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Lipid composition of lactational diets influences the fatty acid
profile of the progeny before and after suckling
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The purpose of the present study was to compare the influence of adding no or 8% fat of varying sources (coconut oil, fish oil,
rapeseed oil and sunflower oil) to diets for sows 1 week prior to farrowing and during lactation on the composition of fatty
acids in plasma and tissues of the progeny while sucking and 3 weeks after weaning from the sow. A control diet without
supplemental fat and four diets supplemented with 8% of coconut oil, rapeseed oil, fish oil or sunflower oil were provided to
lactating sows (n 5 15), and during the post-weaning period the same weaner diet was provided to all piglets (n 5 15 litters),
which were housed litterwise. The dietary ratio of n-6:n-3 fatty acids of the maternal diets largely influenced the progeny, as
the ratio varying from 1.2 (fish oil) to 12.2 (sunflower oil) in the sow milk was reflected in plasma and adipose tissues of the
sucking progeny. The liver showed similar variations according to dietary treatments, but a lower n-6:n-3 fatty acids ratio. From
day 4 to later on during the suckling period, the concentration of C14:0, C16:0 and C18:1 in the liver of the piglets decreased,
irrespective of the dietary treatments of sows. In plasma and liver, the total concentration of saturated fatty acids (SAFA),
monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) did not differ markedly in piglets sucking sows fed
different dietary fatty acids, whereas the adipose tissue of piglets sucking sows fed sunflower oil and coconut oil showed the
highest proportion of PUFA and SAFA, respectively. Weaning lowered the concentration of lipid-soluble extracts in plasma and
the concentration of fatty acids in the liver of the piglets. Within the post-weaning period, dietary treatments of sows, rather
than age of piglets, influenced the fatty acid composition of plasma and adipose tissue of the piglets, whereas the hepatic fatty
acid profile was more affected by the age of the piglets during the post-weaning period. This study shows that the fatty acid
profile of plasma and tissues of the progeny is highly dependent on the maternal dietary composition, and that the dietary
impact persists for up to 3 weeks after the suckling period.
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Introduction

Nutrients are supplied to the newborn through the milk,
and fat is particularly important not only for energy but also
for supplying specific fatty acids thought necessary for
optimal organ development. The pig is a good model for the
human in terms of digestion, absorption and metabolism of
milk lipids (Innis, 1993). The fatty acid composition of sow
milk is easily influenced by the dietary fat source provided
to the sow (Lauridsen and Danielsen, 2004), but little is
known regarding the transfer of fatty acids from the milk to
the progeny. The importance of providing adequate
amounts of essential n-6 and n-3 fatty acids is well
recognised. Studies of non-human primates and newborn

infants have shown that docosahexanoic acid (DHA) is
essential to the normal functional development of the retina
and the brain, especially in premature babies (Simopoulus,
1986). Deficiency of n-6 and/or n-3 fatty acids in developing
infants can lead to deficiency symptoms, and may have
implications for normal central nervous system development
(Innis, 1992). However, besides the n-6 and n-3 fatty acids,
the content of saturated fatty acids (SAFA) and unsaturated
fatty acids (UFA) in infant diets is important in achieving
appropriate compositions in developing tissue lipids.

One aspect is the transfer of fatty acids to the infant
while sucking and the other aspect is the persistence of the
fatty acids in the body tissues after the sucking period. The
accessibility of fatty acids to the infant depends on their
presence in the diet as well as the efficiency of fat digestion
and absorption. The apparent digestibility of fat by sucking- E-mail: Charlotte.lauridsen@agrsci.dk
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piglets is high (96%; Cranwell and Moughan, 1989) but at
weaning it decreases to 65% to 80% (Cera et al., 1988).
The hypothesis of this study was that the fatty acid com-
position of the maternal diet would influence the transfer of
fatty acids to the plasma and tissue of the progeny, and that
this effect would persist after weaning from the mother. The
purpose of the present study was therefore to compare the
temporal influence of adding no or 8% fat of varying
sources (coconut oil, fish oil, rapeseed oil and sunflower oil)
to diets of sows 1 week prior to farrowing and during
lactation on the composition of fatty acids in plasma and
tissues of the progeny while sucking and 3 weeks after
weaning from the sow.

Material and methods

Animals
At day 108 of gestation, 15 sows (alternate Danish Land-
race 3 Danish Yorkshire) were randomly selected from the
herd at the Danish Institute of Agricultural Sciences, and
were assigned to one of five dietary treatments. The sows
were arranged in a randomised complete-block design with
three blocks (5parity 2, 3 and 4), and five sows per block,
corresponding to five treatments per block. Within each
block/parity, sows had a sire of the same breed, and were
mated with a boar of the Duroc breed. Sows with piglets
were housed individually in pens (2.2 3 2.4 m) with a partly
slatted floor, partly solid concrete combined with slats of
iron grates. Sows and piglets were provided moderate
quantities of straw bedding. Sows farrowed in crates were of
2.4 m length and flexible in width (0.6 to 0.8 m). The creep
area for piglets (1.0 3 1.3 m) was partly covered, and heating
lamps were installed during the 1st week after birth. After
weaning, piglets within a litter were housed in 1.5 3 1.8 m
pens. The floor comprised two parts: a concrete, heated floor
(located just behind the trough) and a manure area with a
plastic net. The experiment complied with the guidelines of the
Danish Ministry of Justice with respect to animal experi-
mentation and care of animals under study.

Diets and chemical analyses
The experimental feed was provided to the sows from day
108 of gestation and until weaning (4 weeks after far-
rowing). The sow diets (Table 1) were based on soya-bean
meal, barley and wheat. Diet 1 was the basal diet without
addition of fat and diets 2 to 5 were formulated with 8% of
rapeseed oil, fish oil, coconut oil and sunflower oil,
respectively. The experimental diets were mixed at the
Research Centre Foulum and provided as pellets. The diets
were formulated in order to supply an equal amount of
digestible essential amino acids per MJ net energy (NE).

The content of dry matter (DM), crude protein, crude fat
and ash in the diets was determined according to the
Association of Official Analytical Chemists (1990) proce-
dures, and the crude fibre content and the enzyme digesti-
bility of organic matter (EDOM) were analysed after the

methods of Aaman and Hesselman (1984) and that of
Boisen and Fernandez (1997), respectively. Dietary lipids
were extracted by the method of Stoldt (1952) using pet-
roleum ether, and the long-chain fatty acids (.C8) were
determined by GLC (capillary) after saponification and
methylation, as described by Rothenberg and Andersen
(1980), with substitution of hexane with heptane and with
C17:0 as the internal standard. The vitamin E (a-toco-
pherol) content of the diets was analysed by HPLC after
saponification and extraction into heptane as described by
Jensen et al. (1999).

Sows were fed twice daily and had access to water ad
libitum. From day 108 to day 111 of pregnancy, daily rations
of 25.5 MJ NE were given. Around farrowing, 19.3 MJ NE
per day was provided, followed by 23.2 to 27.0 MJ NE on
days 2 and 3 post farrowing. Thereafter, feed was offered
daily, adjusted to the intake of the individual sow (animals
were fed to meet their desired daily intake but could empty
the trough between feedings).

No creep feed was given to the piglets during the
suckling period. After weaning (day 28 of age), all piglets
had free access to a weaner diet, which was fed until 49
days of age (end of experiment). This weaner diet was a
standard pelleted diet and the chemical composition was
determined as described above for the sow feed.

Recordings and analytical procedures
Milk samples from each sow were obtained at days 4, 18
and 25 of lactation by hand-milking from the teats (samples

Table 1 Composition of diets for sows (control (diet 1) and diets 2 to
5 (inclusion of 8% fat of different sources)) and for piglets-

Diet 1 Diets 2 to 5 Piglet diet

Ingredients (%)
Barley 39.7 32.9 31.2
Wheat 39.7 33.0 31.2
Soya-bean meal 18.0 23.0 21.7
Calcium carbonate 1.0 0.9 0.92
Fat 0 8.0 5
Monocalcium phosphate 1.1 1.7 0.91
Sodium chloride 0.3 0.3 0.29
Fish meal, low in ash – – 8.0
L-Lysine-

-

– – 0.39
DL-Methionine-

-

– – 0.04
Minerals and vitaminsy 0.2 0.2 0.4

-Diets 2 to 5 were included the following sources: diet 2: coconut oil, diet
3: rapeseed oil, diet 4: fish oil, diet 5: sunflower oil, and to the piglet diet
was added animal fat.
-

-

L-Lysine was added as a mix, which contained 40 g of L-lysine �HCl, 50 g of
CaCO3 and 10 g of H2O. DL-Methionine was added as a mix, which
contained 40 g of DL-methionine, 15 g of wheat bran, 35 g of CaCO3, and
10 g of H2O.
yMinerals and vitamin pre-mix (mg/kg finished diet): retinal acetate53.0;
cholecalciferol50.03; all-rac-a-tocopheryl acetate 5 60; menadione 5 2.2;
thiamin 5 2.2; riboflavin 5 5.5, pyridoxine 5 3.3; D-pantothenic acid 5 16.5;
niacin 5 22 mg; folic acid 5 1.65; biotin 5 0.22; cyanocobalamin 5 0.22;
BHT 5 60, Fe 5 100; Zn 5 150; Mn 5 28; Cu 5 20; I 5 0.3; Se 5 0.3.
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of teats were pooled) after injection of oxytocin. Milk
samples were stored at 2208C until analysis of fatty acid
content and composition. Prior to analysis, milk samples
were thawed and gently mixed in a water bath held at
408C. Fat was extracted from the milk according to the
method of Bligh and Dyer (1959). To 500 mg milk was
added 0.50 ml water, 1.00 ml chloroform with 5.000 mg
C17:0 as internal standard and 2.00 ml methanol. This
monophasic mixture was shaken for 1 min, then 1.00 ml
water and 2.00 ml chloroform were added, and the mixture
was shaken again for 1 min, after which the mixture was
centrifuged for 10 min at 1000 3 g and exactly 1.00 ml of
the lower (chloroform) phase was taken out and trans
esterified into fatty acid methyl esters after saponification
with NaOH and esterified with boron trifluoride methanol
complex and separated by GLC as described by Rothenberg
and Andersen (1980).

Recordings of performance of the litters involved weekly
registration of the individual piglet weight throughout the
experimental period (days 0 to 49 of age) and of feed intake
during the post-weaning period.

Blood samples of three piglets per litter were obtained
from vena jugularis by puncture into heparinised vacuum
tubes at days 4, 18, 25, 35, 42 and 49 after birth. After
centrifugation at 1000 3 g for 10 min at 48C, the plasma
samples were stored at 2808C until analysis. On the same
days, one piglet per litter was killed by intravenous injection
of pentobarbital. After bleeding of the animals, samples of
the liver and adipose tissue from the area around the hip
muscle were obtained. Tissue samples were stored at
2208C until analysis.

Determination of free fatty acids (FFA) in plasma was
performed using the acyl-CoA synthase–acyl CoA oxidase
(ACS–ACOD) method as prepared by Waco Chemicals USA,
Inc. Concentrations and proportions of reagents were,
however, slightly modified to optimise our specific analy-
tical conditions. Analysis of free glycerol was based on the
enzymatic conversion of glycerol to G-3-P and further oxi-
dation to di-OH-acetone-P and hydrogen peroxide. The
latter develops with 4-aminoantipyrine and chloropherol,
which is a quinonemine dye detectable at 500 nm absor-
bance. Basic principles in the process are described by
Fossati and Prencipe (1982) and Trinder (1969). Analyses of
the plasma concentration of triglycerides (TG) were based
on enzymatic determination of free glycerol after liberation
from triglyceride using lipoprotein lipase. The analyses
consequently do not differentiate between mono-, di- or
triglyceride origin. The method is standardised by Technicon
RA�R Systems (Tarrytown, NY, NY, USA). Plasma total
cholesterol (CHOL) was determined after hydrolyses of
cholesterol esters using cholesterol esterase. The free cho-
lesterol in the presence of oxygen and cholesterol oxidase
produces hydrogen peroxide, which in turn forms a quino-
neimine dye, which is determined colormetrically at 500 nm.
Blood plasma glucose was analysed using an autoanalyser,
ADVIA 1650�R Chemistry System (Bayer Corporation, Tarry-
town, NY, USA). Intra-assay variation (CV %), inter-assay

variation (CV %) and relative bias (% deviation from ideal
value) were below the following values: 1.5,2.0 and 1.5,
respectively). Analysis of triglyceride, CHOL, glucose and
free glycerol were all performed using an autoanalyser,
OpeRATM Chemistry System, (Bayer Corporation, Tarry-
town, NY, USA).

Concentration of fatty acids in plasma and liver was
analysed according to Bligh and Dyer (1959) as described
above with the following changes. One millilitre of plasma
was used instead of 500 mg milk and the addition of
0.500 ml water was excluded. Liver samples (3.00 g) were
homogenised in methanol (6.00 g 5 7.6 ml), while being
kept on ice. From this homogenate, 0.60 g was weighed
out, and water, methanol, chloroform and internal standard
were added as described above. Adipose tissue was solu-
bilised in heptane in a water bath held at 808C for 2 h and
methylated directly and the fatty acid methyl esters were
quantified as described above for feed (Rothenberg and
Andersen, 1980).

Statistical analysis
Statistical analysis of data was accomplished using the
MIXED procedure of Statistical Analysis Systems Institute
(1999). Analyses of data obtained on the piglets were
based on the following model:

YðiÞ ¼ mþ aFSðiÞ þ bDðiÞ þ gFS�DðiÞ þ USOWðiÞ þ �ðiÞ;

in which Y(i) is the dependent variable, m the overall mean,
aFS(i) the systematic effect of fat source, bD(i) is the sys-
tematic effect of the day of sampling and aFSxD(i) the sys-
tematic effect of interaction between fat source and day.
USOW(i) refers to the effect of sow/block (i.e. dependency
between sow and block) and e(i) denotes the error term. The
sow or litter was considered as the experimental unit. The
results of the statistical analysis are expressed as least-
square means and s.e.

Results

Analyses of feed
Analysis of the experimental diets is presented in Table 2.
From this table it can be observed that the natural content
of fat provided with the feed ingredients was 2.8% of DM
(control diets). Addition of 8% fat to the diets provided
diets with crude fat ranging from 7.9% (coconut oil diet) up
to 10.3% (rapeseed oil). By analysis of the crude fat content
of the added fat sources, it was observed that the fat
content of coconut oil was only 81%, whereas the other fat
sources had a content of fat above 97%. No explanation for
the lower fat content of the coconut oil was available to the
authors. In general, analysis of the fatty acid composition of
the experimental diets supplemented with fat reflected the
fatty acid composition of the added fat source. With regard
to the weaner diet, C18:1 was present in the greatest
percentage, followed by C16:0 and C18:2.
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Fatty acid composition of the milk
The fatty acid composition of the sows’ milk was influenced
by the dietary fat source and the day of lactation (Table 3).
Sunflower oil provided a high amount of C18:2, and the
polyunsaturated fatty acids (PUFA) C20:5, C22:5n-3 and
C22:6 were mostly present in milk of fish oil-fed sows. Milk
of sows provided with rapeseed oil showed the highest
content of C18:1, and milk of sows fed coconut oil had a
high content of C12:0. Dietary treatments had major impact
on the ratio of n-6:n-3 fatty acids in the sow milk, e.g.
ranging from 15.5 (sunflower oil) to 0.91(fish oil). The
lactation stage seemed to influence the content of fatty
acids in the milk as the concentration of C18:0, C18:1,
C20:1, C20:2, C20:3n-6, C20:4n-6 and MUFA was higher at
day 4 of lactation compared with later on during lactation
although this picture was not as clear for the sows on
rapeseed oil.

Piglet responses during suckling
The average piglet weight gain from birth to weaning was
not influenced by the dietary treatments of sows, and
ranged between 5.00 kg (control diet) to 6.94 kg (sunflower
oil) (s.e. 5 0.63 kg).

During the suckling period, the dietary treatment of sows,
rather than age of piglets, influenced the fatty acid com-
position of plasma (Table 4). However, the total con-
centration of SAFA, MUFA and PUFA did not differ markedly
in plasma of piglets sucking sows fed different dietary fatty
acids. The ratio between n-6 and n-3 was highly influenced
(P , 0.001) and reflected the ratio obtained in milk, e.g.
ranging from 1.3 (fish oil) to 13.0 (sunflower oil). No effect
was observed with regard to the age of piglets (Table 4),
except on the concentration of C18:1 (P 5 0.019), which
decreased as the age progressed (from 1.61 mg/g (day 4)
1.10 mg/g (day 25)).

Table 2 Mean analysed chemical composition of diets

Sow diets
Piglet diet

Fat source included – Coconut oil Rapeseed oil Fish oil Sunflower oil Animal fat

DM (%) 87.8 86.5 88.0 88.7 86.8 89.4
Crude protein (% of DM) 19.2 20.3 20.0 19.8 20.1 24.3
Crude fat (% of DM) 2.8 7.9 10.3 9.8 9.1 9.3
Ash (% of DM) 5.3 5.9 5.8 5.9 5.8 5.87
Crude fibre (% of DM) 4.2 4.2 4.2 4.2 4.1 4.1
EDOM- 88.8 89.8 89.6 89.5 89.7 89.5
Net energy (MJ/kg DM) 9.3 10.2 10.4 10.3 10.3 10.4
a-Tocopherol (mg/kg feed) 60.8 48.8 65.3 62.3 61.1 103
Fatty acids (g/kg DM)-

-

No. of feed samples 5 5 6 5 4
C8:0 – 0.21 – – –
C10:0 – 0.57 0.09 0.08 0.08 ,0.01
C12:0 0.17 18.1 0.83 0.72 0.64 0.01
C14:0 0.12 11.4 0.59 3.5 0.40 0.17
C16:0 4.5 13.6 9.4 16.4 10.9 1.83
C16:1 0.10 0.37 0.35 3.0 0.15 0.20
C18:0 0.71 3.3 2.1 2.3 3.8 0.96
C18:1 4.0 12.3 47.4 16.5 18.8 2.48
C18:2 11.9 14.1 27.4 13.2 53.3 1.41
C18:3n-3 1.2 1.4 7.7 2.2 2.1 0.17
C18:3n-6 – – – 0.01 – ,0.01
C18:4 – 1.5 0.03
C20:0 0.06 0.13 0.47 0.18 0.42 0.02
C20:1 0.19 0.20 1.2 3.6 0.26 0.16
C20:2 – – 0.09 0.26 – 0.02
C20:3 – – – 0.11 – –
C22:1 – – 0.36 5.0 – 0.14
C22:0 0.10 0.10 0.35 0.27 0.63 –
C24:0 – – 0.17 – –
C20:4 – – – 0.26 – 0.02
C20:5n-3 – – – 4.4 – 0.13
C22:5n-3 – – – 0.56 – –
C22:6n-3 – – – 7.1 – 0.20

Abbreviations are DM 5 dry matter.
-EDOM 5 enzyme digestibility of organic matter (Boisen and Fernandez, 1997).
-

-

Content of selected fatty acids (if number of samples where the given fatty acid is presented is more than 2).
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Table 3 Content of fatty acids (mg fatty acids per g milk) in sow milk at day 4, 18 and 25 of lactation

Control Coconut oil Rapeseed oil Fish oil Sunflower oil Significance

Day 4 18 25 4 18 25 4 18 25 4 18 25 4 18 25 s.e. Diet Sample

C10:0 0.14 0.11 0.15 0.10 0.14 0.15 0.11 0.14 0.13 0.10 0.12 0.15 0.08 0.08 0.11 0.03 ns *
C12:0 1.43 0.76 0.23 0.69 2.20 3.04 0.89 0.88 0.21 0.17 0.18 0.25 0.19 0.12 0.18 0.80 * ns
C14:0 4.35 3.00 2.80 3.61 4.76 5.28 3.13 3.57 2.94 3.19 3.18 4.20 1.89 1.70 2.42 1.02 * ns
C16:0 16.7 13.4 16.3 17.3 14.3 14.7 12.7 15.2 15.2 14.6 14.3 16.5 13.6 13.0 15.1 1.74 ns ns
C16:1 7.43 5.85 7.13 6.28 7.07 6.97 5.37 5.67 5.52 6.45 6.59 7.40 4.26 4.70 4.02 0.89 *** ns
C18:0 5.03 2.26 2.53 3.95 2.32 2.45 2.91 2.83 3.12 3.88 2.20 3.18 3.93 2.61 3.40 1.18 ns *
C18:1 17.8 12.4 12.1 22.7 12.6 14.2 17.1 19.7 19.7 17.4 11.8 13.9 16.8 11.2 13.0 2.56 * **
C18:2n-6 7.36 5.47 8.02 9.16 5.29 6.03 6.63 8.46 8.51 6.62 5.17 7.14 12.0 7.69 13.2 1.69 ** *
C18:3n-3 0.87 0.59 0.62 0.94 0.54 1.13 2.07 3.45 3.44 1.18 1.03 1.19 0.84 0.52 0.77 0.71 *** ns
C20:1 0.25 0.04 0.01 0.34 0 0.15 0.19 0.25 0.34 0.79 0.63 0.96 0.20 0 0.06 0.18 *** ns
C20:2 0.17 0.10 0.10 0.22 0.07 0.09 0.13 0.11 0.15 0.19 0.12 0.15 0.21 0.08 0.16 0.03 ns ***
C20:3n-6 0.43 0.23 0.27 0.56 0.26 0.22 0.29 0.19 0.24 0.35 0.20 0.27 0.56 0.20 0.36 0.08 ns ***
C20:4n-6 0.06 0.03 0.02 0.08 0.02 0.04 0.06 0.06 0.09 0.10 0.07 0.07 0.05 0.02 0.02 0.01 *** **
C20:5n-3 0.11 0.05 0.03 0.12 0.07 0.08 0.10 0.10 0.14 1.83 2.00 2.14 0.05 0.08 0.02 0.21 *** ns
C22:5n-6 0.24 0.03 0.03 0.06 0.02 0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.07 0.02 0.05 0.06 ns ns
C22:5n-3 0.18 0.09 0.07 0.24 0.10 0.10 0.14 0.09 0.24 0.47 0.44 0.46 0.16 0.07 0.07 0.06 *** *
C22:6n-3 0.20 0.06 0.04 0.29 0.12 0.09 0.14 0.08 0.66 2.46 2.65 2.60 0.11 0.09 0.03 0.35 *** ns
SAFA 27.8 19.5 22.1 25.7 23.8 25.6 19.8 22.6 21.7 22.0 20.1 24.4 19.7 17.6 21.3 3.35 ns ns
MUFA 25.5 18.3 19.3 29.4 19.7 21.3 22.6 25.6 25.6 24.7 19.0 22.2 21.3 15.9 17.1 2.81 * **
PUFA 9.62 6.65 9.18 11.7 6.50 7.81 9.58 12.5 13.5 13.2 11.7 14.0 14.1 8.77 14.7 2.16 ** ns
Total 62.9 44.5 50.5 66.8 50.0 54.8 52.0 60.8 60.8 59.9 50.8 60.7 55.1 42.3 53.1 6.50 ns *
n-6 8.08 5.76 8.33 9.85 5.59 6.32 7.00 8.73 8.85 7.10 5.46 7.50 12.7 7.93 13.7 1.74 ** *
n-3 1.34 0.78 0.74 1.59 0.83 1.40 2.45 3.71 4.41 5.93 6.12 6.39 1.16 0.76 0.88 0.833 *** ns
n-6:n-3 6.23 7.39 10.5 6.94 6.79 6.11 3.55 3.41 1.94 1.24 0.91 1.36 11.0 11.8 15.5 1.70 *** Ns

Table 4 Effect of dietary treatment of sows on the concentration of selected fatty acids in plasma (mg/g) during suckling (pooled between 4, 18
and 25 days of age)

Control Coconut oil Rapeseed oil Fish oil Sunflower oil s.e. Significance (diet)

C12:0 –- ***
C14:0 0.07a 0.16b 0.04a 0.05a 0.05a 0.02 ***
C16:0 1.6 1.7 1.1 1.2 1.3 0.17 ns
C16:1 0.43b 0.36b 0.14a 0.20ab 0.17a 0.05 ***
C18:0 0.59 0.70 0.51 0.52 0.52 0.07 ns
C18:1-

-

1.4b 1.5b 1.5b 0.98a 1.1a 0.19 ns
C18:2n-6 1.3 1.7 1.3 0.87 1.7 0.17 **
C18:3n-3 0.04a 0.04a 0.13b 0.05a 0.03a ,0.01 ****
C20:2 0.01 0.01 ,0.01 ,0.01 ,0.01 ,0.01 ns
C20:3n-6 0.37b 0.37b 0.21a 0.18a 0.34b 0.05 ***
C20:4n-6y – – – –y – – –
C20:5n-3 0.01a 0.04a 0.05a 0.48b 0.03a 0.04 ***
C22:5n-6 0.01 ,0.01 0.01 ,0.01 0.01 ,0.01 *
C22:5n-3 0.04a 0.04a 0.04a 0.05b 0.01a 0.01 *
C22:6n-3 0.07a 0.13b 0.07a 0.28c 0.06a 0.02 ***
SAFA 2.2 2.6 1.6 1.8 1.9 0.25 ns
MUFA 1.8b 1.8b 1.6ab 1.2a 1.3a 0.20 *
PUFA 1.9 2.3 1.8 1.9 2.0 0.24 ns
Total 5.9 6.7 5.0 5.0 4.7 0.65 ns
n-6 1.3ab 1.7b 1.3b 0.89a 1.5b 0.18 **
n-3 0.16a 0.25a 0.28a 0.87b 0.15a 0.06 ***
n-6:n-3 8.3b 6.9b 4.5ab 1.3a 13.0c 1.4 ***

a,b,c Means within a row with different superscripts are significantly different (P < 0.05).
- Piglets of coconut oil treatment, 0.028 (0.005) mg/g, other groups below 0.001 mg/g.
-

-

Effect of age: P 5 0.019.
y C20:4n-6 was not detectable in the plasma.

Lauridsen and Jensen

956

https://doi.org/10.1017/S175173110700033X Published online by Cambridge University Press

https://doi.org/10.1017/S175173110700033X


Significant interactions between dietary treatments and
age of piglets were obtained on C16:1 (P 5 0.016), C18:2
(P 5 0.013), C18:3 (P 5 0.045), C20:3 (P 5 0.004) and
C20:4 (P 5 0.037) in adipose tissue (Table 5), i.e. the pro-
portion of C18:2 and C18:3 decreased from day 4 to day 18
of age when piglets sucked sows fed control, animal fat,
rapeseed oil (not C18:3) and fish oil, whereas the propor-
tion of the fatty acids increased in the same age period
when sunflower oil was given to the sows. With regard to
the proportion of C16:1 in adipose tissue, the opposite
trend was observed, i.e. decrease with age when piglets
were sucking sows fed sunflower oil. Likewise, significant
interactions between dietary treatments and age of piglets
were observed on the proportion of SAFA, PUFA and n-6
fatty acids, as for example a decrease in PUFA and n-6 with
progressing age was observed when piglets sucking sows
fed coconut oil, whereas an increase was observed on these
responses with the sunflower oil. When considering the
ages of 18 and 25 days, the content of PUFA and the ratio
of n-6 and n-3 was influenced by the dietary treatments as
sunflower oil contributed with the highest proportion of
PUFA and n-6:n-3 fatty acid ratio.

Dietary treatment of sows influenced the fatty acid
composition of the liver during the suckling period (Table 6),
and overall the n-6:n-3 ratio was the highest in the liver of
piglets of the sows on sunflower oil and lowest when fish
oil was the supplement, whereas the proportion of SAFA,
MUFA and PUFA was less affected. The concentration of
C14:0 (P 5 0.005), C16:0 (P 5 0.018), C18:1 (P 5 0.002),
MUFA (P , 0.001) and total fatty acids (P 5 0.02) was
higher in the liver obtained from piglets at day 4 of age

compared with later on during the suckling period. Only the
concentration of C20:4 was influenced by an interaction
between dietary treatment and age of piglets (P 5 0.05), as
this fatty acid decreased with age when piglets sucked
sows fed fish oil, but increased when sunflower oil was
provided to the sows.

Piglet responses during the period after weaning
The performance of the piglets during the post-weaning
period was not influenced by the dietary treatment of the
sows, and the weight gain from weaning to day 49 of age
varied from 1.81 kg (rapeseed oil) to 3.30 kg (coconut oil),
s.e. 5 0.84 kg, and the feed intake ranged from 4.87 kg
(coconut oil) to 7.66 kg (sunflower oil), s.e. 5 0.65 kg.

In general, weaning (change from days 25 to 35)
decreased the concentration of the lipid-soluble extracts in
the plasma, e.g. the total content of fatty acids decreased
from a concentration of total fatty acids in plasma (Table 7)
at day 25; 5.32 mg/l v. 3.32 (day 35 of age). Of the shown
responses (glycerol, FFA, glucose, cholesterol, triglycerides,
total fatty acids and vitamin E) in Table 7, only vitamin E
concentration was influenced by the dietary treatment of
sows as the concentration of vitamin E in plasma was
highest (2.86 mg/l plasma) in piglets sucking sows fed
coconut oil, and lowest (1.52 mg/l) in plasma of piglets of
the sows on sunflower oil.

When the fatty acid composition of plasma was analysed
during the period after weaning, dietary treatments of sows
showed a significant influence on the concentration of SAFA
(P 5 0.043), PUFA (P 5 0.027), n-6 fatty acids (P 5 0.004)

Table 5 Effect of dietary treatment of sows on the relative distribution of selected fatty acids in adipose tissue (%) during suckling

Control Coconut oil Rapeseed oil Fish oil Sunflower oil Significance

Age

(days) 4 18 25 4 18 25 4 18 25 4 18 25 4 18 25 s.e. Diet Age Diet 3 age

C12:0 ,0.0 0.03 0.05 0.03 0.73 1.34 0.06 0.11 0.10 0.05 0.11 0.10 0.45 0.09 0.08 0.24 *** ns **

C14:0 2.63 2.79 2.41 2.43 4.63 7.23 2.07 2.29 2.55 2.79 2.49 2.82 3.69 2.24 2.06 0.69 ** ns *

C16:0 27.4 31.1 26.8 25.2 28.2 29.4 22.5 22.7 23.2 25.5 25.0 24.5 25.6 24.7 24.2 1.37 *** ns ns

C16:1 8.68 14.1 11.5 7.58 10.4 13.0 5.74 6.90 8.02 8.77 9.32 10.5 8.44 7.93 6.68 1.07 *** ** *

C18:0 5.48 5.87 9.27 6.82 7.02 7.00 5.69 8.00 8.65 5.82 7.97 9.41 6.62 6.14 7.39 1.23 ns * ns

C18:1 38.8 35.2 35.7 39.8 39.4 32.8 44.9 42.6 36.8 38.9 38.1 34.4 39.6 35.4 35.8 2.69 ns ** ns

C18:2n-6 14.5 9.33 9.08 13.4 7.84 7.61 14.8 11.5 13.1 10.6 8.38 8.39 13.0 21.0 21.4 2.21 *** ns *

C18:3n-3 1.32 0.84 1.00 1.02 0.68 0.63 2.74 3.85 4.84 1.49 1.32 1.44 0.81 0.92 0.83 0.38 *** ns *

C20:3n-6 0.84 0.02 0.11 0.13 0.18 0.26 0.40 0.11 0.13 0.52 0.29 0.30 0.32 0.09 0.43 0.07 *** * **

C20:4n-6 ,0.0 0.02 0.09 0.06 0.02 0.04 0.05 0.26 0.34 0.07 0.15 0.16 0.03 0.08 0.08 0.04 *** ** *

C20:5n-3 ,0.0 ,0.0 0.52 0.61 0.05 0.03 0.04 0.04 0.11 1.34 1.52 1.82 0.07 0.02 ,0.0 0.23 *** ns ns

C22:5n-3 ,0.0 0.03 0.56 0.45 0.11 0.12 0.12 0.17 0.26 0.81 1.09 1.17 0.16 0.13 0.11 0.20 *** ns ns

C22:6n-3 ,0.0 0.03 1.73 1.48 0.24 0.19 0.10 0.16 0.17 2.74 3.66 3.77 0.29 0.11 0.09 0.67 *** ** ns

SAFA 35.5 39.8 38.7 34.5 40.6 45.1 30.4 33.2 34.6 34.3 35.8 37.1 36.4 33.3 33.8 1.70 *** * *

MUFA 47.8 49.4 47.8 48.1 50.1 45.9 51.1 50.2 45.7 48.0 47.5 45.5 48.6 43.3 42.6 2.31 ns * ns

PUFA 16.7 10.8 13.6 17.3 9.24 9.07 18.5 16.6 19.7 17.8 16.8 17.4 15.0 23.4 23.6 2.36 ns ns *

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

n-6 14.5 9.37 9.22 13.5 7.87 7.68 14.8 11.8 13.5 10.7 8.58 8.59 13.1 21.2 21.5 2.22 *** ns *

n-3 1.32 0.91 3.80 3.55 1.08 0.98 3.00 4.22 5.38 6.39 7.59 8.19 1.33 1.17 1.04 1.26 *** ns ns

n-6:n-3 11.0 10.4 7.46 12.2 7.87 7.91 6.11 2.95 2.52 1.73 1.14 1.05 10.3 18.4 20.7 3.06 *** ns ns
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and the n-6:n-3 ratio (P 5 0.051) as shown in Table 8.
Age of piglets influenced the concentration of C16:1
(P 5 0.002), as a decrease in the concentration was
obtained with progressing age. In addition, age influenced
the plasma concentration of C20:5 (P 5 0.014) and C22:5
(P 5 0.011).

The fatty acid composition of the adipose tissue of piglets
post weaning was largely influenced by the dietary treat-
ments of the sows, whereas age of the piglets had minor
effect on the adipose tissue (Table 9). The n-6:n-3 fatty acid
ratio observed in the adipose tissue post weaning followed
the same pattern with regard to the dietary treatment of
sows as observed for the samples obtained during the
suckling period, i.e. piglets of the sows on sunflower oil had
the highest ratio and piglets of the sows on fish oil had the
lowest ratio. Likewise, piglets of the sows on sunflower oil

showed the highest proportion of PUFA in the adipose
tissue post weaning.

Age, rather than dietary treatments of sows, influenced
the liver fatty acid composition of the piglets post
weaning (Table 10). Overall, the concentration of fatty
acids in liver was lower post- than pre weaning but no
general trend regarding the changes in the fatty acid
composition with progressing age could be given. Dietary
treatments of sows affected the total concentration of
fatty acids in the liver of pigs, i.e. piglets of sows fed
sunflower oil had a higher concentration of the n-6 fatty
acids (C18:2 and C20:4) as well as total fatty acids post
weaning. Although the n-6:n-3 ratio was affected by the
dietary treatments, the relative differences were much less
pronounced than obtained for the adipose tissue post-
weaning.

Table 6 Effect of dietary treatment of sows and age of piglets on the concentration of selected fatty acids in liver (mg/100 g) during suckling

Control Coconut oil Rapeseed oil Fish oil Sunflower oil Significance

Age (days) 4 18 25 4 18 25 4 18 25 4 18 25 4 18 25 s.e. Diet Age

C14:0 0.69 0.41 0.38 2.26 0.90 0.95 0.63 0.35 0.23 1.20 0.36 0.59 0.90 0.38 0.31 0.18 *** **
C16:0 17.7 13.6 14.2 23.7 13.0 12.9 16.3 12.4 11.4 21.9 12.3 15.0 18.1 13.5 13.7 1.77 ns *
C16:1 0.41 0.41 0.48 0.41 0.36 0.43 0.24 0.19 0.14 0.25 0.23 0.30 0.30 0.22 0.15 0.03 *** ns
C18:0 12.0 13.3 14.6 14.0 12.2 13.8 13.4 14.3 15.5 15.1 16.1 15.7 13.6 14.7 15.5 0.88 ns ns
C18:1 17.3 8.51 9.25 24.5 7.83 7.18 22.5 10.7 9.34 17.8 7.42 7.08 19.8 7.00 6.39 2.60 ns **
C18:2n-6 10.4 7.95 8.58 12.9 8.23 8.13 11.4 11.3 11.8 10.4 5.72 6.06 16.0 13.0 15.6 1.14 *** ns
C18:3n-3 0.33 0.56 0.31 0.46 0.23 0.45 1.26 1.18 1.22 0.98 0.42 0.59 0.53 0.36 0.15 0.13 *** ns
C20:3n-6 0.43 0.63 0.52 0.83 0.63 0.51 0.56 0.56 0.65 0.28 0.22 0.23 0.47 0.37 0.36 0.07 ** ns
C20:4n-6- 9.19 8.89 9.87 9.49 6.81 6.98 8.23 7.08 7.44 6.19 4.11 3.70 9.08 10.9 10.5 0.48 *** ns
C20:5n-3 0.12 0.22 0.26 0.43 0.43 0.33 0.64 0.65 1.04 5.88 6.52 7.30 0.13 0.08 0.12 0.32 *** ns
C22:5n-3 0.83 1.07 1.23 1.10 0.86 0.90 0.97 1.14 2.04 2.36 1.61 1.92 0.62 0.83 1.18 0.16 *** *
C22:6n-3 2.67 2.81 3.84 5.37 4.01 4.30 3.42 3.70 3.53 10.1 10.3 11.9 2.94 2.68 3.15 0.67 *** ns
SAFA 30.4 27.3 29.1 39.9 26.1 27.6 27.0 13.5 38.1 28.7 30.8 32.6 28.6 29.5 2.43 ns ns
MUFA 17.9 8.97 9.79 25.1 8.27 7.66 22.9 11.0 4.77 18.4 7.80 7.58 20.3 7.28 6.62 0.63 ns ***
PUFA 24.2 22.4 24.8 30.9 21.4 21.8 26.9 25.8 14.0 36.4 29.1 31.9 30.1 28.6 31.4 2.11 * ns
Total 72.5 58.7 63.6 96.0 55.8 57.1 80.1 63.8 32.3 92.9 65.6 70.3 83.1 64.5 67.5 6.67 ns *
n-6 20.1 17.5 19.0 23.3 15.7 15.7 20.4 19.0 9.96 16.9 10.1 10.0 25.6 24.4 26.4 1.47 *** ns
n-3 3.96 4.65 5.65 7.36 5.53 6.00 6.29 6.66 3.92 19.3 18.9 22.7 4.22 3.95 4.61 1.01 *** ns
n-6:n-3 5.09 3.77 3.36 3.20 2.90 2.65 3.26 2.86 2.41 0.80 0.54 0.48 5.93 6.43 5.94 0.28 *** ns

-Interaction between diet and age, P 5 0.05.

Table 7 Effect of age of piglets on nutritional status measured in plasma of piglets pre- and post weaning-

Age of piglets (days)

4 18 25 35 42 49 s.e. Significance (age)

Glycerol 102 130 100 94.5 115 65.2 23.9 ns
FFA 0.33c 0.314c 0.356c 0.275b 0.153a 0.15a 0.027 ***
Glucose 7.35a 10.1b 8.20a 7.37a 8.24a 7.82a 0.706 *
Cholesterol 3.28b 4.13c 3.82c 1.98a 1.80a 1.81a 0.290 ***
Triglyceride 0.47b 0.51b 0.512b 0.467b 0.388ab 0.282a 0.066 *
Total fatty acids 5.91 5.58b 5.32b 3.32a 3.18a 2.95a 0.38 ***
Vitamin E-

-

4.74c 3.03b 2.57b 1.09a 0.889a 0.87a 0.77 *

a,b,cMeans within a row with different superscripts are significantly different (P < 0.05).
-No effect of diets (except vitamin E) was obtained, and results are therefore pooled between dietary treatments.
-

-

Effect of diet: P 5 0.027.
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Table 8 Effect of dietary treatment of sows on the concentration of selected fatty acids in plasma (mg/100 g) post weaning (pooled between 35,
42 and 49 days of age)

Control Coconut oil Rapeseed oil Fish oil Sunflower oil s.e. Significance (diets)

C14:0 2.44 3.34 2.23 2.48 3.30 0.51 ns
C16:0 62.4 76.4 66.3 51.1 88.1 9.11 ns
C16:1- 8.84 11.6 6.65 7.30 11.3 2.27 ns
C18:0 32.3 36.4 33.7 27.3 40.0 3.59 ns
C18:1 82.4 80.8 87.0 67.4 89.4 7.42 ns
C18:2n-6 64.4ab 71.6bc 74.7bc 55.3a 93.8bc 7.91 **
C18:3n-3 2.77 3.23 3.86 2.48 3.50 0.48 ns
C20:3n-6 17.1b 16.2b 14.9b 7.30a 21.1b 2.71 ***
C20:4n-6-

-

– – – –-

-

– – –
C20:5n-3y 8.54 19.3 3 15.6 17.2 4.94 ns
C22:5n-3z 2.37 2.83 3.00 2.81 5.86 0.43 ns
C22:6n-3 9.12 12.2 9.64 11.0 13.0 2.13 ns
SAFA 97.2ab 116b 102ab 80.3a 131b 12.8 *
MUFA 91.7 92.8 94.3 75.1 101 9.00 ns
PUFA 105a 126ab 116ab 92.5 a 153b 13.7 *
Total 293 335 313 27.9 385 34.1 ns
n-6 64.6ab 71.6ab 74.6b 53.3a 94.3b 34.1 **
n-3 22.8 38.1 26.8 31.9 36.8 8.30 ns
n-6:n-3 2.89 2.39 2.81 1.88 3.42 0.35 *

a,b,cMeans within a row with different superscripts are significantly different (P < 0.05).
-Effect of age, P 5 0.002.
-

-

C20:4n-6 was not detectable in the plasma.
yEffect of age, P 5 0.014.
zEffect of age, P 5 0.011.

Table 9 Effect of dietary treatment of sows and age of piglets on the fatty acid composition of adipose tissue (%) post weaning

Control Coconut oil Rapeseed oil Fish oil Sunflower oil Significance-

Age
(days) 35 42 49 35 42 49 35 42 49 35 42 49 35 42 49 s.e. Diet Age

C12:0 0.06 0.02 0.60 0.56 0.84 0.63 0.11 0.53 0.02 0.08 0.08 0.08 0.09 0.02 0.08 0.41 * ns
C14:0 2.50 2.14 4.17 4.29 5.08 4.69 2.83 3.87 1.81 2.54 2.94 2.16 2.30 2.00 2.02 1.84 * ns
C16:0 28.4 29.2 28.8 27.9 28.5 27.9 26.6 25.5 24.4 25.8 28.9 26.3 23.8 25.8 25.5 3.36 ns ns
C16:1 13.0 10.3 9.87 9.34 9.79 8.74 8.13 8.52 4.62 10.2 10.7 7.19 7.13 6.51 5.93 2.67 ** *
C18:0 8.33 8.44 8.25 8.04 6.40 7.00 6.33 7.45 8.23 7.35 8.56 9.48 9.25 5.82 8.23 1.40 ns ns
C18:1 36.9 38.8 36.2 37.8 38.0 35.0 32.9 39.2 45.2 37.3 32.2 39.4 33.4 35.3 35.6 6.61 ns ns
C18:2n-6 8.76 9.14 9.35 9.10 8.70 13.6 14.9 11.1 11.4 7.72 8.40 8.07 21.1 22.3 18.6 3.01 *** ns
C18:3n-3 0.71 0.81 0.87 1.50 1.36 0.83 5.23 2.47 2.00 1.16 1.14 1.06 0.95 0.80 0.85 1.08 *** ns
C20:1 0.27 0.54 0.50 0.20 0.46 0.46 1.04 0 0.80 0.49 0.08 1.07 0 0.29 0.30 0.33 ns ns
C20:2 0.24 0.16 0.16 0.20 0.17 0.25 0.43 0.29 0.26 0.26 0.26 0.24 0.81 0.43 0.49 0.13 *** *
C20:3n-6 0.30 0.20 0.23 0.22 0.24 0.37 0.29 0.23 0.17 0.26 0.26 0.21 0.47 0.35 0.30 0.12 ns ns
C20:4n-6 0.03 0.03 0.03 0.10 0.06 0 0.41 0.24 0.05 0.12 0.16 0.03 0.10 0.03 0.08 0.11 ns ns
C20:5n-3 0.01 0.19 0.06 0.03 0.90 0.07 0.05 0.08 1.32 0.50 0.03 0.02 0 0.14 0.17 *** *
C22:5n-3 0.14 0.06 0.19 0.19 0.10 0.12 0.26 0.20 0.29 1.18 1.28 0.85 0.14 0.04 0.22 0.12 *** ns
C22:6n-3 0.20 0.05 0.45 0.28 0.23 0.27 0.20 0.21 0.65 3.93 4.37 2.82 0.14 0.11 0.44 0.36 *** **
SAFA 39.4 39.9 41.9 40.9 40.9 40.2 36.0 37.5 34.5 35.9 40.6 38.2 35.6 33.7 36.0 5.05 * ns
MUFA 50.2 49.6 46.6 47.4 48.2 44.3 42.1 47.7 50.6 48.1 43.0 47.7 40.5 42.2 42.8 4.81 ns ns
PUFA 10.5 10.5 11.6 11.7 10.9 15.5 21.9 11.3 14.9 16.0 16.4 14.2 23.9 24.1 21.2 4.08 *** ns
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 – – –
n-6 8.85 9.21 9.43 9.25 8.80 13.6 15.4 11.3 11.5 7.89 8.57 8.10 21.3 22.4 18.8 3.08 *** ns
n-3 1.07 0.91 1.71 2.03 1.72 1.31 5.76 2.94 3.01 7.58 7.29 5.61 1.25 0.95 1.65 1.28 *** ns
n-6:n-3 8.40 10.4 7.03 6.08 6.75 12.4 2.90 4.81 3.85 1.05 1.18 1.50 17.2 24.2 12.7 3.87 *** ns

-Significant interactions between diet and age were not obtained.
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Discussion

A recent published study (Lauridsen and Danielsen, 2004)
showed that depending on the fat source, addition of fat to
sows diet at the 8% level improved the performance of the
progeny by increasing the output of fat and energy into the
sow milk. As expected, according to the low number of
replications in the present study, dietary treatments of the
sows had no influence on the performance of the litters. In
addition, sow milk fatty acid composition was influenced by
the fatty acid composition of the dietary fat sources in a
predictable fashion (Lauridsen and Danielsen, 2004), and in
accordance with that study, the present results show
that the ratio of n-6:n-3 fatty acids ranged in the sow milk
in the following order: 12.8 (sunflower oil), 8.0 (control),
6.6 (coconut oil), 3.0 (rapeseed oil) and 1.2 (fish oil). In
contrast with the former study (Lauridsen and Danielsen,
2004), we did not find an increase in the total fatty acid
concentration in sow milk when adding 8% fat to the diet;
however, the design of the experiment was more aimed at
revealing differences in the fatty acid composition caused
by the sow diet rather than showing differences in total
fatty acid content. The present study, which was conducted
using the same dietary composition of the experimental
sow diets, shows that the fatty acid composition of the sow
diet (and the milk) clearly influences the fatty acid com-
position of the plasma and tissues of the sucking progeny.
However, although a high concentration of C12:0 (and
presence of C10:0) was measured in the coconut oil diet

and in the milk of sows on this treatment, only small
amounts of C12:0 (and no detectable C10:0) in plasma and
adipose tissue of the piglets were obtained, and not in the
liver, thus indicating that these fatty acids to a major extent
were oxidised in the body as seen previously in pigs
(Straarup et al., 2003). Contrary to the former study
(Lauridsen and Danielsen, 2004), sow milk was the only
feed provided for the sucking piglets as no creep feed was
offered in the present study. Thus, the dietary ratio of n-6:n-3
in sows milk markedly influenced the progeny, as the ratio
varying from 1.2 (fish oil) to 12.4 (sunflower oil) in the sow
milk was highly reflected in the plasma and adipose tissue.
Because the pattern of fatty acids in circulation and in
adipose tissue was similar to that in the sows’ milk, it is
unlikely that there was a contribution from lipogenesis in
the pig. When considering the adipose tissue, the n-6:n-3
ratio of piglets sucking sows fed rapeseed oil or fish oil was
similar to the ratio found in sow milk of these treatments,
but the n-6:n-3 ratio was elevated in the adipose tissue of
piglets sucking sows fed control diet, coconut oil and
notably sunflower oil, and this was mainly due to the higher
proportion of C18:2 in the adipose tissue rather than a
change in the long-chain n-6 fatty acids (C20:4n-6 and
C22:5n-6). In accordance with previous studies (e.g.
Arbuckle and Innis, 1992), we found that feeding C18:3n-3
by inclusion of rapeseed oil was not as efficient in trans-
ferring and depositing long-chain fatty acids of the n-3
family compared with the inclusion of fish oil, thus indi-
cating a limited capacity for desaturation and elongation of

Table 10 Effect of dietary treatment of sows on the concentration of selected fatty acids in liver (mg/100 g) post weaning

Control Coconut oil Rapeseed oil Fish oil Sunflower oil Significance

Age (days) 35 42 49 35 42 49 35 42 49 35 42 49 35 42 49 s.e. Diet Age

C14:0 0.24 0.28 0.28 0.54 0.31 0.25 0.34 0.21 0.23 0.26 0.29 0.24 0.31 0.50 0.30 0.15 ns ns
C16:0 10.6 9.91 9.69 12.9 10.1 8.55 10.9 8.63 9.75 10.3 9.33 8.13 13.2 10.2 12.4 1.50 * **
C16:1 0.24 0.18 0.16 0.31 0.17 0.14 0.18 0.12 0.12 0.17 0.18 0.16 0.17 0.14 0.13 0.05 * ***
C18:0 13.5 12.8 14.3 14.3 13.5 13.0 14.2 13.5 14.2 13.8 12.3 12.4 14.0 13.1 17.5 1.54 ns ns
C18:1 8.37 9.51 9.64 9.35 8.03 7.54 7.99 8.07 8.86 7.23 9.17 8.58 8.26 8.34 10.8 1.16 ns ns
C18:2n-6 6.35 7.16 7.51 7.44 6.72 6.21 6.98 6.66 7.44 6.00 6.72 6.70 11.9 6.99 9.97 0.99 *** ns
C18:3n-3 0.82 0.91 0.69 0.45 0.37 0.60 0.63 0.71 0.35 0.90 0.84 0.52 1.04 0.56 0.97 0.30 ns ns
C20:1 0.08 0.11 0.17 0.09 0.14 0.15 0.13 0.13 0.19 0.06 0.12 0.12 0.06 0.06 0.15 0.06 ns *
C20:2 0.11 0.16 0.17 0.13 0.11 0.13 0.09 0.11 0.17 0.10 0.11 0.17 0.27 0.14 0.26 0.05 ns ns
C20:3n-6 0.24 0.25 0.39 0.34 0.33 0.28 0.28 0.29 0.53 0.27 0.29 0.39 0.32 0.33 0.47 0.10 ns **
C20:4n-6 8.27 6.35 5.71 7.78 6.14 4.84 5.84 5.76 5.32 5.00 3.15 3.68 8.15 6.19 7.10 0.98 *** ***
C20:5n-3 0.82 1.95 3.71 1.66 2.82 3.43 3.76 2.22 3.37 3.45 3.73 4.73 0.46 2.49 4.78 0.87 ns **
C22:5n-3 1.04 1.19 1.50 1.33 1.17 1.06 1.48 1.19 1.47 1.53 1.47 1.31 1.45 1.13 1.61 0.22 ns ns
C22:6n-3 5.58 5.28 5.93 7.00 5.87 4.83 6.85 5.56 6.31 7.11 5.72 4.53 5.17 5.98 7.14 1.22 ns ns
SAFA 24.3 23.0 24.3 27.8 15.9 21.8 25.5 22.3 24.2 16.2 21.9 20.8 27.7 23.9 30.1 5.84 * *
MUFA 8.69 9.80 9.96 9.74 5.56 7.84 8.29 8.32 9.17 5.00 9.47 8.86 8.49 8.61 11.1 2.36 ns ns
PUFA 23.3 23.3 25.7 26.1 15.7 21.5 25.9 22.6 25.0 16.3 22.2 22.1 28.9 23.9 32.4 5.67 * ns
Total 56.3 56.1 60.0 63.6 37.2 51.1 59.7 53.2 58.4 37.5 53.6 51.8 65.0 56.3 73.6 13.2 * *
n-6 15.0 13.9 13.7 15.6 8.83 11.4 13.1 12.8 13.4 7.59 10.3 10.8 20.5 13.6 17.7 3.18 *** ns
n-3 8.26 9.3 11.8 10.3 6.82 9.92 12.7 9.68 11.5 8.66 11.8 11.0 8.12 10.2 14.5 3.38 ns ns
n-6:n-3 1.82 1.59 1.16 1.51 1.30 1.19 1.23 1.32 1.77 0.97 0.88 0.99 2.64 1.35 1.22 0.23 * **
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C18:3n-3 by either the sow and/or the piglet as also
explained by Rooke et al. (2000). Likewise, the content of
C20:4n-6 was not higher in sow milk or piglets of the
sunflower group, probably due to a limited biosynthesis
from C18:2n-6.

The relative fatty acid composition of the liver was
slightly different from the plasma and the adipose tissue,
and the lower liver ratio of n-6:n-3 fatty acids may indicate
the capability of fatty acid metabolism in terms of increased
desaturase activity in favour of the n-3 family. Interestingly
it was found that irrespective of the dietary treatments,
the concentration of C14:0, C16:0 and C18:1 in the liver
decreased from day 4 to later on during suckling, indicating
either an increased liver fatty acid metabolism or a gener-
ally lower intake of dietary fatty acids from milk than with
colostrum.

The reason for the decrease in total fatty acids, FFA and
cholesterol measured in plasma at day 35 compared with
day 25 of age may be due to a lower intake of fat in relation
to energy when offered the solid feed v. the sow milk. In
addition, the decrease in triglyceride and vitamin E con-
centration may indicate a lower fat-absorption capacity post
weaning, e.g. due to the reduced secretion of lipase during
the first weeks post weaning (Jensen et al., 1997), and/or
decrease in carboxylic ester hydrolase, which has a role in
the hydrolysis of the dietary a-tocopherol acetate of the
weaner feed (Hedemann and Jensen, 1999; Lauridsen et al.,
2001). On the other hand, the presence of C12:0 in the
adipose tissue post weaning, combined with hepatic fatty
acid concentration being in the same range as during
suckling, seems to indicate that triaglycerols were not
released from fat depots in significant amounts to provide
energy. Chwalibog et al. (1994) showed that the potential
of post-weaning piglets for growth was so high that fat
depots were utilised to support protein accretion and
suggested an addition of 8% fat to the diet to support
energy requirement, which was actually covered in the
weaner diet used in the present study. Accordingly, some
studies have shown that during the post-weaning period,
piglets mobilise fat rather than protein (Whittemore et al.,
1978), whereby it would be expected in the present study
that a major impact of piglet age, rather than dietary sow
treatment, on the fatty acid composition post weaning
would be observed. On the other hand, since the lipid
absorption capacity of the piglets seemed to be reduced
post weaning, the ‘old pool’ of fatty acids from the sow
milk could be expected to be present in the liver and adi-
pose tissues during the 1st weeks post weaning, which was
actually the case since dietary treatments of the sows also
had a major impact on the tissue fatty acid composition
after weaning.

Little is known with regard to the fatty acid metabolism
of the progeny after weaning from the sow milk. Responses
such as plasma FFA and triglyceride were not affected
pre- and post weaning by the dietary treatments of the
sows, and it seems therefore likely that the lipolysis rate
was not influenced by the differing fatty acid composition

provided the piglets pre- or post weaning. Because
the n-6:n-3 ratio of the weaner feed (2.9) was at the
approximately same level as observed for the milk of
sows fed rapeseed oil (3.0), it was not surprising to observe
a general decrease in the n-6:n-3 ratio of the liver in
the weaned piglets irrespective of the fatty acid source
provided with the milk. The overall observations made here
demonstrate, however, a reflection of the fatty acid profiles
of the maternal dietary fat, even 3 weeks after intake of the
sow milk.

The concentration of several fatty acids in liver decreased
around weaning (i.e. from day 25 to day 35 of age), but
interestingly, the long-chain n-3 fatty acids either did not
change (C20:5n-3, C22:5n-3) or even increase (C22:6n-3).
However, as shown by Arbuckle and Innis (1992), neonatal
piglets offered formula containing C18:3n-3 were capable
of synthesising C22:6n-3 and depositing the acid in brain
tissue. In the present study, the increase in the liver con-
centration of C22:6n-3 seems to confirm that the liver of
the piglet is capable of elongating and desaturating fatty
acids (Clandinin et al., 1985). It has been questioned if
C18:2n-6 and C18:3n-3 can fulfil the total requirements of
young infants for assimilation of C20:4n-6 and C22:6n-3
(Innis, 1993). Inadequate maternal n-3 fatty acid nutrition
has been shown to have adverse effects, such as impaired
visual and cognitive development, in the offspring of
man and experimental animals (Uauy et al., 2000). In the
pig, as in man (Clandinin et al., 1980), brain growth
and therefore accretion of C22:6n-3 is greatest in the last
third of pregnancy (Sweasey et al., 1976; Passingham,
1985). Furthermore, the n-3 PUFA found in fish oils have
received considerable interests, since they have been shown
to exert beneficial health effects (Calder, 1998). Rooke
et al. (2000) observed that the progeny of sows offered
tuna oil during lactation exhibited a reduced check in
growth as a result of weaning, which might be related to
the anti-inflammatory properties of the long-chain n-3
PUFA. Thus, our observation of an increased or unchanged
concentration of C20:5n-3, C22:5n-3 and C22:6n-3 post
weaning, and a decrease in the concentration of other fatty
acids may indicate their essentiality within the body of
young infants.

Conclusion
The present experiment showed that the dietary fatty
acid composition of the maternal diet provided from
late gestation and during lactation has a major impact
on the composition of fatty acids of the sucking progeny
and the influence continued after weaning from the milk.
Thus, the ratio of n-6:n-3 fatty acids of the maternal diet
has a major impact on the ratio of these fatty acids in
the body lipids of the progeny pre- and post weaning.
Furthermore, addition of fish oil, rather than rapeseed oil,
to the maternal diet is an efficient way of providing the
progeny with the long-chain n-3 PUFA.
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