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Summary. In recent years L-carnitine has been used increasingly in animals. This review gives an

overview of the effects of dietary L-carnitine supplementation during pregnancy and lactation on the

reproductive performance of sows. In one investigation L-carnitine supplementation during pregnancy

increased the number of piglets born to sows. Other studies showed heavier litters in sows supple-

mented with L-carnitine compared with control sows, and litters of L-carnitine supplemented sows

gained more weight during the suckling period than litters of control sows. This effect might be due to

more vigorous suckling by piglets of L-carnitine supplemented sows, causing the sows’ milk produc-

tion to rise. At negative energy balance during lactation L-carnitine supplemented sows are able to

mobilize more energy from adipose tissue, which can be used for the production of surplus milk. In

conclusion, recent studies clearly show that dietary L-carnitine supplementation increases the repro-

ductive performance of sows. This finding suggests that the amount of L-carnitine synthesized endo-

genously does not cover the requirement for maximum sow performance during pregnancy and

lactation.
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Introduction

L-Carnitine (L-�-hydroxy-4-(trimethylamino)butyric acid) is an important com-
pound in mammals. Its primary function lies in the transport of long-chain fatty
acids across the inner mitochondrial membrane to the place of their �-oxidative
degradation, e.g., energy production. In recent years, L-carnitine has been used
increasingly as a supplement in livestock and sport animals. Feeding trials were
designed to investigate whether dietary L-carnitine supplementation is capable of
improving performance characteristics of livestock. Such studies have been con-
ducted in sport horses [1–3], dairy cows or steers [4–6], laying hens and broilers
[7–13], fattening pigs [14–16], suckling and weanling pigs [17–23], but also in
boars [24]. In recent years, several studies have been performed which observed a
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series of beneficial effects of L-carnitine supplementation on the reproductive
performance of sows [25–30]. This review gives an overview of the effects of
L-carnitine in sows observed recently.

The Carnitine Status during Pregnancy and Lactation

In women, a strong decrease of plasma carnitine concentrations during pregnancy
has been well established [31–33]. Concentrations of total L-carnitine at the
12th week of gestation in pregnant women were only half of that of non-pregnant
women [34]; during the further course of the pregnancy, plasma L-carnitine con-
centrations are further declining to values which are observed in patients with
carnitine deficiency. The decline of total L-carnitine concentrations is mainly due
to reduced concentrations of free L-carnitine while those of acylcarnitine are
slightly increased compared to non-pregnant women. High ratios between acylcar-
nitine and free L-carnitine (>0.4) are designated as ‘‘carnitine insufficiency’’ [35].
In pregnant women, the concentration of acylated L-carnitine could be markedly
decreased by supplementation of L-carnitine [36].

The behaviour of the plasma carnitine concentration in sows during the preg-
nancy seems to be different from that in women. In the study of Musser et al. [26],
the concentration of free and total L-carnitine were measured in sows at days 10,
60, 90, and 110 of pregnancy. Plasma free and total L-carnitine concentrations at
day 60 were lower than at days 10, 90, or 110. However, the concentrations at day
110 were even slightly higher than at day 10. This indicates that a strong decline
of plasma L-carnitine during the late pregnancy as seen in women does not occur in
sows. In our study, the concentrations of free and total L-carnitine in plasma of
sows at day 95 of pregnancy were similar with those at day 21 of lactation (free
L-carnitine: 6.1 vs. 6.9�mol=dm3 in pregnancy and lactation; total L-carnitine: 7.5
vs. 9.0�mol=dm3 in pregnancy and lactation). Supplementation of sows’ diets with
L-carnitine caused a moderate increase of plasma L-carnitine concentrations
during pregnancy and lactation. In the study of Musser et al. [26] daily supple-
mentation of 100 mg of L-carnitine increased the concentrations of free and total
L-carnitine in plasma by approximately 10%. In our study, supplementation of
125 mg of L-carnitine per day increased the concentration of free L-carnitine in
plasma from 6.1 to 8.4�mol=dm3 and that of total L-carnitine from 7.5 to
11.1�mol=dm3 at day 95 of pregnancy. The ratio between acylated and free L-
carnitine, however, was not increased by L-carnitine supplementation of sows dur-
ing pregnancy. L-Carnitine supplementation of sows during the lactation causes
also an increase of L-carnitine concentrations in plasma and milk. In the study of
Musser et al. [26], supplementation of the diets of lactating sows with 50 mg of L-
carnitine per kg of body weight increased the concentrations of free L-carnitine
in plasma and milk by 22 and 5%, respectively, and that of total L-carnitine by 15
and 24%. In our study, a daily supplementation of 250 mg of L-carnitine per sow
increased the concentration of free L-carnitine in the milk by 50% and that of total
L-carnitine by 35% [28]. The L-carnitine concentration of the milk might be impor-
tant for the development of the suckling piglets because they have a low capacity
for an endogenous L-carnitine synthesis, particularly at the first days after birth
[37–39]. Supplementation of newborn piglets with L-carnitine increases their
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activity of carnitine palmitoyl transferase-1 in the liver and their ability to oxidize
fatty acids [19].

Impact of L-Carnitine Supplementation on Number
and Weight of Piglets

The number of piglets born alive is one of the most important criteria of the
reproductive performance of sows. Results concerning the impact of L-carnitine
supplementation in sows during pregnancy on the number of piglets born are con-
troversial (Table 1). In studies by Musser et al. [26] performed in the United States,
sows supplemented with L-carnitine did not differ in the number of piglets born
alive to unsupplemented controls. In our study, which was performed under com-
mercial conditions in a sow unit with Leicoma sows, L-carnitine supplementation
at a level similar with that used in the study of Musser et al. [26] increased the
number of piglets born alive by 0.5 per litter [27]. In a more recent study performed
in crossbred sow L-carnitine supplementation caused an even greater increase in
the number of piglets born, both in the first and the second parity [28]. It should be
noted, however, that this experiment was conducted with a small number of sows.
Several studies concurred that L-carnitine supplementation of sows during preg-
nancy reduces the number of stillborn or non-viable piglets. In the study of Musser
et al. [27] dietary L-carnitine supplementation reduced the number of stillborn
piglets from 0.76 to 0.49 per litter (p<0.05). In our study, the number of still-
born piglets remained unaffected by dietary L-carnitine but the number of non-
viable piglets with a birth weight below 800 g was significantly lower in L-carnitine
supplemented sows than in control sows [28, 29].

Birth weights of piglets are largely influenced by the intrauterine supply of
nutrients to the fetuses. Our studies and those by Musser et al. [27–29] have shown
that L-carnitine supplementation of sows during pregnancy increases birth weights
of litters (Table 2). Musser et al. [27] found that L-carnitine supplemented pregnant
sows have higher concentrations of insulin and IGF-1 in blood than control sows.
This finding was confirmed by us (unpublished data) and Woodworth [30], who
also found increased concentrations of insulin like growth factor-1 (IGF-1) in the

Table 1. Effects of L-carnitine supplementation of pregnant sows on the number of piglets born alive in various

studies

Reference Supplementation level Total number

of sows

Number of piglets Change in

numbers

Control

sows

L-Carnitine

supplemented sows

Musser et al. [26] 100 mg L-carnitine=sow=d 150 10.3 10.4 þ0.1

Musser et al. [42] 50 mg L-carnitine=kg diet 232 11.5 11.1 �0.4

Ramanau et al. [27] 125 mg L-carnitine=sow=d 175 10.6 11.1 þ0.5

Ramanau et al. [28]

1st birth 125 mg L-carnitine=sow=d 32 9.6 12.4 þ2.8

2nd birth 125 mg L-carnitine=sow=d 26 10.3 13.1 þ2.8
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blood of L-carnitine supplemented pregnant sows. We also observed an increased
concentration of growth hormone in the blood, which acts as a trigger for the
release of IGF-1 [40]. IGF-1 is a key hormone for intrauterine fetal development.
It promotes fetal secondary muscle fibre development [41]. Musser et al. [42]
showed that muscle fibres in newborn piglets from L-carnitine supplemented
sows are larger in diameter than those of piglets from control sows ( p<0.15).
In the same study piglets of L-carnitine supplemented sows had more primary
muscle fibres in the semitendinous muscle than piglets of control sows. These
effects were presumably caused by a higher IGF-1 concentration in the blood.
The mechanisms by which dietary L-carnitine increases the secretion of IGF-1
by sows are unknown and require further investigation. Improved intrauterine fetal
nutrition due to dietary L-carnitine could explain the smaller number of stillborn or
non-viable piglets born to sows supplemented with L-carnitine. Woodworth et al.
[43] also reported an increased concentration of leptin in plasma of sows supple-
mented with L-carnitine, a hormone which plays a key role in reproduction. These

Table 2. Effects of L-carnitine supplementation of pregnant sows on birth weights of piglets and litters in various

studies

Reference Supplementation levela Total number

of sows

Control

sows

L-Carnitine

supplemented sows

Change

Weights of piglets (kg=piglet)

Musser et al. [26] P: 100 mg L-carnitine=sow=d 294 1.48 1.58 þ0.10

L: 50 mg L-carnitine=kg diet

Musser et al. [42] P: 50 mg L-carnitine=kg diet 232 1.54 1.61 þ0.07

L: 50 mg L-carnitine=kg diet

Ramanau et al. [27] P: 125 mg L-carnitine=sow=d 175 1.38 1.48 þ0.10

L: 250 mg L-carnitine=sow=d

Ramanau et al. [28]

1st birth P: 125 mg L-carnitine=sow=d 32 1.54 1.39 �0.15

L: 250 mg L-carnitine=sow=d

2nd birth P: 125 mg L-carnitine=sow=d 26 1.70 1.53 �0.17

L: 250 mg L-carnitine=sow=d

Weights of litters (kg=litter)

Musser et al. [26] P: 100 mg L-carnitine=sow=d 294 14.6 15.6 þ1.0

L: 50 mg L-carnitine=kg diet

Musser et al. [42] P: 50 mg L-carnitine=kg diet 232 17.9 18.2 þ0.3

L: 50 mg L-carnitine=kg diet

Ramanau et al. [27] P: 125 mg L-carnitine=sow=d 175 14.5 16.3 þ1.8

L: 250 mg L-carnitine=sow=d

Ramanau et al. [28]

1st birth P: 125 mg L-carnitine=sow=d 32 14.2 16.8 þ2.6

L: 250 mg L-carnitine=sow=d

2nd birth P: 125 mg L-carnitine=sow=d 26 17.3 19.6 þ2.3

L: 250 mg L-carnitine=sow=d

a P¼ pregnancy, L¼ lactation
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investigators suggested that L-carnitine influenced biochemical pathways involved
in energy metabolism by an increased secretion of leptin. This suggestion is con-
firmed by a recent study which indicated that L-carnitine improves oral glucose
tolerance in pregnant sows [30]. In our study, sows supplemented with L-carnitine
had increased plasma concentrations of cortisol [40]. All these findings demon-
strate that dietary L-carnitine alters the hormonal status of pregnant sows, resulting
in improved fetal nutrition.

It has been shown that dietary L-carnitine supplemented to pregnant rats or
women stimulates the development of the fetal lung [44–46]. A deficiency of the
pulmonal surfactant factor which is composed mainly of phospholipids is the
reason of the Respiratory Distress Syndrom (RDS) which is the most often cause
of death of premature infants [47]. L-Carnitine supplementation of pregnant
mothers has been demonstrated to increase the L-carnitine concentration of the
fetal lung and the synthesis of dipalmitoyl phosphatidylcholine which is the most
important component of the surfactant [48, 49]. It has not yet been investigated
whether L-carnitine supplementation also stimulates the development of the fetal
lung in sows. It cannot, however, be ruled out that such an effect could play a role
for the lower rate of piglet losses after birth in sows supplemented with L-carnitine.

During the intrauterine phase, the supply of the fetus with amino acids, glucose,
minerals, and fatty acids from the mother via the placenta is necessary for its
development. The rate of fatty acid oxidation in the fetus is low [50]. However,
immediately after birth the oxidation of fatty acids becomes extremely important
because of the disruption of the supply with glucose and the rapid exhaustion of the
glycogen storage [51]. Sufficient concentrations of L-carnitine in tissues are
required for an efficient utilisation of fatty acids for the production of energy. It
was shown that L-carnitine supplementation of mother’s milk with L-carnitine
reduced the rate of mortality in preterm babies from 22 to 6% [52]. We observed
that L-carnitine concentrations in the whole body were 20% higher in newborn
piglets of sows supplemented with L-carnitine than in newborn piglets of control
sows (unpublished data). What we suspect is that piglets of sows supplemented
with L-carnitine were able to switch on faster the oxidation of fatty acids than
piglets of control sows. This could have contributed to the lower number of losses
of piglets observed in sows supplemented with L-carnitine.

Development of Piglets during the Suckling Period

Several studies have shown that litters of sows supplemented with L-carnitine
during pregnancy and lactation gain more weight during the suckling period than
those of control sows (Table 3). Weight gain of litters during the suckling period is
mainly dependent on the sow’s milk production [53]. We therefore assumed that
sows supplemented with L-carnitine produce more milk than unsupplemented con-
trol sows. Using the weigh-suckle-weigh method we were able to demonstrate that
sows supplemented with L-carnitine produced more milk than control sows. The
nutrient composition of the milk did not differ between control sows and sows
supplemented with L-carnitine. The amount of nutrients and energy secreted with
the milk, however, was higher in L-carnitine supplemented sows than in control
sows [28]. This clearly indicates that increased litter weights of piglets during the
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suckling period are due to more energy and nutrients being transferred from the
sow to the piglets with the milk.

Milk production of sows is influenced by several factors such as the age of the
sows and their energy and nutrient supply. The suckling behaviour of the piglets is
another important factor which has a bearing on milk production of sows. It is well
established that the suckling interval and the vigour with which piglets stimulate
the teats both affect milk yield. If piglets suckle more frequently they will obtain
more milk, thus causing milk production to rise [54, 55]. Heavier piglets are able to
massage the teats more vigorously and therefore obtain more milk at each suckling
[56, 57]. We suspect that piglets of sows supplemented with L-carnitine can suckle
for longer periods than piglets of control sows and therefore stimulate milk pro-
duction by the sow. In order to investigate this, we recorded litters over a 24-h
period by video. We found that piglets of L-carnitine treated sows have longer
suckling times and shorter resting times (Table 4). We assume that the longer
suckling time per day is the reason for higher milk production by sows and faster
growth of piglets during the suckling period. This suggestion is confirmed by the

Table 3. Effects of L-carnitine supplementation of pregnant sows on litter weight gains during the

suckling period

Reference Supplementation levela Litter weight gains (kg) Change

(kg)

Control

sows

L-Carnitine

supplemented sows

Musser et al. [26] P: 100 mg L-carnitine=sow=d 26.6 29.2 þ2.6

L: 50 mg L-carnitine=kg diet

Ramanau et al. [27] P: 125 mg L-carnitine=sow=d 51.2 57.9 þ6.7

L: 250 mg L-carnitine=sow=d

Ramanau et al. [28]

1st birth P: 125 mg L-carnitine=sow=d 61.1 67.7 þ6.6

L: 250 mg L-carnitine=sow=d

2nd birth P: 125 mg L-carnitine=sow=d 91.4 99.2 þ7.8

L: 250 mg L-carnitine=sow=d

a P¼ pregnancy, L¼ lactation

Table 4. Suckling activity of piglets of control sows and sows supplemented with L-carnitine at day 3

of lactationa

Control þL-Carnitine

Number of sucklings per 24 h 43.0 44.3

Total suckling time (h=24 h) 3.44 4.35b

Average suckling time (min=suckling) 4.80 5.89b

Average time between two sucklings (min) 28.3 25.3

a Birkenfeld et al. (unpublished data), 10 litters in each group were observed; b significantly different

(p<0.05)
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findings of Musser et al. [26, 58]. These investigators showed that L-carnitine
supplementation of sows during pregnancy increased litter weaning weights. How-
ever, in sows which were not supplemented with L-carnitine during pregnancy, L-
carnitine supplementation during lactation did not influence litter weaning weights.
These studies showed that increased litter gains during the suckling period are due
to the effects of L-carnitine during pregnancy, while L-carnitine during lactation
has no effects in this respect if sows were not supplemented with L-carnitine during
pregnancy. We also observed that sows supplemented with L-carnitine had larger
and more active mammary glands at weaning than control sows [59]. The devel-
opment of the mammary gland was probably stimulated by the suckling activity of
the piglets. If piglets suckle more frequently or more vigorously they will obtain
more milk, resulting not only in higher milk production but also in a higher rate of
mammary growth [54].

The reason for the increased suckling time of piglets from L-carnitine supple-
mented sows is unclear. One possible explanation is that piglets of L-carnitine
treated sows are already more vigorous at birth than piglets of control sows due
to an increased nutrient supply during fetal development. Another possible reason
why they are more vigorous than piglets of control sows is because they have
higher tissue concentrations of L-carnitine at birth and moreover receive more L-
carnitine with the maternal milk than control piglets. Newborn piglets have a very
limited capacity for L-carnitine synthesis [37–39]. The milk is therefore an impor-
tant source of L-carnitine for the piglets. Milk from L-carnitine supplemented sows
contains higher concentrations of L-carnitine than milk from control sows [28, 58].
L-carnitine is required for both, the release of fatty acids from adipose tissue and
the fatty acid utilization [60–62]. Therefore, higher tissue concentrations of L-
carnitine after delivery together with an increased L-carnitine supply through the
milk might improve the release of energy from fatty acids which might contribute
to the increased growth of suckling piglets of L-carnitine supplemented sows.

Mobilization of Energy from Adipose Tissue in Sows during Lactation

Mobilization of adipose tissue plays an important role in lactating sows because
they are usually unable to cover their energy requirement for milk production from
the diet alone. Previous studies in piglets and growing-finishing pigs have shown
that dietary L-carnitine increases the utilization of fatty acids and spares protein
[15, 19, 23]. This effect is caused by increased activity of carnitine palmitoyl
transferase-1 (CPT-1) and increased utilization of amino acids for protein synthesis
[16]. We assumed that sows supplemented with L-carnitine might be able to release
more energy from adipose tissue during lactation, which can be used for producing
surplus milk. To investigate this hypothesis we fed sows a diet low in energy and
protein to stimulate mobilization of body pools. What we found was that sows
supplemented with 125 mg of L-carnitine per day during the pregnancy and 250 mg
of L-carnitine during the lactation were able to produce 18% more milk than
control sows and their litters gained 20% more weight during the suckling period
than those of control sows. Moreover, L-carnitine supplemented sows released 36%
more body fat than control sows while the mobilization of body protein did not
differ from untreated control sows [59]. These data suggest that in sows L-carnitine
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stimulates the mobilization of energy from adipose tissue, which can be used for
producing surplus milk. We also found increased concentrations of IGF-1 and
adrenalin in plasma of L-carnitine supplemented sows, hormones which stimulate
the lipolysis of adipose tissue [40]. The observation that mobilization of body
protein was not increased although L-carnitine supplemented sows produced more
milk, suggests that L-carnitine had a protein-sparing effect in sows. This is pre-
sumably due to increased secretion of IGF-1, which reduces protein catabolism.

Growth Performance of Piglets after Weaning

The observation by Musser et al. [42] that piglets of L-carnitine supplemented sows
have more muscle fibres than those of control sows raised the question whether
they also have a higher growth performance after weaning. To address this question
we compared the growth performance of piglets of sows supplemented with
125 mg of L-carnitine per day during pregnancy and 250 mg of L-carnitine during
lactation with that of piglets of control sows [63]. Feed intake, daily body weight
gain, and gain:feed ratio of both groups of piglets did not differ. This means that L-
carnitine supplementation of sows does not influence the post-weaning growth
performance of their offspring. However, supplementation of the piglets’ diet with
50 mg of L-carnitine per kg of body weight increased their daily body weight gains.
Piglets fed diets supplemented with L-carnitine also showed a tendency towards an
increased gain:feed ratio ( p¼ 0.06). This finding agrees with other studies in which
L-carnitine supplementation increased the gain:feed ratio and protein accretion in
piglets [19, 22, 23]. On the other hand, there are also studies in which L-carnitine
supplementation did not alter the growth performance of piglets [21, 64]. These
studies suggest that the effect of L-carnitine on piglet growth is influenced by other
experimental factors such as the energy or lysine content of the diet [19, 23].

Conclusion

Studies reported in the literature clearly show that supplementation of diets with
L-carnitine during pregnancy and lactation has beneficial effects in sows. This
implies that the endogenous synthesis of L-carnitine by sows does not cover the
amount required for maximum performance during pregnancy and lactation.
Results of several studies indicate that L-carnitine influences the hormonal status
of pregnant sows and thereby improves fetal nutrition. Molecular mechanisms
by which L-carnitine influences the hormonal status of sows require further
investigation.
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Austria. – Redaktion: Getreidemarkt 9=163-OC, 1060 Wien, Austria. – Satz und Umbruch: Thomson Press Ltd., Chennai, India. –
Offsetdruck: Manz Crossmedia, 1051 Wien, Austria. – Verlagsort: Wien. – Herstellungsort: Wien. – Printed in Austria.

1544 K. Eder: Effects of L-Carnitine Supplementation in Sows


