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A b s t r a c t  
 

In the early period of lactation, the energy needs of high-yielding dairy cows sharply in-
crease, which leads to a negative energy balance. For it compensation, the organism spends its inter-
nal resources, mainly lipid reserves. Normalization of cholesterol production at the beginning of the 
postpartum period is obviously associated with an increase in the animal reproductive ability. How-
ever, it remains unclear what role in the regulation of the reproductive function can play a change in 
the blood level of triglycerides. Here, we compared for the first time the duration of the calving to 
conception interval in Holstein cows with medium (MP) and high milk productivity (HP) depending 
on the increase or decrease in the blood concentration of triglycerides from the end of month 1 to 
the end of month 2 of lactation. Furthermore, we found a connection between the calving to con-
ception interval, the serum content of triglycerides, and some other indexes of metabolism. Cows 
(Bos taurus taurus) of the Holstein breed of the 1st calving with milk yield of 6336±160 kg per 305-
day lactation (n = 19; EKH Klyonovo-Chegodaevo, settlement Klyonovskoe, Moscow) and of the 
2nd-3rd calving with milk yield of 10007±420 kg per 305-day lactation (n = 14; PZ Prinevskoe, 
Vsevolozhsk Region, Leningrad Province) were used in the experiments. In 3-4 and 7-8 weeks after 
calving, the blood samples were collected to assay the concentrations of triglycerides, total cholester-
ol, total protein and its fractions, urea, creatinine, glucose as well as the activity of aspartate ami-
notransferase (AST, EC 2.6.1.1) and alanine aminotransferase (ALT, EC 2.6.1.2). All cows were 
divided into 2 groups. Group I consisted of animals in which the blood level of triglycerides de-
creased by the end of the 2nd month of lactation (MP: n = 10, HP: n = 8). Group II consisted of 
animals in which no such decrease was observed (MP: n = 9, HP: n = 6). Twelve months after calv-
ing, the average values for the calving to conception interval and milk yield per 100-day lactation 
were determined in all groups. In cows with MP between the 3rd-4th and 7th-8th weeks of lactation, 
the blood triglycerides concentration decreased 1.2 times (p < 0.001) in group I and increased 1.1 
times (p < 0.01) in group II. The total blood cholesterol content grew significantly (1.2-1.3 times) in 
animals of both groups. Meanwhile, the calving to conception interval was 1.6 times shorter in group I 
than in group II (86±12 vs. 140±21 days, p < 0.05). In cows with HP, by the end of the 2nd month 
of lactation, the concentration of triglycerides decreased 1.6 times (p < 0.01) in group I and increased 2 
times (p < 0.001) in group II. The content of total cholesterol rose 1.2-1.5 times in the blood of ani-
mals of both groups. The calving to conception interval in group I was 1.5 times shorter than in group 
II, but this reduction was not reliable. In addition, in these animals, the milk yield per 100-day lacta-
tion in group I was 534 kg higher than in group II (p < 0.05). Correlation analysis revealed a nega-
tive relationship between the duration of the calving to conception interval and the triglyceride con-
tent in the blood of cows with HP at the end of the 1st month of lactation (r = 0.56 with p < 0.05). 
At the end of the month 2, a positive relationship between these indicators in cows with MP and HP 
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was observed (r = 0.60 with p < 0.01 and r = 0.56 with p < 0.05, respectively). In animals with MP, 
the duration of the calving to conception interval was also associated with biochemical parameters, 
which correlated with serum triglyceride concentrations. Thus, in cows of the Holstein breed, the 
dynamics of lipid metabolism in the middle of the first trimester of lactation was characterized by an 
increase in the total cholesterol content, whereas the blood level of triglycerides varied in different 
individuals differently. The decrease in the concentration of triglycerides from the end of month 1 to 
the end of month 2 of lactation, obviously, causes improving the reproductive function and leads to 
a reduction in the duration of the calving to conception interval, regardless of the milk productivity 
of animals. Concurrently, in animals with the high milk productivity, such a decrease is more pro-
nounced and may be related to an increase in the milk yield.  

 

Keywords: Holstein breed, cows, triglycerides, metabolism, reproductive ability, milk 
productivity 

 

Low reproductive capacity in milk-type cows is a serious problem for 
contemporary cattle breeding [1, 2]. Weakened fertility (subfertility) in animals is 
the outcome of various reproduction disorders, mainly, elongation of post-
calving anestrus, ovarian dysfunction, reduction of oocyte and embryonic viabil-
ity, as well as deterioration of reproductive health due to decrease of immunity 
in general [1, 3]. Such disorders are mainly typical for Holstein cows and result 
in longstanding inter-calving interval, which significantly exceeds 400 days [4, 
5]. At that, term of economic use of Holstein cows comprises in average no 
more than three lactations due to high culling of animals in herd [6].  

It is known that reproductive function in cows with high genetic poten-
tial of milk production heavily depends on the intensity and trend of metabolic 
processes controlled by metabolic hormones [1, 7, 8]. At early period of lacta-
tion, energy needs drastically increase in animals, which is accompanied by 
gradual body adaptation to new metabolic state. Lack of nutritive substances 
could not be promptly replenished by high consumption of feed, especially in 
terms of low appetite in such cows [9]. Negative energy balance is formed, for 
compensation of which the body uses its internal, mainly lipid, resources [10, 
11]. As a result of mobilization of fat depots, free fatty acids grow in the blood 
and further acidification results in increased number of ketone bodies, first of all, 
β-hydroxibutyrate [12-14]. Concentration of free fatty acids and β-hydroxibutyrate 
in blood points at negative energy balance in high yielding cows in post-calving 
period [15]. Besides, increase in concentration of such metabolites may negative-
ly influence reproductive function and deteriorate reproductive health of animals 
due to total reduction of immunity [7, 13, 14]. 

Lipids including triglycerides, cholesterol, and phospholipids, as well as 
their derivatives, provide energy and play significant role in functioning of endo-
crine system and several intracellular signal ways [10]. 

Blood lipid level of Holstein cows varies, which, probably, becomes a 
consequence of body adaptation to new metabolic state. Reduction of cholesterol 
concentration was found immediately before calving and its gradual growth by the 
end of the 1st to 2nd month of lactation [16, 17]. Besides, concentration of tri-
glycerides in the blood during post-calving period was lower than during the in-
terlactation period. At that, growth of cholesterol concentration in blood in 
milk-type cows in post-calving period is related to earlier restoration of the sexu-
al cycle and further decrease of the interval from calving to conception [18, 19]. 

Previously we had shown that upon injection of bovine placenta extract 
to Black Pied cows before calving, concentration of cholesterol in their blood 
grows in the first 3 weeks after calving, lutein ovarian activity is intensified in 
2 months after calving, and then decreased in the next service period [20]. It 
means that regulation of cholesterol production at beginning of post-calving period 
evidently relates to the improved reproductive capacity of animals. Meanwhile, it 
is still unclear what role in regulation of reproductive function in cows may be 
played by change of concentration of blood triglyceride, the other component of 
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lipid metabolism. 
Present paper introduces comparison between duration of the service pe-

riod in Holstein cows with average and high milk production values (accordingly, 
6336±160 and 10007±420 kg for 305 days of lactation) depending on the nature 
of changes in concentration of triglycerides in blood serum from the end of 1st 
until termination of the 2nd month of lactation. It was shown that reduction and 
increase in triglyceride concentration are especially expressed in animals with 
high milk production values. At that, duration of service period is associated 
with changes in concentration of triglycerides, as well as with changes of other 
metabolic values correlating with such concentration. 

Purpose of research paper was to study relations between the reproductive 
function and protein and carbohydrate metabolism with changes in lipid metabo-
lism during the post-calving period in cows with different milk yield values.  

Techniques. Research was conducted in the Experimental Farm Klyono-
vo-Chegodaevo (Klyonovskoe Settlement, Moscow) and Production Farm 
Prinevskoye (Vsevolozhsk District, Leningrad Region) in 2016-2017. Cows (Bos 
taurus taurus) of Black Pied Holstein breed of the 1st calving with average milk 
yield (6336±160 kg for 305 days of lactation, Experimental Farm Klyonovo-
Chegodaevo) and 2nd-3rd calving with high milk yield (10007±420 kg for 305 
days of lactation, Production Farm Prinevskoye) were used. Animals were man-
aged in loose housing conditions. Their diet was in line with zootechnical stand-
ards. All tests were conducted according to principles enclosed in Helsinki Decla-
ration (World Medical Association Declaration of Helsinki: ethical principles 
for medical research involving human subjects, 1964-2013), and best laboratory 
practices (National Standard of the Russian Federation GOST R 53434-2009).  

A total of 19 cows with mean milk productivity (MP) and 14 cows with 
high milk productivity (HP) with restored sexual cycle were selected for research 
that was confirmed by normal manifestation of estrus after day 45 of lactation. 
Blood was collected from tail vein of animals in 3-4 and 7-8 weeks after calving 
(April-July) with the use of vacuum system Apexlab (Hebei Xinle Sci&Tech Co., 
Ltd, China) and delivered to the laboratory within 1-2 hours. Serum obtained by 
15 min centrifuging at 2500 g was frozen and stored at 20 С. Concentration of 
triglycerides, total cholesterol, total protein and its fractions, urea, creatinine, 
glucose, as well as activity of aspartate aminotransferase (AST, EC 2.6.1.2) and 
alanine aminotransferase (ALT, EC 2.6.1.2) enzymes was determined in blood 
serum samples with a biochemical analyzers ChemWell (Awareness Technology, 
USA), ACCENT 200 (PZ CORMAY S.A., Poland) by using reagents of Ana-
lyticon Biotechnology AG (Germany) and PZ CORMAY S.A. (Poland).  

In 12 months after calving, mean values for service period and milk yield 
for 100 days of lactation were identified based on analysis of zootechnical and 
pedigree records in all groups of cows.  

Obtained data was processed by one-way ANOVA test or two-way repeat-
ed measures ANOVA test with software SigmaStat (Systat Software, Inc., USA). 
Mean (M) and standard error of mean (±SEM) values are provided in table be-
low. Statistical significance was measured by Tukey's test. Correlation coefficients 
(r) were calculated by Pearson’s method and their statistical significance was as-
sessed by SigmaStat. 

Results. According to the nature of change in concentration of triglycer-
ides in blood between weeks 3-4 and 7-8 of lactation, all animals were divided 
into two groups. This lactation period was chosen due to the fact that luteal ac-
tivity of cow ovarium was increased during the aforesaid time interval [20]. 
Group I included species, triglyceride concentration in blood of which had de-
creased by the end of the 2nd month of lactation (n = 10 and n = 8, the cows with 
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mean and high milk productivity, respectively). No such decrease was noted in 
animals of group II (n = 9 and n = 6). Blood triglyceride concentration de-
creased 1.2 times in cows with mean productivity between weeks 3-4 and 7-8 
of lactation (p < 0.001) in group I and increased 1.1 times (p < 0.01) in group II 
(Table 1). Consequently, by the end of month 2 such value was higher in cows 
with positive triglyceride concentration changes (p < 0.001). By weeks 7-8 of lac-
tation, significant (1.2-1.3-fold) increase in the total blood cholesterol and 1.8-2.1-
fold decrease of De Ritis ratio (AST/ALT) were in both groups, which may evi-
dence of shifting metabolism towards anabolism. Besides, an increase in albumins 
(1.1-fold, p < 0.01), urea (1.4-fold, p<0.01), and ALT activity (1.7-fold, p < 0.01) 
occurred in group I. These results denote improvement of protein-synthesizing 
liver function caused by more intensive urea cycle and glucose-alanine cycle in 
animals with negative changes in blood concentration of triglycerides. 

1. Blood biochemical indicators at the end of the 1st and 2nd months of lactation in 
Holstein cows of mean productivity depending on blood triglyceride concentration 
(М±SEM, n = 19; Experimental Farm Klyonovo-Chegodaevo, settlement 
Klyonovskoe, Moscow, 2016-2017) 

Indicators  
Time after calving 

group I (n = 10) group II (n = 9) 
3-4 weeks 7-8 weeks 3-4 weeks 7-8 weeks 

Triglycerides, μmol/l 0.206±0.006 0.175±0.007**a 0.189±0.006 0.213±0.007*b 

Total cholesterol, μmol/l 3.89±0.19 4.90±0.14** 4.34±0.20 5.17±0.21* 

Total protein, g/l 86.8±1.7 87.8±2.1 88.3±2.9 91.6±2.5 
Albumins, g/l 24.6±0.8c 27.2±0.6* 27.5±1.1d 28.5±0.8 
Globulins, g/l 62.2±1.6 60.6±2.4 60.7±2.4 63.0±2.5 
Urea, μmol/l 4.90±0.43 6.91±0.43* 5.24±0.39 6.00±0.55 

Creatinine, μmol/l 82.0±5.5 79.1±3.8 79.7±7.6 75.7±4.2 

Glucose, μmol/l 2.08±0.36 1.79±0.25 1.62±0.21 2.02±0.17 

AST, IU/l 70.1±3.4 62.2±4.6 87.7±14.9 66.7±4.6 

ALT, IU/l 10.0±1.1 17.2±1.6* 11.9±1.6 15.2±0.8 
AST/ALT 7.99±1.03 3.87±0.50* 8.29±1.44 4.55±0.50* 
N o t e. Mean productivity — 6336±160 kg for 305 days of lactation. Animals were divided into groups by changes 
in blood triglyceride concentration. AST — aspartate aminotransferase, ALT — alanine aminotransferase.  
a, b, c, d  Differences between the groups are statistically significant at p < 0.001 and p < 0.05, respectively.  
*, ** Differences between time intervals for one group are statistically significant at p < 0.01 and p < 0.001, re-
spectively. 

 

2. Blood biochemical indicators at the end of the 1st and 2nd months of lactation in 
Holstein cows of high productivity depending on blood triglyceride concentration 
(М±SEM, n = 14; CJSC “Pedigree Plant “Prinyevskoe”, Vsevolozhsk District, 
Leningrad Region, years 2016-2017) 

Indicators 
Time after calving 

group I (n = 8) group II (n = 6) 
3-4 weeks 7-8 weeks 3-4 weeks 7-8 weeks 

Triglycerides, μmol/l 0.158±0.015a 0.096±0.013**c 0.082±0.015b 0.162±0.014***d 

Total cholesterol, μmol/l 3.51±0.21 5.21±0.22*** 3.80±0.11 4.64±0.24* 

Total protein, g/l 72.3±1.2 76.0±0.7* 74.1±3.2 72.5±2.7 
Albumins, g/l 34.4±0.9 35.8±1.2 32.7±1.8 32.6±0.9 
Globulins, g/l 37.9±1.4 40.2±1.4 41.4±2.4 39.9±2.5 
Urea, μmol/l 3.56±0.24 5.95±0.45*** 3.97±0.37 5.36±0.33* 

Creatinine, μmol/l 101.0±6.8 83.2±1.6 93.0±5.4 91.6±6.5 

Glucose, μmol/l 2.89±0.17 3.10±0.09 2.95±0.14 2.82±0.18 

AST, IU/l 96.3±5.1 85.2±1.8 81.2±5.4 82.2±4.4 
ALT, IU/l 16.8±2.6 26.5±2.3* 18.8±2.2 21.0±4.4 
AST/ALT 6.98±2.21 3.48±0.47 4.95±1.15 6.73±3.12 
N o t e. High milk yield — 10007±420 kg for 305 days of lactation. Animals were divided into groups by changes 
in blood triglyceride concentration. AST — aspartate aminotransferase, ALT — alanine aminotransferase. 
a, b; c, d Differences between the groups are statistically significant at p < 0.01 and p < 0.01. 
*, **, *** Differences between time intervals for one group are statistically significant at p < 0.05; p < 0.01 and 
p < 0.001, respectively. 

 

Changes in blood triglyceride concentration in cows with high productiv-
ity were more pronounced (Tables 2). By the end of the 1st month of lactation, 
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triglyceride concentration was 1.9 times higher (p < 0.01) in group I than in 
group II. By the end of the 2nd month it decreased 1.6 times (p < 0.01) in 
group I and increased 2 times (p < 0.001) in group II, due to which the values 
in group II were higher than in group I (p < 0.01). Trend of changes in other 
metabolism indicators between the 3-4th and 7-8th weeks of lactation also had a 
number of specificities. Both animal groups were characterized by significant 
increase in total blood cholesterol (1.2-1.5-fold) and urea (1.4-1.7-fold). At the 
same time, double decrease of De Ritis ratio in group I was insignificant due to 
high variability of such indicator, whereas slight increase thereof was in group II. 
Accordingly, shift of metabolic processes towards anabolism had not yet oc-
curred in most cows with high productivity by the end of the 2nd month of lac-
tation. Increase of blood ALT activity (1,6-fold, p < 0.05), as well as total protein 
(1.1-fold, p < 0,05) found in group I was mainly due to globulins. 

The time from calving to conception in cows with mean productivity to 
a greater extent depended on the nature of changes in blood triglyceride level 
(Table 3). Service period of such animals in group with negative changes in tri-
glyceride concentration was 1.6 times shorter than in group with positive chang-
es (p < 0.05). Service period in cows with high productivity in group I was also 
1.5 times shorter than in group II, however such decrease was insignificant due 
to high variability of the indicators. Besides, milk yield in such animals for 100 
days of lactation in group I was higher than in group II (p < 0.05), whereas milk 
yield in cows with mean productivity slightly increased in group I. 

3. Reproduction indicators and milk yield in Holstein cows of different productivity 
depending on changes in blood triglyceride concentration from the end of the 1st 
until the end of the 2nd month of lactation (М±SEM, n = 33) 

Indicators 
Milk productivity 

mean high 

group I (n = 10) group II (n = 9) group I (n = 8) group II (n = 6) 
Service period, days 86±12a 140±21b 136±23 199±32 
Milk yield for 100 days  
of lactation, kg 2452±115 2303±167 4342±155c 3808±118d 

N o t e. Mean and high milk productivity values are 10007±420 and 6336±160 kg for 305 days of lactation. Ani-
mals were divided into groups by changes in blood triglyceride concentration. 
a, b; c, d  Differences between the groups are statistically significant at p < 0.05 and p < 0.05, respectively. 

 

4. Correlation coefficients (r)  between service period, blood triglyceride concentra-
tion and biochemical idicators at the end of the 1st and 2nd month of lactation in 
Holstein cows of different milk productivity 

Pair of compared indicators 
Time after calving 

animals with MP (n = 19) animals with HP (n = 14) 

3-4 weeks 7-8 weeks 3-4 weeks 7-8 weeks 
Service period—triglyceride concentration 0,25 0,60** 0,56* 0,54* 
Service period—cholesterol concentration 0.44 0.60** 0.42 0.12 
Service period—total protein 0.26 0.50* 0.13 0.23 
Service period—glucose level 0.22 0.57* 0.18 0.18 
Service period—AST activity 0.13 0.53* 0.42 0.11 
Service period—AST/ALT 0.52* 0.37 0.19 0.28 
Triglyceride concentration—cholesterol concentration 0.08 0.47* 0.50 0.19 
Triglyceride concentration—glucose level 0.39 0.53* 0.13 0.05 
Triglyceride concentration—AST activity 0.55* 0.11 0.19 0.19 
П р и м е ч а н и е. Mean (MP) and high (HP) milk productivity are 10007±420 and 6336±160 kg for 305 days 
of lactation. AST — aspartate aminotransferase, ALT — alanine aminotransferase.  
*, ** Statistical significance of r values (p < 0.05 and p < 0.01, respectively). 

 

Correlation analysis revealed negative relationship between the service 
period and blood triglycerides in cows with high productivity (p < 0.05) at the 
end of the 1st month of lactation, and positive relationship between such values 
in cows with mean (p < 0.01) and high milk productivity (p < 0.05) at the end 
of 2nd month (Table 4). In 2 months after calving, service period in animals with 
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high milk productivity was also positively related to concentration of cholesterol 
(p < 0.01), total protein (p < 0.05) and glucose (p < 0.05) and negatively related 
to AST activity (p < 0.05). Besides, at the end of the 1st month of lactation the 
calving to conception interval correlated with De Ritis ratio (p < 0.05). It should 
be noted that service period was associated with the biochemical indicators relat-
ed with blood level of triglycerides (only in case of total protein correlation coef-
ficient r = 0.39 is insignificant). At the same time, dependence between the ser-
vice period and cholesterol concentration or protein carbohydrate metabolism, 
which, in its turn, did not correlate with triglyceride concentration, was not 
found in cows with high milk productivity. Such results denote that association 
of service period with these blood indicators may be secondary and determined 
by their relationship with triglyceride concentration arising under the effect of 
total central regulator(s), for instance, one or several metabolic hormones [7, 8]. 

After calving, blood triglyceride level in cows is determined by two main 
factors: intensive hepatic accumulation during negative energy balance [21] and 
increased need of udder in milk fat synthesis [22]. Triglycerides enter into the 
blood as part of lipoproteins of very low density, formation of which requires 
cholesterol [10]. In our research, total cholesterol concentration increased by the 
end of the 2nd month of lactation in all cows, whereas triglyceride concentration 
only in group II. Besides, such concentration to a greater extent depended on 
the cholesterol synthesis in animals with mean milk productivity, which is con-
firmed by correlation between both indicators of lipid metabolism (p < 0.05) by 
the end of the 2nd month of lactation (see Table 4). Decrease of triglyceride 
concentration was especially manifested in group I with high productivity, in 
which milk yield for the first 100 days of lactation was increasing more signifi-
cantly than in cows with mean productivity. Evidently, reduction of blood tri-
glycerides in such animals mainly depends on intensity of synthesis of milk fat 
involved triglycerides. In general, blood triglycerides were also lower in animals 
with high milk yields. Lack of correlation between the milk yield for 100 days of 
lactation and blood concentration of triglycerides may evidence on nonlinear 
relationship between these indicators. 

High genetic potential of milk productivity based on lactation dominant is 
considered as a factor negatively influencing reproductive performance of cows [1, 
3]. In addition, the results we report here show that among animals from a herd 
with the same milk production, some individuals may have a higher milk yield, 
which may lead to a decrease in the concentration of blood triglycerides, and this 
decrease may be associated with a decrease in service period of this animal. 

Service period in cows to a greater extent depends on early embryonic 
mortality, which, in its turn, depends on quality of oocytes and embryos [23, 
24]. Changes in blood concentration of different metabolites cause relevant chang-
es in follicle liquid and reproductive tract [25]. It means that metabolic status of 
mother cows impacts the micro environment where oocytes and embryos are de-
veloped. It is of particular importance for oocytes since growth of surrounding fol-
licles from primordial to pre-ovulation stage takes nearly 180 days [26]. 

It is shown that concentrations of triglycerides in the blood of cows and 
in the liquid of dominant follicles correlate [27]. Although triglycerides supply 
important energy source, their excessive accumulation by oocytes and embryos 
deteriorates function of mitochondria and increases the risk of oxidation stress 
[10]. Thence, lower triglyceride concentration by the end of the 2nd month of 
lactation in group I could be related with quality preservation of oocytes (and/or 
embryos), which could result in a decrease of embryonic mortality and shorter 
service period. Nevertheless, increased total cholesterol during this period of lac-
tation does not associate with higher reproductive function. 
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Previously we have shown that service period in Black Pied cows is re-
lated to parameters of protein-carbohydrate metabolism at the end of days in 
milk [28]. Therefore, in this research we have determined these biochemical pa-
rameters and their association with service period and blood triglycerides in Hol-
stein cows. It was found that concentration of triglycerides is not the only factor 
associated with duration of the service period. Firstly, increased blood ALT ac-
tivity characteristic of cows from group I regardless of milk yield at the end of 
the 2nd month of lactation is similar to that found on days 70-90 after calving in 
Black Pied cows with shorter service period [28]. Secondly, duration of the ser-
vice period in animals with mean productivity is associated with concentrations 
of total protein and glucose, AST activity and De Ritis ratio, while associations 
of these parameters with protein-carbohydrate metabolism depende on correla-
tion of the later with triglyceride concentration.  

In present research, the service period in animals with high milk produc-
tivity was much longer than in animals with mean productivity, regardless of 
lower concentration of triglycerides in their blood. This is in line with the con-
cept on determining rope of cow’s genotype in reproductive function [29]. Be-
sides, additional reduction of triglycerides in animals with high productivity, evi-
dently, positively influences their reproductive performance and results in service 
period shorter than typical for the genotype. 

Thus, lipid metabolism in the middle of the 1st trimester of lactation in Hol-
stein cows is characterized by rising of total blood cholesterol in all tested animals, 
whereas triglyceride concentration varies among individuals in different ways. Re-
duction in triglycerides concentration from the end of the 1st until the end of the 2nd 
month of lactation, evidently, contributes to improvement of the reproductive func-
tion and results in shorted service period regardless of animal milk productivity. 
Herewith, such reduction is more expressed in animals with high milk produc-
tion and could be related with an increase in milk yields.  

 
R E F E R E N C E S  

 
1. Roche J.R., Burke C.R., Crookenden M.A., Heiser A., Loor J.L., Meier S., Mitchell M.D., 

Phyn C.V.C., Turner S.A. Fertility and the transition dairy cow. Reprod. Fert. Develop., 2017, 
30(1): 85-100 (doi: 10.1071/RD17412). 

2. Vasilenko T.F., Rusakov R.V. Problemy biologii produktivnykh zhivotnykh, 2018, 1: 5-18 (doi: 
10.25687/1996-6733.prodanimbiol.2018.1.5-18) (in Russ.). 

3. Bisinotto R.S., Greco L.F., Ribeiro E.S., Martinez N., Lima F.S., Staples C.R., Thatcher W.W., 
Santos J.E.P. Influences of nutrition and metabolism on fertility of dairy cows. Anim. Reprod., 
2012, 9(3): 260-272. 

4. Maciel G.M., Poulsen N.A., Larsen M.K., Kidmose U., Gaillard C., Sehested J., Larsen L.B. 
Good sensory quality and cheesemaking properties in milk from Holstein cows managed for an 
18-month calving interval. J. Dairy Sci., 2016, 99(11): 8524-8536 (doi: 10.3168/jds.2016-10958). 

5. Lehmann J.O., Fadel J.G., Mogensen L., Kristensen T., Gaillard C., Kebreab E. Effect of calv-
ing interval and parity on milk yield per feeding day in Danish commercial dairy herds. J. Dairy 
Sci., 2016, 99(1): 621-633 (doi: 10.3168/jds.2015-9583). 

6. Hare E., Norman H.D., Wright J.R. Survival rates and productive herd life of dairy cattle in the 
United States. J. Dairy Sci., 2006, 89(9): 3713-3720 (doi: 10.3168/jds.S0022-0302(06)72412-2). 

7. Wathes D.C. Mechanisms linking metabolic status and disease with reproductive outcome in 
the dairy cow. Reprod. Domest. Anim., 2012, 47(Suppl. 4.): 304-312 (doi: 10.1111/j.1439-
0531.2012.02090.x). 

8. Sartori R., Gimenes L.U., Monteiro P.L. Jr., Melo L.F., Baruselli P.S., Bastos M.R. Meta-
bolic and endocrine differences between Bos taurus and Bos indicus females that impact the 
interaction of nutrition with reproduction. Theriogenology, 2016, 86(1): 32-40 (doi: 
10.1016/j.theriogenology.2016.04.016). 

9. Block S.S., Butler W.R., Ehrhardt R.A., Bell A.W., Van Amburgh M.E., Boisclair Y.R. De-
creased concentration of plasma leptin in periparturient dairy cows is caused by negative energy 
balance. J. Endocrinol., 2001, 171(2): 339-348. 

10. Wathes D.C., Clempson A.M., Pollott G.E. Associations between lipid metabolism and fertility 



 

1187 

in the dairy cow. Reprod. Fert. Develop., 2012, 25(1): 48-61 (doi: 10.1071/RD12272). 
11. Kuhla B., Metges C.C., Hammon H.M. Endogenous and dietary lipids influencing feed intake 

and energy metabolism of periparturient dairy cows. Domest. Anim. Endocrin., 2016, 56(Suppl): 
S2-S10 (doi: 10.1016/j.domaniend.2015.12.002). 

12. Lacasse P., Vanacker N., Ollier S., Ster C. Innovative dairy cow management to improve re-
sistance to metabolic and infectious diseases during the transition period. Res. Vet. Sci., 2018, 
116: 40-46 (doi: 10.1016/j.rvsc.2017.06.020). 

13. Shin E.K., Jeong J.K., Choi I.S., Kang H.G., Hur T.Y., Jung Y.H., Kim I.H. Relationships 
among ketosis, serum metabolites, body condition, and reproductive outcomes in dairy cows. 
Theriogenology, 2015, 84(2): 252-260 (doi: 10.1016/j.theriogenology.2015.03.014). 

14. Mellado M., Dávila A., Gaytán L., Macías-Cruz U., Avendaño-Reyes L., García E. Risk factors 
for clinical ketosis and association with milk production and reproduction variables in dairy 
cows in a hot environment. Trop. Anim. Health Pro., 2018, 50(7): 1611-1616 (doi: 
10.1007/s11250-018-1602-y). 

15. Clark C.E.F., Fulkerson W.J., Nandra K.S., Barchia I., Macmillan K.L. The use of indicators 
to assess the degree of mobilisation of body reserves in dairy cows in early lactation on a pas-
ture-based diet. Livest. Prod. Sci., 2005, 94(3): 199-211 (doi: 10.1016/j.livprodsci.2004.11.038). 

16. Folnožić I., Turk R., Đuričić D., Vince S., Pleadin J., Flegar-Meštrić Z., Valpotić H., Do-
branić T., Gračner D., Samardžija M. Influence of body condition on serum metabolic indica-
tors of lipid mobilization and oxidative stress in dairy cows during the transition period. Reprod. 
Domest. Anim., 2015, 50(6): 910-917 (doi: 10.1111/rda.12608). 

17. Kessler E.C., Gross J.J., Bruckmaier R.M., Albrecht C. Cholesterol metabolism, transport, and 
hepatic regulation in dairy cows during transition and early lactation. J. Dairy Sci., 2014, 97(9): 
5481-5490 (doi: 10.3168/jds.2014-7926). 

18. Dhami A.J., Nakrani B.B., Hadiya K.K., Patel J.A., Shah R.G. Comparative efficacy of differ-
ent estrus synchronization protocols on estrus induction response, fertility and plasma proges-
terone and biochemical profile in crossbred anestrus cows. Veterinary World, 2015, 8(11): 1310-
1316 (doi: 10.14202/vetworld.2015.1310-1316).  

19. Westwood C.T., Lean I.J., Garvin J.K. Factors influencing fertility of Holstein dairy cows: a 
multivariate description. J. Dairy Sci., 2002, 85(12): 3225-3237 (doi: 10.3168/jds.S0022-
0302(02)74411-1). 

20. Mityashova O.S., Gusev I.V., Lebedeva I.Yu. Metabolism and reproductive function during the 
postpartum period in first-calf cows when introducing the placenta extract. Agricultural Biology, 
2017, 52(2): 323-330 (doi: 10.15389/agrobiology.2017.2.323eng). 

21. Bremmer D.R., Bertics S.J., Besong S.A., Grummer R.R. Changes in hepatic microsomal tri-
glyceride transfer protein and triglyceride in periparturient dairy cattle. J. Dairy Sci., 2000, 
83(10): 2252-2260 (doi: 10.3168/jds.S0022-0302(00)75109-5). 

22. Bernard L., Leroux C., Chilliard Y. Expression and nutritional regulation of lipogenic genes in 
the ruminant lactating mammary gland. In: Bioactive components of milk. Advances in experi-
mental medicine and biology. Z. Bösze (ed.). Springer, New York, NY, 2008, V. 606: 67-108 
(doi: 10.1007/978-0-387-74087-4_2). 

23. Wiltbank M.C., Baez G.M., Garcia-Guerra A., Toledo M.Z., Monteiro P.L., Melo L.F., 
Ochoa J.C., Santos J.E., Sartori R. Pivotal periods for pregnancy loss during the first tri-
mester of gestation in lactating dairy cows. Theriogenology, 2016, 86(1): 239-253 (doi: 
10.1016/j.theriogenology.2016.04.037). 

24. Nezhdanov A.G., Mikhalev V.I., Lozovaya E.G., Lobodin K.A., Safonov V.A. Pathophysiologi-
cal aspects of embryonic mortality in dairy cows. Sel'skokhozyaistvennaya biologiya, 2017, 52(2): 
338-348 (doi: 10.15389/agrobiology.2017.2.338rus). 

25. Leroy J.L.M.R., Valckx S.D.M., Jordaens L., De Bie J., Desmet K.L.J., Van Hoeck V., 
Britt J.H., Marei W.F., Bols P.E.J. Nutrition and maternal metabolic health in relation to oo-
cyte and embryo quality: critical views on what we learned from the dairy cow model. Reprod. 
Fertil. Dev., 2015, 27(4): 693-703 (doi: 10.1071/RD14363). 

26. Lussier J.G., Matton P., Dufour J.J. Growth rates of follicles in the ovary of the cow. J. Reprod. 
Fertil., 1987, 81(2): 301-307 (doi: 10.1530/jrf.0.0810301). 

27. Leroy J.L.M.R., Vanholder T., Delanghe J.R., Opsomer G., Van Soom A., Bols P.E.J., de 
Kruif A. Metabolite and ionic composition of follicular fluid from different-sized follicles and 
their relationship to serum concentrations in dairy cows. Anim. Reprod. Sci., 2004, 80(3-4): 201-
211 (doi: 10.1016/S0378-4320(03)00173-8). 

28. Leibova V.B., Shapiev I.SH., Lebedeva I.Yu. Metabolic state at the end of early lactation in 
high-producing dairy cows with different reproductive abilities. Sel'skokhozyaistvennaya biologi-
ya, 2011, 6: 103-109. 

29. Leroy J.L.M.R., Van Soom A., Opsomer G., Bols P.E.J.The consequences of metabolic chang-
es in high-yielding dairy cows on oocyte and embryo quality. Animal, 2008, 2(8): 1120-1127 
(doi: 10.1017/S1751731108002383). 


