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Abstract
Analyses were carried out on the fatty acid composition of milk fat originating from mares 
of three breeds: Polish Cold-Blooded, Wielkopolski and Konik Polski. Milk was collected from 
mares in the early, mid and late lactation. Determination of fatty acids was conducted with 
the gas chromatography method. The analysis of the fatty acid composition demonstrated 
that over the entire lactation period unsaturated fatty acids (from 52.96 % to 62.46 %), 
represented mainly by linolenic (22.15 %) and oleic (19.98 %) acid, were predominantly 
present only in samples originating from mares of the Wielkopolski breed. In milk of mares 
of Konik Polski, saturated fatty acids appeared to predominate (51.95 % and 52.95 %) in the 
early and mid lactation, whereas unsaturated fatty acids (62.28 %) predominated in the late 
lactation. In the case of milk samples of the Polish Cold-Blooded mares, saturated fatty acids 
(represented mainly by palmitic acid) were observed to prevail in the early and late lactation 
(55.77 % and 61.31 %), whereas unsaturated fatty acids (52.20 %) were found to negligibly 
prevail in the mid lactation. The study confirmed that fatty acid composition was determined 
by the period of lactation and breed of the mares. 
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Introduction 
During lactation, the composition of milk of mammals is subject to rapid changes, upon 
which milk becomes an ideal food for an infant. These changes refer both to macro- and 
microelements as well as the quantity and quality of protein and lipid substances and 
saccharides. Out of a variety of mammal species, the milk of mares has raised special 
interest due to the similarity of its chemical composition to that of human milk (Cieśla et 
al. 2009, Drogoul et al. 1992). Though in Poland this milk is used exclusively in the rearing 
of foals, some attempts have emerged to apply it as a raw material for the preparation 
of special food products for humans. Taking into account the relatively long period of 
lactation, considerable milk yield and substantial affinity of nitrogen compounds of mare 
milk to the respective compounds present in human milk, milk of mares may be considered 
as a raw material for the production of preparations substituting for natural food for 
infants (Smoczyński & Tomczyński 1982, Csapo et al. 1995, Malacarne et al. 2002). Cow’s 
milk has a different fatty acid composition compared to mare’s milk (Pešek et al. 2005) and 
also other kinds of milk such as sow, goat, ewe and woman (Jahreis et al. 1999, Moduko 
& Park 2007). Mares’ milk has been considered as a possible substitute for cows’ milk for 
allergic children (Businco et al. 2000, Curadi et al. 2001). The composition of dietary fatty 
acids is especially important for a young, developing human body. Food-originated fat is 
also likely to contain undesirable substances, e.g. trans isomers of fatty acids, which impair 
biosynthesis of physiologically-important long-chain polyunsaturated fatty acids (Pfeuffer 
2001, Pordąb 1997).

Milk production and composition of fatty acids may change depending on the lactation 
stage, age, parity and nutrition (Wójtowski et al. 2001). There are many studies concerning 
the impact of lactation on the fat composition of mare milk (Haddad et al. 2011, Hoffman et 
al. 1998, Orlandi et al. 2003, Pikul & Wójtowski 2008).

The above issues involve the necessity of continuing studies for the complete recognition 
of the quantitative composition of fatty acids of mare milk, which is becoming an important 
cognitive task. The results of such experiments not only have a cognitive aspect, but may also 
be exploited for practical purposes. 

Our earlier investigations concerned the effect of the mare’s breed on the fatty acid 
composition of milk fat (Pietrzak-Fiećko et al. 2009). The objective of this study was to 
determine the changes in fatty acid composition of mare milk from different breeds 
depending on the period of lactation.

Material and methods
The experiment was carried out on three groups of horses: 9 Polish Cold Blooded mares, 
10 mares of Konik Polski and 10 mares of Wielkopolski Horse. Eighty seven mares’ milk 
samples were analysed. The nutrition of mares was similar in research groups and in 
periods of lactation. The composition of the feeding ration included oat, hay and pasture 
grass. The analyses were carried out on samples of milk collected over a 6-months period 
of lactation – 27, 30 and 30 samples were tested in the three different periods of lactation:  
early (0-2 month), mid (2-4 month) and late (4-6 month), respectively.
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The samples were obtained by hand milking. Mares’ milk samples were collected in dark 
glass bottles. After a thorough mixing, a sample of about 250 mL was taken from the milk 
collected and fixed with hydrogen peroxide at a dose of ca. 1 mL per volume of milk taken. 
Until analysed, the milk samples were stored in a freezer at a temperature of −21 °C. 

The fat content of the milk was determined with the extraction method of Rose-Gottlieb 
(PN-57-A-86104). Fatty acid composition was estimated after having transformed the acids 
into methyl esters according to the IDF Standard 1999. 

Analytical procedure: a 0.05 g portion of milk fat was weighed into a test tube and dissolved 
in 2.5 cm3 of n-hexane. Then, 0.1 cm3 of mixture (11.2 g KOH in 100 cm3 of methanol) was 
added. After being tightly closed, the tubes were vigorously shaken for 1 min. After another 
5 min, a 0.25 g portion of crystalline acid sodium sulphate (NaHSO4) was added. After mixing, 
the tube was centrifuged at room temperature at about 1 000 rpm.

This solution was subjected to a chromatographic analysis using an HP Agilent 6890 gas 
chromatograph (Agilent Tech. Inc., St. Clara, CA, USA), on a capillary column Supelcowex 
(30 m × 0.32 mm i.d., Sigma Aldrich, St. Louis, MO, USA) under the following conditions: 
flame-ionization detector, carrier gas–helium at a flow rate of 1.20 cm3/min, separation 
temperatures: column – from 60 °C (1 min) to 175 °C at a gradient of 8 °C/min, detector 
−250 °C and a sample injector with 100:1 division −225 °C. Picks were identified based on 
a comparative analysis with retention times of the standards of fatty acid methyl esters of 
known composition.

The results are given as arithmetic mean and standard deviation. Examined was the 
influence of two factors: stage of lactation (3 levels: early, mid, late) and mare’s breed (3 levels: 
Wielkopolski Horse, Konik Polski, Cold Blooded Horse). Statistica 9 PL software (StatSoft, Inc. 
Tulsa, OK, USA) was used for data analysis. The order to estimate the influence of this factors 
multi-factor Anova was applied. Duncan’s test was used to compare the differences for 
significance level P=0.05. 

Results and discussion
The results presenting the fatty acid composition in milk fat of mares of different breeds in 
the early, mid and late period of lactation are shown in Table 1.

In all samples of mare’s milk, regardless of the breed and the stage of lactation, acid C6:0 
was found in trace amounts. The Polish Cold-Blooded mares were characterised by higher 
contents of caprylic acid (C8:0) 4.93 %, capric acid (C10:0) 1.27 %, lauric acid (C12:0) 10.41 % and 
myristic acid (C14:0) 8.27 % in the early period of lactation in comparison tothe Wielkopolski 
horse and Konik Polski. Milk samples from the Polish Cold-Blooded mares had the highest 
concentrations of C8:0 and C10:0 acid in the early lactation period. However, their concentrations 
decreased to a significant extent in the mid and late periods. In the case of this breed, 
concentrations of C8:0 and C10:0 acids in milk samples collected in the 5th and 6th month were 
higher by over 50 % compared to the other breeds analysed in the study.

In the early and late lactation, milk of Konik Polski mares contained similar concentrations 
of C8:0 and C10:0 acid, whereas in the late lactation the concentration of caprylic acid was found 
to decrease approx. two times (from 3.50 % to 1.79 %) and that of capric acid over three times 
(from 7.70 % to 2.35 %).
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The content of C12:0 acid ranged from 10.41 % to 7.37 % in Cold Blooded Horse’s milk samples, 
from 7.70 % to 2.75 % in Konik Polski’s and from 7.05 % to 4.30 % in Wielkopolski Horse’s. 
Statistical differences were determined in the case of the content of C12:0 acid in studied 
breeds.

Analysing the level of saturated fatty acids (from C13:0 to C16:izo) in milk fat of mares of the 
Wielkopolski breed) in every period of lactation, a higher content of C13:0 acid (tridecanoic) 
was observed in contrast to the other two breeds examined. Similar observations were made 
for the content of C14:izo acid, where the highest concentration (0.08 %) ever reported in milk 
of the Wielkopolski breed mares in early lactation was measured, but there were no statistical 
differences. 

The content of C15:0 acid ranged from 0.43 % to 1.16 % in Wielkopolski Horse’s milk samples, 
from 0.76 % to 1.25 % in Konik Polski’s and from 0.41 % to 0.82 % in Cold Blooded Horse’s. 
Statistical differences were not determined in the case of content of C15:0 acid in all studied 
breeds.

Analyses of the level of higher saturated fatty acids (from C16:0 to C18:0) demonstrated the 
greatest contribution of palmitic acid (C16:0) accounting for: 27.29 % in milk fat of Cold-Blooded 
mares in the late period of lactation to 18.84 % in milk fat of mares of the Wielkopolski breed 
in mid lactation. The content of C16:0 in Konik Polski breed milk samples was that of 22.96 % 
in the early lactation to 23.61 % in the late lactation. It is worth to notice that the milk of 
the Konik Polski breed in the early lactation distinguished in terms of the content of five 
acids (C15:0, C16:izo, C16:0, C17:0 and C18:0) which were higher in comparison to the milk of both 
Wielkopolska and Polish Cold-Blooded mares breeds. 

Investigations conducted by Kulisa on mares of Arabian, Małopolska and Hucul breeds also 
demonstrated high and similar levels of palmitic acid C16:0 during the lactation, i.e. 27.85 % in 
Arabian mares, 26.17 % in Małopolska breed mares and 31.60 % in Hucul breed mares (Kulisa 
1998). Similarly high concentrations of palmitic acid were observed by Jaworski et al. (1982). 
It should be emphasized that significantly higher concentrations of palmitic acid C16:0 were 
reported by these authors only in the first days of lactation. In subsequent days, its level 
ranged from 19 % to 21 %. Apart from palmitic acid, high concentrations were also recorded 
in the case of lauric acid C12:0 and myristic acid C14:0. In milk of mares of the Wielkopolski and 
Konik Polski breeds, their levels were observed to decrease in the entire period of lactation. 
In turn, milk fat of the Polish Cold-Blooded mares was characterised by reduced levels in the 
mid period followed by increasing concentrations in the late lactation. 

Among the unsaturated fatty acids monounsaturated were identified: C10:1, C12:1, C14:1, C16:1, 
C17:1, C18:1 and polyunsaturated: C18:2, C18:3. 

The content of C10:1 acid ranged from 1.47 % in the early lactation to 1.24 % in the late 
lactation in Wielkopolski Horse’s milk samples, from 1.83 % in the mid lactation to 0.62 % in 
the late lactation in Konik Polski’s and from 1.81 % (early lactation) to 1.61 % (mid lactation) 
in Cold Blooded Horse’s. 

In milk of mares of the Wielkopolski and Cold Blooded breeds, the levels of C12:1 were 
observed to decrease in the entire period of lactation. In the case of the Konik Polski breed 
the content of C12:1 was higher in the mid period and lower in the other periods of lactation.

The content of C14:1 in the mares’ milk fat of all breeds was that of 0.44 % to 0.92 %. The 
content of C16:1 in milk of mares of all breeds increases with the period of lactation - the 
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highest growth was observed in the case of Konik Polski mares’ milk - from 4.19 % in the early 
period to 11.35 % in late period of lactation.

The highest concentration of oleic acid C18:1 was observed in milk of the Konik Polski 
mares, it ranged from 18.27 % in the early lactation to 31.54 % in the late lactation. In this 
case statistical differences were determined. 

In turn, milk of mares of the Wielkopolski breed was characterised by the highest 
concentrations of linolenic acid C18:3 (22.15 % - late lactation) as well as linolenic acid C18:2 
(19.20 % - mid lactation).

The lowest content of saturated fatty acids in the early lactation was stated in the milk of 
mares of the Wielkopolski breed (46.95 %), whereas the highest was in that of Polish Cold-
Blooded horses (55.77 %). Milk of mares of the Konik Polski breed was found to contain 
51.95 % of saturated fatty acids (Figure 1). 

significant statistical 
differences at P=0.05, 
A,B,Cdifferences within 
the lactation stages, 
a,b,cdifferences within 
the breed of mares

Figure 1
Saturated fatty acid in 
mares' milk in different 
periods of lactation

In the mid period of lactation the lowest concentrations of saturated fatty acids were 
observed in milk of mares of the Wielkopolski breed (37.73 %) and the highest one in that 
of mares of the Konik Polski breed (52.95 %). Milk of the Cold-Blooded mares was found to 
contain 47.80 % of saturated fatty acids.

The total content of saturated fatty acids in milk of mares of the Wielkopolski and Konik 
Polski breeds was observed to decrease along with the following period of lactation – in 
the late by 20 % and 27 %, respectively. In the case of the Polish Cold-Blooded breed, the 
content of saturated fatty acids in milk was observed to decrease slightly in the mid period of 
lactation and to increase by ca. 10 % in the late of lactation.

The highest content of saturated fatty acids in the late lactation was observed in milk 
of the Cold-Blooded mares (61.31 %), whereas their concentrations in milk of mares of the 
Wielkopolski and Konik Polski breeds accounted for 37.66 % and 37.73 %, respectively. The 
highest content of saturated fatty acids in the late lactation in milk of the Cold-Blooded 
mares may be caused by high concentrations of palmitic acid C16:0 (27.29 %), as well as myristic 
acid C14:0 (10.63 %) and lauric acid C12:0 (9.69 %). 
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Statistical differences were determined in mare’s milk fat of Wielkopolski breed in the 
mid period of lactation. In milk fat from Cold Blooded breed in the late period of lactation 
statistical differences were determined in the content of saturated fatty acids. Statistical 
differences within the breeds of mares were determined in all studied breeds in the case of 
saturated fatty acids.

Unsaturated fatty acids in mares’ milk fat in different periods of lactation were shown in 
Figure 2. The highest content of unsaturated fatty acids in the early lactation was determined 
in milk of mares of the Wielkopolski breed (52.95 %), whereas the lowest was in milk of the 
Polish Cold-Blooded mares (44.23 %). The mean content of unsaturated fatty acids in milk fat 
of mares of the Konik Polski breed reached 48.05 %. In the group of monounsaturated fatty 
acids, the highest concentration was reported for oleic acid C18:1. Its content in milk of mares 
of the Wielkopolski, Konik Polski and Polish Cold-Blooded breeds accounted for 19.46 %, 
18.27 % and 14.26 %, respectively. 

significant statistical 
differences at P=0.05, 
A,B,Cdifferences within 
the lactation stages, 
a,b,cdifferences within the 
breed of mares

Figure 2
Unsaturated fatty acids 
in mares' milk in different 
periods of lactation

In the mid period of lactation, the content of total unsaturated fatty acids appeared to be the 
highest in milk of the Wielkopolski breed mares (62.23 %) and the lowest in milk of mares of 
the Konik Polski breed (47.02 %). 

In the late lactation, the total content of unsaturated fatty acids was found to be the lowest 
in milk of mares of the Polish Cold-Blooded breed (38.67 %), whereas in milk of the other two 
breeds under study it reached ca. 62 %. 

The sum of unsaturated fatty acids increased in milk of mares of the Wielkopolski and 
Konik Polski breeds by ca. 18 % and 30 %, respectively, in the late of lactation. Contrasting 
results were determined for milk of the Cold-Blood mares, for which the content of these acids 
decreased by ca. 13 % in the late of lactation. The samples originating from the Wielkopolski 
breed mares were characterised by a decrease in the level of unsaturated fatty acids over the 
lactation period. 

In the case of unsaturated fatty acids statistical differences within the lactation stages 
were determined in milk fat of the Wielkopolski breed in the mid period of lactation and 
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in the milk of the Cold Blooded breed in the late period of lactation. Statistical differences 
within the breeds of mares were determined in all studied breeds in the case of unsaturated 
fatty acids. 

A study by Pietrzak-Fiećko et al. (2007) demonstrated that in the early lactation human 
milk contained on average 46.6 % of saturated fatty acids and 53.39 % of mono- and 
polyunsaturated fatty acids. Results obtained in the reported study showed that in the same 
period of lactation, milk of mares of the Wielkopolski breed was characterised by highly 
similar ratios of fatty acids, i.e. 46.95 % of saturated and 52.95 % of unsaturated fatty acids. 
This may be a fine argument for applying mare milk as a raw material for the production of 
preparations substituting for infant formula.

According to Malacarne et al. (2002), mare’s milk could be more suitable than cow’s milk 
for human, because the saturated fatty acid content is similar in mare and human milk. Mare 
milk had the highest content of medium-chain saturated fatty acids (C8:0-C14:0) (38.28 %) and 
the lowest of long-chain saturated fatty acids (C15:0-C20:0) (18.28 %) compared to human milk 
(14.17 % and 28.18 %, respectively). The average content of unsaturated fatty acids – 42.85 % 
in mare and 45.20 % in human milk fat – is higher than in cow’s milk fat (Malacarne et al. 
2002).

The presented analysis of fatty acid composition of milk fat of mares of different breeds: 
Wielkopolski Horse, Konik Polski and Cold-Blooded Horse in particular periods of lactation: 
early (0-2 month), mid (2-4 month) and late (4-6 month) demonstrates the influence of these 
factors. Studies have confirmed that both the breed and the stage of lactation have an 
influence on the fatty acid composition in mare’s milk fat.
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