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			Abstract | The effect of physiological status on blood chemistry parameters of grazing cows using the oil palm cattle integration system (OPCIS) has never been reported in tropical areas of Indonesia. This study aimed to assess the profile of the metabolic parameters at the different physiological statuses of Brahman crossbred (BX) cows grazed under the oil palm plantation. A total of 80 clinically healthy adult cows, comprising 40 pregnant and 40 lactating cows, were used in this study. Cows were grazed on oil palm plantations covering an area of 2,700 Ha for 90 days using a rotational grazing model. Clinical examinations were conducted after rotational grazing, followed by blood sampling from the jugular vein. The results showed that the pregnant animals had a higher level of triglycerides in comparison to the lactating ones (P<0.05), whereas the pregnant animals had lowered level of Ca, Mg, Na, K, Cl, glucose, globulin, and serum total protein than the lactating ones (P<0.05). There were no significant differences in serum P, albumin, blood urea nitrogen, and creatinine concentrations between the pregnant and lactating cows (P>0.05). It could be concluded that physiological status had a significant influence on some blood metabolic parameters of BX cows grazed under oil palm plantations. These findings might support the clinical diagnosis and formulation of preventive strategies for metabolic disorders in cattle raised in the OPCIS. 

			 

			Keywords | Blood chemistry, Brahman crossbred cow, Oil palm, Grazing

		

		
			Editor | Asghar Ali Kamboh, Sindh Agriculture University, Tandojam, Pakistan.

			Received | March 28, 2021; Accepted | June 06, 2021; Published | March 25, 2021		

			*Correspondence | Irkham Widiyono, Department of Internal Medicine, Faculty of Veterinary Medicine, Universitas Gadjah Mada, Jl. Fauna 2, Karangmalang, Yogyakarta 52281, Indonesia; Email: irkhamwidiyono@ugm.ac.id

			Citation | Kristanto D, Widiyono I, Hartati S (2021). Blood metabolite parameters during the pregnancy and lactation of brahman crossbred cows grazed under oil palm plantation in Kalimantan, Indonesia. J. Anim. Health Prod. 9(3): 312-320. 

			DOI | http://dx.doi.org/10.17582/journal.jahp/2021/9.3.312.320

			ISSN  | 2308-2801

			 

			Copyright © 2021 Kristanto et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

			 

		

		
			INTRODUCTION

			 

			Pregnancy and lactation that have the potential to cause metabolic changes (Iriadam, 2007), can affect the physiological status of animals. The changes that might occur are not only related to productivity but also metabolic disorders (Sobiech et al., 2008). According to LeBlanc (2002), pregnancy and lactation are critical periods for animals with a potential incidence of approximately 30–50% of metabolic disorders and infections. During pregnancy, all metabolic pathways are involved in the maintenance of fetal development (Bell et al., 2000) and animals can experience metabolic stress (Ceylan et al., 2009). During the lactation period, there is often a negative energy balance, which results in changes in the metabolic and hormonal profiles of the blood (Wathes et al., 2009). Therefore, blood chemistry parameters such as total protein (TP), glucose (GLU), triglycerides (TGs), creatinine (CREA), blood urea nitrogen (BUN), and electrolytes, are important indicators of metabolic activity in pregnant and lactating animals (Balicki et al., 2007; Karapehlivan et al., 2007). Apart from its physiological status, other factors such as breed (Balicki et al., 2007; Stojevic et al., 2008), management, and geography (Watanabe et al., 2013) are also known to influence blood metabolite parameters. Studies have shown that adding concentrate feed to animals that are openly grazed (extensive farming) has a highly significant effect on blood chemistry (Obese et al., 2018; Adjorlolo et al., 2019). Cows that are managed in extensive farming have different blood chemical parameter values compared to those in intensive farming (Radkowska and Herbut, 2014). Additionally, the blood chemistry levels of cattle that live freely in the open are also influenced by seasonal factors (Pambu-Gollah et al., 2000). 

			 

			Currently, extensively cultivated beef cattle in tropical climates, such as Indonesia, are openly released on oil palm plantations, which is known as the oil palm cattle integration system (OPCIS). The application of this farming method could provide an opportunity to fulfill the nation’s need for meat and land conservation (Gartina and Sukriya, 2019). Cattle fed on grass and plants that grow between oil palm trees; therefore, reducing weeds in oil palm plantations. In addition, cattle can also be given additional concentrates made from palm oil industrial waste. In contrast, cattle manure can be used as a fertilizer for oil palm plants and support soil conservation efforts. Information regarding the blood chemistry parameters of cows managed with the OPCIS is quite limited, although they have a critical meaning, such as examining nutritional status, health conditions, diagnosis of metabolic diseases, and overcoming diseases and metabolic disorders in cattle (Radostits et al., 2007; Puppel and Kuczyńska, 2016). The results of previous studies on female BX cows managed with OPCIS showed that blood chemistry parameters were significantly influenced by cattle age (Kristanto and Widiyono, 2021). To date, the effect of physiological status on blood chemistry parameters of 90-day grazing cows using the OPCIS in tropical areas of Indonesia for breeding purposes has never been reported. Therefore, this study aimed to assess the blood metabolite profile of adult female BX cattle managed extensively by OPCIS in the wet tropical region of Central Kalimantan, Indonesia, at different physiological statuses. The results of this study can be used to support the clinical diagnosis and formulation of preventive strategies for metabolic disorders in cattle that are grazed or raised on OPCIS.

			 

			MATERIALS AND METHODS

			 

			Ethical approval

			The present study was approved by the Ethical Clearance Commission, Integrated Quality Testing and Testing Laboratory, Universitas Gadjah Mada, on December 14, 2018 (Certificate number: 00132/04/LPPT/XII/2018).

			 

			Place and time of the study

			This study was conducted from January to March 2019 in an oil palm plantation located in Kotawaringin Barat, Central Kalimantan, Indonesia. The oil palm plantation used for this research was 2700 Ha in size, which was divided into 90 blocks. Each block consisted of 30 Ha. The altitude of the area ranges from 0 to50 m above sea level with temperatures ranging from 22.5°C to 32.73°C. This region has a type A climate (Schmid and Ferguson classification) and a wet/rainy season of 202 days that last longer than the dry season. Rainfall ranges from 3,000 mm/year.

			 

			Animals and the raising

			A total of 80 clinically healthy Brahman crossbred (BX) adult cows, consisting of a pregnant group (40 cows within 7–9 months of gestation), and a lactating group (40 cows within 2–3 months postpartum) were used in this study. All animals were openly grazed on the oil palm plantation at the same location extensively for 3 months using a rotational grazing block model. Each grazing rotation consisted of 90 grazing blocks. Each block was 30 Ha in size and was filled with approximately 350 cattle for 1–2 days (Kristanto and Widiyono, 2021). Cows were grazed on pasture/forages/vegetation between oil palm plants and supplemented with concentrate twice daily in the morning and afternoon (approximately 3 kg/cow/day) consisting of oil palm cakes (42.5%), solid palm oil (20%), cassava dregs (17.5%), rice bran (10%), molasses (7.95%), salt (0.8%), Sel-Plex® (0.05%), and lime (1.2%). The concentrate contained 2.73% water, 9.09% crude protein, 9.09% crude fat, 15.58% crude fiber, 4055 kcal/kg gross energy, 8.20% ash, and 69.64% total digestible nutrients.

			 

			Collection, preparation, and analysis of samples

			Clinical and physiological status examinations were performed at the end of the grazing rotation to determine the health status of the body and its physiological status. Only clinically healthy animals were included in the study. Blood samples (10 mL) were collected from the jugular vein using a BD Vacutainer tube (Becton Dickinson, USA) in the morning before feeding. The sera samples were separated by centrifugation at 2000 rpm for 10 min and stored at -20°C until analysis. Blood sera were analyzed spectrophotometrically using an autoanalyzer (Roche/Hitachi Cobas 6000 analyzer) (Kristanto and Widiyono, 2021). Blood chemistry tests included GLU, TG, BUN, CREA, TP, albumin (ALB), globulin (GLB), Ca (calcium), P (phosphorus), Mg (magnesium), Na (sodium), K (potassium), and Cl (chlorine) were carried out.

			 

			Statistical analysis

			Statistical analysis of data was performed using Statistical Product and Service Solutions 16 with an error level of 0.05. The influence of physiological status on blood metabolite values was analyzed using an independent samples t-test. 

			 

			RESULTS AND DISCUSSION

			 

			Studies on the effect of physiological status (pregnant cows and lactating non-pregnant cows) to blood metabolite parameters of BX were performed on cows grazed extensively with OPCIS in Kotawaringin Barat Regency, Central Kalimantan, Indonesia. The results of the blood chemistry research are presented in Tables 1 and 2.

			 

			Table 1: Levels of glucose, triglycerides, blood urea nitrogen, creatinine, and serum protein of female Brahman crossbred cows at the different physiological statuses.

			 

			
				
					
					
					
					
					
				
				
					
							Parameter*
							
							Serum level

						
							 
							Reference value
					

					
							Pregnant cows
							Lactating cows
							P value
					

					
							
							GLU (mg/dL)

						
							
							 41.4±14.1a

						
							
							 53.45±14.6b

						
							
							0.0001

						
							
							40-1002

						
					

					
							
							TG (mg/dL)

						
							
							 37.52±16.5a

						
							
							 29.27±11.5b

						
							
							0.012

						
							
							 0-141

						
					

					
							
							BUN (mg/dL)

						
							
							 22.59±4.76a

						
							
							 21.15±4.39a

						
							
							0.164

						
							
							6.0-271

						
					

					
							
							CREA (mg/dL)

						
							
							 1.85±0.35a

						
							
							 1.72±0.30a

						
							
							0.096

						
							
							1.0-2.01

						
					

					
							
							TP (g/dL)

						
							
							 8.07±0.86a

						
							
							 8.62±1.17b

						
							
							0.019

						
							
							5.7-8.11

						
					

					
							
							ALB (g/dL)

						
							
							 3.95±0.45a

						
							
							 4.17±0.57a

						
							
							0.052

						
							
							2.1-3.61

						
					

					
							
							GLB (g/dL)

						
							
							 4.12±0.54a

						
							
							 4.44±0.75b

						
							
							0.03

						
							
							2.9-4.91

						
					

				
			

			

			a, b: Mean values in the same rows with different superscripts are significantly different (P<0.05). *GLU: glucose, TG: triglyceride, BUN: blood urea nitrogen, CREA: creatinine, TP: total protein, ALB: albumin, GLB: globulin. 1Radostits et al. (2007). 2Latimer et al. (2011).

			 

			Table 2: Mineral and electrolyte levels of Brahman crossbred cows at different physiological statuses.

			 

			
				
					
					
					
					
					
				
				
					
							Parameter*
							
							Serum level

						
							P value
							Reference value
					

					
							Pregnant cows
							Lactating cows
					

					
							
							Ca (mmol/L)

						
							
							 2.24±0.25a

						
							
							 2.43±0.28b

						
							
							 0.001

						
							
							 2-2.852

						
					

					
							
							P (mg/dL)

						
							
							 8.49±1.56a

						
							
							 8.29±1.69a

						
							
							 0.584

						
							
							 5.6-8.02

						
					

					
							
							Mg (mg/dL)

						
							
							 2.17±0.4a

						
							
							 2.51±0.39b

						
							
							 0.0001

						
							
							 1.5-2.92

						
					

					
							
							Na (mmol/L)

						
							
							 147.2±11.5a

						
							
							 155.3±13.7b

						
							
							 0.006

						
							
							 132-1521

						
					

					
							
							K (mmol/L)

						
							
							 4.94±0.73a

						
							
							 5.39±0.69b

						
							
							 0.006

						
							
							 3.9-5.81

						
					

					
							
							Cl (mmol/L)

						
							
							 99.55±9.45a

						
							
							 104.78±11.1b

						
							
							 0.027

						
							
							 95-1101

						
					

				
			

			

			a, b: Mean values in the same rows with different superscripts are significantly different (P<0.05). *Ca: calcium, P: phosphorus, Mg: magnesium, Na: sodium, K: potassium, Cl: chlorine. 1Radostits et al. (2007). 2Latimer et al. (2011).

			 

			The results of statistical analysis showed that physiological status had an effect on the mean serum glucose level. Pregnant cows (7–9 months of gestation) had significantly lower serum glucose levels than lactating cows (P<0.05). These results are consistent with those reported by Teleb et al. (2014), Otomaru et al. (2015), and Mohammed et al. (2021), who stated that the glucose level in the prepartum/late gestation period tends to be lower than that in the lactation period. Additionally, cows generally have cases of ketosis in the third trimester; therefore, glucose concentrations are lower (Ashmawy, 2015). According to Soliman (2014), low serum glucose levels in the gestation period may occur due to the gluconeogenic effect of epinephrine and cortisol before parturition and possibly related to fetal development and glucose mobilization to the fetus. These results are in accordance with those reported by Antunovic et al. (2011) and Soliman (2014) on sheep and Waziri et al. (2010) on Sahelian goats; during pregnancy, serum glucose levels tend to be lower than that in non-pregnant periods. However, the overall blood glucose levels for BX cattle in OPCIS Central Kalimantan during all physiological periods were within the range of physiological reference values for adult cattle (Radostits et al., 2007; Latimer et al., 2011). Based on the results of the study, it is expected that by maintaining glucose levels until 13 weeks postpartum, fertility can be maintained (Sulieman et al., 2017).

			 

			The TG concentration of the pregnant group was significantly higher than that of the lactation group (37.52% vs. 29.27%, P<0.05). Karapehlivan et al. (2007), Arfuso et al. (2016), and Djokovic et al. (2019) stated that TG concentrations were higher in the 3 weeks before parturition than during the lactation period from 1 to 30 days. Ashmawy (2015) reported that TG concentrations in pregnant buffaloes were higher than those in the lactation period. This might be due to increased energy requirements during lactation. According to Karapehlivan et al. (2007), TGs are used by the mammary glands to form milk fat, and their needs increase as the lactation period progresses. Furthermore, according to Meliani et al. (2011), the average TG concentrations in horses were the highest at the end of gestation period compared to that at the beginning of pregnancy. Hussein and Azab (1998), Eski et al. (2015), and Soares et al. (2018) reported that TG concentrations in pregnant goats were higher than those in the lactation period. This increase could be attributed to higher free fatty acid levels in pregnant than non-pregnant animals, which is due to increased cortisol levels as a result of stress induced by pregnancy. Overall, the average TG level in BX cows grazed on oil palm plantations was higher than the reference value (Radostits et al., 2007; Latimer et al., 2011). This difference may be related to the feed factor consumed by cattle grazing in this oil palm plantation. Sun et al. (2018) reported that the difference in the ratio of metabolizable glucose to metabolizable protein in the diet results in differences in cholesterol and TG levels in the blood.

			 

			BUN levels in cows managed with OPCIS were within the normal physiological range (Radostits et al., 2007; Latimer et al., 2011). BUN levels in the pregnant and lactating groups were comparable (22.59 ± 4.76 mg/dL vs. 21.15 ± 4.39 mg/dL), although there was a tendency to decrease in the lactating group (P>0.05). Celeska et al. (2015) reported no differences in BUN levels in prepartum and postpartum Frisian-Holland cows. Soares et al. (2018) also reported that BUN levels in lactating and pregnant goats were not significantly different. However, the results of this study on BX cows managed with OPCIS in Central Kalimantan showed that BUN levels in the pregnant cow group tended to be higher than those in cows in the lactation period. These results are as per the reports of Otomaru et al. (2015) and Djokovic et al. (2019), whostated that BUN levels in the prepartum/late pregnancy were higher than those during the lactation period. Likewise, Ashmawy (2015) reported that BUN levels in pregnant buffaloes were higher than those in the lactation period. High BUN levels during gestation and significantly decreased at the end of the lactation period were also found in sheep (Piccione et al., 2009). Increased levels of BUN in pregnant BX cows may indicate an increase in deamination or protein intake, as suggested by Hagawane et al. (2009) and Abd-El Naser et al. (2014). Piccione et al. (2009) suggested that high energy requirements during the gestation period may lead to an increase in thyroid hormone activity, which induces protein catabolism. Meanwhile, the lower levels of BUN in the lactation period may be related to the use of urea for protein/milk synthesis. Urea levels need to be kept low at 10–13 weeks postpartum to maintain fertility (Sulieman et al., 2017).

			 

			The mean CREA level in the serum of the pregnant and lactating cows was at the normal physiological level for cows, which was 1.0–2.0 mg/dL (Radostits et al., 2007). In the group of pregnant cows, the CREA level was 1.85 ±0.35 mg/dL and decreased slightly in the lactation period to 1.72 ±0.30 mg/dL (P>0.05). An increase in CREA during gestation, followed by a decrease during the lactation, was also reported in Shorthorn cows (Doornenbal et al., 1988). Physiological status has been reported to affect CREA levels, which are at a higher level in pregnancy than that during lactation (Patel et al., 2016). Furthermore, Soares et al. (2018) also reported that pregnant goats had higher CREA levels than those during lactation.

			 

			The results showed that serum TP levels were within the normal physiological range for cows (Radostits et al., 2007). The pregnant cows had a TP concentration of 8.07 ± 0.86 mg/dL, whereas the lactating ones had a significantly higher TP concentration 8.62 ± 1.17 mg/dL (P<0.05). These results are consistent with those of previous studies on dairy cows (Gianesella et al., 2018). A similar opinion was also conveyed by Mohammed et al. (2021) that the TP level was lower during pregnancy than during the lactation or non-pregnant period. Piccione et al. (2012) reported that TP levels at the end of the lactation period were higher than those at the end of the gestation period and the beginning of the lactation period. A similar finding was also found by Soares et al. (2018) in goats, in which the serum TP levels were higher in the early lactation period than in the pregnancy period. Mohamed (2014) reported that lactation had a significant effect on TP levels, particularly during the initial period. The feed factor is assumed to have played a role in changes in TP concentration, where the concentrate increased carbohydrate intake, increasing rumen microbial protein (Heck et al., 2009). An increase in TP levels is also associated with protein requirements for milk formation and immunoglobulin supply (Bremmer et al., 2000; Mohri et al., 2007). Based on the data on pregnant and lactating BX cows in this study, it can be seen that the increase in TP levels is closely related to the increase in ALB and GLB levels (Table 1). The levels of serum TP and ALB in BX cattle that were grazed extensively with OPCIS slightly above the normal physiological level for cattle (Radostits et al., 2007) and thus, which might indicate that the cows had good nutritional status. Herdt (2000) stated that serum TP values are used as indicators of animal nutritional status as they reflect feed intake and metabolism. Furthermore, Piao et al. (2015) emphasized that TP, ALB, and BUN are indicators of the adequacy of an animal’s protein intake.

			 

			There was no significant difference between the mean concentration of serum ALB in the pregnant and the lactating group of BX cows, 3.95±0.45 vs. 4.17±0.57 mg/dL (P>0.05). This finding was as per the findings of several previous studies on beef cattle (Doornenbal et al., 1988), dairy cows (Piccione et al., 2012; Mohamed, 2014; Djokovic et al., 2019), sheep (Teleb et al., 2014), and goats (Soares et al., 2018), which showed that ALB concentrations were not affected by physiological status. However, the ALB level showed a slight increase from 3.95 mg/dL in pregnant cows to 4.17 mg/dL in lactating cows (P>0.05). These findings are similar to those reported by Otomaru et al. (2015) and Gianesella et al. (2018), who found that ALB concentration tends to be higher in the lactation period than in other physiological periods. The increase in ALB during lactation plays a role in the process of immunoglobulin extraction in colostrum and milk (Soliman, 2014). Overall, these levels were slightly above the upper limit of the reference value for cows (Radostits et al., 2007), which might indicate that the status of digestible crude protein in these two groups of animals raised under the OPCIS in Kalimantan Indonesia was quite good. According to Herdt (2000), long-term levels of ALB in circulation can be used as an indicator of digestible crude protein status.

			The mean GLB levels of adult female BX cattle managed extensively with the OPCIS ranged from 4.12 to 4.44 mg/dL and were at the normal physiological level for cows (Radostits et al., 2007). The concentration of GLB in lactating cows was significantly higher than that in pregnant cows. The statistical analysis showed significant differences in the GLB of the pregnant and lactating groups (P<0.05). These results are consistent with those reported by Otto et al. (2000), Kida (2003), Mohamed (2014), and Gianesella et al. (2018), who found that the lactation period has a significant effect on GLB concentrations. This is also consistent with the results of studies in Tuj ewes, which showed an increase in GLB levels in the first 30 days post-partum/lactation (Karapehlivan et al., 2007) as well as with the results of a study in Holstein-Friesian cows (Kida, 2003). Moreover, the findings in Angoni cows in Mozambique showed that the highest levels of GLB in serum were found in lactating cows (Otto et al., 2000). Increased serum GLB concentration during early lactation in comparison to pregnancy has also been reported in goats (Soliman, 2014; Soares et al., 2018). In contrast to the above findings, Aziz and Mujalli (2008) found in dairy cows and Salem (2017) in small ruminants that the GLB concentration was lower during lactation than during the non-lactation period.

			 

			The concentration of Ca in female BX cattle in the lactation group was significantly higher than that in the pregnant cows (P<0.05). The presence of high serum Ca levels during the lactation period is consistent with the findings of Djokovic et al. (2014) in cows and Eski et al. (2015) in Angora goats; however, different from the results of Ate et al. (2009) on cattle in Nigeria and Mohammed et al. (2021) in crossbred dairy cows, which showed that Ca levels in the blood during pregnancy and lactation were not significantly different. Fadlalla et al. (2020) also reported that the concentration of Ca in dairy cows during different stages of physiological status was not significantly different; however, the level during prepartum and postpartum tended to be lowest when compared with the middle of lactation. Furthermore, P levels in the blood of BX cattle managed with OPCIS in Central Kalimantan did not show any significant changes in physiological status (P>0.05). These results areas per those of Kida (2003), Djokovic et al. (2019), and Mohammed et al. (2021), who reported no differences in P concentration in pregnant and lactating cows. In buffalo, Patel et al. (2016) also found that physiological status did not have a significant effect on P concentration. Similarly, studies on sheep and goats showed that P levels in the blood did not show any significant changes during pregnancy and lactation (Teleb et al., 2014; Soares et al., 2018). The results of this study indicated that the mean concentration of Ca in BX cow serum (2.24–2.43 mmol/L) was in the range of normal physiological values for cattle, 2–2.8 mmol/L, while the levels of P (8.29–8.49 mg/dL) were above the upper limit of the normal value for cattle, 5.6–8.2 mg/dL (Latimer et al., 2011). High serum P levels in this study are most likely related to the feed given, which are forage (grazing) and supplemented with concentrates that provide minerals at a fairly good level. Hadzimusic and Krnic (2012) stated that P levels are related to the P content in cattle feed.

			 

			The concentration of Mg in the lactating and pregnant groups were 2.51 mg/dL and 2.17 mg/dL, respectively. Based on the results of the study, it was shown that the mean concentration of blood serum Mg BX in all groups was within the normal range, 1.5–2.9 mg/dL (Latimer et al., 2011). This might indicate an adequate daily supply of Mg and good absorption of Mg in BX cattle, which are integrated into this oil palm plantation. As stated in the literature, the concentration of Mg in livestock blood is influenced by the Mg content of the feed or Mg intake and its absorption in the rumen (Djokovic et al., 2014). The results of the statistical analysis showed that physiological status had a significant effect on Mg levels in BX cows (P<0.05). Serum Mg levels in the lactation group were significantly higher than those in the pregnant group (P<0.05). These results are consistent with findings in crossbred dairy cows, Sahiwal and Holstein-Friesian cows and sheep, which show that Mg levels in lactating animals are higher than those in pregnant animals (Asif et al., 1996; Kida, 2003; Zaidan et al., 2015; Mohammed et al., 2021). The cause of the difference in Mg levels in BX cattle serum in this study is not known with certainty; however, it is likely related to differences in feed intake in some of these physiological statuses. Schonewille (2013) stated that the level of Mg in serum is closely related to the intake/content of Mg in the feed and its absorption in the digestive tract of cattle. A different report was put forward by Fadlalla et al. (2020) who stated that the concentration of Mg in the prepartum period was higher than that in the postpartum period and there tended to be no change during lactation.

			 

			The results of the statistical analysis showed that physiological status had a significant influence on Na concentrations. Serum Na levels in the pregnant cow group were 147.2±11.5mmol/L and increased significantly to the level of 155.3±13.7 mmol/L in the lactation group (P<0.05). The results of this study are consistent with the results of previous studies on Sahiwal cattle, which showed that serum Na levels in the lactation period were higher than those during the pregnancy period (Asif et al., 1996). Kupczynski and Drozdowska (2002) also reported that blood Na levels of Holstein Friesian cows aged 4–6 years in the gestation period ranged from 138 mmol/L and increased to the highest level in the 1-month postpartum period (lactation). The tendency for mean serum Na levels to be higher during the lactation period than during the pregnancy period was also found in Nigerian cattle (Ate et al., 2009) and Angora goats (Eski et al., 2015). This significant change in blood Na levels in female BX cows managed in oil palm plantations in Central Kalimantan may be related to aldosterone activity related to their physiological status. The Na levels in the blood can be associated with the activity of renin, aldosterone, and prostaglandins (Ozgo et al., 2008; Skrzypczak et al., 2014).

			 

			The results of the statistical analysis showed that the physiological status of BX cows had a significant effect on K concentrations. The K concentration in the pregnant group was at the lowest level (4.94 mmol/L) and was significantly different from that in lactating cows (5.39 mmol/L; P<0.05). These results are consistent with the report by Asif et al. (1996), who stated that the K concentrations of pregnant Sahiwal cows were significantly lower than those in lactating cows. The lowest K concentrations in pregnant cows were found during the dry period. Similarly, Kurpinska (2013) reported that the lowest K concentrations occurred 4 weeks before parturition. The same finding was also reported by Kurek and Stec (2005) that the lowest K concentrations of 2.5-4 year old cows were found in the 7-day prepartum gestation period and the highest was in the 7-day postpartum lactation period. A high concentration of K during the lactation period was also reported by Sattler and Fecteau (2001) at the first 3 months of lactation. However, overall serum levels of K in BX cattle managed extensively in oil palm plantations in Central Kalimantan during pregnant and lactating periods were in the physiological range of 3.9–5.8 mmol/L (Radostits et al., 2007).

			 

			BX beef cattle in Central Kalimantan, which were grazed in the oil palm plantation and given concentrate during the pregnancy and lactation periods, had serum Cl levels ranging from 99.55–107.30 mmol/L. These results might indicate that these beef cattle had normal serum Cl levels for beef cattle, which was 95–110 mmol/L (Radostits et al., 2007). Statistical analysis of serum Cl of BX cattle showed that physiological status had a significant effect on the serum Cl concentration of BX cows managed with OPCIS (P<0.05). Serum Cl concentrations in the pregnant group were significantly lower than those in the lactating cows (P<0.05). These results are as per the report of Dodamani et al. (2009), who stated that the Cl levels in cow serum decreased significantly during the gestation period until the 9th month. Moreover, Ozgo et al. (2008) and Skrzypczak et al. (2014) stated that the highest levels of serum Cl levels in Holstein Friesian cows were immediately after delivery. Furthermore, Grundwalt et al. (2005) confirmed that serum Cl levels were higher in beef cattle during the lactation period (105.0 mmol/L). The similarity in the tendency of lower Cl and Na levels in the pregnant group and higher in other physiological status (lactating group) in BX cows may indicate a relationship between Cl and Na regulation in the blood. This is in line with the statement of some researchers that Cl homeostasis is closely related to Na homeostasis (Ozgo et al., 2008; Batcherlder et al., 2007; Skrzypczak et al., 2014).

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			The study results concluded that physiological status had a significant influence on some blood metabolic parameters of BX cows grazed under oil palm plantations. These findings might support the clinical diagnosis and formulation of preventive strategies for metabolic disorders in cattle that are raised in the OPCIS.
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Abstract | The effect of physiological status on blood chemistry parameters of grazing cows using the oil palm cattle
integration system (OPCIS) has never been reported in tropical areas of Indonesia. This study aimed to assess the
profile of the metabolic parameters at the different physiological statuses of Brahman crossbred (BX) cows grazed
under the oil palm plantation. A total of 80 clinically healthy adult cows, comprising 40 pregnant and 40 lactating
cows, were used in this study. Cows were grazed on oil palm plantations covering an area of 2,700 Ha for 90 days using
a rotational grazing model. Clinical examinations were conducted after rotational grazing, followed by blood sampling
from the jugular vein. The results showed that the pregnant animals had a higher level of triglycerides in comparison
to the lactating ones (P<0.05), whereas the pregnant animals had lowered level of Ca, Mg, Na, K, Cl, glucose, globulin,
and serum total protein than the lactating ones (P<0.05). There were no significant differences in serum P, albumin,
blood urea nitrogen, and creatinine concentrations between the pregnant and lactating cows (P>0.05). It could be
concluded that physiological status had a significant influence on some blood metabolic parameters of BX cows grazed
under oil palm plantations. These findings might support the clinical diagnosis and formulation of preventive strategies
for metabolic disorders in cattle raised in the OPCIS.
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INTRODUCTION

regnancy and lactation that have the potential to cause

metabolic changes (Iriadam, 2007), can affect the
physiological status of animals. The changes that might
occur are not only related to productivity but also metabolic
disorders (Sobiech ez al., 2008). According to LeBlanc
(2002), pregnancy and lactation are critical periods for
animals with a potential incidence of approximately
30-50% of metabolic disorders and infections. During
pregnancy, all metabolic pathways are involved in the

maintenance of fetal development (Bell e o/, 2000) and
animals can experience metabolic stress (Ceylan ez al,
2009). During the lactation period, there is often a negative
energy balance, which results in changes in the metabolic
and hormonal profiles of the blood (Wathes ez a/, 2009).
Therefore, blood chemistry parameters such as total protein
(TP), glucose (GLU), triglycerides (TGs), creatinine
(CREA), blood urea nitrogen (BUN), and electrolytes, are
important indicators of metabolic activity in pregnant and
lactating animals (Balicki ez a/., 2007; Karapehlivan ez al.,
2007). Apart from its physiological status, other factors
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