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A b s t r a c t

The aim of the study was to determine the chemical composition of the colostrum and milk
of sows fed diets containing naked oats. The study was carried out on 45 Polish Landrace sows
assigned to three groups, 2 experimental and one control, with 15 individuals in each group. In the
late gestation period the sows were also fed a diet including naked oats. The ration fed to the
experimental groups contained 20% (D1) and 40% (D2) naked oats of the Akt variety. The chemical
composition of the colostrum and milk of the sows was tested during the first, second and third
lactation. Colostrum and milk for chemical analysis were collected on days 1, 7 and 21 of lactation
(basic composition) following prior administration of 2 ml of oxytocin. The level of lactoglobulins in
the colostrum and milk was determined on days 1 and 7 of lactation, and the fatty acid profile on
day 7. On both days 7 and 21 of lactation the milk of the sows in the experimental groups had
a higher percentage of fat than in the control. The milk of the experimental sows also contained
higher percentages of linoleic and linolenic acids. Statistically significant differences (P < 0.01) were
shown in the percentages of these acids in the milk of sows during each lactation between the D2

groups and the control groups.

SKŁAD CHEMICZNY SIARY I MLEKA LOCH ŻYWIONYCH DIETĄ
Z UDZIAŁEM OWSA NAGIEGO

Bogdan Szostak1, Andrzej Stasiak2

1 Instytut Żywienia Zwierząt i Bromatologii
2 Katedra Hodowli i Technologii Produkcji Trzody Chlewnej

Uniwersytet Przyrodniczy w Lublinie, Polska

S ł o w a k l u c z o w e: żywienie loch, skład mleka, laktoglobuliny, kwasy tłuszczowe mleka.

Address: Bogdan Szostak, University of Life of Sciences in Lublin, ul. Akademicka 13, 20-950 Lublin,
Poland, phone: +48 (81) 445 67 22, e-mail: bogdan.szostak@up.lublin.pl



A b s t r a k t

Celem pracy było określenie składu chemicznego siary i mleka loch żywionych dietą zawierającą
owies nagi. Badanie przeprowadzono na 45 lochach rasy polskiej białej zwisłouchej, przydzielonych do
trzech grup: dwóch doświadczalnych i jednej kontrolnej – po 15 osobników w każdej. W okresie
wysokiej ciąży badane lochy były również żywione dietą z udziałem owsa nagiego. Mieszanka
podawana grupom doświadczalnym zawierała 20% (D1) i 40% (D2) owsa nagiego odmiany Akt. Skład
chemiczny siary i mleka loch badano w trzech kolejnych laktacjach, począwszy od pierwszej do trzeciej
laktacji włącznie. Siarę i mleko do analiz chemicznych pobierano w 1., 7. i 21. dniu laktacji (skład
podstawowy) po uprzednim podaniu 2 ml oksytocyny. Poziom laktoglobulin w siarze i mleku
określono w 1. i 7. dniu laktacji, natomiast profil kwasów tłuszczowych w 7. dniu. W obu dniach
laktacji (w 7. i 21.) mleko loch z grup eksperymentalnych wykazywało wyższy odsetek tłuszczu niż
z grupy kontrolnej. Mleko loch z grup doświadczalnych zawierało również wyższy odsetek kwasu
linolowego i linolenowego. Wykazano statystycznie istotne różnice (P < 0,01) w procentowej
zawartości tych kwasów w mleku loch w poszczególnych laktacjach między grupami D2 a grupami
kontrolnymi.

Introduction

Milk production by sows is one of the most important performance
characteristics affecting the development of piglets. Changes in the chemical
composition and the milk yield of sow are the result of genetic (WALKIEWICZ at
al. 2000) and environmental factors (MIGDAŁ and KACZMARCZYK 1990,
BUCZYŃSKI at al. 2003), but depend mainly on nutrition (KOKETSU at al. 1996b,
MIGDAŁ 1996, KIM and EASTER 2001, WOLTER at al. 2002). KIM and EASTER

(2001) note that complete fulfilment of the nutritional needs of sows during
pregnancy and lactation are reflected in a substantial increase in the content
of protein, amino acids and fat in their milk, particularly in the early stage
of lactation. Many authors (BOYD at al. 1979, MOSER and LEVIS 1981, PETTIG-

REW 1981) confirm the beneficial effect of adding fats to feed rations for sows
on lipid content in the colostrum and milk and on milk yield. When vegetable
oils are included in the diet of sows, either during advanced pregnancy or
during the entire pregnancy and lactation, fat content in the colostrum and
milk increases and the ratio of essential unsaturated fatty acids to saturated
fatty acids in the fat is more beneficial to piglets (COFFEY at al. 1994, MIGDAŁ

1996). KOKETSU et al. (1996a) used high-energy feed rations during lactation
and observed increased secretion of insulin, glucose and luteotropic hormone
(LH), both during lactation and after the piglets were weaned.

One of the valuable components of feed rations for pigs is oats. Due to the
genetic lack of a hull, naked oats have a different chemical composition from
that of hulled oats. The greatest differences are in the content of fibre, protein
and fat – the components that primarily determine the nutritional and energy
value of fodder (PELTONEN-SAINIO 1997, CZUBASZEK 2003, DUBIS and
BUDZYŃSKI 2003). Naked oats have higher energy value and protein content
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than other cereals regarded as the most beneficial for feeding monogastric
animals (PETKOV at al. 2001). An important component of oats with and
without hulls is fat, the content of which ranges from 6% to 8% of dry matter
(PIECH at al. 2003, PISULEWSKA at al. 2011). The fat of naked oats is dominated
by unsaturated fatty acids (UFA), which account for 80% of the fat
(PISULEWSKA at al. 1999). The lipids in oats have been found to contain
compounds with strong antioxidant properties, such as tocopherols, ferulic
acid, caffeic acid, polyphenolic compounds, their esters and amides, alkyl-
phenols, flavonoids and avenanthramides (PETERSON 2001). Studies by
STASIAK et al. (2000), MAZUR and STASIAK (2006) found that feed rations
containing naked oats had a beneficial effect on reproductive performance
indicators in gilts and sows.

The aim of the study was to determine the chemical composition of the
colostrum and milk of sows fed diets containing naked oats.

Material and Methods

The study was carried out on 45 Polish Landrace sows assigned to three
groups, 2 experimental and one control, with 15 individuals in each group. The
sows were fed complete feed rations in amounts consistent with the require-
ments given in Nutrient requirements of pigs (1993). The feed ration fed to the
experimental groups contained 20% (D1) and 40% (D2) naked oats of the Akt
variety. In the late gestation period the sows were also fed a diet including
naked oats. The chemical composition of naked oat was determined before the
experiment on the animals was begun. The following were determined in the
samples:

– content of crude protein, ether extract, crude ash, and crude fibre
according to AOAC (2000);

– content of mineral nutrients Ca and Na by atomic absorption spectros-
copy (ASA) and total phosphorus according to FISKE and SUBBAROW (1925);

– protein amino acid content by ion-exchange chromatography in an
automatic amino acid analyser;

– fatty acid composition by gas chromatography using a chromatograph
(Varian GC3800). The fatty acid profile of the fat of the naked oats was as
follows: unsaturated fatty acids – 81.17%, including monounsaturated fatty
acids – 44.45% (mainly oleic acid) and polyunsaturated fatty acids – 36.72%
(mainly linoleic acid – 35.27% and linolenic acid – 1.41%). The composition and
nutritional value of the diet fed to the sows during pregnancy and lactation is
presented in Table 1.
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Table 1
The composition and nutritive value of the diets for pregnant and lactating sows

Before 90th day of gestation Lactation

K D1 D2 K D1 D2
Feed [%]

Naked oats meal – 20.00 40.00 – 20.00 40.00
Wheat meal 40.00 20.00 – 40.00 20.00 –
Barley meal 48.40 48.45 48,50 40.00 40.05 40.10
Soybean meal 9.00 9.00 9.00 17.00 17.00 17.00
2-Ca phosphate 0.90 0.90 0.90 1.00 1.00 1.00
Fodder chalk 1.30 1.30 1.30 1.30 1.30 1.30
Premixture L-lysine 50% 0.10 0.05 – 0.30 0.25 0.20
NaCl 0.30 0.30 0.30 0.40 0.40 0.40
Calculated analysis [g kg–1]:
EM MJ 12.75 12.89 13.03 12.72 12.87 13.01

crude protein [g] 136.32 137.18 138.03 159.00 159.85 160.71
crude fat [g] 20.32 30.17 39.98 20.39 30.24 40.10
lysine [g] 5.96 5.97 5.98 8.56 8.57 8.58
methionine+cystine [g] 4.84 4.95 5.06 5.40 5.51 5.62
Ca [g] 7.78 7.73 7.69 8.53 8.48 8.43
P [g] 5.55 5.64 5.73 6.09 6.18 6.27
Na [g] 1.35 1.36 1.37 1.77 1.78 1.79

The chemical composition of the colostrum and milk of the sows was tested
during the first, second and third lactation. Colostrum and milk for chemical
analysis were collected on days 1, 7 and 21 of lactation (basic composition)
following prior administration of 2 ml of oxytocin. The level of lactoglobulins in
the colostrum and milk was determined on days 1 and 7 of lactation, and the
fatty acid profile on day 7. The samples collected were stored at -20oC. The
percentage of fat, protein and lactose were determined in a Milko-Scan
infrared milk analyser. The concentration of immunoglobulin (IgG) was
determined by radial immunodiffusion (RID) with the Binding Site RID kit
manufactured by the British company Binding Site Limited. The content of
fatty acids was determined by gas chromatography.

Statistical analysis of the results was carried out using one-way analysis
of variance (effect of group). The tables present mean values for the characteristics
tested and the standard deviation. Differences between means from each group
were tested by Duncan’s range test.

Results and Discussion

The chemical composition of the colostrum and milk of sows fed different
diets is presented in Table 2. The amount of protein in the colostrum and milk
of the sows showed little variation between groups. No statistically significant
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differences were noted for the traits analysed. The colostrum collected on the
first day of the third lactation contained somewhat more protein and lacto-
globulin (group D2 – 12.38% and 106.42 mg ml–1). The content of milk protein
in sows milk at 7 and 21 days of lactation was higher than 5%. According to
studies by MIGDAŁ and KACZMARCZYK (1990) and COFFEY et al. (1982), milk
contains 5–6% proteins, which is in agreement with the values obtained in the
present study.

Table 2
Chemical composition of the colostrum and milk of sows (mean ± SD)

Lactation
number

Sampling
date

Experimental
groups

Total protein
[%]

Fat
[%]

Lactose
[%]

Lactoglobulins
[mg ml–1]

K 10.90 ± 0.95 4.52 ± 0.50 3.42 ± 0.37 94.21 ± 7.11
1st day D1 11.00 ± 1.01 4.71 ± 0.59 3.31 ± 0.30 94.50 ± 7.54

D2 11.24 ± 0.98 4.97 ± 0.69 3.28 ± 0.32 95.82 ± 8.43

K 5.37 ± 0.48 6.59 ± 0.73 5.01 ± 0.44 0.95 ± 0.25
I 7th day D1 5.26 ± 0.46 7.00 ± 0.90 5.10 ± 0.42 1.10 ± 0.21

D2 5.45 ± 0.52 7.17 ± 0.81 4.90 ± 0.43 1.09 ± 0.16

K 5.19 ± 0.42 6.00 ± 0.79 5.10 ± 0.37 –
21st day D1 5.17 ± 0.45 6.05 ± 0.84 5.07 ± 0.36 –

D2 5.31 ± 0.48 6.30 ± 0.80 5.00 ± 0.39 –

K 12.00 ± 1.02 5.20 ± 0.95 3.35 ± 0.35 99.87 ± 9.43
1st day D1 11.93 ± 1.07 5.39 ± 0.90 3.21 ± 0.32 100.22 ± 9.94

D2 12.16 ± 1.00 5.58 ± 0.85 3.14 ± 0.30 101.76 ± 10.14

K 5.32 ± 0.44 7.00 ± 0.85 5.00 ± 0.41 1.10 ± 0.26
II 7th day D1 5.42 ± 0.43 7.14 ± 0.81 4.90 ± 0.39 1.27 ± 0.23

D2 5.48 ± 0.49 7.41 ± 0.79 4.85 ± 0.43 1.24 ± 0.20

K 5.26 ± 0.48 6.15 ± 0.71 5.20 ± 0.34 –
21st day D1 5.35 ± 0.46 6.31 ± 0.72 5.10 ± 0.36 –

D2 5.55 ± 0.44 6.50 ± 0.78 4.80 ± 0.37 –

K 12.10 ± 1.10 5.49 ± 0.85 3.24 ± 0.33 100.40 ± 8.94
1st day D1 12.21 ± 1.09 5.64 ± 0.79 3.11 ± 0.30 104.51 ± 9.67

D2 12.38 ± 1.04 5.81 ± 0.84 3.03 ± 0.27 106.42 ± 10.34

K 5.42 ± 0.48 6.95 ± 0.82 4.96 ± 0.41 1.35 ± 0.37
III 7th day D1 5.32 ± 0.47 7.01 ± 0.84 5.05 ± 0.40 1.39 ± 0.31

D2 5.48 ± 0.50 7.22 ± 0.83 4.84 ± 0.39 1.42 ± 0.24

K 5.15 ± 0.42 5.90 ± 0.79 5.21 ± 0.39 –
21st day D1 5.20 ± 0.40 6.36 ± 0.80 5.04 ± 0.30 –

D2 5.28 ± 0.43 6.45 ± 0.81 5.05 ± 0.31 –

Fat content varied considerably between groups. The milk of the sows in
the experimental groups contained more fat than the milk from the control on
both the 7th and 21st days of lactation. Fat content was highest in group D2,
ranging on day 7 from 7.16% (first lactation) to 7.41% (second lactation), while
on day 21 it ranged from 6.30% (first lactation) to 6.50% (second lactation).
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The transition from colostrum to milk causes the level of protein to fall and
that of fat and lactose to rise (MIGDAŁ and KACZMARCZYK 1990). This also
confirms our findings.

Lactoglobulins noted an upward trend in the colostrum of sows fed a diet
containing oats naked. The highest values included colostrums from group D2

(101.76 – 106.42 mg ml–1) in second and third lactations. BLAND et al. (2003)
and RZĄSA (2007) found that colostrum contained on average 61–93 g l–1 IgG.
The level of IgG in the colostrum of the sows in the present study should be
regarded as very good.

The fatty acid profile of the milk lipids on day 7 of lactation is presented in
Table 3. Among saturated fatty acids the highest proportion was that of
palmitic acid – from 29.30% to 31.84%. The highest content of this acid,
31.84%, was found in the milk from the first lactation of the sows of the control
group. The percentage of saturated fatty acids in the milk was highest in the
control, at 41.21%. Unsaturated fatty acids were predominant in the total pool
of analysed fatty acids. The highest percentage of oleic acid, 40.18%, was found
in the milk of the group D2 sows during their third lactation. Analysis of the
results presented in Table 3 reveals higher percentages of this fatty acid in the
experimental groups in which the sows were fed diets containing naked oats.
The milk of the experimental sows also contained higher percentages of linoleic

Table 3
The fatty acid profile of the milk lipids on the 7th day of lactation of sows

I Lactation II Lactation III Lactation

K D1 D2 K D1 D2 K D1 D2
Fatty acids

SFA:
Lauric C12:0 0.35 0.33 0.30 0.33 0.31 0.29 0.29 0.28 0.26
Myristic C14:0 3.22 3.05 2.99 3.15 3.08 2.86 3.00 2.95 2.80
Pentadecanoic C15:0 0.10 0.10 0.09 0.09 0.09 0.08 0.10 0.08 0.08
Palmitic C16:0 31.84 31.42 30.40 31.65 31.05 30.02 31.38 30.74 29.81
Margaric C17:0 0.49 0.45 0.42 0.45 0.43 0.41 0.47 0.43 0.41
Stearic C18:0 5.01 5.08 4.97 4.95 5.12 5.01 5.00 5.14 5.06
Arachidic C20:0 0.20 0.17 0.15 0.19 0.17 0.14 0.18 0.17 0.15
Total SFA 41.21 40.60 39.32 40.81 40.25 38.81 40.42 39.79 38.57

UFA:
Myristooleic C14:1 0.20 0.16 0.17 0.18 0.15 0.16 0.19 0.17 0.18
Palmitooleic C16:1 10.15 9.80 9.72 10.02 9.76 9.86 10.20 9.92 9.81
Oleic C18:1 38.52 38.79 39.75 38.83 39.10 39.99 38.92 39.27 40.18
Linoleic C18:2 7.98Bb 8.61a 8.91A 8.25B 8.65 9.01A 8.31B 8.74 9.10A

Linolenic C18:3 0.36B 0.47 0.49A 0.37B 0.48 5.52A 0.40B 0.49 0.50A

Eicosenoic C20:1 0.32 0.31 0.34 0.31 0.32 0.33 0.30 0.33 0.32
Cis11, 14-eicosenoic C20:2 0.37 0.36 0.38 0.36 0.38 0.39 0.36 0.38 0.39
Arachidonic C20:4 0.89 0.90 0.92 0.87 0.91 0.93 0.90 0.91 0.95
Total UFA 58.79 59.40 60.68 59.19 59.75 61.19 59.58 60.21 61.43

Means within a row with no common letters (A,B) differ significantly at p ≤ 0.01
Means within a row with no common letters (a,b) differ significantly at p ≤ 0.05
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and linolenic acids. Statistically significant differences (P < 0.01) were shown
in the percentages of these acids in the milk of sows during each lactation
between the D2 group and the control treatment.

The quantity and quality of milk produced by sows determines the health
condition and body weight of their piglets and the number of piglets weaned
per litter. Changes in the amount of milk produced by the sow and in its
chemical composition depend mainly on nutrition (WIELBO 1995, MIGDAŁ 1996,
KIM and EASTER 2001, PIETRAS and BAROWICZ 2002). DARRAGH and MOUGHAN

(1998) report that the nutrients contained in milk remain at a constant level
(with slight fluctuations in the case of optimal nutrition), which remains
unchanged even when the level of one of the components is increased in the
feed. According to REKIEL (2003), the level of nutrients in milk may increase
only when an optimal diet is introduced for sows that are in poor condition or
are inadequately nourished during lactation. Kim and EASTER (2001) state that
complete fulfilment of nutritional needs during pregnancy and lactation leads
to an increase in the content of protein, amino acids and fat in the milk of sows,
particularly in the early stage of lactation. The chemical composition of
colostrum and milk also depends on the stage of lactation, litter number, and
number of piglets in the litter (BELSTRA at al. 1999, HODBOD and ZEMAN 2001,
KIM and EASTER 2001). Milk composition does not stabilize until the second
week of lactation (CSAPO et al. 1996). The albumin fraction of whey proteins in
colostrum contains immunoglobulins IgG, IgA and IgM. The basic antibodies
of colostrum are immunoglobulins G(IgG) (BLECHA 1998), which determine
passive immunity in piglets. Piglets fed colostrum with a higher concentration
of immune lactoglobulins are more resistant to post-natal stress, have a higher
survival rate and a faster growth rate. Research has been conducted for many
years aimed at developing feeding systems that enhance immunity, e.g. the use
of immune proteins as a feed supplement to prevent diarrhoea in piglets
(STEFANIAK 2006) or administration of immunostimulants to pregnant sows to
improve the immune parameters of colostrum (KRAKOWSKI at al. 1999). Fat
content in the milk was highly variable, and somewhat higher in the experi-
mental groups. MIGDAŁ (1996) found that as the amount of fat consumed by
the sow increases, the amount of fat secreted by the sow increases as well.
BUCZYŃSKI et al. (2003) determined that piglets consuming milk with higher
fat content had higher body weight on their 21st day of life. BAIDOO et al.
(1992) also found that high-energy feed rations had a beneficial effect on the
chemical composition of sows; milk. The addition of fat caused an increase in
its content in the milk of the sows, which in turn positively affected the
development of the piglets.

Milk fat is the most concentrated source of energy, hence the importance
of its fatty acid composition, which determines its nutritional value (MIGDAŁ
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1996). The present study showed a slightly higher percentage of unsaturated
fatty acids, including essential ones, in the milk of sows from the experimental
groups in comparison with the control. MIGDAŁ (1996) found a higher concen-
tration of unsaturated fatty acids in the milk of sows whose feed rations were
supplemented with rapeseed oil in comparison with those receiving the feed
without oil. Similar results were obtained by WIELBO (1995) and VAN DEN

BRAND et al. (2000). High content of polyunsaturated fatty acids in the
colostrum and milk of sows receiving vegetable oil in their diet had a beneficial
effect on the growth and development of their piglets (MIGDAŁ 1996, BABINSZKY

1998, PIETRAS and BAROWICZ 2002, BAROWICZ et al. 2003).

Conclusions

There were no significant differences in the amount of protein in colostrum
and sows milk from control and experimental groups. Colostrum and milk
of sows fed a diet involving naked oats had a slightly higher percentage of
protein and fat.

Unsaturated fatty acids constituted the highest proportion of the lipid
fraction of the milk on the 7th day of lactation. The level of these acids was
highest in the group of sows fed a ration with 40% naked oats. A highly
significant difference was noted in the concentrations of linoleic and linolenic
acids between the control and D2 groups in three successive lactations. The
40% of dietary inclusion of naked oats contributed to the highest level of UFA
in milk and improved its nutritive value.

Translated by SARA WILD
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