Impact of Seasonal Variations on Enzyme Activity and Metabolic Health in Crossbred Cattle under Nagaland's Climatic Conditions


ABSTRACT
This study aimed to evaluate the impact of seasonal variations on blood serum enzyme activity as a marker of metabolic status in crossbred cattle raised under the specific climatic conditions of Nagaland. Ten clinically healthy crossbred cattle, managed under uniform nutritional and physiological conditions, were selected from the Modern Dairy Farm of Nagaland University, Medziphema. Temperature-Humidity Index (THI) values were calculated for spring, summer, and winter seasons using local meteorological data. The mean THI was highest (p<0.05) in summer (78.08±0.74), followed by winter (72.66±3.19), and lowest in spring (67.72±3.35). Blood samples were collected twice in each season between 7:00 AM and 8:30 AM. Analysis revealed that aspartate amino transferase (AST) levels (IU/L) were significantly lower (p<0.05) in summer (62.74±2.58), followed by winter (76.96±6.15), and highest in spring (101.55±5.57). Conversely, alanine aminotransferase (ALT) levels were significantly higher (p<0.05) in winter (86.11±4.28), moderate in summer (54.62±5.84), and lowest in spring (30.69±2.20). These results indicate that seasonal stress alters hepatic enzyme activity, potentially affecting the metabolic health of dairy cattle. As global demand for animal products increases alongside environmental variability, such findings are essential for developing adaptive livestock management strategies in climate-sensitive regions like Northeast India.
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INTRODUCTION
Environmental stressors such as extreme temperatures and humidity are known to have significant impacts on livestock health, performance, and overall productivity. Among these, seasonal variations represent a major factor that influences the physiological and metabolic processes in animals, particularly in tropical and subtropical regions. One of the critical indicators of an animal’s physiological status under varying environmental conditions is the activity of blood serum enzymes. These enzymes, especially aspartate aminotransferase (AST) and alanine amino transferase (ALT), serve as useful biomarkers for liver function, metabolic stress, and tissue damage, and may vary depending on environmental factors like temperature and humidity. The critical role of metabolic regulators in physiological responses during stress, recommending the assessment of enzyme levels in plasma or serum for evaluation. Alanine transaminase, an enzyme predominantly present in the liver, facilitates the conversion of protein into energy for hepatic cells. Giri and Bharti (2018) observed that liver enzymes AST and ALT were elevated during the wet season, indicating a hepatic challenge. In ruminants, hepatic diseases may be caused by plant toxicoses, worm (liver flukes) infections, clostridia diseases, mycotoxicosis, and ingestion of toxic substances, mineral toxicosis, and vitamin E deficiency. In high-altitude cold desert dairy cows (Jersey crossbreds), seasonal biochemical changes include higher glucose and AST in summer vs winter; albumin higher in winter. Such enzymes (AST etc.) are markers of liver function/metabolic stress

The temperature-humidity index (THI) is widely recognized as an effective tool to assess heat stress in animals by combining ambient temperature and relative humidity into a single value. When THI exceeds certain thresholds, it can lead to thermal discomfort, reduced feed intake, altered enzyme activity, and impaired immune function in cattle. Understanding how different seasonal THI levels influence the blood biochemical profile of cattle can help in formulating better management strategies for improving animal welfare and productivity.

This study was carried out to evaluate the seasonal variations in blood serum enzyme activity in crossbred cattle maintained under uniform nutritional and management conditions. Ten healthy crossbred cows from the Nagaland University modern dairy farm in Medziphema, Nagaland, were selected for the investigation. The study was conducted across three distinct seasons—spring, summer, and winter—based on local meteorological data. Blood samples were collected during the early hours of the day to minimize the effect of daily temperature fluctuations. Seasonal THI values were calculated and correlated with the observed serum enzyme levels.

The primary objective of the research was to generate baseline data and compare the variations in AST and ALT enzyme activities across different seasons. The findings are expected to contribute to a better understanding of climate-induced physiological responses in cattle and may serve as a reference for managing livestock more effectively under changing environmental conditions.

MATERIALS AND METHODS
The present study was conducted at Nagaland university dairy farm, school of agricultural science (SAS) Medziphema campus Nagaland, India. The metrological factors such as ambient temperature and relative humidity values were obtained from the metrological station of ICAR research complex for NEH region, Nagaland center, India located at the experimental stations for calculation of temperature humidity index (THI). Seasons wise THI calculated for calendar year 2022 and year divided in three seasons such as spring (January to April), summer (May to August), and winter (September to December).
The present research was carried out on ten crossbred cattle’s with an average age of  1.5 to 3 years and average body weight of 100-300 kg were  selected organized dairy farm at Nagaland university school of agricultural science, Medziphema campus, Nagaland, India and were maintained standard under the same feeding, housing, and natural photoperiod, environmental temperature condition. Blood sample were 5 ml collected from jugular vein two times between monthly intervals in each seasons under different environmental condition from all animals for of recorded seasonal variation in enzyme activity as an indicator of metabolic status in crossbred cattle under Nagaland's climatic condition. The blood sample was collected in heparin tubes and immediately stored in ice box for transportation. The experimental data obtained were subjected to statistical analyzed of using randomized block design as per the standard procedure described by Snedecor and Cochran (1994).
RESULTS AND DISCUSSION
The mean values of seasonal variation in enzyme activity as an indicator of metabolic status in crossbred cattle under Nagaland climatic condition.
Table 1. Local climatic parameters during different seasons of experimental period (THI Values) (Rameshwar et al., 2023)
	Seasons
	Air Tempreature (˚C )
	Relative humidity (%)
	THI Value

	
	Max.
	Min.
	Mean
	Max
	Min.
	Mean
	Mean

	Spring
	27.25
(22.7-32.2)
	13.77
(9.6-19.9)
	20.51
	92.75
(90 - 96)
	53
(40 - 68)
	72.87
	67.72

	Summer
	32.2
(30.5-33.0)
	23.62
(21.9-24.6)
	27.51
	93.25
(92 - 95)
	70.5
(69 - 72)
	81.87
	78.08

	Winter
	29.4
(25.7-33.0)
	17.9
(11.7-23.8)
	23.65
	94.25
(91 - 96)
	62.25
(53 - 69)
	78.25
	72.66


a, b, c  Mean  bearing  different superscripts  in a  column varied  significantly (P<0.05).
ALANINE AMINO TRANSFERASE (ALT)
The observation of alanine amino-transfers concentration recorded in crossbred cattle during different seasons is presented in the graphically plotted in Fig1. The statistical analysis of the average values of alanine amino-transfers (ALT), it was observed that the concentration of alanine amino-transferase was 30.69±2.20, 54.62±2.84 and 86.11±4.28 (U/L) in spring, summer and winter seasons, respectively. From statistical analysis, it was found that the concentration of alanine amino-transferase was significantly (P<0.05) highest in winter season (86.11±4.28 U/L) followed by summer season (54.62±2.84 U/L) and lowest in spring season (30.69±2.20 U/L). However, there was significant differ between winter, summer and spring seasons.

The observed highest concentration of alanine aminotransferase (ALT) during winter could be attributed to various factors related to cold environmental conditions. Cold temperatures can lead to increased leakage of enzymes from the liver into the bloodstream, which may indicate liver injury or disruption of normal liver function. Additionally, the activity of ALT tends to increase during cold and hot humid conditions. Moreover, liver glycogen content is subject to endocrine regulation, and ALT activity can be influenced via changes in glycogen metabolism. Alanine, one of amino acids involved in gluconeogenesis, can be changed to pyruvate by ALT, contributing to glucose production. During colder temperatures, there might be alterations in gluconeogenic pathways, leading to increased utilization of alanine and consequently higher ALT activity. ALT catalyzes the reversible transport of an amino group from alanine to alpha-ketoglutarate, generating pyruvate and glutamate. This enzymatic reaction is part of the transamination process, which occurs in various tissues but is particularly prominent in the liver, heart, brain, and kidney.

 It's interesting to see how the trend in alanine aminotransferase (ALT) concentration aligns with findings from Yokus and Cakir (2006), who also noted significantly higher concentrations of ALT during the winter season, followed by summer and spring, in cattle. This consistency across studies further supports the notion that environmental factors, such as temperature fluctuations, may indeed influence liver function and enzyme activity in animals.

 Fig 1: Alanine amino-transferase (U/L) in crossbred cattle during different seasons.

It's fascinating to note the contrasting findings reported by Arup et al. (2017), Chandra et al. (2012), Gaafar et al. (2021), and Srikandakumar et al. (2003) regarding the concentration of alanine aminotransferase (ALT) in various environmental and climatic conditions. Arup et al. (2017) observed significantly higher ALT levels during the summer season followed by winter in dairy cows in a high-altitude cold desert, suggesting that altitude and specific environmental factors may play a role in ALT concentration. Chandra et al. (2012) found that ALT levels were significantly higher in the afternoon compared to morning values in Sahiwal cattle, indicating potential diurnal variations in enzyme activity. Conversely, Gaafar et al. (2021) reported lower ALT levels during the winter season followed by summer in suckling Friesian calves in Egypt, suggesting a different pattern of ALT concentration influenced by geographical and climatic factors. Srikandakumar et al. (2003) also noted increased serum ALT concentration during thermal stress in Omani and Australian Merino sheep, highlighting the impact of climatic stress on liver enzyme activity across different regions and sheep breeds. These diverse findings underscore the complexity of factors influencing ALT concentration in livestock and the importance of considering environmental variables in such studies.

ASPARTATE AMINO TRANSAMINASE (AST)
The observation of aspartate amino- transaminase concentration recorded in crossbred cattle during different seasons is presented in the graphically plotted in Fig 2. From statistical analysis, it was found that the concentration of aspartate transaminase was significantly (P<0.05) lowest in summer season (62.74±2.58 U/L) compared to winter season (76.96±6.15 U/L) and highest in spring season (101.55±5.57 U/L). However, there was no significant differ between winter and summer seasons.

The observed highest concentration of aspartate aminotransferase (AST) during winter may indeed be attributed to colder conditions leading to increased leakage of enzymes from the liver into the bloodstream. This phenomenon could indicate liver injury or disruption of normal liver functions during the winter months. Aspartate amino transferase is a vital enzyme involved in amino acid metabolism, and its activity is reversible and catalyzed by transaminase enzymes, which are widely distributed in animal tissues, particularly in the liver, heart, brain, and kidneys. Since animals cannot synthesize certain essential amino acids in sufficient quantities, it's crucial to provide them in the diet to ensure proper metabolic function and overall health. During winter, colder conditions and reduced activity levels in cattle may lead to decreased muscle stress compared to other seasons. As a result, there may be less muscle damage and therefore lower levels of AST. Reduced physical activity during winter can contribute to lower AST levels, as AST released into the bloodstream when muscle cells are damaged or stressed.

These findings support with before research, such as the study by Srikandakumar et al. (2003), which observed “the highest concentration of aspartate transaminase during the winter season followed by summer in Omani and Australian Merino sheep”. Similarly, Zhang et al. (2015) found that “the concentration of aspartate transaminase (AST) was significantly highest during the winter season followed by summer in Chinese Merino sheep”. Mirzaei et al. (2013) also reported similar results, “with the concentration of AST being significantly highest during the winter season followed by summer in Iranian fat-tailed sheep. These consistent findings across different studies suggest a seasonal variation in AST levels in sheep, with higher concentrations typically observed during the winter months compared to summer”.

[bookmark: _GoBack]These findings contrast with the observed seasonal trend in AST concentration reported in other studies. Arup et al. (2017) found that AST concentration was significantly highest in the summer season followed by winter in dairy cows in a high-altitude cold desert. Chandra et al. (2012) reported that AST levels in growing and adult Sahiwal cattle were significantly highest during the afternoon compared to morning values, suggesting diurnal variations rather than seasonal. Gaafar et al. (2021) observed that AST activity was significantly lowest during the winter season followed by summer in suckling Friesian calves in Egypt. Similarly, Sharma and Kataria (2011) reported that “AST concentration was highest during summer followed by winter in goats. Additionally, Muncy et al. (1993) found that AST concentration was significantly highest in the summer season followed by winter in dairy cattle. These discrepancies suggest that factors such as geographical location, management practices, and breed differences may influence the seasonal variations in AST levels across different studies”.

Fig 2: Aspartate transaminase (U/L) in crossbred cattle during different seasons.

The variations in enzyme concentration activity across different seasons are as follows: Alanine amino transferase (ALT) concentration: 30.69±2.20, 54.62±2.84, and 86.11±4.28 (U/L) in spring, summer, and winter seasons, respectively. Aspartate transaminase (AST) concentration: 101.55±5.57, 62.74±2.58, and 76.96±6.15 (U/L) in spring, summer season and winter season, respectively. Statistical analysis revealed that AST concentration was significantly (P<0.05) lowest in the summer season, compared to winter and spring seasons. However, there was no significant differ (P<0.05) among summer and winter seasons. The decrease in AST during the summer season may be attributed to increased temperature humidity index (THI) values and heat stress. On the other hand, ALT concentration was significantly (P<0.05) highest in the winter season, after that summer and spring seasons. There was a significant differ (P<0.05) observed between winter, summer, and spring seasons. The decrease in ALT enzyme concentration during the summer season may be due to the correlation the high THI values and blood enzyme activity of crossbred cattle. Conversely, the increased in ALT during the winter season might be there attributed to the comfortable and suitable THI conditions experienced during this time.

CONCLUSIONS
The study highlights that seasonal variation significantly affects liver enzyme activity in crossbred cattle, with notable changes observed in AST and ALT levels across spring, summer, and winter. The highest AST activity during spring and elevated ALT during winter suggest season-specific metabolic stress or hepatic workload, possibly influenced by ambient conditions, feed intake, or physiological adaptation. These enzymatic changes serve as sensitive biomarkers for assessing the metabolic status and overall health of dairy cattle under fluctuating climatic conditions. The data underscores the importance of continuous metabolic monitoring and season-adjusted management practices to ensure optimal health and productivity in crossbred cattle, particularly in agro-climatic zones like Nagaland where environmental stressors vary significantly. Moreira et al. (2018) high-altitude cold desert dairy cows (Jersey crossbreds), seasonal biochemical changes include higher glucose and AST in summer vs. winter; albumin higher in winter. Such enzymes (AST etc.) are markers of liver function/metabolic stress.
FUTURE SCOPE
The serum enzyme activity parameters obtained in this study can serve as valuable indicators for understanding the normal physiological behavior of crossbred cattle, particularly in the Medziphema region of Nagaland. Seasonal variations in these biochemical markers may aid in the development of improved health management practices. Furthermore, this knowledge can be utilized to design effective strategies to combat environmental stress, thereby enhancing productivity and overall well-being of crossbred cattle in the region.
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