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Abstract
The aims of this study were to establish a cut-off point by evaluating the usability of the somatic 

cell count (SCC) and milk components (fat, fat-free dry matter (FFDM), protein, lactose, freezing 
point, electrical conductivity and pH) to observe the pregnancy status, and to determine the 
practical usage of these parameters as diagnostic biomarker of pregnancy status. In the present 
study, primiparous Holstein cows (n=133) were included in the mid and late lactation. Milk samples 
were collected in sterile tubes for SCC and milk components analysis. In each lactation period, SCC, 
milk yield and milk component parameters were analysed by Student’s t test according to pregnancy 
status. Receiver operating characteristic curves were used to determine the predictive threshold 
using SCC and milk component parameters to discriminate between pregnant and non-pregnant 
cows. SCC levels were similar for all cows in the mid and late-lactation. In the mid lactation, FFDM, 
protein, lactose and electrical conductivity were higher and milk yield, fat, freezing point and pH 
were lower in pregnant cows (p<0.05). In the late lactation, FFDM, protein, lactose and electrical 
conductivity were significantly higher and milk yield, fat and pH were significantly lower in pregnant 
cows (p<0.05). Furthermore, fat, FFDM, protein, lactose, freezing point, electrical conductivity, and 
pH were the best predictors for pregnancy diagnosis in mid-lactating cows with the AUC values of 
0.840, 0.768, 0.780, 0.772, 0.693, 0.792, and 0.901 respectively. Furthermore, fat, FFDM, protein, 
lactose, electrical conductivity, and pH could be useful diagnostic tools for pregnancy determination 
in late lactating cows with the AUC values of 0.869, 0.684, 0.661, 0.689, 0.756, and 0.841 respectively. 
In conclusion, the milk components could be used as rapid, easily accessible, and inexpensive 
markers for the evaluation of the diagnosis of pregnancy status in primiparous Holstein cows.
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Introduction
One of the most important components of the dairy 

cattle production system is the knowledge of pregnancy 
status of the herd. This information is helpful in avoiding 
wasted re-inseminations, shortening the open days, and 
culling the cows, thus increasing the herd productivity 
(Ferguson and Gallian, 2011; Giordano et al., 2013; Tiplady 
et al., 2021). Different methods of pregnancy detection are 
by veterinary practitioners. These may be direct or indirect 
methods. For example, during the mating period, pregnancy 
status can be determined by non-return rate or indirectly by 
milk progesterone level and measurements of pregnancy 
associated glycoprotein in milk and blood, or by using 
more invasive techniques such as transrectal palpation 
and ultrasonography. Each method for determination 
of the pregnancy status has its own advantages and 
disadvantages. The milk progesterone and pregnancy 
associated glycoprotein tests are not cost effective and may 
give misleading results due to reproductive problems. The 
determination of non-return rate is not so reliable if the farm 
does not use strict estrus determination methods (Ricci et 
al., 2017; Tiplady et al., 2021). Pregnancy diagnosis by milk 
progesterone measurement at day 24 has an accuracy of 83.3 
% (Muhammed et al., 2000) and 85 % (Sheldon and Noakes, 
2002). However, by using milk component determination, it 
will be faster to detect or confirm pregnancy during routine 
milk recording can be helpful in maintaining the farm records 
on the pregnancy status of dairy cows. Moreover, this method 
is cost-effective and non-invasive (Brand et al., 2020). 
Therefore, different pregnancy detection methods can be 
useful for breeders.

Bovine milk reflects not only milk related disorders but 
also metabolic disorders such as ketosis (De Roos et al., 
2007). Because cow’s milk is affected by metabolism, it can 
be used to determine other conditions that affect metabolism. 
Pregnancy, one of the major physiological events, affects 
metabolism through hormonal and metabolic changes by 
meeting the needs of the growing fetus (Bell et al., 1995; 
Sguizzato et al., 2020). Comparing pregnant and non-
pregnant lactating animals, the reserves can be used by 
different body functions. Besides, it is already known that 
pregnancy in mid and late lactation causes changes in milk 
composition in dairy cows (Olori et al., 1997; Loker et al., 
2009; Penasa et al., 2016). Moreover, hormones are released 
from the fetal-placental unit around day 100 of pregnancy 
(Bachman et al., 1988). These hormonal differences under 
the influence of pregnancy increase the regression of the 
mammary gland (Brotherstone et al., 2004) and the milk yield 
shows a decrease after 4-5 months of pregnancy (Bachman 
et al., 1988; Olori et al., 1997; Roche, 2003). As lactation 
progresses, the changes in milk composition might coincide 
with a cow becoming pregnant. Thus, the analysis of milk 
composition may be useful in determining the pregnancy 
status of dairy cows.

In the present study, we intended to investigate if the 
determination of possible pregnancy-related changes in 
the milk components during the routine sampling can be 
effectively used to detect pregnancy in dairy cows. Thus, 

U. Kaya et al.: The role of milk components in the diagnosis of pregnancy

the aim of the present study was to evaluate the diagnostic 
accuracy of milk components to determine pregnancy and 
its usability at farm level in the mid and late lactation cows. 

Material and methods
Milk samples were collected according to the “Regulation 

on Studying Procedures and Principles of Animal Experiments 
of Ethics Committees” of the Ministry of Agriculture and 
Forestry (2014, Republic of Turkey) and the regulations 
of Animal Experiments Local Ethics Committees of Hatay 
Mustafa Kemal University. In addition, necessary approvals 
were obtained from the enterprise.

Farm and management

The study was conducted in Saray Agriculture and 
Livestock Inc. in Kayseri, Turkey. The barns were naturally 
ventilated and lighted artificially. The cows were fed a 
total mixed ration (TMR) according to meet their nutritional 
requirements as recommended by the NRC (NRC, 2001). The 
TMR was prepared daily using a vertical mixer and offered 
three times in equal portions. The composition of the TMR 
is shown in Table 1.

Table 1. Chemical composition and ingredients of ration

Item Ration

DM, % 57.81

CP, % 17.82

ADF, % 17.64

NDF, % 29.06

TDN, % 74.17

NEL, Mcal/kg 1.69

Component Ingredient, % of DM

Corn 14.62

Soybean meal 6.39

Concentrated feed 13.30

Corn silage 50.10

Alfalfa hay 12.20

Vetch hay 0.67

Magnesium oxide 1.19

Sodium bicarbonate 0.54

Bypass fat 0.94

Antioxidant 0.05

Animals and grouping

Healthy primiparous Holstein cows were examined in the 
study. The animals were grouped according to their lactation 
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period. As stated by Yoon et al (2004), the lactation of cows 
was classified as mid (100-200 days in milk) and late lactation 
(>200 days in milk). Sixty-one of the Holstein cows (N non-
pregnant=41 and N pregnant=20) were in the mid-lactation 
and seventy-two of the Holstein cows (N non-pregnant=37 
and N pregnant=35) were in the late lactation. Pregnancy 
status was determined by an experienced farm veterinarian 
and recorded in the herd tracking system.

Milk sampling and determination of milk 
quality parameters

Cows were milked three times, and the milk yield was 
recorded daily by an automated milking system. Milk samples 
were collected during the morning milking with an automated 
milking system (AfiMilk, Afkim, Israel) in the enterprise. All 
mammary lobes of the cows were checked for mastitis by 
the veterinarian of the enterprise using the California Mastitis 
Test (CMT) before milk sampling. Teat end cleaning was 
performed with 70 % ethanol and fore-milk was discarded 
before sampling. Samples were collected from each quarter 
in sterile falcons with a volume of 50 mL. Analyses of the 
quality parameters of the milk samples were performed in 
the enterprise laboratory.

The samples were prepared according to the protocol of 
the Lactoscan SCC kit (18.05.2021/R) for the determination 
of milk somatic cell count and measured with a milk somatic 
cell counter (Lactoscan SCC 6010, Bulgaria). Approximately 
5 mL of milk was collected and transferred to tubes for 
determination of milk pH. The pH of the milk was measured 
using a pH probe (Hanna pH meter, HI83141, USA). Fat, fat-
free dry matter, protein, lactose, freezing point and electrical 
conductivity which are the main quality parameters of milk 
were measured using a milk analyzer (Milkotester Master 
Classic LM2-P1, Bulgaria). In addition, somatic cell count and 
composition of milk were determined by validated equipment.

Statistical analysis

Statistical analyses were performed using Stata SE 
version 15.1 and MedCalc version 9.2.0.1. To determine the 
parametric test assumptions, variables were evaluated using 
the Kolmogorov-Smirnov test and the Levene test. SCC data 
were normalized and transformed to Somatic Cell Score 
(SCS=log2 (SCC/100.000) + 3) (Ali and Shook, 1980) after 
measurement of SCC. Descriptive statistics were presented 
as “Mean ± Standard Error of Mean (SEM)”. In each lactation 
period (mid and late lactation), differences in milk quality 
parameters and milk yield according to pregnancy status 
were evaluated using Student’s t test. Receiver operator 
characteristics (ROC) analysis was used to determine a 
predictive threshold with milk quality parameters (SCC, fat, 
fat-free dry matter, protein, lactose, freezing point, electrical 
conductivity and pH) for differentiation of the pregnancy 
status in each lactation period. ROC curves for detection of 
pregnancy were obtained for each milk quality parameter. 
Sensitivity, specificity, likelihood ratio, 95 % confidence 

interval and area under the curve (AUC) were calculated for 
each variable. AUC values of = 1, >0.9, 0.7-0.9 and 0.5-0.7 
indicated excellent accuracy, high level of accuracy, moderate 
accuracy and poor accuracy, respectively (Zakian et al., 2018). 
The thresholds of milk quality parameters for determining 
pregnancy status were presented as a figure in each lactation 
period as the result of ROC analysis. Statistical significance 
was considered as p<0.05.

Results and discussion
The aim of the present study was to evaluate the usability 

of milk composition traits for pregnancy diagnosis. The use of 
milk composition parameters can be useful tool for detecting 
pregnancy status during the routine milk examinations. The 
use of these parameters in routine on-farm milk controls 
can be beneficial to the enterprise by providing an idea about 
pregnancy. Prediction accuracy of pregnancy is useful for 
preliminary screening (Toledo-Alvanado et al., 2018). As 
described by Toledo-Alvanado et al., (2018), pregnancy 
diagnosis could be performed by milk components (Figure 
1 and 2). 

The average milk yield of cows was 26.17±0.67 kg/day, 
which was lower than in the study performed by Bohmanova 
et al. (2009). A possible reason for such difference could be 
the selected period of lactation for the analysis. As lactation 
progresses, milk production decreases physiologically. Thus, 
the animals in the present study were in mid and late lactation 
cows and this might be the effect of the difference between 
the studies. On the other hand, the mean milk yield during 
the lactation was different in pregnant and non-pregnant 
cows. The possible explanation in such difference could be the 
effect of gestation (hormonal differences and energy usage of 
the fetus) as previously described by (Oltenacu et al., 1980; 
Brotherstone et al., 2004; Leclerc et al., 2008; Bohmanova 
et al., 2009).

The milk quality parameters according to pregnancy status 
in the mid and late lactation are summarized in Tables 3 and 4, 
respectively. SCC was higher in the pregnant group than in the 
non-pregnant group, but there was no statistically significant 
difference for mid lactation cows (p>0.05). Similarly, SCC was 
not different between pregnant and non-pregnant cows in 
the late lactation group. Increase in somatic cell count is 
the gold standard for determination of udder infection. High 
SCC counts may inhibit the corpus luteum function and 
shorten the pregnancy period due to insufficient progesterone 
release from the corpus luteum. Due to the infection of udder, 
increased inflammation metabolites and SCC may induce 
premature calving. On the other hand, advanced pregnancy 
period reduces the milk somatic cell count, which has not 
effect on fetus development (Isobe et al., 2014). Even the 
present study showed that the SCC count was similar in both 
groups and lower than the threshold for mastitis. Although, 
lactation period has an effect on milk composition as well as 
pregnancy status on these parameters, the results showed 
that SCC had no impact on pregnancy status, similar to 
studies Loker et al., (2009) and Penasa et al., (2016).

Mljekarstvo 73 (3) 187-195 (2023)
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Figure 1. The ROC curve 
analysis determined the 
cut-off value for fat, fat-
free dry matter, protein, 
lactose, freezing point, 
electrical conductivity 
and pH for predicting 
the pregnancy in the mid 
lactation

Figure 2. The ROC curve analysis determined the 
cut-off value for fat, fat-free dry matter, protein, 
lactose, electrical conductivity and pH for predicting 
the pregnancy in the late lactation

Table 2. Milk quality parameters in pregnant and non-pregnant cow groups (Regardless of lactation period)

Milk quality parameters

Pregnancy status

P ValueNon-pregnant Pregnant

Mean SEM Mean SEM

SCC 121.913 11.901 129.049 18.519 0.738

SCS 1.891 0.050 1.921 0.068 0.725

Milk yield 28.698 0.757 21.987 0.978 <0.001

Fat (%) 5.761 0.205 3.900 0.225 <0.001

Fat-free dry matter (%) 8.849 0.039 9.129 0.062 <0.001

Protein (%) 3.206 0.015 3.312 0.024 <0.001

Lactose (%) 4.841 0.022 4.998 0.034 <0.001

Freezing point (%) -0.583 0.002 -0.591 0.004 0.037

Electrical conductivity 4.882 0.008 4.962 0.011 <0.001

pH 6.681 0.004 6.618 0.007 <0.001

SEM: standard error of mean

U. Kaya et al.: The role of milk components in the diagnosis of pregnancy
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Milk fat, freezing point and pH parameters were observed 
to be greater in the non-pregnant group compared to the 
pregnant group (p<0.05) in both mid and late lactation cows 
(Table 3 and 4). Similar results were obtained by Penasa et 
al. (2016). As Rodriguez et al. (1985) previously described, the 
fat content of milk increases as pregnancy progresses. The 
present study showed different results from this finding. The 
explanation for this difference could be the day of pregnancy. 
Since, Penasa et al., (2016) showed that the fat composition 
of the milk decreased from day 1 to 120 of pregnancy. Olori 
et al., (1997) reported that milk fat content increased after 
the 6th month of pregnancy. However, according to the 
results of the present study, there might be changes in milk 
parameters in different lactation periods regardless of the 
day of gestation. Contrary to Toledo-Alvaeado et al., (2018), 
their study explains that milk fat content is not enough 
for pregnancy diagnosis, but the present study showed a 
higher AUC value (Table 5 and 6) (Figure 1 and 2). On the 
other hand, protein content was informative for determination 

of pregnancy status, which is similar to the present study, 
regardless of lactation period and in mid lactation cows. The 
reason for this difference between the studies was the animal 
selection method. They used animals only ≤91 days after 
insemination.

Several factors can affect the freezing point of milk of dairy 
cows. However, Wiedemann et al. (1993) already explained 
that milk freezing point was not affected by energy or protein 
concentration of the ration. Besides, all cows in the present 
study were fed in similar rations. However, Bjerg et al., (2005) 
stated that milk freezing point was influenced by water intake 
and increased temperature and sunshine hours. However, in 
the present study, all milk samples were collected at the 
same time. Furthermore, only mid lactation pregnant cows 
showed lower freezing point (Table 3). However, late lactation 
pregnant and non-pregnant cows showed similar freezing 
points (Table 4). The possible explanation for this difference 
could be the effect of lactation on milk composition. On the 
other hand, lactose might have a role on the milk freezing 

Table 3. Milk quality parameters in the mid lactation

Milk quality parameters

Pregnancy status

P ValueNon-pregnant Pregnant

Mean SEM Mean SEM

SCC 102.919 16.426 115.909 43.398 0.735

SCS 1.804 0.075 1.822 0.138 0.908

Milk yield 26.869 1.192 19.757 1.550 0.002

Fat (%) 5.644 0.339 3.567 0.358 0.002

Fat-free dry matter (%) 8.828 0.057 9.208 0.133 0.004

Protein (%) 3.192 0.021 3.350 0.048 0.001

Lactose (%) 4.828 0.033 5.042 0.071 0.004

Freezing point (%) -0.580 0.003 -0.595 0.008 0.028

Electrical conductivity 4.877 0.012 4.967 0.022 0.001

pH 6.683 0.006 6.628 0.010 <0.001

SEM: Standard error of mean

Table 4. Milk quality parameters in the late lactation

Milk quality parameters

Pregnancy status

P ValueNon-pregnant Pregnant

Mean SEM Mean SEM

SCC 151.914 19.416 133.867 20.134 0.522

SCS 2.010 0.076 1.957 0.078 0.633

Milk yield 29.886 1.038 22.823 1.193 <0.001

Fat (%) 5.956 0.267 4.033 0.281 <0.001

Fat-free dry matter (%) 8.889 0.061 9.097 0.070 0.029

Protein (%) 3.228 0.023 3.297 0.028 0.062

Lactose (%) 4.861 0.033 4.980 0.039 0.023

Freezing point (%) -0.587 0.004 -0.590 0.004 0.594

Electrical conductivity 4.886 0.011 4.960 0.013 <0.001

pH 6.678 0.007 6.615 0.009 <0.001

SEM: Standard error of mean

Mljekarstvo 73 (3) 187-195 (2023)
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point. Findings of some previous studies indicated that high 
lactose content results in lower milk freezing point (Bjerg 
et al., 2005; Kedzierska-Matysek et al., 2011; Costa et al., 
2017). In this study, lactose levels were higher in mid lactation 
pregnant cows. This could be a reason for the lower milk 
freezing point. Because lactose differences were greater in 
mid lactation cows in comparison to late lactation cows.

Milk pH decreased slightly in pregnant cows in the mid and 
late lactation (Table 3 and 4). Milk acidity increases in the 
early stages of pregnancy and then decreases as gestation 
progresses (Rodrigues et al., 1985). Similarly, Bohmanova et 
al., (2009) and Penasa et al., (2016) showed an increase in 
acidity at early stage of gestation. However, in the present 
study, pregnancy stage was not evaluated. Only routine 
sampling days for milk analysis were used to determine 
pregnancy status. In the mid and late lactation, milk pH is 
a useful biomarker for determination of pregnancy status 
with the AUC of 0.901 and 0.841, respectively (Table 5 and 
6) (Figure 1 and 2).

Fat-free dry matter, protein, lactose and electrical 
conductivity parameters were higher in the pregnant group 
(Table 2). In the present study, protein content increased 
significantly regardless of lactation period. Mid lactation 
cows showed increase in milk protein content (Table 3). 

However, milk protein levels were similar in pregnant and 
non-pregnant late lactation cows (Table 4). The possible 
differences among these results between groups could be 
due to the distribution of pregnancy days between groups. 
It has previously been reported that milk protein content of 
cows increases with the number of months of pregnancy. 
The present study supports this finding. The possible 
explanation for the increase in milk protein content could be 
the increase in estrogen due to placental release. Increased 
estrogen concentration decreases milk yield and increases 
the percentage of milk protein (Hutton, 1958; Parkhie et al., 
1966). Lactose concentration in pregnant and non-pregnant 
animals regardless of lactation status was significantly 
different (p<0.05) (Table 2). When compared in late and mid 
lactation group, milk lactose concentration was higher in 
pregnant animals (Table 3 and 4). This finding similar to 
Penasa et al., (2016). The increase in previous studies was 
recorded after 5th month of gestation (Olori et al., 1997; Roche, 
2003). A possible reason for the increase could be the udder 
glucose utilization mechanism. The udder uses glucose 
independently of insulin. Thus, the increased glucose level to 
meet the needs of pregnancy may have turned into lactose in 
the udder tissue, where it is transported directly through the 
blood, resulting in increased lactose concentration in the milk. 

Table 5. The ROC analysis results of the mid lactation

Variables Threshold Se %95 Cl for 
Se Sp %95 Cl 

for Sp AUC + LR - LR P Value

SCC >18 100.00 71.3-100.0 21.62 9.9-38.2 0.502 1.23 0 0.980

SCS >1.26 100.00 71.3-100.0 21.62 9.9-38.2 0.501 1.28 0 0.990

Fat (%) ≤3.6 75.00 42.8-94.2 87.18 72.6-95.7 0.840 5.85 0.29 <0.001

Fat-free dry matter (%) >9 75.00 42.8-94.2 76.92 60.7-94.1 0.768 3.25 0.32 0.002

Protein (%) >3.2 75.00 42.8-94.2 71.79 55.1-85.0 0.780 2.66 0.35 0.001

Lactose (%) >4.9 75.00 42.8-94.2 76.92 60.7-88.8 0.772 3.25 0.32 0.002

Freezing point (%) ≤-0.59 75.00 42.8-94.2 64.10 47.2-78.8 0.693 2.09 0.39 0.017

Electrical conductivity >4.9 66.67 34.9-89.9 87.18 72.6-95.7 0.792 5.2 0.38 <0.001

pH ≤6.66 90.91 58.7-98.5 76.92 60.7-88.8 0.901 3.94 0.12 <0.001

Se: Sensivity; Sp: Specifity; CI: Confidence interval; AUC: Area under the curve

Table 6. The ROC analysis results of the late lactation

Variables Threshold Se %95 Cl 
for Se Sp %95 Cl 

for Sp AUC + LR - LR P Value

SCC ≤114 63.33 43.9-80.0 54.29 36.7-71.2 0.540 1.39 0.68 0.578
SCS ≤2.06 63.33 43.9-80.0 54.29 36.7-71.2 0.537 1.39 0.68 0.606

Fat (%) ≤4.4 86.67 69.3-96.2 77.78 60.8-89.9 0.869 3.90 0.17 <0.001
Fat-free dry matter (%) >9 63.33 43.9-80.0 69.44 51.9-83.6 0.684 2.07 0.53 0.006

Protein (%) >3.3 43.33 25.5-62.6 83.33 67.2-93.6 0.661 2.60 0.68 0.018

Lactose (%) >4.9 63.33 43.9-80.0 69.44 51.9-83.6 0.689 2.07 0.53 0.004

Freezing point (%) ≤-0.59 66.67 47.2-82.7 44.44 27.9-61.9 0.551 1.20 0.75 0.470
Electrical conductivity >4.9 60.00 40.6-77.3 83.33 67.2-93.6 0.756 3.60 0.48 <0.001

pH ≤6.64 86.67 69.3-96.2 77.78 60.8-89.9 0.841 3.90 0.17 <0.001

Se: Sensivity; Sp: Specifity; CI: Confidence interval; AUC: Area under the curve

U. Kaya et al.: The role of milk components in the diagnosis of pregnancy
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The electrical conductivity of the milk may change depending 
to the health status of the cows. These changes are mostly 
associated with mastitis (Nielen et al., 1995; Norberg et al., 
2004). However, de Mol (2000) described that milk electrical 
conductivity was associated with other disorders. Moreover, 
the present study showed that electrical conductivity during 
the mid and late gestation was associated with pregnancy 
status of dairy cows (Table 3 and 4). 

Electrical conductivity has a higher likelihood ratio as well 
as high AUC values for mid and late lactation cows (Table 5 
and 6) (Figure 1 and 2). Milk electrical conductivity was lower 
in pregnant cows in comparison to non-pregnant cows (Table 
2). The reason for this change was directly related to milk fat 
concentration. The decrease in milk electrical conductivity 
was related with increased milk fat content (Woolford et 
al., 1998). Besides, milk electrical conductivities of all cows 
were within physiological ranges (Norberg et al., 2004) for 
pregnant and non-pregnant cows in mid and late lactation 
(Table 3 and 4). 

Conclusion
Milk pH, fat, electrical conductivity, protein, lactose, FFDM, 

and freezing point were the best predictors for diagnosing 

of pregnancy status with the AUC values (0.901, 0.840, 
0.792, 0.780, 0.772, 0.768 and 0.693 respectively) in the 
mid lactation. Furthermore, fat, pH, electrical conductivity, 
lactose, FFDM, and protein could be a useful diagnostic tool 
for pregnancy with the AUC values (0.869, 0.841, 0.756, 0.689, 
0.684 and 0.661 respectively) in the late lactation. The current 
study demonstrates that analysis of milk composition could 
be useful for determining pregnancy status and prediction of 
pregnancy directly from milk composition seems practical.
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Dijagnostička točnost sastojaka mlijeka kod dijagnostike gravidnosti u 
krava srednje i kasne laktacije

Sažetak

Ciljevi ove studije bili su utvrditi granične vrijednosti procjenom mogućnosti upotrebe broja somatskih stanica (SCC) i pojedinih 
fizikalno-kemijskih parametara mlijeka (udio masti, bezmasne suhe tvari (FFDM), proteina, laktoze, točke zamrzavanja, 
električne vodljivosti i pH) za promatranje statusa gravidnosti kao i u svrhu korištenja navedenih parametara kao bioloških 
markera u dijagnozi statusa gravidnosti. U ovu su studiju bile uključene prvotelke holstein pasmine (n=133) u srednjoj i kasnoj 
laktaciji. Uzorci mlijeka sakupljani su u sterilne epruvete za analizu SCC i fizikalno-kemijskih parametara. U svakom razdoblju 
laktacije, SCC, prinos mlijeka i fizikalno-kemijski parametri analizirani su Student t-testom u odnosu na status gravidnosti. Za 
određivanje prediktivnog praga korištene su krivulje odnosa specifičnosti i osjetljivosti klasifikatora (ROC), korištenjem SCC i 
fizikalno-kemijskih parametara mlijeka za razlikovanje gravidnih i negravidnih krava. Za sve krave u srednjoj i kasnoj laktaciji 
razine SCC bile su slične. Sredinom laktacije, FFDM, udjeli proteina i laktoze te električna vodljivost bili su viši, a prinos mlijeka, 
udio masti, točka ledišta i pH bili su niži u gravidnih krava (p<0,05). U kasnoj laktaciji, FFDM, udjeli proteina i laktoze te električna 
vodljivost bili su značajno viši, a prinos mlijeka, udio masti i pH bili su značajno niži u gravidnih krava (p<0,05). Udjeli masti, 
proteina i laktoze, FFDM, točka ledišta, električna vodljivost i pH bili su najbolji prediktori za dijagnozu gravidnosti kod krava 
u srednjoj laktaciji s vrijednostima površina ispod ROC krivulje (AUC) 0,840, 0,768, 0,780, 0,772, 0,693, 0,792 i 0,901. Udjeli 
masti, proteina i laktoze, FFDM, električna vodljivost i pH mogu biti korisni dijagnostički alati za određivanje gravidnosti kod 
krava u kasnoj laktaciji s AUC vrijednostima 0,869, 0,684, 0,661, 0,689, 0,756 i 0,841. Zaključno, komponente mlijeka mogu 
se koristiti kao brzi, lako dostupni i jeftini markeri za procjenu dijagnoze statusa gravidnosti kod prvotelki holstein krava.

Ključne riječi: AUC; holstein krave; laktacija; komponente mlijeka; ROC analiza

Mljekarstvo 73 (3) 187-195 (2023)



July-September 2023 / Vol. 73 No. 3    194    M L J E K A R S T V O

R e f e r e n c e s

1.	 Ali, A.K.A., Shook, G.E. (1980): An optimum transformation for somatic cell concentration in 
milk. Journal of Dairy Science 63 (3), 487-490.

	 https://doi.org/10.3168/jds.S0022-0302(80)82959-6
2.	 Bachman, K.C., Hayen, M.J., Morse, D., Wilcox, C.J. (1988): Effect of pregnancy, milk yield, and 

somatic cell count on bovine milk fat hydrolysis. Journal of Dairy Science 71 (4), 925-931.
	 https://doi.org/10.3168/jds.S0022-0302(88)79638-1
3.	 Bjerg, M., Rasmussen, M.D., Nielsen, M.O. (2005): Changes in freezing point of blood and milk 

during dehydration and rehydration in lactating cows. Journal of Dairy Science 88 (9), 3174-
3185.

	 https://doi.org/10.3168/jds.S0022-0302(05)73001-0
4.	 Bohmanova, J., Jamrozik, J., Miglior, F. (2009): Effect of pregnancy on production traits of 

Canadian Holstein cows. Journal of Dairy Science 92 (6), 2947-2959.
	 https://doi.org/10.3168/jds.2008-1782
5.	 Brand, W., Wells, A.T., Smith, S.L., Denholm, S.J., Wall, E., Coffey, M.P. (2021): Predicting 

pregnancy status from mid-infrared spectroscopy in dairy cow milk using deep 
learning. Journal of Dairy Science 104 (4), 4980-4990.

	 https://doi.org/10.3168/jds.2020-18367
6.	 Brotherstone, S., Thompson, R., White, I.M.S. (2004): Effects of pregnancy on daily milk yield of 

Holstein–Friesian dairy cattle. Livestock Production Science 87 (2-3), 265-269.
	 https://doi.org/10.1016/j.livprodsci.2003.07.014
7.	 Costa, A., De Marchi, M., Cassandro, M., Penasa, M. (2017): Phenotypic and genetic aspects of 

milk freezing point in primiparous Holstein Friesian cows. Agriculturae Conspectus Scientificus 
82 (2), 175-178.

8.	 de Mol, R.M. (2000): Automated detection of oestrus and mastitis in dairy cows. Page 177 
in Agricultural and Environmental Engineering (IMAG). Vol. PhD. Wageningen University, 
Wageningen, the Netherlands.

9.	 Ferguson, J.D., Galligan, D.T. (2011): The value of pregnancy diagnosis-a revisit to an old art. 
Clinical Theriogenology 3 (4), 559-578.

10.	 Giordano, J.O., Fricke, P.M., Cabrera, V.E. (2013): Economics of resynchronization strategies 
including chemical tests to identify nonpregnant cows. Journal of Dairy Science 96 (2), 949-
961. 
https://doi.org/10 .3168/jds.2012-5704

11.	 González-García, E., Tesnière, A., Camous, S., Bocquier, F., Barillet, F., Hassoun, P. (2015): The 
effects of parity, litter size, physiological state, and milking frequency on the metabolic profile 
of Lacaune dairy ewes. Domestic animal endocrinology 50, 32-44. 
https://doi.org/10.1016/j.domaniend.2014.07.001

12.	 Hutton, J.B. (1958): Oestrogen function in established lactation in the cow. Journal of 
Endocrinology 17 (2), 121-133. 
https://doi.org/10.1677/joe.0.0170121

13.	 Isobe, N., Iwamoto, C., Kubota, H., Yoshimura, Y. (2014): Relationship between the somatic cell 
count in milk and reproductive function in peripartum dairy cows. Journal of Reproduction and 
Development 60 (6), 433-437. 
https://doi.org/10.1262/jrd.2014-065

14.	 Kedzierska-Matysek, M., Litwińczuk, Z., Florek, M., Barłowska,, J. (2011): The effects of breed 
and other factors on the composition and freezing point of cow’s milk in Poland. International 
Journal of Dairy Technology 64 (3), 336-342. 
https://doi.org/10.1111/j.1471-0307.2011.00682.x

15.	 Leclerc, H., Duclos, D., Barbat, A., Druet, T., Ducrocq, V. (2008): Environmental effects on 
lactation curves included in a test-day model genetic evaluation. Animal 2 (3), 344-353. 
https://doi.org/10.1017/S175173110700119X

16.	 Loker, S., Miglior, F., Bohmanova, J., Jamrozik, J., Schaeffer, L.R. (2009): Phenotypic analysis 
of pregnancy effect on milk, fat, and protein yields of Canadian Ayrshire, Jersey, Brown Swiss, 
and Guernsey breeds. Journal of Dairy Science 92 (3), 1300-1312. 
https://doi.org/10.3168/jds.2008-1425.

17.	 Muhammd, F., Sarwar, A., Hayat, C.S., Anwar, M.I. (2000): Peripheral plasma progesterone 
concentration during carly pregnancy in Holstein Friesian cows. Pakistan Veterinary Journal 
20 (4), 166-168.

U. Kaya et al.: The role of milk components in the diagnosis of pregnancy



July-September 2023 / Vol. 73 No. 3         195M L J E K A R S T V O

18.	 Nielen, M., Schukken, Y.H., Scholl, D.T., Wilbrink, H.J., Brand, A. (1989): Twinning in dairy 
cattle: A study of risk factors and effects. Theriogenology 32 (5), 845-862. 
https://doi.org/10.1016/0093-691X(89)90473-1

19.	 Norberg, E., Hogeveen, H., Korsgaard, I.R., Friggens, N.C., Sloth, K.H.M.N., Løvendahl, P. 
(2004): Electrical conductivity of milk: ability to predict mastitis status. Journal of Dairy 
Science 87 (4), 1099-1107.  
https://doi.org/10.3168/jds.S0022-0302(04)73256-7

20.	 Oltenacu, P.A., Rounsaville, T.R., Milligan, R.A., Hintz, R.L. (1980): Relationship between 
days open and cumulative milk yield at various intervals from parturition for high and low 
producing cows. Journal of Dairy Science 63 (8), 1317-1327. 
https://doi.org/10.3168/jds.S0022-0302(80)83083-9

21.	 Olori, V.E., Brotherstone, S., Hill, W.G., McGuirk, B.J. (1997): Effect of gestation stage on 
milk yield and composition in Holstein Friesian dairy cattle. Livestock Production Science 
52 (2), 167-176. 
https://doi.org/10.1016/S0301-6226(97)00126-7

22.	 Parkhie, M.R., Gilmore, L.O., Fechheimer, N.S. (1966): Effect of successive lactations, 
gestation, and season of calving on constituents of cows’ milk. Journal of Dairy Science 49 
(11), 1410-1415. 
https://doi.org/10.3168/jds.S0022-0302(66)88103-1

23.	 Penasa, M., De Marchi, M., Cassandro, M. (2016): Effects of pregnancy on milk yield, 
composition traits, and coagulation properties of Holstein cows. Journal of Dairy Science 
99 (6), 4864-4869. 
https://doi.org/10.3168/jds.2015-10168

24.	 Ricci, A., Carvalho, P.D., Amundson, M.C., Fricke, P.M. (2017): Characterization of luteal 
dynamics in lactating Holstein cows for 32 days after synchronization of ovulation and 
timed artificial insemination. Journal of Dairy Science 100 (12), 9851-9860. 
https://doi.org/10.3168/ jds.2017-13293

25.	 Roche, J.R. (2003): Effect of pregnancy on milk production and bodyweight from identical 
twin study. Journal of Dairy Science 86 (3), 777-783.  
https://doi.org/10.3168/jds.S0022-0302(03)73659-5

26.	 Rodriquez, L.A., Mekonnen, G., Wilcox, C.J., Martin, F.G., Krienke, W.A. (1985): Effects of 
relative humidity, maximum and minimum temperature, pregnancy, and stage of lactation 
on milk composition and yield. Journal of Dairy Science 68 (4), 973-978. 
https://doi.org/10.3168/jds.S0022-0302(85)80917-6

27.	 Sheldon, M., Noakes, D. (2002): Pregnancy diagnosis in cattle. In Practice 24 (6), 310-317. 
https://doi.org/10.1136/inpract.24.6.310

28.	 Tiplady, K.M., Trinh, M.H., Davis, S.R., Sherlock, R.G., Spelman, R.J., Garrick, D.J., Harris, 
B.L. (2022): Pregnancy status predicted using milk mid-infrared spectra from dairy 
cattle. Journal of Dairy Science 105 (4), 3615-3632.  
https://doi.org/10.3168/jds.2021-21516

29.	 Toledo-Alvarado, H., Vazquez, A.I., de Los Campos, G., Tempelman, R.J., Gabai, G., 
Cecchinato, A., Bittante, G. (2018): Changes in milk characteristics and fatty acid profile 
during the estrous cycle in dairy cows. Journal of Dairy Science 101, 9135-9153. 
https://doi.org/10.3168/jds.2018-14480

30.	 Wiedemann, M., Buchberger, J., Klostermeyer, H. (1993): Ursachen für anomale 
Gefrierpunkte der Rohmilch. DMZ–Lebensmittelindustrie und Milchwirtschaft 114, 634-644.

31.	 Woolford, M.W., Williamson, J.H., Henderson, H.V. (1998): Changes in electrical conductivity 
and somatic cell count between milk fractions from quarters subclinically infected with 
particular mastitis pathogens. Journal of Dairy Research 65 (2), 187-198. 
https://doi.org/10.1017/S0022029997002744

32.	 Yoon, J.T., Lee, J.H., Kim, C.K., Chung, Y.C., Kim, C.H. (2004): Effect of milk production, 
season, parity and lactation period on variations of milk urea nitrogen concentration and 
milk components of holstein dairy cows. Asian-Australasian Journal of Animal Sciences 17, 
479-484.  
https://doi.org/10.5713/ajas.2004.479

33.	 Zakian, A., Nouri, M., Rasooli, A., Ghorbanpour, M., Constable, P.D., Mohammad-Sadegh, M. 
(2018): Evaluation of 5 methods for diagnosing failure of passive transfer in 160 Holstein 
calves. Veterinary Clinical Pathology 47 (2), 275-283. 
https://doi.org/10.1111/vcp.12603

Mljekarstvo 73 (3) 187-195 (2023)


