicate that 
with the feeding regime used the metabolism is 
anabolic in the multiparous sow during late 
gestation, but with the onset of lactation an 
immediate shift to catabolism occurs. Sows 
with higher backfat thickness at parturition 
mobilize maternal depots at a higher rate dur
ing the first week of lactation than sows with low
er backfat thickness. The metabolism stabiliz
es in both groups as lactation progresses, 
whereby differences in maternal fat loss grad
ually decrease and consequently a delay in 
return to oestrus interval is inhibited. 
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Sammanfattniog 
En studie av energiomsiittningen hos sugga under sen 
driiktighet och laktation, i relation till spiicktjocklek och 
intervall mellan avviinjning och forsta brunst. 

no korsningssuggor i fjiirde eller femte driiktighetsperiod 
uppdelades i 2 grupper - hog (H) och lag (L} - med 
avseende pa deras spiicktjocklek 9 dagar innan grisnin
gen. 
Kroppsvikt, spiicktjocklek och kullvikt registrerades 
under en 5 veckor lilng laktationsperiod. Intervallet mel
lan avviinjning och fiirsta brunst noterades. 
Samtliga suggor utfodrades med ett kommersiellt 
suggfoder (11,9 MJ/kg, 14,5% raprotein). Under 
driiktighetsperioden var den dagliga fodernormen 
2,2 kg/sugga och under laktationen 3,0 kg/sugga + 0,4 
kg/smagris. 
Blodprover togs 9 dagar fore grisningen samt dag 2, 7, 
14 och 21 i laktationen. Provema analyserades avseende 
serumkoncentration av glukos, urea-kviive, kreati
nin, triglycerider, fria fettsyror och beta-hydroxysmiirsyra 
Dag 9 fore grisningen noterades laga koncentration
er av fria fettsyror och urea-kviive samt hoga koncen
trationer av triglycerider i bada grupperna, vilket 
indikerar anabol metabolism. Stigande koncentra
tion av fria fettsyror under fiirsta laktationsveckan i H
gruppen, men ej i L-gruppen, hoga koncentrationer av 
urea-kviive under tidig laktation i H-gruppen samt storre 
viktforlust indikerar mer uttalad katabolism i H-grup
pen iin i L-gruppen under tidig laktation. Lilga koncen
trationer av fria fettsyror i bada grupperna efter fiirsta 
laktationsveckan. sjunkande kreatininkoncentration
er och stabila koncentrationer av urea-kviive och tri
glycerider i bada gruppema under andra och tredje lak
tationsveckan indikerar minskad katabolism. Ingen 
skillnad i intervallet mellan avviinjning och fiirsta 
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brunst noterades mellan gruppema. 
Denna studie indikerar att vid restriktiv utfodring ar 
metabolismen mer katabol under forsta laktationsveck
an hos suggor med hogre spacktjocklek i sen draktighet. 

Langre fram i laktationen uppnas en mer balanserad 
metabolism, oberoende av spacktjockleken, vilket 
kan motverka att skillnader i intervallet mellan 
avvanjning och forsta brunst uppstar. 
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