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This study evaluated the strategy of supplementing oral micellized natural vitamin E (D-α-tocopherol) to either piglets and/or sows
on α-tocopherol concentrations in piglets serum and tissues after weaning. One first experiment tested the influence of the vitamin
E supplementation source (natural form in water v. the synthetic form in feed) and dose administered to piglets and/or sows on
serum α-tocopherol concentration, α-tocopherol stereoisomer accumulation, antioxidant capacity and immune response of weaned
piglets. A second experiment studied the effect of sow source and dose vitamin E supplementation on some of these parameters in
piglets. Oral supplementation to sows with natural vitamin E as a micellized form (D-α-tocopherol) at the lowest dose produced a
similar concentration of α-tocopherol in serum at days 2, 14 and 28 postpartum to those supplemented with threefold higher dose
of the synthetic form in feed. At day 39 of age, neither piglet supplementation source nor dose significantly affected α-tocopherol
accumulation in the serum, muscle, subcutaneous fat or liver. Those piglets from sows supplemented with the micellized alcohol
form had higher RRR-α-tocopherol stereoisomers (P< 0.001) and lower (P< 0.001) RRS- RSS- and RSR-α-tocopherol, at day 39
of age than those from sows supplemented with the synthetic form. A predominant importance of sow over piglet vitamin E
supplementation was observed on stereoisomer distribution in piglets. Low doses of oral natural vitamin E supplementation
to sows or piglets did not increase the oxidative stress of piglets when compared with the use of the synthetic form in feed.
Immunoglobulin levels in piglet serum at day 39 were not affected by natural vitamin E supplementation at low doses in drinking
water of piglets or sows when compared with the synthetic form in feed. IgA tended to be higher (P = 0.145) at day 39 in piglets
supplemented with natural vitamin E when compared with those supplemented with the synthetic form. Low doses of oral
micellized natural vitamin E supplementation to sows is an interesting feeding strategy, when compared with the use of high doses
of the synthetic form in feed, because it results in similar α-tocopherol concentrations, allows a predominant –R stereoisomer
distribution in piglets and also maintains their oxidative status in vivo.
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Implications

The natural form of vitamin E is preferentially accumulated by
sows and piglets. In the present study, we show that micellized
D-α-tocopherol added to sows in water at threefold lower doses
than the synthetic form (DL-α-tocopherol) in feed allows to reach
similar α-tocopherol concentration and a predominant –R
stereoisomer distribution in piglets. The present paper contribu-
tes to better understanding the oral natural vitamin E needs of
the sow and piglets during gestation and lactation period.

Introduction

Vitamin E is an important nutrient for health and survival of
newborn pigs. It constitutes an efficient agent in tissues to
control oxidative stress by capturing free radicals and other
reactive substances (Halliwell, 1994) and it may increase
the immune response (Babinszky et al., 1991) by its effects
on cell protection. Maternal feeding constitutes the main
transmission vehicle of this nutrient that provides the new-
born piglet with the first defences against oxidative damage
(Debier, 2007). However, serum vitamin E suffers an impor-
tant decline after weaning (Chung et al., 1992) because of† E-mail: anarey@vet.ucm.es
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lower feed intake and increased stress that result in
increased disease susceptibility.
It has been demonstrated that sows and piglets (Lauridsen

et al., 2002) preferentially accumulated the natural form
of vitamin E (RRR-α-tocopherol) over the synthetic form (all-
rac-α-tocopherol). In addition, micellized natural vitamin E
has been found to be more effective at elevating plasma
α-tocopherol (Pumfrey et al., 1993; Amazan et al., 2012).
We hypothesized that oral micellized natural vitamin E

given at threefold lower doses than the synthetic form in feed
might improve serum α-tocopherol concentration of sows,
the α-tocopherol stereoisomer transfer, and oxidative status
and immune response in piglets after weaning.
The objectives of the present research were first to study how

the vitamin E supplementation source (natural form orally v. the
synthetic form in feed) and the dose (1/2 v. 1/3), with respect
to the synthetic form administrated to sows and piglets, affect
the concentration of serum α-tocopherol, α-tocopherol stereo-
isomers accumulation, antioxidant capacity and immune
response of weaned piglets; and second, to study which
strategy based on feeding sows or piglets and the equivalent
dose of vitamin E in drinking water is required to limit unde-
sirable effects of oxidative stress in piglets after weaning.

Material and methods

All the experimental procedures used in this study were in
compliance with the Spanish guidelines for the care and use
of animals in research (BOE, 2005).

Animals and experimental diets
Experiment 1. Thirty-six sows (CEP porcino, Aguilafuente,
Segovia, Spain) were randomly distributed into three groups of
each. One group was fed a standard diet (Table 1) supple-
mented with 30 mg/kg of synthetic α-tocopheryl acetate
and the other two groups were supplemented with natural
α-tocopherol at different doses (1/2 and 1/3 respect to the
synthetic form) in drinking water. Pregnant sows were housed
in groups and their individual feeding (2.3 kg/day) was elec-
tronically controlled during the last week of pregnancy (107
days of gestation). During the 28 days of lactation, sows were
housed individually and were given 5.1 kg/day of feed. The
transition from 2.3 to 5.1 kg/day was gradual within the 1st
week of lactation being slightly restricted, and thus they
consumed all the feed. Average weights of sows were 250
(±8.98) kg at 107 day of gestation and 210 (±8.85) kg at
25 day of lactation. As water was provided ad libitum, natural
vitamin E was included in the first 5 l to assure its complete
intake. The natural vitamin E added to the drinking water
for sows was an emulsion of 70 mg/g of RRR-α-tocopherol
(H2E-Vitapherole E 7% WS FG, VitaeCaps, S.A., Talavera de la
Reina, Toledo, Spain). Hence, sows supplemented with the
synthetic form of vitamin E (30-SINT) received an average
amount of 75 mg/day during the last week of gestation and
150 mg/day during the lactation period and those supple-
mented with the natural form (1/2-NAT and 1/3-NAT) received

the correspondence 1/2 or 1/3 lower amount when compared
with the synthetic dose according to the feeding period.
After weaning (average number of weaned piglets per

sow: 7.1 ± 0.8), those piglets from each sow with weights
closer to the mean weaning weight were selected and
randomly distributed to further groups, one of which was fed
with synthetic α-tocopheryl acetate (15 mg/kg, average
intake: 3.33 mg/day) and the other with natural α-tocopherol
in drinking water (the same product described for sows)
at different doses (1/2 and 1/3 respect to the synthetic
form; average intakes: 1.7 and 1.1 mg/day, respectively). This
experimental design resulted in seven piglet dietary treat-
ments: (1) piglets from sows fed synthetic α-tocopheryl
acetate that were fed with the same tocopherol form in their
feed (30-SINT-15-SINT); (2) piglets from sows fed synthetic
α-tocopheryl acetate in feed that were provided the natural
form in drinking water at 1/2 dose (30-SINT-1/2-NAT) when
compared with the synthetic form intake; (3) piglets from
sows fed synthetic α-tocopheryl acetate in feed that were
provided the natural form in drinking water at 1/3 dose
(30-SINT-1/3-NAT) when compared with the synthetic form
intake; (4) piglets from sows supplemented with 1/2 dose of

Table 1 Chemical composition and ingredients of the experimental diets

Major nutrients Experiment 1 Experiment 2

Piglets 28 to Piglets 28 to
Item Sow2 42 days3 Sow2 42 days3

Dry matter (%) 89.0 90.0 89.0 90.0
CP (%) 16.5 20.0 16.5 20.0
Fat (%) 5.1 7.1 5.1 7.1
Crude cellulose (%) 5.7 2.8 5.7 2.8
Ash (%) 6.0 5.5 6.0 5.5
Lysine (%) 0.9 1.5 0.9 1.5
EN (kcal/kg) 2155 2510 2155 2510
Vitamin E (mg/kg)1 33.3 12.5 33.3 25.4

1Groups that received natural vitamin E in water were not supplemented with
vitamin E in feed (all-rac-α-tocopherol). Analysed concentration in this feed was
9.18 μg of α-tocopherol/g of feed (sows) and 9.75 μg of α-tocopherol/g of feed
(piglets).
2Ingredients (%): Barley: 36.3; corn: 12; wheat: 5; soya meal: 15; wheat bran:
20; pork lard: 2.8; beetroot pulp: 5; molasses: 1; calcium carbonate: 0.99;
bicalcium phosphate: 0.82; salt: 0.5; L-lysine: 0.16; methionine: 0.01; choline
chloride: 0.03; premix: 0,3 (per kg/diet: vitamin A: 9000 IU; vitamin D3: 1750 IU;
vitamin E (all rac α-tocopheryl acetate): 30 mg; vitamin B1: 1 mg; vitamin B2:
3.5 mg; vitamin B12: 0.02 mg; vitamin B6: 0.50 mg; nicotinic acid: 30 mg;
biotin: 0.05 mg; pantothenic acid: 10 mg; vitamin K3: 0.5 mg; choline chloride:
200 mg; Fe (ferrous carbonate): 50 mg; Cu (pentahydrate sulphate): 15 mg;
Co (heptahydrate sulphate): 0.45 mg; Zn (oxide): 90 mg; Mn (monohydrate
sulphate): 35 mg; I (potasium iodure): 0.5 mg; Se (sodium selenite): 0.0675 mg;
6-fitase EC 3,1,3,26: 750 FTU; BHT and ethoxyquin: 0.1 mg.
3Ingredients (%): Barley: 22.9; corn: 23.5; wheat 10; soya meal 44: 8; extruded
soya: 10; fish meal: 7.56; acid serum: 12.48; pork lard: 2.55; L-lysine 50%: 0.77;
L-threonine: 0.17; DL-methionine 99%: 0.22; calcium carbonate: 0.76; bicalcium
phosphate: 0.67; salt: 0.15; premix: 0.2% (per kg/diet: vitamin A: 6000 IU;
vitamin D3: 12 000 IU; vitamin E: 12.5 mg; vitamin B1: 0.5 mg; vitamin B2: 2.0
mg; vitamin B12: 0.012 mg; vitamin B6: 1.0 mg; nicotinic acid: 12 mg; pan-
tothenic acid: 6 mg; choline chloride: 100 mg; Fe (monohidrate sulphate and
ferrous carbonate): 70 mg; Cu (pentahydrate sulphate): 20 mg; Co (heptahy-
drate sulphate): 0.42 mg; Zn (oxide): 75 mg; Mn (monohydrate sulphate):
35 mg; I (potasium iodure): 0.4 mg; Se (sodium selenite): 0.112 mg; 6-phitase EC
3,1,3,26: 500 FTU; BHT and ethoxyquin: 0.3 mg).
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natural α-tocopherol in drinking water that were provided
with 15 mg/kg synthetic α-tocopheryl acetate in feed (1/2-
NAT-15-SINT); (5) piglets from sows fed 1/2 dose of natural
α-tocopherol in drinking water that were supplemented with
1/2 dose of natural α-tocopherol in drinking water (1/2-NAT-
1/2-NAT); (6) piglets from sows supplemented with 1/3 dose of
natural α-tocopherol in drinking water that were provided with
15 mg/kg synthetic α-tocopheryl acetate in feed (1/3-NAT-15-
SINT); and (7) piglets from sows fed 1/3 dose of natural
α-tocopherol in drinking water that were supplemented with
1/3 dose of natural α-tocopherol in drinking water (1/3-NAT-
1/3-NAT). As water was provided to the piglets ad libitum
during the post-weaning period, vitamin E was administered
into the first 0.7 l to assure the complete intake. Dietary
treatments were administered for 14 days after weaning.

Experiment 2. This experiment was carried out in the same
conditions described in experiment 1. The experiment started
at day 30 of gestation (–84-day prepartum) and finished 42
days after farrowing. Three dietary treatments were estab-
lished according to the sow vitamin E supplementation:
(1) sows supplemented with α-tocopheryl acetate in feed
(150 mg/day; 30-SINT); (2) sows supplemented with 150 mg/
day of natural vitamin E in the drinking water (1/1-NAT); and
(3) sows supplemented with 50 mg/day of natural vitamin E
in the water (1/3-NAT). After weaning, piglets fed the same
feed (3.33 mg DL-α-tocopheryl acetate/day) until 42 days
of age. As described in experiment 1, natural vitamin E for
sows was an emulsion of 70 mg/g of RRR-α-tocopherol (H2E-
Vitapherole E 7% WS FG, VitaeCaps, S.A., Talavera de la
Reina, Toledo, Spain).

Samples collection
Blood samples were taken at the sow tail vein on different
days prepartum and postpartum (experiment 1: day –7
prepartum and after 2, 14 and 28 days postpartum; experiment
2: days –14 and –84 prepartum and 7 and 27 postpartum)
by puncture into vacuum tubes. Milk (5 ml) and colostrum
samples were collected from a representative number of sows
(n = 10 per treatment) by hand-milking. In piglets, blood
samples were collected from the jugular vein (n = 7 per
treatment in experiment 1 and n = 12 in experiment 2). All
blood samples were immediately placed on ice after collection.
The serum was then separated by centrifugation at 600×g for
10 min at 4°C and the supernatant was kept in a freezer
at –80°C until analysis. Analyses were carried out within the
next 2 months.

Laboratory analysis
Tocopherol quantification in serum, colostrum and milk. The
α-tocopherol concentration in serum from sows and piglets
was quantified as described by Rey et al. (2006) by direct
extraction. Thus, serum samples were mixed with 0.054 M
dibasic sodium phosphate buffer adjusted to pH 7.0 with HCl
and absolute ethanol. After mixing, tocopherol was extracted
with hexane by centrifugation. The upper layer was evapo-
rated to dryness and dissolved in ethanol before analysis.

Extraction in colostrum and milk samples was carried out by
saponification in the presence of KCl (1.15%) and KOH (50%;
Butriss and Diplock, 1984). Tocopherols were analysed by
reverse phase HPLC (HP 1100, equipped with a diode array
detector; Agilent Technologies, Waldbronn, Germany) as
described (Rey et al., 2006). Identification and quantification
were carried out by means of a standard curve (R 2 = 0.999)
built using the pure compound (Sigma, Alcobendas, Madrid,
Spain). All samples were analysed in duplicate.

Tocopherol quantification in the tissues. α-Tocopherols
in subcutaneous fat was analysed using the procedure
described by Rey et al. (2006). In this case, samples were
saponified in the presence of pyrogalol (3% in ethanol), KCl
(1.15%) and KOH (50%) and afterwards mixed with hexane.
To extract α-tocopherol in Longissimus dorsi muscle and

liver, the direct extraction procedure and HPLC analysis was
the same as described before for serum samples.

α-Tocopherol stereoisomers in the muscle. Distribution of the
stereoisomers of α-tocopherol in the Longissimus dorsi muscle
was determined by the method described by Lauridsen and
Jensen (2005). Briefly, the heptane extract containing 1 to 2 μg
of α-tocopherol in 9 ml was evaporated to dryness under a
nitrogen stream. Then the α-tocopherol extract was derivatized
to its methyl ester. Chromatographic separation was achieved
on a Chiralcel OD-H column 25 (0.46 cm; 5-μm particle size,
cellulose tris [3,5-dimethylphenylcarbamate]; Daicel Chemical
Industries, Ltd, Tokyo, Japan). This method allows the separa-
tion of the eight stereoisomers of α-tocopherol into five peaks.
Peak 1 contains all four 2S forms (2SR/SR/S); Peak 2 contains
the 2RSS-α-tocopherol; Peak 3 contains 2RRS-α-tocopherol;
Peak 4 contains 2RRR-α-tocopherol (= natural α-tocopherol);
and Peak 5 contains 2RSR-α-tocopherol.

Oxidative status of serum samples. The ferric-reducing anti-
oxidant power (FRAP) was measured using the procedure
described by Benzie and Strain (1999). The FRAP reagent was
prepared fresh by mixing 10 vol of acetate buffer (300 mM)
with one volume of 10 mmol TPZ solution (2,4,6-tripyridyl-s-
triazine in 40 mM HCl) and 1 vol of 20 mM aqueous ferric
chloride. A 100-μl aliquot of the sample extract was mixed
with 3 ml of the working FRAP solution. The absorbance of
the samples was recorded after 0 and 4 min at 593 nm.
Results were expressed as μM.
The thiobarbituric acid-reactive substances (TBARS) were

measured in serum according to a modification of the spectro-
photometic method of Buege and Aust (1978). Perchloric acid
was added to serum samples to precipitate proteins. The
protein-free supernatant was collected, iron-induced with 1 mM
FeSO4 and mixed in a proportion 1 : 2 with thiobarbituric
acid (TBA) reagent (0.026M TBA, 0.92 M trichloroacetic acid in
250ml of water with 62.5 mL HCl 1M). Then samples were
centrifugated at 600×g for 10 min and absorbance was read
at 532 nm using a UV-Vis spectrophotometer (ScanGo, Thermo-
Fisher Scientific, Alcobendas, Spain). TBARS concentrations
were calculated using 1.56×105 M−1× cm−1 as the molar
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absorption coefficient. Results were expressed as μmoles MDA
(malondialdehyde)/l serum.

Determination of IgA, IgM and IgG antibody levels in piglet
serum. Immunoglobulins A, G and M were determined in
serum piglet using a pig ELISA quantification kit (Bethyl
Laboratories, Inc., USA). Briefly, for IgM determination, purified
antibody (porcine IgM) was diluted in coating buffer (0.05 M
carbonate-bicarbonate at pH 9.6) and incubated at room
temperature for 60 min in a 96-well plate. The plate was then
washed five times with washing solution (50 mM tris, 0.14 M
NaCl, 0.05% Tween 20, Ph 8.0) to remove the non-coated
antibody. Blocking solution (50 mM Tris, 0.14 M NaCl, 1%
BSA, pH 8.0) was added to each well and the plate incubated
at room temperature for 30 min. The blocking solution was
removed and the plate washed. Sample was then added and
the plate incubated for 1 h, after which time the diluted HRP-
conjugated pig detection antibody was added. Finally, tetra-
methylbenzidine (TMB) substrate solution was added and
incubated for 15 min. After incubation with the substrate, the
reaction was quenched and the absorbance measured at 450
nm. Similar protocols were used for the IgA and IgG quantifi-
cations. A standard curve was prepared for each ELISA batch,
and the final values were expressed in mg/mL.

Statistical analysis
The experimental unit for analysis of all data was the indivi-
dual sow or piglet. Data were analysed following a completely
randomized design using the GLM procedure contained
in SAS (version 8; SAS Institute Inc., Cary, NC, USA). A repe-
ated measurement test was carried out to study the effects
of time and treatment on serum status and interaction. A
comparative analysis between means was performed using
the following orthogonal contrasts (experiment 1): (1) syn-
thetic vitamin E in feed v. natural in drinking water; (2) sow
supplementation dose (1/2 v. 1/3 of natural vitamin E in
water); (3) sow supplementation source (synthetic vitamin E in
feed v. natural in drinking water); and (4) piglet supple-
mentation dose (1/2 v. 1/3); (5) Piglets supplementation
source (synthetic in feed v. synthetic in feed and natural in
drinking water). In experiment 2, the following comparisons
were made: (1) synthetic vitamin E in feed v. natural in
drinking water; (2) synthetic vitamin E in feed v. 1/3 natural in
drinking water; (3) synthetic vitamin E in feed v. 1/1 natural
in drinking water; and (4) 1/3 natural vitamin E v. 1/1 natural
vitamin E in drinking water.
Data are presented as the mean of each group and s.e.m.

together with the significance levels (P-value). Differences
between means were considered statistically significant at
P< 0.05.

Results and discussion

Transfer of α-tocopherol to piglets
Piglets suffer a marked decline in α-tocopherol concentration
after weaning (Chung et al., 1992; Mahan et al., 2000;

Lauridsen et al., 2002). As micellized natural vitamin E (D-α-
tocopherol) was expected to be more efficiently accumu-
lated than the synthetic form (Pumfrey et al., 1993; Pagan
et al., 2005) and that water consumption would be more
consistent than feed intake during the post-weaning period
(Wilburn et al., 2008), we designed various strategies to
study the effectiveness of supplementing piglets and/or sows
with vitamin E. Supplementation ratios to piglets and/or
sows were 1 : 1, 1 : 2 and 1 : 3 (natural vitamin E in water:
synthetic in feed) trying to find a real equivalence between
both forms of vitamin and administration vehicles that
minimize piglet serum α-tocopherol decline after weaning.
These ratios were based on previous results (Wilburn et al.,
2008) that reported a water to feed ratio⩽ 2 : 1 when using
the acetylated form (synthetic v. natural). Doses were close to
or under the range of minimum daily vitamin E requirement for
pregnant sows (44 IU/kg) and piglets (11 IU/kg) recommended
in the NRC guidelines (NRC, 1998), and therefore higher
differences among groups would be expected.
Serum, colostrum and milk α-tocopherol concentrations

from sows and piglets until weaning (day 28) are presented
in Table 2. The α-tocopherol concentrations in serum,
colostrum and milk for the group supplemented with the
synthetic form were similar to the values reported by other
authors using similar feed inclusion level (Mahan et al.,
2000). Oral supplementation of sows with natural vitamin E
as a micellized form (D-α-tocopherol) at the lowest dose
(1/3-NAT) resulted in a similar concentration of α-tocopherol
in serum to those supplemented with the synthetic form in
the feed (30-SINT) at days 2, 14 and 28 postpartum. In
addition, the sows that received natural vitamin E in water
tended to have higher values in colostrum than those sup-
plemented with the synthetic form (P = 0.067), although in
milk samples at day 28 postpartum differences were not
significant (experiment 1). This result would partly indicate
that the micellized natural alcohol form in water was more
efficiently accumulated than the synthetic form. Results from
experiment 2 support this observation (Table 3) when using a
1 : 1 ratio of natural in water to synthetic in feed supple-
mentation regime. Moreover, as expected, sow serum
α-tocopherol concentration increased with supplementation
time (P< 0.001; Table 2) with it being interesting to note
that the increase was higher when sows were supplemented
with the natural vitamin E (contrast 3: interaction time×
source, P< 0.001), mainly with 1/3-NAT (contrast 4: inter-
action time× dose: P = 0.011). Other authors have previously
demonstrated that natural vitamin E was a superior source
compared with synthetic (Chung et al., 1992; Mahan et al.,
2000; Yang et al., 2009) and that the supplementation was
more effective in increasing serum α-tocopherol when admi-
nistered in the water supply than when it was added to the diet
(Wilburn et al., 2008). Moreover, micellized natural vitamin E is
better absorbed in plasma because micelles that transport
vitamin E solubilized in their core (Pumfrey et al., 1993; Pagan
et al., 2005). However, to the best of our knowledge, there is
no information in the literature in which a lower dose resulted
in higher absorption and serum accumulation. In the unique

Natural v. synthetic vitamin E in piglets

413



Table 2 α-Tocopherol concentration in sows and piglets serum from −7 to 28 days postpartum and composition of colostrum and milk as affected by sow vitamin E supplementation (experiment 1)

Contrast9

Sow vit E supplementation 30-SINT1 1/2-NAT2 1/3-NAT3 s.e.m.4 s.e.m.5 P> F trat6 P> F time7 Time× trat8 1 2 3 4

Sow serum α-tocopherol (μg/g)
− 7 days prepartum 1.16 0.60 0.73 0.14 0.02 0.212 0.672 <0.001 0.876 0.082 <0.001 0.011
2 days postpartum 0.67 0.72 1.00
14 days postpartum 0.74 0.65 1.30
28 days postpartum 0.72 0.89 0.86

Colostrum and milk α-tocopherol (μg/ml)
Colostrum 13.61 17.85 15.85 1.46 0.067 0.352
Milk at days 28 2.95 3.04 3.09 0.22 0.710 0.871

Piglet serum α-tocopherol (μg/g)
2 days postpartum 4.29 4.03 5.39 0.80 0.37 0.160 <0.001 0.616 0.476 0.076 0.580 0.445
14 days postpartum 3.72 3.43 3.65
28 days postpartum (weaning) 1.94 2.14 2.92

130-SINT: sows supplemented with α-tocopheryl acetate in feed (150 mg/day).
21/2-NAT: sows supplemented with 75 mg/day of natural vitamin E (D-α-tocopherol) in water.
31/3-NAT: sow supplemented with 50 mg/day of natural vitamin E (D-α-tocopherol) in water.
4s.e.m. for treatment and interactions.
5s.e.m. for time and interactions; piglets n = 7; sows n = 10.
6P-value for treatment effect.
7P-value for time effect.
8P-value for treatment× time interaction.
9Contrast: (1): Sow’s vit E source effect; (2): Sow’s vit E dose effect; (3) Time× source; (4) Time× dose.

Table 3 α-Tocopherol accumulation in sows serum, colostrum and milk, and in piglet serum from 28 to 42 days as affected by sow vitamin E supplementation (experiment 2)

Contrast

Sow vit E supplementation 30-SINT1 1/3-NAT2 1/1-NAT3 s.e.m.4 s.e.m.5 Pr> F trat Pr> F time Time× trat SINT v. NAT SINT v. NAT-1/3 SINT v. NAT-1/1 NAT-1/3 v. 1/1

Sow’s serum α-tocopherol (µg/g)
–84 day prepartum 0.34 0.40 0.35 0.25 0.10 0.366 <0.001 0.944 0.275 0.171 0.612 0.317
–14 day prepartum 0.31 0.42 0.52
Day 7 postpartum 0.41 0.45 0.74
Day 27 postpartum 0.80 0.90 1.16

Colostrum and milk α-tocopherol (µg/ml)
Colostrum 11.16 12.62 12.83 0.70 0.701 0.408 0.507 0.437 0.920
Milk at 7 days 3.72 3.62 4.96 0.44 0.28 0.006 <0.001 0.313 0.453 0.320 0.025 0.002
Milk at 27 days 2.47 1.88 2.78

Piglets serum α-tocopherol (µg/g)
Day 28 2.82 2.72 4.01 0.28 0.10 0.009 <0.001 <0.001 0.074 0.824 0.006 0.010
Day 35 1.00 1.20 1.36
Day 42 0.46 0.48 0.49

130-SINT: sows supplemented with α-tocopheryl acetate in feed (150 mg/day).
21/3-NAT: sows supplemented with 50 mg/day of natural vitamin E (D-α-tocopherol) in water.
31/1-NAT: sow supplemented with 150 mg/day of natural vitamin E (D-α-tocopherol) in water.
4s.e.m. for treatment and interactions.
5s.e.m. for time and interactions; piglets n = 12; sows n = 10.
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study carried out with supplementation in drinking water,
Wilburn et al. (2008) used higher doses (50, 100, 150 ppm) of
α-tocopheryl acetate, the accumulation of which depends on
the presence of an esterase enzyme present in the digestive
secretions. Our results might indicate that under minimal
doses, absorption of lower amounts of the micellized alcohol
form administered orally (1/3- NAT v. 1/2-NAT) would be more
efficiently accumulated. This observation was corroborated in
experiment 2 in which a similar trend was observed, although
differences were not statistically significant (P = 0.171;
Table 3). Moreover, it was found that the higher the vitamin E
concentration in sow serum, colostrum and milk, the higher the
vitamin E levels in piglet serum postpartum (P = 0.076;
Table 2). At day 39 of age (Table 4, experiment 1), neither piglet
supplementation source nor dose significantly affected α-toco-
pherol accumulation in the serum, muscle, subcutaneous fat or
liver. It was found that only piglets supplemented with
the natural micellized alcohol form in water tended to show
higher accumulation of α-tocopherol in subcutaneous fat than
those supplemented with the synthetic form (30-SINT-15-SINT;
P = 0.082), despite the lower doses administered in water to
piglets or their mothers. Moreover, it is interesting to note that
the sow vitamin E source might have some influence on
α-tocopherol accumulation in piglet fat (P = 0.159) at day 39.
There is no information in the literature regarding the effects of
sow vitamin E supplementation in drinking water on piglet
tissue α-tocopherol levels. According to Lauridsen et al.
(2002), piglet fat and the brain were the only tissues in which
α-tocopherol concentrations increased from 7 to 21 days of
lactation when mothers were supplemented. Other investigators
have found a tendency for greater vitamin E concentration in
piglets of sucking sows receiving high levels of DL-α-tocopheryl
acetate (Mahan, 1991; Hiridoglou et al., 1993; Pinelli-Saavedra
et al., 2008) or D-α-tocopheryl acetate (Mahan et al., 2000)
because of the high absorption from sow’s milk.
The predominant importance of sow over piglet supple-

mentation was observed when α-tocopherol stereoisomers in
the muscle at 39 day of age were quantified (Table 4). Those
piglets from sows supplemented with the natural source
of vitamin E (1/2-NAT-1/2-NAT; 1/2-NAT-15-SINT; 1/3-NAT-
1/3-NAT; 1/3-NAT-15-SINT) had higher RRR (P< 0.001) and
lower RRS (P< 0.001), RSS (P< 0.001) and RSR (P< 0.001)
α-tocopherol stereoisomers proportions at day 39 of age
than those from sows supplemented with the synthetic
form (30-SINT-1/2-NAT; 30-SINT-1/3-NAT; 30-SINT-15-SINT).
Lauridsen et al. (2002) previously reported that lactating
sows and suckling piglets preferentially incorporate RRR-
over all-rac-α-tocopherol into milk, plasma and tissues.
Hoppe and Krennrich (2000) and Stone et al. (2003) found
similar results in humans. This is because of the higher
affinity of the α-tocopherol transfer protein for the single
stereoisomer (-RRR) of natural vitamin E, against the equi-
molar amounts of the other eight isomers presented in the
synthetic form (Hosomi et al., 1997). Furthermore, it is of
interest to highlight that the α-tocopherol stereoisomer
profile reflects the vitamin E source provided to sows to a
higher extent than that supplied to piglets after weaning.

Hence, only RRR and RRS α-tocopherol stereoisomers in
the piglet muscle were statistically affected (P = 0.04) by
the type of vitamin E supplemented to piglets. Meanwhile,
more marked effects (P< 0.001) were observed in all the
α-tocopherol stereoisomers as affected by the sow’s vitamin E
source supplementation. These results are of emphasized
interest and would indicate that the vitamin E source given to
sow is a determinant factor to reach higher –R stereoisomer
accumulation in the piglet.
This sow-source supplementation effect was confirmed in

experiment 2 in which all groups of piglets received the same
feed after weaning. Hence, piglets from sows supplemented
with the natural micellized alcohol form at low dose in water
(1/3-NAT) did not show different α-tocopherol accumula-
tion in serum than those from sows supplemented with
the synthetic form in feed. Moreover, piglets from sows
supplemented with a similar concentration to the synthetic
(1/1-NAT) showed higher α-tocopherol accumulation in serum
than the 30-SINT (P = 0.006) and 1/3-NAT (P = 0.010) groups
1 and 2 week after weaning. These results would corroborate
that the equivalent dose of the natural form in water to the
synthetic form in feed is 1 : 3. Hence, our results would agree
with those reported by Wilburn et al. (2008) as water to feed
ratio⩽ 2 : 1.
Piglet serum α-tocopherol concentration decreased with

time (P< 0.001), especially from weaning to day 35 post-
weaning (Tables 2 and 3). This has been widely reported in
the literature and is attributed to increased stress (Lauridsen
et al., 2002; Moreira and Mahan, 2002; Wilburn et al., 2008).
However, it is interesting to note that the magnitude of
the decrease was greatest in groups with higher serum
concentrations of α-tocopherol at weaning (P< 0.001,
interaction time× treatment; Table 3). Hence, results from
experiment 2 show that at weaning serum α-tocopherol
concentration in piglets from sows supplemented with natural
vitamin E in drinking water at a similar dose than the synthetic
form (1/1-NAT v. 30-SINT) were 1.42 times higher than those
from sows fed the synthetic vitamin E. One week after
weaning the concentration was 1.35 times higher and at day
14 post-weaning (42 days of age) it was very similar.
In experiment 1 (Table 4), in which not only sows but also
piglets were supplemented after weaning with both sources in
either feed or drinking water at low doses, a similar 1.04-fold
increase was found at day 39, thus indicating that the amount
of vitamin E provided to weaning piglets was insufficient to
prevent the drop in serum α-tocopherol. In a recent study,
Amazan et al. (2012) reported a lower vitamin E decrease
5 days post-weaning in piglets born from supplemented sows
(52.5 mg/day) that were provided with natural vitamin E in
drinking water (5 mg/day), in addition to the synthetic form
in the feed.

Piglet performance
In experiment 1, natural vitamin E supplementation to sows
significantly increased piglet weight (BW) at weaning
(P = 0.036). Hence, those piglets born from sows supple-
mented with the natural form had higher BW than those
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Table 4 α-Tocopherol, α-tocopherol stereoisomers, FRAP and MDA concentrations in piglet tissues at slaughter (39 days) as affected by sow or piglet vitamin E supplementation (experiment 1)

Sow vit E supplementation 30-SINT1 1/2-NAT2 1/3-NAT3 Contrast8

Piglet vit E supplementation 1/2-NAT4 1/3-NAT5 15-SINT6 1/2-NAT 15-SINT 1/3-NAT 15-SINT s.e.m.7 P> F 1 2 3 4 5

Slaughter weight (kg) 8.19 8.19 7.85 10.31 7.86 8.55 9.28 0.61 0.060 0.164 0.775 0.050 0.156 0.302
Serum α-tocopherol (μg/g) 0.67 0.78 0.66 0.66 0.85 0.72 0.75 0.08 0.581 0.331 0.853 0.513 0.314 0.457
Muscle α-tocopherol (μg/g) 3.91 4.25 4.21 3.81 4.06 3.76 3.74 0.48 0.975 0.560 0.705 0.445 0.765 0.843
Fat α-tocopherol (μg/g) 14.99 17.39 14.03 18.76 16.85 15.45 17.41 1.53 0.315 0.082 0.374 0.159 0.769 0.637
Liver α-tocopherol (μg/g) 5.65 5.92 5.73 6.67 6.22 6.61 5.53 0.68 0.914 0.600 0.585 0.348 0.876 0.459
Muscle α-tocopherol stereoisomers
Σ2S (%)9 0.90 0.66 1.02 0.31 0.71 0.65 0.55 0.21 0.219 0.069 0.653 0.045 0.815 0.380
RSS (%) 13.62 12.72 12.81 7.12 7.10 6.55 7.16 0.93 <0.001 <0.001 0.768 <0.001 0.389 0.136
RRS (%) 18.41 16.74 17.84 11.80 9.79 11.39 12.12 0.91 <0.001 <0.001 0.249 <0.001 0.214 0.041
RRR (%) 53.56 57.10 54.49 72.46 74.80 73.96 72.69 2.12 <0.001 <0.001 0.875 <0.001 0.195 0.044
RSR (%) 13.51 12.79 13.84 8.31 7.61 7.44 7.48 0.90 <0.001 <0.001 0.539 <0.001 0.331 0.168

Serum FRAP (mM) 126.08 129.81 113.90 224.62 208.37 207.87 214.21 36.03 0.279 0.168 0.892 0.009 0.874 0.836
Serum MDA at 15 min (μM) 5.13 5.54 5.62 4.65 5.06 5.20 5.13 0.19 0.018 0.015 0.117 0.006 0.017 0.343

130-SINT: sows supplemented with α-tocopheryl acetate in feed (150 mg/day).
21/2-NAT: sows supplemented with 75 mg/day of natural vitamin E (D-α-tocopherol) in water.
31/3-NAT: sow supplemented with 50 mg/day of natural vitamin E (D-α-tocopherol) in water.
41/2-NAT: piglets supplemented with 1.7 mg/day of natural vitamin E (D-α-tocopherol) in water.
51/3-NAT: piglets supplemented with 1.1 mg/day of natural vitamin E (D-α-tocopherol) in water.
615-SINT: piglets supplemented with α-tocopheryl acetate in feed (3.33 mg/day).
7piglets n = 7.
8Contrast: (1): SINT v. others; (2): Sow’s vit E dose effect; (3): Sow’s vit E source effect; (4) Piglet vit E dose effect; (5): Piglet vit E source effect.
92S: represents the sum of SSS-, SSR-, SRS- and SRR-α-tocopherol.
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from sows supplemented with the synthetic form (8.1 v. 7.5
kg), but differences in BW at 42 days of age were not
statistically significant (9.6 v. 10.2 kg). Daily feed intake
(DFI; 0.23 kg ± 0.01) was not statistically different between
treatments. In experiment 2, BW at 28 days (6.67 kg ± 0.34),
BW at 42 days (8.80 kg ± 0.26) and DFI (0.24 kg ± 0.01) were
not statistically affected. There is a lack of information in the
literature concerning the effect of natural vitamin E supple-
mentation in drinking water on these parameters. Wilburn
et al. (2008) found no effect of adding natural vitamin E to
the diet or drinking water on average daily gain for any post-
weaning period, but to the best of our knowledge no more
information has been reported on pigs.

Oxidative status in piglet serum
To evaluate oxidative stress of piglets after weaning
depending on sow and piglet vitamin E source and dose
supplementation, MDA and the total antioxidant capacity
measured as FRAP were quantified (Table 4). The MDA
concentrations were similar to those found by Shakardi-Nagy
et al. (2003) for piglets after 28 days of age that were
supplemented with different vitamin E concentrations. In
addition, FRAP values were within the values expected in the
literature for piglets of these ages (Lauridsen and Jensen,
2005). In experiment 1, it is interesting to note that low
doses of oral natural vitamin E supplementation to sows and/
or piglets did not increase the oxidative stress of piglets at 39
days of age when compared with the use of the synthetic
form in feed. Some investigators have previously reported the
effectiveness of dietary vitamin E supplementation on
controlling MDA (Hacisevki et al., 2012) and FRAP values
(Benzie and Strain, 1999; Hamilton et al., 2000). However,
there is not much information in which these parameters are
evaluated according to source or supplementation dose in
water of piglets or their mothers. Moreover, FRAP and MDA
values increased (P = 0.009) and decreased (P = 0.006),
respectively, in piglet serum at 39 days by the vitamin E source
provided to sows. This result may indicate that supplementa-
tion to sows with the natural form of vitamin E in water could
protect other compounds or antioxidants presented in piglet
serum and increase the serum ferric-reducing antioxidant
power. Hamilton et al. (2000) reported some interactions
between vitamin E and other antioxidants that resulted in
increased FRAP values. Amazan et al. (2012) reported that
FRAP of serum was affected by natural vitamin E supple-
mentation of piglets in accordance with the differences
observed in serum vitamin E concentration. Other authors (Van
Zoeren-Grobben et al., 1994) reported that breast-fed children
possessed more efficient antioxidant barrier in the blood and
experienced less oxidative stress than formula-fed children
because natural milk provided available antioxidants. Our
results might indicate the importance of RRR-α-tocopherol
stereoisomer, which is preferentially incorporated by piglets
born from sows supplemented with the natural form, to control
the oxidative stress. Brigelius-Flohé and Traber (1999) reported
highly different biological activities between stereoisomers,
explained by differences in absorption based on the rat

resorption gestation test. However, other compounds affected
by the vitamin E supplementation form may participate to
control the oxidative status of newborn piglets.

Piglet immune response
The IgM, IgA and IgG levels in the serum of piglets from
the different dietary treatments are presented in Table 5.
Immunoglobulin levels in piglet serum at day 39 were not
affected by natural vitamin E supplementation at low doses
in drinking water of piglets or sows when compared with the
synthetic form in the feed. There is a lack of information in
the literature on immunoglobulin concentrations as affected
by vitamin E supplementation in drinking water. Nemec et al.
(1994) reported no effect on the plasma of sows and their
piglets when diets were supplemented with DL-α-tocopheryl
acetate at 44 IU/kg during gestation and 220 IU/kg during
lactation. Similarly, Bonnette et al. (1990) using four dietary
levels of vitamin E (from 11 to 550 IU/kg feed) found
no effects on the humoral and cell-mediated immunity in
4-week weaning piglets. Amazan et al. (2012) also reported
that immunoglobulin levels in piglet serum were not affected
by natural vitamin E supplementation in drinking water. In
contrast, other authors (Babinszky et al., 1991) observed that
vitamin E-enriched diets (136 IU DL-α-tocopheryl acetate/kg
v. 13 IU/kg) fed to sows increased the immune response
of their progeny. In a similar way, vitamin E provided to
piglets through the diet (Fragou et al., 2004) or parenteral
(Hidiroglou et al., 1995) improved immune status. In a recent
study, Bondo and Jensen (2011) reported that oral adminis-
tration of RRR-α-tocopherol to pregnant mares enhanced
immunoglobulin status in foals. In the present study, IgA
tended to be higher (P = 0.145) at day 39 in piglets sup-
plemented with natural vitamin E when compared with those
supplemented with the synthetic vitamin (30-SINT-15-SINT),
although differences were not statistically significant. In the
second experiment (Table 6), IgA of piglet serum was also
affected by the dose of natural vitamin E supplementation.
Hence, piglets from sows supplemented with 1/3-NAT had
lower (P = 0.045) IgA at days 28, 35 and 42 of age when
compared with those from sows supplemented 1/1-NAT.
These results would confirm that, although threefold lower
doses of natural vitamin E in drinking water of sows when
compared with the synthetic supplementation produce
similar piglets’ serum vitamin E concentration and oxidative
status, the general status of the animal is not good enough.
It is interesting to note that results of the present study
were obtained when using doses below the minimal NRC
recommendations and that some authors (Peplowski et al.,
1981) have suggested that to optimize the immune response
in pigs, levels of vitamin E of 20 times higher are needed.
On the other hand, in experiment 2 (Table 6), IgM and IgA

increased after weaning with piglet age (P< 0.001), whereas
IgG remained unchanged. A similar evolution in immunoglo-
bulin concentrations of young pigs was reported by Bourne
and Curtis (1973), who described a decrease in IgA and IgM
concentrations during the first 2 weeks of age and a sub-
sequent increase. In addition, Nemec et al. (1994) reported a

Natural v. synthetic vitamin E in piglets

417



Table 5 Igs concentration in piglets serum at 39 days of age as affected by sow or piglet vitamin E supplementation (experiment 1)

Sow vit E supplementation 30-SINT1 1/2-NAT2 1/3-NAT3 Contrast8

Piglet vit E supplementation 1/2-NAT4 1/3-NAT5 15-SINT6 1/2-NAT 15-SINT 1/3-NAT 15-SINT s.e.m.7 P> F 1 2 3 4 5

IgA (mg/ml) 0.189 0.115 0.109 0.167 0.116 0.172 0.168 0.02 0.257 0.146 0.315 0.411 0.241 0.181
IgG (mg/ml) 3.701 8.781 6.566 7.191 4.177 5.328 7.131 1.56 0.468 0.798 0.770 0.783 0.391 0.837
IgM (mg/ml) 1.781 2.191 1.676 1.868 1.504 1.947 2.653 0.33 0.468 0.456 0.123 0.711 0.532 0.993

130-SINT: sows supplemented with α-tocopheryl acetate in feed (150 mg/day).
21/2-NAT: sows supplemented with 75 mg/day of natural vitamin E (D-α-tocopherol) in water.
31/3-NAT: sow supplemented with 50 mg/day of natural vitamin E (D-α-tocopherol) in water.
41/2-NAT: piglets supplemented with 1.7 mg/day of natural vitamin E (D-α-tocopherol) in water.
51/3-NAT: piglets supplemented with 1.1 mg/day of natural vitamin E (D-α-tocopherol) in water.
615-SINT: piglets supplemented with α-tocopheryl acetate in feed (3.33 mg/day).
7piglets n = 7.
8Contrast: (1): SINT v. others; (2): Sow’s vit E dose effect; (3): Sow’s vit E source effect; (4) Piglet vit E dose effect; (5): Piglet vit E source effect.

Table 6 Immunoglobulins concentration in piglets serum at weaning and 1 and 2 weeks thereafter as affected by sow’s vitamin E supplementation (experiment 2)

Contrast

Sow vit E supplementation 30-SINT1 1/3-NAT2 1/1-NAT3 s.e.m.4 s.e.m.5 P> F trat P> F time Time× trat SINT v. NAT SINT v. 1/3-NAT SINT v. 1/1-NAT 1/3-NAT v. 1/1

Ig A (mg/ml)
28 days 0.28 0.25 0.30 0.02 0.01 0.127 <0.001 0.132 0.867 0.242 0.376 0.045
35 days 0.31 0.27 0.33
42 days 0.36 0.36 0.36

Ig M (mg/ml)
28 days 2.06 1.99 2.22 0.18 0.07 0.900 <0.001 0.457 0.797 0.971 0.684 0.703
35 days 2.49 2.64 2.40
42 days 2.81 2.75 2.96

Ig G (mg/ml)
28 days 9.94 9.95 9.98 0.54 0.11 0.988 0.344 0.706 0.943 0.898 0.996 0.894
35 days 10.28 10.10 10.21
42 days 9.89 10.25 9.91

130-SINT: sows supplemented with α-tocopheryl acetate in feed (150 mg/day).
21/3-NAT: sows supplemented with 50 mg/day of natural vitamin E (D-α-tocopherol) in water.
31/1-NAT: sows supplemented with 150 mg/day of natural vitamin E (D-α-tocopherol) in water.
4s.e.m. for treatment and interactions.
5s.e.m. for time and interactions; piglets n = 12.
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drop in the IgM of piglets from sows without vitamin E supple-
mentation when compared with those supplemented with 88
IU/kg, whereas a drop in IgA was observed in all groups.
In conclusion, oral supplementation of sows with low

doses of micellized D-α-tocopherol is an interesting feeding
strategy, when compared with the use of the synthetic form in
feed, to reach similar α-tocopherol concentration in piglets.
A predominant importance of sow over piglet vitamin E
supplementation is also observed on stereoisomer distribution
in piglets. The equivalence ratio in sows of natural micellized
D-α-tocopherol in water:synthetic α-tocopherol in feed has
been established as 1 : 3; however, a higher ratio (1 : 2) or
doses of micellized α-tocopherol in water are needed to opti-
mize the immune response of piglets.
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