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ABSTRACT

The aim of this study was to evaluate the excretion
of calcium (Ca), phosphorus (P), magnesium (Mg) and
sodium (Na) via milk, urine and faeces during the lacta-
tion period of sows. Six clinically healthy lactating sows
(crossbreed Large White x Landrace) were selected for
these experiments and were housed in standard condi-
tions and fed with commercially prepared dry mixture
for this category of sows. The blood serum, milk, urine
and faecal samples were collected on the 7th, 14th, 21st,
and 28th day of lactation. During four weeks of lacta-
tion, we recorded the relatively stable and physiological
concentrations of Ca, P, Mg and Na in blood serum. The
analysis of the sow’s milk showed the highest concentra-
tion of Ca and P at the end of lactation, while the highest
concentration of Mg and Na was observed on the 7th lac-
tation day. The following macro-mineral excretion was
recorded in urine: 98.83—194.00 mg.1"! for Ca; 11.88—
53.09mg.l" for P; 171.67—344.05mg.l"' for Mg; and
56.50—74.83 mg.l"" for Na; and in the faeces, 1824.5—
3045.5mg.kg™" for Ca; 1566.93—2483.2mg.kg™" for P;

1916.2—2505.2mg.kg™" for Mg; and 516.8—748.2mg.
kg for Na.
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INTRODUCTION

Minerals are important constituents of any animal’s
diet. Swine require 15 minerals in their diet and macro-
minerals are the minerals that swine need in larger quanti-
ties, usually designated as a percent of the diet or in grams.
The macro-minerals include calcium, phosphorus, sodium,
chlorine, potassium, magnesium, and sulphur. They have
many diverse physiological roles within the body, from reg-
ulatory to structural functions. The mineral requirements
of pigs are influenced by; the type and level of production,
the age and breed of the animal, the interrelationship and
associations between minerals and other nutrients, as well
as the quantity and chemical form of the mineral element

themselves [5].
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Absorbed minerals are incorporated into body tissue,
stored in reserve for later use, or excreted. Pigs through the
faeces and urine, normally excrete around 45 to 60 % of ni-
trogen, 50 to 80 % of calcium and phosphorous, and 70 to
90 % of potassium, sodium, magnesium, copper, zinc, man-
ganese and iron, when fed diets containing commonly used
feedstufls [18]. The level of some minerals, such as nitrogen
and phosphorous in pig faeces is very important because of
the risk of soil and water contamination [26].

The critical stage in the mineral nutrition of a sow is
during late gestation and lactation [23]. The single most
important demand on the lactating sow for minerals is for
the production and secretion of milk to nourish the rapidly
growing neonate [27]. Mammary mineral transfer to milk
remain fairly regular even under varying maternal mineral
status levels. This sensitive control is necessary in order to
prevent toxicities or deficiencies in the offspring. In addi-
tion, to meet the neonatal demands, the dam will use up her
body mineral reserves and catabolise skeletal tissue before
the progeny becomes malnourished [17]. This depletion
has been demonstrated in the skeletal demineralization of
sows with increasing parity [14], [24]. Thus, lactation can
severely deplete the sow’s body stores of nutrients.

The aim of this study was to evaluate the concentrations
of Ca, P, Mg and Na in the blood serum, milk, urine and

faeces of lactating sows during four weeks after parturition.

MATERIALS AND METHODS

Six lactating sows (crossbreed Large White x Landrace)
in the age of 2.5—5.0 years (average litter size 12), and av-
erage body weight 220kg, were used in our experiments.
During four weeks, the sows were fed with a concentrated
feed mixture (OS-09) for lactating pigs (Tajba a.s., SR). The
diet was based on corn, soybean extracted ground meal,
barley and wheat. In addition, OS-09 contained per 1kg
of DM: vitamin A, 6000 U; vitamin D3, 600 U; NC, 155g;
DE 70g; lysine, 7.5g; threonine, 4.5 g; methionine and cys-
teine, 4.0g; Ca, 7.0g; P, 5.0g; Na, 2.0g; Mg, 0,5g; vitamin
E, 20mg; Fe, 240mg; Zn, 110 mg; and Cu, 20 mg. The diet
covered the standardized nutritional requirements of lac-
tating pigs [28]. We used a divided type of feeding (three
times daily) corresponding to the count of new-born pig-
lets (6.80kg of concentrated feed mixture per lactating sow

with 12 piglets per day). The sows were housed individu-
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ally in the standard farrowing pens with free access to wa-
ter. The blood, urine and faeces were sampled in one-week
intervals: 1st, 2nd, 3rd, 4th sampling on 7th, 14th, 21st,
and 28th day after farrowing, respectively. The blood was
taken from the vena cava cranialis. Samples of milk were
collected during the morning sucking of the piglets. The
specimens were stored at 24 °C until analysis. All samples
were subjected to wet mineralization in a microwave oven.
The concentrations of Ca, Mg, and Na in the blood serum,
milk, faeces, and urine were determined by the flame AAS
method (Perkin Elmer, AAnalyst 100) [4]. The concentra-
tion of P in the faeces and milk was determined using a
spectrophotometer SPECOL 211 (Carl Zeiss Jena), the
concentrations of P in the blood plasma and urine were
determined by an automatic biochemical analyser ALIZE
(Lisabio) using diagnostic kits (Bio Mérieux, Randox) [12].

The statistical analysis was done using one-way
analysis of variance (ANOVA) with the post hoc Tukey
multiple comparison tests. Results in tables are present-

ed as means (x) and the standard deviation (SD).

RESULTS AND DISCUSSION

Calcium (Ca) and phosphorus (P) are minerals that
have important physiological functions in the body such
as; muscle contraction, transmission of nerve impulses,
enzyme activation, metabolic reactions, protein synthesis,
maintenance of osmotic and acid-base balances, compo-
nents in membranes, and other functions [6], [11]. An
important aspect of Ca and P metabolism is plasma ho-
meostasis, which is controlled by absorption, urinary ex-
cretion, and bone turnover [3], [13]. A major part of the Ca
in swine diets originates from inorganic sources because
the concentration of Ca in cereal grains is low. Most of the
phosphorus in cereal grains and oilseed meal is in the form
of phytic acid (organically bound phosphorus) and is poor-
ly available to pigs. Supplemental phytase, an enzyme that
degrades some of the phytic acid in feedstuffs, is commonly
added to diets to further reduce phosphorus excretion [8].
However, it’s necessary to remember that, high levels of Ca
in swine diets reduce the effect of phytase and affect the
digestibility of P [19].

Magnesium (Mg) has several important functions, as
for example; a cofactor for protein and DNA synthesis, oxi-

dative phosphorylation, cardiovascular tone, and neuro-



Table 1. The concentration of macro-elements in blood serum
of lactating sows in mmol.I"" (x + SD)

Table 3. The concentration of macro-elements
in the urine of lactating sows in mg.l"" (x + SD)

Sampling Ca P Mg Na Sampling Ca P Mg Na
1st 245+ 191+ 095+ 140+ Ist 98.83+ 22.05+ 171.67 56.50+
0.16 0.57 0.22 5.67 92.34 33.16 164.51 51.14
Ind 232+ 2.23% 1.00+ 143+ ond 11617+ 11.88+ 3445+ 74.83 £
0.20 1.07 0.22 4.78 85.39 9.26 331.69 57.80
3rd 244+ 2.80% 091+ 145+ 3rd 116.00+ 19.36% 282.33+ 58.67
0.27 0.96 0.09 6.99 75.00 15.51 155.10 32.75
4th 2.33% 240+ 091+ 145+ ath 194.00+ 53.09% 285.50+ 63.33+
0.18 0.64 0.13 4.62 195.06 85.22 233.34 43.89

Table 2. The concentration of macro-elements in
the milk of lactating sows in mg.l" (x + SD)

Table 4. The concentration of macro-elements in
the faeces of lactating sows in mg.kg™" (x = SD)

Sampling Ca P Mg Na Sampling Ca P Mg Na
Ist 1287.83 6.98+ 115.83+ 695.67 + Ist 30455+ 18579+ 2505.2+ 517.5+
364.95 4.21 72.45 382.92 1604.4 870.6 566.2 426.8
Ind 1713.33+ 9.21+ 107.00+ 44583+ Ind 22821+ 2483.2+ 21709+ 516.8+
273.69 3.00 41.29 195.97 1585.6 1388.3 387.3 4473
3rd 181717 8.96+ 106.83 + 350.33+ 3rd 1824.5+ 1566.93 + 1919.9+ 6489+
244.41 3.32 45.56 53.39 845.3 809.3 3574 510.65
4th 1783.83+ N4+ 103.33+ 381.67+ 4th 1858.2+ 1656.9+ 1916.2+ 748.2+
320.40 0.26 6.88 101.00 1610.2 815.3 410.5 610.5

muscular excitability [3]. It is associated with calcium and
phosphorus in bone, the largest reservoir of these minerals,
from which it can be released to the body as required. Mag-
nesium is readily available in plant sources, and is absorbed
from the small intestine. It is thought to be efficiently re-
cycled so that supplementation is not necessary to fulfil
most requirements [5]. On the other hand, studies have
demonstrated that supplementing Mg to swine diets; alle-
viated the effects of stress and improved the meat quality
[2], [10], and prevented and controlled the occurrence of
constipation [29]. Magnesium is stored in bone or excreted
in the urine [13], [30].

Sodium (Na) is necessary for; the generation of nerve
impulses, for maintenance of electrolyte balance and fluid
balance, heart activity and certain metabolic functions
[25]. Sodium together with chloride are available from feed
grains, but only in low concentration, therefore they are
provided as supplements to diets, especially during lacta-

tion to maintain the physiological balance of these minerals

[22]. These minerals are provided by common salt, which
contains 40 % of sodium and 60 % of chloride. The recom-
mended level of salt is 0.5 % in sow diets [8].

The concentration of Ca, P, Mg and Na revealed no sig-
nificant differences in the blood serum of lactating sows
within the four samplings (Table 1). The concentrations of
all these elements was physiological when compared with
the physiological range of Ca, P, Mg and Na which is 2.0—
3.0mmol.l"}, 1.30—3.55mmol.l"'1, 0.7—1.6 mmol.l"}, and
135—145 mmol.I"' [31] for pigs, respectively. But our val-
ues were lower than those obtained by Zvorc et al. [32].

The peak daily milk yield is reached at around 21 days
of lactation [9], and general milk composition after day 7 is
relatively stable for the remainder of lactation. The major
components of milk solids (17 to 25 %) are; fat (7 or 8 %),
lactose (~4 %), and protein (6 %). The other major compo-
nents of milk are the ash or mineral contents. Sow’s milk
contains 0.6 to 1.0 % ash, with the majority of that as cal-

cium and phosphorus [16]. The calcium and phosphorus
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composition of milk seems stable despite fluctuations in
dietary intake [5]. The body reserves are sufficient to buf-
fer this need, and are utilised especially in sows with high
milk production. If the reserves of calcium and phospho-
rus are not replenished, then the strength and integrity
of the sow’s bones will decrease [5]. Our results are in ac-
cordance with the finding of Mahan and Fetter [21],
that sow’s milk has a higher concentration of Ca and P in
the third and fourth weeks of lactation than the first two
weeks. The lowest concentration of Ca was found in the
1st week (1287 mg.l"}; Table 2), and the highest in the 3rd
week (1817 mg.1™"). Similarly, the lowest concentration of P
was observed in the 1st week (6.98 mg.l"!), and the highest
in the 4th week (11.4mg.l™"). The milk concentrations of
Mg and Na ranged between 103.33—115.83 and 350.33—
695.67 mg.l", respectively.

The kidneys play a central role in the homeostasis of cal-
cium, phosphorus, and magnesium. Gastrointestinal absorp-
tion is balanced by renal excretion. When the body stores of
these ions decline significantly, gastrointestinal absorption,
bone resorption, and renal tubular reabsorption increase to
normalize their levels. Renal regulation of these ions occurs
through glomerular filtration and tubular reabsorption and/
or secretion [3]. Sodium is also excreted primarily in the
urine, with only small amounts lost in the faeces and perspi-
ration [20]. The highest nonsignificant urinary excretion was
recorded on 28th day of lactation for Ca, P (4th sampling),
and on the 14th day of lactation for Mg, Na (Table 3).

The concentration of the macro-minerals in the faeces of
lactating sows was without significant differences between
the four collections (Table 4). The faecal output of miner-
als included both unabsorbed dietary minerals and miner-
als that had been secreted into the intestine and not reab-
sorbed (usually referred to as endogenous faecal excretion)
[1]. The daily faecal production in relation to the body weight
(DFP/BW) is around 0.6 % [7] and the dry matter content of
faeces (DMF) varies around 30 % [15]. As mentioned above,
phosphorus is considered a potential environmental pollut-
ant. Excretion of P in the urine of lactating sows changed
from 11.88 to 53.09mg.I"* (Table 3). Faecal output of phos-
phorus varied between 1566.93 and 2483.2mg.kg™ (Table
4), but these values were lower than the excretion of P in the
category of growing piglets (2600 mg.kg™") [15]. The highest
faecal excretion was recorded on the 7th day of lactation for
Ca, Mg; on the 14th day of lactation for P; and on the 28th
day of lactation for Na.
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Our experimental observations of macro-mineral ex-
cretion in the lactating sows can be helpful not only from
the view point of milk composition, but also from the en-
vironmental aspect, because some minerals (as for example
phosphorus) in pig excrement can constitute risks for soil

and water contamination.
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