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Abstract

The aim of the present study was to determine the relationship of immunoglobulins and cytokine levels
in the milk of Kyrgyz mares during the last period of lactation. For this purpose, seven Kyrgyz mares
were used. During the last week of lactation, milk samples were obtained from mares four times at
intervals of two days. Physicochemical tests were performed on all collected milk samples, and pH, fat,
ash, titratable acidity, and dry matter were measured. Interferon-gamma (IFN-y), interleukin -2 (IL-2),
tumour necrosis factor-alpha (TNF-a), and immunoglobulin G (IgG) levels were determined using
commercial enzyme-linked immunosorbent assay (ELISA) kits. Based on the measurements, the lowest
IgG level was determined on the last day of lactation (10.23 £ 13.13 pg/mL) and the TNF-a level was
determined to be the highest on the last day lactation (61.10 + 75.69 pg/mL). However, no statistical
differences between the days in terms of IFN-y, IL-2, pH, titratable acidity, dry matter, ash, and fat were
found. Varying degrees of positive correlations between the parameters existed and were more
pronounced between IgG levels and pH values. As a result, it was concluded that in the last period of
lactation in Kyrgyz mares, IgG concentrations decreased and TNF-a levels increased in their milk, but
substantial changes in milk composition, immunoglobulins, and cytokine levels in milk did not show
positive correlations with the physicochemical properties of milk.
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Introduction

Mare's milk is used by the people of Central Asia to make koumiss, which is both a food and a fermented
beverage (Dankéw et al., 2009; Abdel-Salam et al., 2010). Consumption of mare's milk and koumiss is
also increasing in European countries (Sheng and Fang, 2009; Bartowska et al., 2023). Among the milk
from many mammalian species, mare’s milk, which is similar to human milk in terms of its chemical
composition, is seen as a food that can be used for feeding infants (Jastrzebska et al., 2017). In addition,
mare’s milk is considered an alternative food for infants and children that have allergies to cow’s milk
proteins (Pieszka et al., 2016; Businco et al., 2000; Alipour et al., 2023). Colostrum content in mares
changes rapidly within the first 12 h after birth (Wiodarczyk-Szydtowska et al., 2005). The first three
weeks after the foal is weaned is a transitional period in which the milk content stabilizes. The lactation
peak is observed two months after the foal is weaned (Oftedal et al., 1983). Lactation usually lasts for

URL: http://www.sasas.co.za
ISSN 0375-1589 (print), ISSN 2221-4062 (online)
Publisher: South African Society for Animal Science http://dx.doi.org/10.4314/sajas.v53i6.13



Istanbullugil et al., 2023. S. Afr. J. Anim. Sci. vol. 53 905

5-8 months and the estimated milk production is between 2000 and 3000 L per lactation (Salamon et
al., 2009). Mare’s milk is affected by many factors, such as season, lactation, milk yield, and lactation
period (Centoducati et al., 2012; Markiewicz-Keszycka et al., 2015). Both the amount and composition
of produced milk vary according to the mare’s breed, age, and ration (Pieszka et al., 2004; Markiewicz-
Keszycka et al., 2015).

The concentration of mare milk components varies throughout lactation. In the first 25 d of lactation,
the amount of dry matter and protein decreases, after which the composition stabilizes (Pecka et al.,
2012). At the end of lactation, the amount of protein may decrease slightly, whereas the amount of dry
matter and fat may increase or remain the same. The amount of lactose may increase or remain the
same throughout lactation (Oftedal et al., 1983). The average composition of whole mare milk in the
middle of the lactation period consists of dry matter, 10.5%; fat, 1.25-1.3%; protein, 1.93-2.1%; and
lactose, 6.4-6.91% (Salimei and Fantuz, 2012; Pieszka and tuszczynski, 2013). The main
immunoglobulin found in mare colostrum is 1gG, but the content of IgA is also high. The immunoglobulin
ratio of mare milk is substantially higher than that found in cow’s milk (Uniacke-Lowe et al., 2010).

In the present study, we aimed to determine the relationship between immunoglobulin and cytokine
content in different milk components of Kyrgyz mare’s milk during the last period of lactation.

Materials and Methods

Ethical approval for this study was granted by the Kyrgyzstan—Turkey Manas University Animal
Experiments Local Ethics Committee (Approval no: 17.01.2022- 2022/01). The study was conducted in
the autumn of 2022 using the Kyrgyz breed and maiden mares aged 3-5 years on a private farm in
Bishkek, the capital city of Kyrgyzstan.

Seven mares during the last period of lactation were examined. The animals included in the study were
selected from clinically healthy mares. The mares were kept in individual, large, straw-bed boxes. They
were fed hay ad libitum hay and concentrate twice a day and allowed to go out to pasture (clover and
weeds) throughout the day. All mares were continuously observed by veterinarians throughout the
study.

During the last week of lactation, milk samples were obtained from mares four times at 2-d intervals (0-
d, 2, 4t and 6" days). After the last milk sample was obtained, the animals were not milked again.
Before milk was obtained from the mares, the California Mastitis Test (CMT) was applied to the udders
and milk was obtained from CMT negative animals. Therefore, the animals were clinically healthy
animals without subclinical mastitis. The animals included in the study were selected from 100 mares.
Last lactation (180 d of lactation) in addition to -2 (178 d of lactation), -4t (176 d of lactation), and -6t
(174 d of lactation) end of the lactation samples were obtained from both teats on the same day. One
of the milk samples was brought to the laboratory (preserving the cold chain) for milk component
analysis. Milk samples taken for cytokine and immunoglobulin analyses were stored in a deep freezer
at —80 °C until measurements were obtained.

Cytokine and Immunoglobulin Analysis: IFN-y, IL-2, TNF-a, and IgG contents in the collected milk
samples were determined using a commercial enzyme-linked immunosorbent assay (ELISA) kit (Can-
Sahna and Rigvanli, 2015). The ELISA test procedures were conducted in accordance with the
manufacturer's instructions, as outlined in the booklet provided with the commercial kits. After all steps
were completed, cytokine levels were measured by reading the plates in an ELISA reader (Bio-Tek
Instruments, USA) at 450 nm. The pH, titratable acidity, fat, dry matter, and ash amounts in milk were
determined. The pH was_determined using a pH meter (Thermo Scientific Orion 3-star benchtop, USA)
as described by Tekinsen et al., (2001). Titratable acidity in the milk samples was determined as a
percentage (%) of lactic acid, according to the Association of Official Agricultural Chemists (AOAC)
947.05 (2000). The amount of fat was determined using the Gerber method (2000). Dry matter was
determined according to AOAC 942.05 (2000). Ash was_determined according to AOAC 948.12 (2000).

All data obtained from milk samples were compared among themselves and the variables were loaded
into the SPSS 22.0 for the Windows program and descriptive statistics were determined. Whether the
data showed normal distribution was checked; nonparametric tests were used because data did not
meet the normal distribution assumptions. A Friedman Two-Way Analysis of Variance method was used
for nonparametric, dependent samples in the analysis of differences between days, and the Bonferroni
test was used to compare subgroups. Correlations between milk components and the variables
examined on different days were evaluated using a Spearman’s correlation analysis.
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Results and Discussion

The data from the final lactation period of Kyrgyz mares obtained on the corresponding day of the week
are summarized in Table 1. The lowest IgG content was found on the last day of lactation (10.23 +
13.13 pg/mL) and the highest content (45.28 + 38.06 pug/mL) was found on the 6" (174 days of lactation)
post-lactation day (P = 0.043). The highest TNF-a content (61.10 + 75.69 pg/mL) was determined on
the last day of lactation (P = 0.018). However, no statistical differences between the days in terms of
IFN-y, IL-2, pH, titratable acidity, dry matter, ash, and fat were found.

When the correlations between the analysed features according to the days were examined, it was
found that IFN-y levels were positively correlated with IgG, fat ratio was positively correlated with TNF-
a, and the dry matter ratio was positively correlated with pH on the last day of lactation.

On the -2n (178 days of lactation) post-lactation day, it was determined that a positive correlation
between daily fat rates and IgG levels existed. On the -4t (176 days of lactation) post-lactation day, it
was determined that a positive correlation between IgG and pH values, and dry matter ratios and TNF-
o per day existed. On the -6 (174 days of lactation) post-lactation day, it was determined that a positive
correlation between 1gG and pH values existed.

Table 1. Distribution of analysed parameters by day

-gth -4th _ond ]
(174 d of (176 d of (178 d of Lastday of lactation o
. . . (180 d of lactation)

lactation) lactation) lactation)
IgG (ug/mL) 45282+38.06 22.25%+1540 53.38% +42.10 10.23°+ 13.13 0.043
IL-2 (pg/mL) 0 0 0 0 -
TNF-a (pg/mL)  27.52%+ 40.12 0b 6.51% + 8.29 61.10°+ 75.69 0.018
IFN-y (pg/mL) 2076 +21.19  14.88+20.38  17.56 +29.00 159 +2.73 0.199
pH 7.25 + 0.05 7.25 + 0.05 7.22 +0.05 7.23+0.05 0.745
&rftaAb)'e acdity 06 +0012  0.063+0.007  0.070+0.010 0.064 + 0.010 0.682
Dry matter (%)  10.31+0.46  10.18 +0.31 9.86 + 0.38 10.05 +0.17 0.156
Ash (%) 0.35 + 0.03 0.36 + 0.03 0.30 £ 0.03 0.35 + 0.04 0.062
Fat (%) 0.76 £ 0.10 0.76 + 0.05 0.70 £ 0.04 0.77 + 0.05 0.440

a b.c: The difference between groups with different letters on the same line is statistically significant

Publications on cytokine concentrations and milk composition in other animal species are available, but
very few publications on this subject in mares can be found. Mazhitova & Kulmyrzaev (2016) conducted
a study in Kyrgyzstan and reported the pH value of mare’s milk during the fourth month of lactation
(August) as 6.59, titratable acidity as 5.03, dry matter content of 11.11%, protein content of 2.29%, and
fat content of 1.60%. All parameters obtained in the current study were lower than the study conducted
by Mazhitova & Kulmyrzaev (2016). It was concluded that the differences in pH, titratable acidity, dry
matter, and fat quantity obtained in the current study could be attributed to conditions, such as season,
animal breed, age of the mare, ration, and lactation period. Gregic¢ et al. (2022) reported the amount of
non-fat dry matter as 9.01%, fat content as 1.18%, lactose as 6.56%, and protein as 1.53% in mare’s
milk. Csapo-Kiss et al. (1995) reported that total dry matter and fat content of mare’s milk was 4.25—
26.28% and 2.85-2.93% on the first postpartum day, respectively. Within the same study from 2-5
postpartum days, these values were 12.15-12.78% and 2.05-2.17%, respectively; from postpartum
days 8 to 45, these values were reported as 10.37-10.61% and 1.04—-1.32%, respectively. Markiewicz-
Keszycka et al. (2013) found that the late lactation milk of Polish cold-blooded mares contained 9.5%
total dry matter, which included 1.6% total protein, 0.4% fat, and 6.9% lactose. In the present study, no
statistical differences between days in terms of pH, titratable acidity, dry matter, ash, and fat amounts
could be found, and our data were similar to the data of previous studies.

Istanbullugil et al. (2023) evaluated cytokine levels in mare’s milk over the first 20 d of lactation and
reported that milk IL-2 levels were the highest on the 20" day (170.97 + 24.88 pg/mL), whereas IFN-y
and TNF-a concentrations increased as lactation progressed. In the same study, when the correlations
between cytokine levels in milk samples and milk composition were examined, a positive correlation
between the IL-2 levels on the 20" day and the fat ratios was reported. The lack of a relevant study on
the cytokine levels in mare’s milk in the last period of lactation has prevented a comfortable interpretation
of the data from present study. In the current study, the highest TNF-a content was determined on the
last day of lactation but no statistical difference was found between the days in terms of IFN-y and IL-2.
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Markiewicz-Keszycka et al. (2013) reported that IgG accounts for 15.8% of the total whey proteins in
the last period of lactation in the milk of Polish cold-blooded mares. High IgG concentrations among
whey proteins in the last period of lactation in mare milk were also observed by Summer et al. (2005)
and Martuzzi & Doreau (2006). In the present study, IgG content was low on the last day of lactation,
similar to previous studies.

Conclusions

In the present study, the IgG concentrations decreased and TNF-a levels increased in the last period of
lactation in Kyrgyz mares, but no marked changes were observed in milk composition. Immunoglobulins
and cytokines showed positive correlations with the physicochemical properties of milk. Since mare milk
is traditionally consumed during the first months of lactation and, in other months, is used to make
koumiss, a traditional fermented beverage, which is affected by the composition of the milk, this study
provides important information and can be used in further studies.
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