


Effect of berberine supplementation on haematological variables in growing Sahiwal calves during summer stress


Abstract:
This study was designed to evaluate the effect of dietary berberine supplementation on the haematological profile of Sahiwal calves during the summer season. The study was conducted from April to July 2025. Twenty-eight growing Sahiwal calves (6-12 months old) were randomly assigned to four experimental groups, comprising three treatment groups and one control group (n = 7 per group), based on body weight and age. The basal diet was the same for all groups. Berberine was supplemented at doses of 0.0, 0.5, 1.0 or 1.5 g/kg DM over a 120-day experimental period. Total erythrocyte count and packed cell volume were significantly (P < 0.05) higher in the treatment groups than in the control group, with the highest values observed in the groups receiving 1.0 and 1.5 g/kg DM berberine. The average values of haemoglobin, total leukocyte count, basophils, eosinophils and monocytes did not vary significantly (P > 0.05) among the groups. In conclusion, dietary supplementation with berberine at 0.5, 1.0 and 1.5 g/kg DM may serve as an effective nutritional strategy to maintain haematological homeostasis and enhance the physiological resilience of Sahiwal calves to the deleterious effects of summer heat stress.
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Introduction:
Heat stress during the summer season is a significant constraint to livestock productivity, particularly in tropical and subtropical climates (West, 2003; Bernabucci et al., 2010). High environmental temperatures, coupled with increased humidity, can negatively affect feed consumption, nutrient metabolism, growth performance, immunity and the general health of animals (Wheelock et al., 2010; Baumgard & Rhoads, 2013). In cattle, exposure to thermal stress triggers a series of physiological and metabolic adjustments aimed at maintaining body temperature and homeostasis. These adaptations are often reflected in changes in blood and haematological characteristics, making them valuable indicators for evaluating an animal's response to heat stress (Das et al., 2016). Growing calves are especially susceptible because their physiological systems are still developing and their nutritional demands are relatively high.
The haematological profile, comprising total erythrocyte count (TEC), haemoglobin concentration (Hb), packed cell volume (PCV), total leukocyte count (TLC) and differential leukocyte counts, is commonly used to assess the health and physiological condition of animals (Jain, 1993). Environmental stressors, such as high temperature, may alter blood cell production, distribution and survival through mechanisms associated with oxidative stress and immune disturbances (Gaughan et al., 2010). Nutritional strategies capable of improving the resilience of animals to thermal stress are therefore receiving increasing research attention (Sejian et al., 2018).
Recent reviews have further emphasised that nutritional interventions and plant-derived feed additives are being evaluated to support metabolism, antioxidant status, health and welfare in animals exposed to production or environmental stress (Kotsampasi et al., 2024; Wang et al., 2024). In this context, dietary plant-based supplements have also been assessed through haematological, biochemical, growth and gut-health indicators in different production animals (Sharma et al., 2025; Monisha et al., 2025).
Berberine is a bioactive alkaloid isolated from several medicinal plants and has attracted considerable interest because of its broad spectrum of biological activities (Imenshahidi & Hosseinzadeh, 2016). Numerous studies have reported its antioxidant, anti-inflammatory, antimicrobial and immunomodulatory effects (Cicero & Baggioni, 2016; Zou et al., 2017). In addition, berberine has been shown to influence cellular metabolism and enhance the body's defence mechanisms against various physiological stressors (Zhang et al., 2018). In response to these issues, berberine, a natural isoquinoline alkaloid, is being extensively investigated as a potential bioactive feed additive capable of influencing metabolic and inflammatory pathways (Ghavipanje et al., 2023; Wang et al., 2022). The evaluation of the health status of cattle subjected to such dietary changes is often based on haematological parameters, which are important indicators of physiological homeostasis, immunological status and systemic response to stressors (Adeola et al., 2025). Specifically, tracking changes in white blood cell counts and red blood cell profiles offers critical information on how berberine-loaded formulations might alleviate heat-induced physiological stress and enhance overall immune resilience in production animals (Shalaby et al., 2025). These characteristics indicate its potential as a natural feed additive for improving animal health and adaptation under challenging environmental conditions. One of the major consequences of heat stress is the excessive generation of reactive oxygen species, which can disturb cellular function and damage biological molecules (Bernabucci et al., 2002). Such oxidative damage may adversely affect blood cell integrity and immune responses. Owing to its strong antioxidant properties, berberine may help neutralise free radicals, strengthen endogenous antioxidant defences and protect blood cells from oxidative injury (Habtemariam, 2020). Moreover, its anti-inflammatory and immunomodulatory actions may contribute to maintaining normal physiological functions and improving the animal's ability to cope with thermal stress (Ghavipanje et al., 2023).
More recently, dietary berberine supplementation has been reported to improve growth performance, liver-related blood parameters and antioxidative status in fattening lambs, although evidence in calves under natural summer stress remains limited (Radin et al., 2025).
However, limited information is available on the haematological response of growing Sahiwal calves to graded dietary berberine supplementation under natural summer conditions, particularly in relation to erythrocytic and leukocytic indices.
Against this background, the present study was designed to evaluate the effects of dietary berberine supplementation on selected haematological parameters, including TEC, PCV, Hb, TLC and differential leukocyte counts, in growing Sahiwal calves exposed to summer stress conditions. It was anticipated that berberine supplementation would support normal haematological function and improve the physiological response of calves to heat stress.
Materials and methods:
Geographical location of the farm:
The experiment was carried out at Livestock Research Center-1, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut. Meerut is located at approximately 29° 01' N latitude and 77° 45' E longitude in the Indo-Gangetic plains of India and is situated 224 m above mean sea level. The mean annual ambient temperature and relative humidity range from 2.5°C to 43°C and from 32% to 85%, respectively. The average annual rainfall in this area is about 795 mm. The total geographical area of the Meerut division under the western zone of Uttar Pradesh is 20,624 km². The experiment was conducted during the summer season (April-July).
Experimental design, feeding and management:
Twenty-eight growing Sahiwal calves (6-12 months old) were selected from Livestock Research Centre-1, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, during the summer season and were randomly assigned into four treatment groups, with seven calves in each group, according to body weight and age. Feed and fodder were provided in the form of a total mixed ration (TMR) consisting of concentrate, green fodder and straw in a ratio of 50:30:20. The TMR was prepared as per the recommendations of the National Research Council [NRC] (2001) to meet the nutrient requirements of calves. The TMR basal diet was supplemented with berberine at doses of 0.0, 0.50, 1.0 or 1.5 g/kg DM for 120 days of the study period. The computed and weighed doses of berberine were mixed with a small quantity of concentrate and fed individually to each animal in the respective groups for 120 days of the experimental period. Clean and fresh tap water was offered ad libitum. A total mixed ration was prepared daily and provided twice a day, at 7:30 a.m. and 6:00 p.m. All experimental animals were housed in a well-ventilated animal shed with provision for individual feeding and watering. Strict hygienic and management practices were followed throughout the 120-day experimental period. The shed was washed and cleaned daily to reduce the risk of infection. All experimental calves were dewormed before the start of the experiment.
Blood collection
During the 120-day trial, blood was drawn aseptically from the jugular vein of Sahiwal calves into EDTA-containing vials using sterilised needles and syringes at 7:30 a.m., before feeding and watering, at monthly intervals throughout the study. The vials were then transported to the laboratory in ice boxes. The blood was analysed for total erythrocyte count, packed cell volume, haemoglobin, total leukocyte count, basophils, eosinophils and monocytes using the Rayto Hemaray 51Vet Haematology Analyser.
Statistical analysis
Data were analysed using MIXED models in the statistical software package SPSS version 20 (SPSS for Windows, V 20.0; SPSS, Inc., Chicago, IL, USA). The model was used to estimate the effect of different doses of berberine on haematological parameters. Pairwise comparisons of means were carried out using Tukey's multiple-range test.
Results and discussion:
The effects of dietary berberine supplementation on TEC, PCV and Hb are presented in Table 1, whereas its effects on TLC, basophils, eosinophils and monocytes are presented in Table 2. The quadratic effect of berberine supplementation was not significant (P > 0.140) for TEC, PCV, Hb, TLC, basophils, eosinophils and monocytes throughout the experimental period. However, a significant linear effect of berberine was observed for TEC and PCV on days 30, 60, 90 and 120, as well as over the entire study period (P < 0.003), indicating progressive improvement in these parameters with increasing dietary berberine levels. Similarly, haemoglobin concentration increased linearly with increasing berberine supplementation on days 30, 60 and 120 (P < 0.042). However, the linear effect was not significant on days 0 and 90 (P > 0.343).
Both linear and quadratic effects of berberine on TLC, basophils, eosinophils and monocytes were non-significant (P > 0.067) at all sampling intervals and across the entire experimental period. The mean TEC and PCV values were higher in calves receiving 0.5, 1.0 or 1.5 g berberine/kg DM than in the control group. However, no significant differences were observed between the 1.0 and 1.5 g/kg DM supplementation levels. Furthermore, TEC and PCV on days 30, 60, 90 and 120, and Hb concentrations on days 30, 90 and 120, differed significantly among treatments (P < 0.05), with the highest values recorded in the group supplemented with 1.5 g berberine/kg DM. Dietary berberine supplementation had no significant effect (P > 0.05) on TLC, basophils, eosinophils or monocytes, and these parameters remained comparable among the treatment groups throughout the study. Likewise, the treatment × day interaction was not significant for PCV (P = 0.136), Hb (P = 0.449), TLC (P = 0.742), basophils (P = 0.282), eosinophils (P = 0.867) or monocytes (P = 0.967), indicating that the response of these variables did not differ over time among the treatment groups.
The present study demonstrated that dietary berberine supplementation improved TEC, PCV and Hb concentration in growing Sahiwal calves during summer stress, whereas TLC, basophils, eosinophils and monocytes remained unaffected. The significant linear increase in TEC and PCV with increasing dietary berberine levels suggests a positive influence of berberine on erythropoiesis and erythrocyte integrity under heat stress conditions. Heat stress is known to induce oxidative stress through excessive generation of reactive oxygen species (ROS), which can damage erythrocyte membranes and reduce red blood cell survival (Bernabucci et al., 2002; Sejian et al., 2018). The antioxidant properties of berberine may have protected erythrocytes from oxidative damage, thereby improving erythrocyte count and packed cell volume in berberine-supplemented calves. The observed increase in haemoglobin concentration with berberine supplementation further supports the beneficial role of berberine in maintaining oxygen-carrying capacity during thermal stress. Berberine has been reported to enhance antioxidant defence systems and improve cellular metabolism, which may indirectly support haemoglobin synthesis and erythrocyte production (Cicero & Baggioni, 2016; Habtemariam, 2020). The highest TEC, PCV and Hb values recorded in calves receiving 1.5 g berberine/kg DM indicate a dose-dependent response, although the absence of significant differences between the 1.0 and 1.5 g/kg DM groups suggests that the response may approach a plateau beyond a certain supplementation level.
In contrast, berberine supplementation did not significantly affect TLC, basophils, eosinophils or monocytes. The absence of significant changes in these leukocytic parameters suggests that berberine supplementation did not alter immune cell populations under the conditions of the present study. Similar findings have been reported in studies in which phytogenic additives improved antioxidant status without markedly affecting leukocyte counts in healthy animals (Toghyani et al., 2011). The relatively stable leukocyte profile across treatments may indicate that the calves maintained adequate immune competence throughout the experiment and that heat stress was not severe enough to elicit substantial changes in circulating leukocyte populations. The non-significant treatment × day interactions for PCV, Hb, TLC, basophils, eosinophils and monocytes indicate that the response pattern of these variables remained consistent throughout the experimental period. This finding suggests that berberine exerted a sustained effect on erythrocytic parameters without causing temporal fluctuations in leukocyte indices. The stability of these haematological variables over time further supports the safety of berberine supplementation and indicates that the observed improvements in TEC, PCV and Hb were attributable to the dietary treatment rather than to transient physiological adaptations.
Conclusion
Dietary berberine supplementation influenced selected haematological variables in growing Sahiwal calves during the summer season. Calves supplemented with berberine showed improved total erythrocyte count and packed cell volume compared with the control group, with the response generally more evident at 1.0 and 1.5 g/kg dry matter. Haemoglobin concentration also showed improvement at some sampling intervals, although the overall mean response was not significant among the treatment groups. In contrast, total leukocyte count, basophils, eosinophils and monocytes were not significantly affected by dietary berberine supplementation. These findings suggest that berberine may support erythrocytic status in growing calves under summer conditions without causing major changes in the measured leukocytic profile. The results indicate a possible beneficial role of berberine as a dietary supplement for maintaining haematological balance in Sahiwal calves during the summer period. However, interpretation should remain limited to the haematological variables measured in this study. Further studies incorporating physiological, biochemical, antioxidant, growth and environmental stress indicators are required to confirm the broader role of berberine in improving adaptation to heat stress in growing calves.
Limitations
This study was limited to 28 growing Sahiwal calves and was conducted over a 120-day period during one summer season. Therefore, the findings may not fully represent responses across different breeds, age groups, seasons or management systems. Heat stress was considered in relation to the summer period, but detailed environmental indices, such as the temperature-humidity index, daily ambient temperature, relative humidity during sampling and direct physiological stress indicators, were not included.
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Table 1. Effect of berberine supplementation on total erythrocyte count, packed cell volume, and haemoglobin levels of growing Sahiwal calves during the summer season 
	Day
	Berberine (g/kg DM)
	SEM
	Contrast1
	 P-Value1

	
	0.0
	0.5
	1.0
	1.5
	
	LinA
	QuaB
	T
	D
	T × D

	N
	7
	7
	7
	7
	-
	-
	-
	-
	-
	-

	Total erythrocyte count, 106/μl

	0
	7.02
	7.04
	7.06
	6.52
	1.75
	0.456
	0.157
	0.589
	0.020
	0.022

	30
	5.84a
	6.27ab
	6.78b
	6.83b
	1.86
	0.001
	0.582
	0.011
	
	

	60
	5.63a
	6.08ab
	6.62b
	6.74b
	1.81
	<0.001
	0.406
	0.002
	
	

	90
	5.10a
	5.89b
	6.72c
	6.97c
	1.89
	<0.001
	0.140
	<0.001
	
	

	120
	6.04a
	6.29ab
	6.66ab
	6.96b
	1.90
	0.003
	0.911
	0.028
	
	

	Mean
	5.93a
	6.31b
	6.77c
	6.81c
	1.84
	<0.001
	0.062
	<0.001
	
	

	Packed cell volume, %

	0
	32.47
	32.77
	33.16
	33.39
	0.38
	0.345
	0.189
	0.546
	<0.001
	0.136

	30 
	28.61a
	30.41b
	31.87b
	33.66c
	0.38
	<0.001
	0.708
	<0.001
	
	

	60 
	29.49a
	29.20a
	31.67ab
	33.07b
	0.66
	<0.001
	0.227
	0.001
	
	

	90 
	29.21ab
	28.73a
	32.20bc
	33.34c
	0.79
	<0.001
	0.321
	0.001
	
	

	120 
	30.09a
	31.69ab
	34.44b
	34.71b
	0.83
	<0.001
	0.435
	0.001
	
	

	Mean
	28.59a
	30.56b
	32.67c
	33.63c
	0.61
	<0.001
	0.642
	<0.001
	
	

	Haemoglobin, g/dl

	0
	10.14
	9.26
	9.79
	10.65
	0.16
	0.321
	0.729
	0.874
	0.228
	0.449

	30 
	8.84a
	9.43ab
	10.10b
	11.22c
	0.22
	<0.001
	0.720
	<0.001
	
	

	60 
	9.27a
	9.78ab
	10.26b
	11.32c
	0.24
	<0.001
	0.293
	<0.001
	
	

	90 
	9.80
	10.21
	10.57
	11.36
	0.18
	0.801
	0.343
	0.433
	
	

	120 
	11.09a
	11.46ab
	11.06a
	11.76b
	0.16
	0.042
	0.339
	0.022
	
	

	Mean
	9.83
	10.03
	10.36
	11.26
	0.19
	0.535
	0.406
	0.353
	
	


1 Contrast is probably of linear or quadratic response day-wise across treatments.
2 T, treatment; D, experiment day; T × D, interaction of treatment and day; with P-value
AV, analysis of variance; ALinear effect of berberine levels; BQuadratic effect of berberine levels 
SEM,Standard error mean, T,treatment effect of berberine; D, effect of day; T× D, interaction between berberine and days; 













Table2. Effect of berberine supplementation on total leukocyte count, basophils, eosinophils, and monocytes of growing Sahiwal calves during the summer season 
	Day
	Berberine (g/kg DM)
	SEM
	Contrast
	 P-Value

	
	0.0
	0.5
	1.0
	1.5
	
	LinA
	QuaB
	T
	D
	T × D

	N
	7
	7
	7
	7
	-
	-
	-
	-
	-
	-

	Total leukocyte count, 103/μl

	0
	8.26
	8.28
	8.25
	8.29
	0.23
	0.963
	0.971
	0.999
	0.240
	0.742

	30 
	7.65
	8.03
	7.94
	8.16
	0.21
	0.161
	0.717
	0.436
	
	

	60 
	8.01
	7.77
	8.03
	7.81
	0.34
	0.832
	0.967
	0.934
	
	

	90 
	8.11
	7.99
	7.71
	7.77
	0.21
	0.200
	0.683
	0.553
	
	

	120 
	8.43
	7.94
	7.79
	7.59
	0.26
	0.067
	0.601
	0.182
	
	

	Mean
	8.09
	8.00
	7.94
	7.92
	0.25
	0.284
	0.765
	0.742
	
	

	Basophils, %

	0
	0.16
	0.19
	0.17
	0.14
	0.02
	0.298
	0.318
	0.544
	0.170
	0.282

	30 
	0.17
	0.19
	0.19
	0.19
	0.02
	1.000
	1.000
	1.000
	
	

	60 
	0.16
	0.23
	0.19
	0.23
	0.03
	0.244
	0.839
	0.187
	
	

	90 
	0.16
	0.16
	0.16
	0.17
	0.02
	0.897
	0.772
	0.967
	
	

	120 
	0.17
	0.13
	0.13
	0.20
	0.02
	0.103
	0.070
	0.107
	
	

	Mean
	0.16
	0.18
	0.17
	0.19
	0.02
	0.276
	0.700
	0.381
	
	

	Eosinophils, %

	0
	3.16
	3.14
	3.15
	3.14
	0.47
	0.815
	0.634
	0.873
	0.963
	0.867

	30 
	3.73
	3.32
	2.91
	2.94
	0.33
	0.079
	0.523
	0.300
	
	

	60 
	3.23
	3.56
	3.39
	3.24
	0.38
	0.937
	0.554
	0.930
	
	

	90 
	2.79
	3.29
	3.33
	3.40
	0.29
	0.215
	0.523
	0.552
	
	

	120 
	3.48
	3.06
	3.49
	3.49
	0.35
	0.785
	0.583
	0.800
	
	

	Mean
	3.28
	3.27
	3.25
	3.24
	0.36
	0.785
	0.771
	0.960
	
	

	Monocytes, %

	0
	3.90
	3.74
	3.74
	3.73
	0.20
	0.442
	0.631
	0.821
	0.522
	0.967

	30 
	3.83
	3.79
	3.57
	3.59
	0.29
	0.311
	0.890
	0.735
	
	

	60 
	3.89
	3.76
	3.90
	3.96
	0.20
	0.582
	0.529
	0.903
	
	

	90 
	3.84
	3.90
	3.66
	3.81
	0.26
	0.710
	0.800
	0.836
	
	

	120 
	3.84
	3.84
	4.03
	3.81
	0.23
	0.917
	0.486
	0.749
	
	

	Mean
	3.86
	3.81
	3.78
	3.78
	0.24
	0.439
	0.728
	0.867
	
	


1 Contrast is probably of linear or quadratic response day-wise across treatments.
2 T, treatment; D, experiment day; T × D, interaction of treatment and day; with P-value
SEM,Standard error mean T,treatment effect of berberine; D, effect of day; T× D, interaction between berberine and days; 
AV, analysis of variance; ALinear effect of berberine levels; BQuadratic effect of berberine levels

Standard error mean; (SEM), T, effect of berberine; D, effect of day; T × D, interaction between berberine and days; 
AV, analysis of variance; ALinear effect of berberine levels; BQuadratic effect of berberine levels
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