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			Abstract | Detection of early pregnancy in livestock is an important part of livestock reproductive management; therefore, choosing an accurate method for diagnosing early pregnancy is very important. This research aims to determine the potential utilization of pregnancy associated glycoproteins (PAG) circulating in the blood as a diagnostic tool for pregnancy in cows. A study was carried out on 37 Bali cows with previous experience giving birth. Blood samples were taken from the jugular vein on the 45th day after artificial insemination and stored at -20°C until PAG testing using the ELISA method. The sensitivity of the test for pregnancy detection was 0.33 ng/mL. As a control, samples from non-pregnant cows were used. The PAG concentration in pregnant Bali cows was 0.55 ng/mL, and in non-pregnant cows, it was 0.06 ng/mL. PAG concentration in pregnant cows was significantly different from that of cows that were not pregnant. The results of research on Bali cows showed that the accuracy of the PAG test in diagnosing pregnancy was 100%. Therefore, it was concluded that the circulating concentration of PAG is a suitable marker for determining pregnancy in Bali cattle. However, in order to better manage the reproductive system of Bali cows, further research is needed to increase the prediction value to a more acceptable starting point.
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			Introduction

			 

			The inability of national meat production in Indonesia has resulted in the government still importing beef from several countries. Of course, this indicates that beef production still needs to be put up to target (Sawitri et al., 2021). Efforts can be made to improve the livestock system in Indonesia, especially to achieve the target of one-year birth intervals or to shorten the calving–conception interval by detecting early pregnancy in cows after mating (Kaya et al., 2016). Early pregnancy diagnosis is necessary after mating for early removal of non-pregnant livestock. Early pregnancy diagnosis with a high level of accuracy is very important to improve the reproductive performance of cows (Abdullah et al., 2014; Lavon et al., 2022). Early pregnancy diagnosis is very important to determine whether the cow is pregnant so that early treatment can be carried out (Bekele et al., 2016; Prasanna Kumar et al.,  2020).

			 

			Diagnosis of pregnancy, especially early pregnancy, has developed rapidly over the last few decades. Early pregnancy diagnosis is very important to minimize the time spent on cows not being pregnant (Reese et al.,  2016). Several pregnancy diagnosis methods have been clinically used in cattle farming. These methods are rectal palpation, ultrasonography, biological indicators, and other early pregnancy factors. However, none of these methods are ideal for cattle. This is due to limitations in sensitivity, specificity, speed of examination, and ease of carrying out examinations (Singh, 2021; Balhara et al., 2013).

			 

			Advances in molecular techniques such as proteomics have opened up opportunities for using molecular biomarkers of early pregnancy in cows. It is thought that changes in the blood protein profile occur from estrus to implantation. Since fertilization, molecular changes have also resulted from the conceptus’s development. These molecular changes may be used as specific markers of the animal’s physiological stage. For this molecule to be used as a pregnancy marker. As early as feasible, the candidate molecule must identify if cows are pregnant reliably. The pregnancy-specific proteins from biological fluids are available to determine gestation (Szelényi et al., 2021).

			 

			In ruminants, glycoproteins are produced during pregnancy, which are synthesized by mono- and binucleate cells from the trophectoderm (Shahin et al., 2014; Krebs et al.,  2022). Pregnancy associated glycoproteins (PAG) appears in the mother’s blood immediately after implantation and is detected throughout the pregnancy. The presence of PAG indicates the presence of a functional placenta and developing embryo (Filho et al., 2020). Although there is evidence in ruminants, the potential use of circulating PAG as a pregnancy biomarker in Bali cows has never been investigated. Therefore, developing PAG for early pregnancy diagnosis requires a comprehensive study of the PAG profile circulating in the blood serum of pregnant and non-pregnant cows. Thus, current study aimed to determine the potential utilization of PAG circulating in the blood as a diagnostic tool for pregnancy in Bali cows. 

			 

			Materials and methods

			 

			Animal

			Thirty seven , healthy Bali cows were assigned to the study and were maintained at the Bali Cattle Breeding Centre Pulukan, Jembrana, Bali. The experimental cows were placed in a communal pen and reared in the intensive management system. All cows had normal intakes and had no incidents of reproductive health problems. For blood sampling, 16 pregnant and 21 non-pregnant  female Bali cows resulting from artificial insemination were used. Confirmation of whether a cow is pregnant or not pregnant was determined using ultrasonography. All the experimental procedures were carried out in accordance with the approval of the Animal Ethics Committee of the Faculty of Veterinary Medicine, Udayana University.

			 

			Serum preparation

			A 10 ml of Bali cow blood was taken from the jugular vein using a 10 mL vacutainer tube (BD Vacutainer, Becton, Dickinson and Company, NJ) on the 45th day after artificial insemination. Serum was obtained by centrifuging blood at 1500 rpm for 20 minutes. The serum was placed in cryotubes and stored at -20C until analysis.

			 

			Bovine pregnancy-associated glycoproteins assay

			PAG concentration was measured using ELISA. The ELISA test uses a commercial kit (IDEXX®- Visual Rapid Pregnancy Test). The sensitivity of the test for detecting pregnancy was 0.33 ng/mL. As a control, non-pregnant cows were used. In order to reduce sample variability, the ELISA test was run with duplicates of each sample from pregnant cows approximately 45 days after pregnancy. In all experimental cows, an ultrasound examination was carried out to confirm pregnancy status on day 45 (DG45), and this ultrasound examination was considered the gold standard reference.

			 

			Statistical analysis:

			The accuracy of PAG concentration in serum was determined by analyzing the examination results with the actual reproductive status of pregnant or non-pregnant cows. Differences in PAG level concentrations in pregnant and non-pregnant cows were analyzed using the T-test. The results of examining PAG concentrations were presented as mean ± SEM, and differences were considered significant if P < 0.05.

			 

			Results

			 

			Among the 37 blood samples examined using the PAG-ELISA test, a total of 16 cows were identified as pregnant, and 21 were not. No false positives were observed in the blood serum examination. The results of examinations using the PAG-ELISA test showed that serum samples identified as pregnant showed an average titer of 0.552 ± 0.242, and cows identified as not pregnant showed an average titer of 0.067 ± 0.103 (Table 1). The accuracy of the examination results was found 100% in Bali cows. The statistical analysis results showed a significant difference in circulating PAG concentrations in the blood serum of pregnant and non-pregnant Bali cows (P<0.001). The results of this PAG examination can be used to validate pregnancy in Bali cattle.

			 

			Table 1: The average concentration of PAGs found in the blood serum of Bali cows.
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							Average concentration (μg/ml)
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							Pregnant cows

						
							
							0.552 ± 0.242a

						
					

					
							
							2

						
							
							Non Pregnant cows

						
							
							0.067 ± 0.103b

						
					

				
			

			

			Different superscript letters indicate significant differences (p<0.05)

			 

			Discussion

			 

			Successful pregnancy is a significant problem for the economic income of cattle breeders. Detection of early pregnancy in livestock and prediction of early pregnancy failure is beneficial in influencing livestock management decisions (Pohler et al., 2020; Barbato et al., 2022). Diagnosis of early pregnancy is an important tool in livestock species and has been performed traditionally via transrectal palpation or ultrasound. However, due to limitations in skilled technicians and their height, the demand for accurate pregnancy diagnosis has become increasingly important (Khan et al., 2020). Pregnancy diagnosis is an important part of successful reproductive management (Delhez et al., 2020) and early identification of non-pregnancy in female cattle. Knowing early pregnancy will reduce the mating interval, give birth, calving intervals and early re-breeding (Filho et al., 2020).

			 

			Glycoproteins are protein pregnancy markers that are extensively glycosylated secretory proteins of trophoblast cells of the fetus and released in the maternal bloodstream. This glycoprotein can be seen circulating in the dam’s blood circulation for 30 days in all pregnant cows (Krebs et al., 2022) and will continue to increase until it reaches its peak about one week before calving. These proteins secreted by the placenta are associated with conception and are called pregnancy-associated glycoproteins (PAGs). These diagnostic tools identify pregnant or non-pregnant animals and predict early pregnancy failure (Barbato et al., 2022).

			 

			The results of this study show that a pregnancy test using circulating proteins in Bali cow serum can detect pregnancy status accurately. The PAG assay produced several true positives (16/16) and measured true negatives (21/21), and the PAG test method was accurate for detecting pregnancy in Bali cows. This glycoprotein provides accurate results for detecting pregnancy. This pregnancy kit can consistently detect the presence of PAG in the serum of pregnant and non-pregnant Bali cows. Testing with the PAG commercial kit can diagnose pregnancy in cows accurately and is available in the market for blood and milk (Filho et al.,  2020).

			 

			The sensitivity of test PAG-ELISA was reported to be 100% (Ghaidan et al., 2019; Palhão et al., 2019), and Northrop et al. (2019) reported this assay was 97%. In Bali cattle, it was found that there was a relationship between PAG circulating in serum during pregnancy with accuracy reaching 100%. This research result confirmed that circulating PAG concentrations are elevated in pregnant in day 45 compared to non-pregnant Bali cattle. This research aligns with the findings by Commun et al. (2016), who stated that the sensitivity of using PAG as a pregnancy marker reaches 100%. PAG testing is the best technique for detecting pregnancy in cows, especially after one month of pregnancy (Ghaidan et al., 2019). PAG-based ELISA test as a good method for pregnancy diagnosis because quite specific and sensitive for diagnosing pregnancy in cattle farms (Kaya et al., 2016).

			 

			After successful conception, PAG may be detected at three weeks after conception. Concentrate PAG slowly increases until just before birth; the sensitivity and accuracy of PAG as pregnancy markers increase according to the pregnancy age. Early pregnancy diagnosis in cows is important, especially in management and economics. The potential of any pregnancy screening method must be compared with the gold standard, namely transrectal ultrasound (Palhão et al., 2019).

			 

			Pregnancy diagnosis based on the 45th day PAG concentration in Bali cows that has been tested is comparable to the accuracy of using ultrasound, including the potential of this PAG in determining whether Bali cows are not pregnant. The role of early PAG concentration for pregnancy checks in Bali cows currently seems could not be carried out because it is due to the sampling problem that ultrasound examinations only be carried out on the 45th day.

			  

			Balinese cattle are germplasm of Indonesia, resulting from direct domestication from bulls, which still live in the Baluran National Park area, East Java (Martojo, 2012). Bali cattle have powerful energy, and the presence of horns on cows, accompanied by their wild temperament, requires special techniques or skills in handling cattle, especially during pregnancy checks. This often makes it impossible to carry out pregnancy checks at an early age. Therefore, this invasive examination gives hope for early pregnancy checks in Bali cows.

			 

			Results showed that PAG levels cycled in only pregnant animals. Therefore, this PAG can be used to validate the pregnancy of Bali cows. Based on the current study findings, the ELISA kit developed for bovine PAG detection is suitable for accurate pregnancy diagnosis in Bali cows at 45 days post-mating. 

			 

			CONCLUSION

			 

			Diagnosis of early pregnancy in Bali cows using PAG concentration circulating in blood serum has the potential to be developed as pregnancy markers in Bali cows. PAG concentration in pregnant Bali cow is significantly different from that of cows that are not pregnant. Circulating PAG concentration may be a suitable marker for determining pregnancy in Bali cows; however, in order to better reproductive management of Bali cows, further research is needed to increase the prediction value to a more acceptable starting point.
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Abstract | Detection of early pregnancy in livestock is an important part of livestock reproductive management;
therefore,choosing an accurate method for diagnosing early pregnancy is very important. This research aims to determine
the potential utilization of pregnancy associated glycoproteins (PAG) circulating in the blood as a diagnostic tool for
pregnancy in cows. A study was carried out on 37 Bali cows with previous experience giving birth. Blood samples were
taken from the jugular vein on the 45th day after artificial insemination and stored at -20°C until PAG testing using
the ELISA method. The sensitivity of the test for pregnancy detection was 0.33 ng/mL. As a control, samples from
non-pregnant cows were used. The PAG concentration in pregnant Bali cows was 0.55 ng/mL, and in non-pregnant
cows, it was 0.06 ng/mL. PAG concentration in pregnant cows was significantly different from that of cows that were
not pregnant. The results of research on Bali cows showed that the accuracy of the PAG test in diagnosing pregnancy
was 100%. Therefore, it was concluded that the circulating concentration of PAG is a suitable marker for determining
pregnancy in Bali cattle. However, in order to better manage the reproductive system of Bali cows, further research is
needed to increase the prediction value to a more acceptable starting point.
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