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Abstract

Svoboda M., J. Drébek: Efficiency of Voluntary Consumption of Amino Acid-chelated Iron
in Preventing Anaemia of Suckling Piglets. ActaVet. Brno 2003, 72: 499-507.

The aim of the study was to eval uate efficiency of voluntary accessto amino acid-chelated iron
intheform of mineral supplement in preventing anaemiaof pi 9I ets. Pigletsingroup 1 (n=60) were
offered ad libitum theiron mineral supplement (Fe 110 g-kgL) from the 2" to the 14% day of life.
Piglets in group 2 (n = 30) were given 200 mg Fe3* as iron dextran i.m. on day 3. On day 7,
haemoglobin concentration (Hb) (P < 0.05), packed cell volume (P < 0.05), red blood cell count
(P < 0.01) and plasmairon concentration (P < 0.01) in group 1 were lower compared to group 2.
On day 14 and 21 no significant differences were found between the two groups. At the time of
weaning (day 28), the voluntary access to iron did not prevent 8% of piglets from becoming
anaemic (Hb < 80 g-I"1). Body weights were comparablein the 2 groups.

Haemoglobin, packed cell volume, erytrocyte

Iron deficiency anaemiais a serious problem in swine production. The piglet can receive
only cal mg Feper day fromsow smilk (Csap6 1995; Kleinbeck andM cGlone 1999).
However the daily requirement during suckling periodisca7-10mg Fe(V enn eta. 1947).
Theiron deficit resultsin clinicaly apparent anaemia 10-14 days postpartum (Framstad
and Sjaastad 1991; Zimmermann 1995). Different forms of iron supplementation have
been used in order to prevent the development of iron deficiency anaemia in piglets.
Parenteral or oral preparations for iron supply are available. The amino acid-chelated iron
is one of the possibilities for oral iron supplementation to pigs. The iron chelates remain
intact in gastrointestinal tract dueto their high complex stability (Smitz andM dller 1971;
De Wayne 1975) and they are absorbed as amino acid complex or small peptides. A high
absorption rateistherefore achieved (A shmead 1993). Chelates are al so believed to cross
to some extend the placental barrier. However, attemps to prevent the development of
anaemia in piglets by treating pregnant sows with amino acid-chelated iron were not
successful (Akabayashi et a. 1989; Egeli et a. 1998a). The iron chelates offered to
suckling pigletsin drinking water asasole source of ironwerenot fully efficient (Egeli and
Framstad 1998).

Theaim of the present paper wasto eval uatetheefficiency of voluntary uptake of amino acid-
chelatedironintheform of mineral supplementin preventingiron deficiency anaemiaof piglets.

Materialsand Methods

Experimental design

The sows and their litters were kept in farrowing crates until weaning. All the piglets were weaned on day 28.
Prestarter (iron content - Fe 248 mg-kg1) were offered to piglets ad libitum from day 14-35. The piglets were
individually tatooted with a number in the ear. The piglets were not subjected to castration or tail docking. The
pigletswere divided into 3 groups.
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Group 1: Experimental group

Group 1 had 60 piglets from 6 litters. The piglets were offered ad libitum mineral supplement (PrimoFer)
with high content of amino acid-chelated iron (iron content - Fe 110g-kg™t) from 2" to 14th day of life. The
mineral supplement contained: humidity 8%, fat 130 g-kgt, N-compounds 70 g-kgL, fiber 50 g-kg'L, lysin 35
g-kgl, ash 220 g-kg'?, copper (CuSO,-5H,0,) 750 mg-kgt, amino acid-chelated iron - Fe 110g-kg%, vitamin
A 100 000 UI, vitamin D, 15 000 UI, vitamin E (alfatocoferol) 500 mg-kg1, Bacillus subtilis and Bacillus
licheniformis(1:1) 6.25-1039 CFU kg'L. Itisknownthat pigletsin thefirst daysof lifereceive almost exclusively
sow s milk and are not used to take solid supplements. That iswhy maximal accessibility of such preparations
to pigletsmust beensured (N ellssen et al. 1999). In order to maximize the accessibility to piglets, the mineral
supplement was placed on alow feeding slab on the line between the sow and the piglets corner out of reach of
the sow.

Group 2: Positive control group

Group 2 had 30 pigletsfrom 3 litters. The pigletswereinjected i.m. with 200 mg Fe3* in theform of iron dextran
on the 34 day of life.

Group 3: Negative control group

Group 3 had 20 pigletsfrom 2 litters. The piglets were not given any iron preparation till the 21 days of age. On
day 21, the piglets were injected i.m. 200 mg Fe3* in the form of iron dextran.

Sampling and analyses

Blood (2ml) was collected from the piglets on days 7, 14, 21, 28 and 35 from the cranial vena cava. EDTA
(ethylenediaminetetraacetic acid) was used as anticoagul ant for haematol ogical examination. Heparin was used as
anticoagulant for determination of iron concentration in blood plasma

Haematological examination included: haemoglobin concentration (Hb), packed cell volume (PVC), red
blood cell count (RBC), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration
(MCHC) and mean corpuscular haemoglobin (MCH). Hb was measured photometrically using
cyanomethaemoglobin method. PCV was measured using standard capillary tubes and centrifugation in
a microhematocrit centrifuge. Erytrocytes were counted in Birker’s chamber using Haym’s solution. MCV,
MCH and MCHC were calcul ated.

Iron concentration in blood plasma (Fe) was determined photometrically measuring iron complex with
ferrozin.

The pigletswere weighed (BW) at birth (day 1) and on days 7, 14, 21, 28, 35.

Statistical analyses
The results were evaluated statistically by Mann-Whitney U test.

Results

Differences of examined indices between groups

Day 7

Hb (P <0.05), PCV (P <0.05), RBC (P < 0.01) and Fe (P <0.01) ingroup 1 (iron chelate)
were lower than in group 2 (iron dextran). In group 3 (anaemic group), Hb (P < 0.01), PCV
(P<0.01), RBC(P<0.05), MCV (P<0.01), MCH (P < 0.05) and Fe (P < 0.01) werelower
compared to group 2.

Day 14

PCV (P < 0.05), MCV (P < 0.01) and Fe (P < 0.05) in group 1 was higher compared to
group 2. MCHC (P < 0.01) in group 1 was lower thenin group 2. Hb (P < 0.01), PCV (P <
0.01),RBC(P<0.01), MCV (P<0.01), MCH (P<0.01), MCHC (P < 0.05), Fe (P < 0.01)
and BW (P < 0.01) in group 3 werelower than in group 2.

Day 21

Ingroup 3, Hb, PCV, RBC, MCV, MCH, MCHC and BW (all, P < 0.01) were lower than
ingroups 1 and 2. Fe (3.45 + 0.98 pmol -I"1) in group 3 on day 21 was comparable to days 7
and 14.

Day 28

Hb (P <0.05), MCV (P < 0.05), MCH (P < 0.05) and Fe (P < 0.01) ingroup 1 were lower
than in group 2. In group 3, BW were lower compared to groups 1 and 2.

Day 35

Hb (P < 0.01), MCV (P <0.05), MCH (P < 0.01) and MCHC (P < 0.01) in group 1 were
lower than in group 2. In group 3, BW were lower compared to groups 1 and 2.
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Development of examined indices within groups

Group 1

Between days 7 and 14, Hb (P < 0.01), PCV (P <0.01), RBC (P<0.01), MCV (P<0.01),
MCH (P <0.01) and Fe (P < 0.01) increased significantly. From day 21 to day 28, therewas
asignificant decreasein Hb, PCV, MCV and MCH (all P < 0.01). From day 14 to day 28,
Fe (P < 0.01) decreased significantly.

Group 2

Between days 7 and 14, there was significant increasein Hb (P < 0.01), PCV (P < 0.01),
RBC (P<0.01), and MCH (P < 0.01). From day 21 to day 28, all theindicesremained to be
statistically comparable.

Group 3

From day 7 to day 21, Hb (P < 0.01), PCV (P < 0.05), MCH (P < 0.01) and MCHC (P <
0.01) decreased significantly. From day 21-28 (after iron dextraninjection), Hb, PCV, RBC,
MCV, MCH and MCHC (all P < 0.01) increased significantly.
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Discussion

For oral administration iron-containing paste is used most often. Another possibility is
voluntary uptake of iron containing preparations offered to pigletsad libitum. It isgenerally
agreed that application of such preparationsin drinking water is not recommended, because
aslong aspigletssucklethey arenot really interested in other water sources(Zimmermann
1995; Jorgensen and Brun 2000; Egeli and Framstad 1998). Bollwahn and
Shulze-Steinen (1966), Zimmermann (1995). Jérgensen and Brun (2000)
prevented pigletsfrom becoming anaemic by offering them highly concentrated iron powder
from 2nd day of lifetill the time of weaning. The iron powder contained high concentration
of iron-fumarate or acombination of iron-sulphate and iron-fumarate.

Theiron chelatesin theform of mineral supplement were used so far only asan additional
source of iron for voluntary uptake by piglets after single iron application (Egeli et a.
1998b; Jorgenssen and Brun 2000). Our attempt wasto eval uate the efficiency of amino
acid chelated iron mineral supplement as the sole source of iron for piglets.

It is considered that the voluntary consumption of oral preparation by piglets during the
first week of lifewill beinadequate (Egeli and Framstad 1998). Thiswasconfirmed also
in our study. We have found significantly lower Hb (P < 0.05), PCV (P < 0.05), RBC (P <
0.01) and Fe (P < 0.01) ingroup 1 onday 7 thanin group 2. The anaemic limit, i.e. the point
when anaemia begins to have a detrimental effect on weight gain or give rise to clinical
symptoms of anaemia is set by most authors at a haemoglobin concentration of 80 g-l-1
(Furugouri 1975; van Kempen 1987).

Ingroup 1, on day 7, there were 48.3% of piglets found anaemic (i.e. Hb < 80 g1-1). This
indicates an uneven and insufficient voluntary uptake of the oral iron preparation at thisage.

In group 2, on day 7, there were also anaemic piglets (Hb < 80 g1-%), but their percentage
was much lower (23.3%). The occurrence of anaemic pigletsin iron dextran injected group
on day 7 is in agreement with findings of 1ben (1998), Egeli and Framstad (1999),
Lemacher and Bostedt (1995) and can be explained by delayed availability of iron for
haemoglobin syntesis. This delay is caused by an uptake of iron dextran by
reticulohistiocytic system. From the injection site the iron dextran is at first taken up by
phagocytic cells (Kolb et al. 1992). The dextran component is then decomposed by
lysosomal enzymes of phagocytesand stored asferritin (K atkiewicz etal. 1986). Theiron
bindsthen to transferrin and is moved to the areas of need (Murray et a. 2000).

From day 14-35 no anaemic piglets (Hb < 80 g-I"1) were found in group 2. In group 1 on
day 14 and 21, no anaemic piglets were present and values of examined parameters were
comparableto group 2. However, from day 21-28, Hb, PCV, MCV and MCH (all, P<0.01)
in group 1 decreased significantly and 8.2% of anaemic piglets (Hb < 80 g'1) were
detected. Also the plasmairon concentration in group 1 decreased from day 14 to day 28
(P <0.01) and were significantly lower compared to group 2. These declines indicate that
the iron reserves of piglets in group 1 at the time of weaning began to be depleted.
According to Steinhardt et al. (1984), therisk of development of anaemiain pigletsis
greatest at the time of weaning. Therefore more attention is paid to control of iron supply
at the time of weaning.

Thelower values of the examined indices on day 7 and their decreasing tendency at the
time of weaning (day 28) in group 1 did not result in alower body weight compared to
group 2.

The results in anaemic group (group 3) were as expected, i.e. — hypochromic anaemia
developed and resulted in growth retardation of piglets.

We conclude that voluntary access to amino acid-chelated iron prevented anaemiain the
majority of the weaning piglets and resulted in a growth intensity comparable to piglets
injected with iron dextran.



506

U¢innost dobrovolného piijmu aminokyselinového chelatu Zeleza
v prevenci anémie sajicich selat

Cilem préace bylo zhodnotit G¢innost dobrovolného piijmu aminokyselinovych chelati
Zeleza ve formé minerdlniho doplitku pro prevenci anémie selat. Prasatim ve skupiné 1 (n =
60) byl predkladan Zelezity minerélni doplnék (Fe 110g-kg™") od 2. do 14. dne Zivota. Selatiim
ve skupiné 2 (n = 30) bylo tieti den Zivota aplikovéno i.m. 200 mg Fe3* vazaného na dextran.
Sedmy den Zivota byla koncentrace hemoglobinu (Hb) (P < 0,05), hodnota hematokritu (P <
0,05), pocet Cervenych krvinek (P <0,01) akoncentrace Zeleza v plazmé (P < 0,01) ve skupiné

cvwe

1 niZ¥i ve srovnani se skupinou 2. Ctrnacty a 21. den nebyly mezi obéma skupinami zjistény
rozdily. Pfi odstavu (28. den) nezabrénil dobrovolny pfijem Zeleza vzniku anémie u 8,2%
selat (Hb < 80 g-I"!). Hmotnosti selat byly v obou skupinéch srovnatelné.
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