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A B S T R A C T 

High ambient temperature (HTa) is a major environmental challenge affecting the welfare, physiological stability, and 

productivity of dairy ruminants raised in tropical and subtropical regions. Heat stress caused by HTa compromises feed intake, 

acid–base balance, water metabolism, thermoregulation, and milk production. This review summarizes the physiological, 

behavioral, and endocrinological responses of dairy goats and cows exposed to HTa conditions and highlights the potential 

role of high dietary cation–anion difference (hDCAD) supplementation as a nutritional strategy to mitigate heat stress. Under 

HTa conditions, dairy ruminants increase respiratory rate and panting to enhance evaporative heat dissipation, which may 

induce respiratory hypocapnia and alter electrolyte balance. The reviewed evidence demonstrates that hDCAD 

supplementation improves heat dissipation efficiency by increasing nocturnal water intake, expanding body water 

compartments, and supporting hydration status, thereby reducing rectal temperature increments during daytime heat 

exposure. In addition, hDCAD positively influences ruminal fermentation, nutrient digestibility, eating behavior, and dry 

matter intake. Long-term supplementation also promotes renal compensatory responses that help restore acid–base 

equilibrium. The concept of hDCAD as a “biological coolant” is proposed based on its ability to support physiological cooling 

mechanisms rather than solely improving feed intake or buffering capacity. This nutritional approach may improve animal 

comfort and productivity under tropical HTa conditions and could complement existing environmental heat mitigation 

strategies in dairy production systems. Further investigations in dairy goats and cows under practical farming conditions are 

required to strengthen the application of hDCAD as a sustainable heat stress management strategy. 

Keywords: acid-base balance, dairy goats, dietary cation-anion difference, evaporative heat dissipation, heat stress, livestock 

welfare, thermoregulation, tropical climate. 

INTRODUCTION 

Ruminants were domesticated approximately 8,000–10,000 years ago, and milk from dairy ruminants 

emerged as an important component of the human diet during the prehistoric pastoral period, approximately 

5,000 BC [1, 2]. The lactation trait has been successfully selected in cattle, and dairy cows subsequently became 

the predominant dairy ruminant species worldwide [3]. Nevertheless, in several countries and cultures, the 

population of dairy goats has increased substantially, and goats have contributed significantly to total milk 

production [4]. In addition, dairy farming systems have progressively expanded from temperate to tropical regions 

to satisfy the increasing global demand for milk [5]. 

Ambient temperature (Ta) is an important environmental factor that negatively affects dairy ruminants. 

Tropical climates are generally characterized by persistently high year-round temperature-humidity index (THI) 
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values caused by high ambient temperature (HTa) and fluctuating relative humidity (RH), which are strongly 

influenced by monsoon patterns [6–8]. It should be noted that this review uses Ta to represent THI. Although both 

Ta and RH are major determinants of THI, Ta was emphasized because daytime RH generally demonstrates an 

inverse relationship with Ta [11]. Furthermore, the future trend of Ta is largely influenced by global warming 

associated with greenhouse gas emissions and climate change [8, 9]. These climatic conditions restrict evaporative 

heat dissipation and activate various physiological responses in ruminants, including HTa responses and heat 

stress [10]. 

Under both natural and experimental HTa conditions, milk production in dairy cows and goats has been 

compromised [11, 12]. Reduced milk production in dairy cows and goats exposed to HTa has previously been 
reported in Thailand. Specifically, milk yield declined by approximately 16% in dairy cows and 50% in dairy goats 
when summer and winter periods were compared. Milk production in dairy cows decreased from 22.3 ± 1.3 kg 
during winter to 18.3 ± 0.7 kg during summer, whereas milk production in goats decreased from 3.2 ± 0.2 kg to 

1.5 ± 0.1 kg, respectively [11–13]. However, a comparatively lower degree of milk yield reduction in dairy cows 

and goats under HTa conditions has also been documented [14]. Growing concerns regarding the detrimental 
effects of HTa on livestock welfare and production performance have encouraged researchers to develop 

innovative strategies capable of mitigating the adverse effects of heat stress in dairy ruminants. 
Despite extensive investigations regarding the effects of HTa on dairy ruminants, previous studies have 

primarily focused on production losses, dry matter intake (DMI), acid-base balance, and general physiological 
stress responses, particularly under controlled experimental conditions. Similarly, most reports evaluating dietary 
cation-anion difference (DCAD) mainly emphasized ruminal buffering capacity, mineral metabolism, and milk 

production. However, limited information is available regarding the integrated behavioral, physiological, and renal 

mechanisms through which hDCAD mitigates HTa under natural tropical environments, especially in dairy goats. 
Furthermore, the relationships among drinking behavior, hydration status, body fluid compartment expansion, 

panting efficiency, evaporative heat dissipation, and renal electrolyte handling during prolonged hDCAD 
supplementation remain insufficiently understood. Previous studies have also rarely addressed the chronological 

adaptations occurring under naturally fluctuating tropical ambient temperatures, which differ considerably from 

climatic chamber models. Therefore, a comprehensive mechanistic framework describing hDCAD as a biological 

coolant strategy for dairy ruminants raised under HTa conditions is still lacking. 
The present review aimed to comprehensively summarize the behavioral, physiological, endocrinological, 

and metabolic responses of dairy ruminants exposed to HTa conditions, with particular emphasis on tropical 

production systems. In addition, this review aimed to evaluate the role of hDCAD supplementation as a nutritional 
strategy for mitigating the adverse effects of HTa in dairy goats and cows. Specifically, the review focused on 

elucidating the mechanisms through which hDCAD modifies drinking and eating behavior, improves hydration 
status and body fluid distribution, enhances evaporative heat dissipation through panting, regulates acid-base 

homeostasis and renal electrolyte handling, and subsequently alleviates rectal temperature elevation under HTa 
conditions. Furthermore, the review proposes the novel concept of hDCAD functioning as a biological coolant and 
discusses its practical application as an integrated nutritional management strategy to improve animal welfare, 

thermal comfort, and productivity in dairy ruminants raised in tropical climates. 

REVIEW METHODOLOGY 

This review was conducted using a narrative and integrative review approach to synthesize current evidence 

regarding the role of hDCAD as a nutritional strategy for mitigating heat stress in dairy ruminants under HTa 

conditions. The review focused primarily on physiological, behavioral, endocrinological, renal, and nutritional 

mechanisms associated with hDCAD supplementation in dairy goats and cows. 

Relevant scientific literature published in English between 1980 and 2025 was retrieved from electronic 

databases, including PubMed, Scopus, Web of Science, ScienceDirect, and Google Scholar. The search strategy 

combined keywords and Boolean operators such as “dietary cation-anion difference,” “DCAD,” “high ambient 

temperature,” “heat stress,” “dairy goats,” “dairy cows,” “evaporative heat dissipation,” “panting,” “acid-base 

balance,” “electrolytes,” “water intake,” “ruminants,” and “tropical conditions.” Additional articles were 

identified through manual screening of reference lists from relevant publications. 

Studies were considered eligible when they investigated: (i) physiological or behavioral responses of dairy 

ruminants to HTa or heat stress, (ii) the effects of DCAD manipulation on acid–base balance, feed intake, milk 

production, water metabolism, or thermoregulation, and (iii) mechanisms related to respiratory heat dissipation, 



doi: 10.14202/vetworld.2026.2304-2317 

 

 
2306 

renal electrolyte handling, or hydration status in ruminants. Both experimental and observational studies 

involving dairy goats, dairy cows, sheep, buffaloes, and related ruminant models were included when they 

contributed mechanistic or applied insights relevant to the review objectives. 

The selection process emphasized studies conducted under natural tropical conditions because the present 

review aimed to reassess hDCAD as a biological coolant under realistic environmental exposure rather than 

exclusively controlled climatic chamber conditions. Priority was also given to studies examining diurnal and 

seasonal variations in HTa, drinking behavior, respiratory responses, and body fluid compartment changes. 

Data extracted from the selected studies included ambient temperature conditions, THI or Ta 

measurements, dietary electrolyte composition, DCAD values, physiological variables (rectal temperature, 

respiratory rate, blood gas indices, plasma electrolytes, cortisol, and acid–base balance), behavioral responses 

(drinking patterns, feed intake, and meal behavior), and production outcomes such as milk yield and digestibility. 

The findings were subsequently organized into thematic sections addressing: (i) physiological effects of HTa and 

heat stress, (ii) manipulation of DCAD in dairy animals, (iii) effects of hDCAD on body hydration and evaporative 

heat dissipation, (iv) renal and acid–base adaptations, and (v) implications for animal welfare and milk production. 

Because this article is a narrative review, no formal meta-analysis or quantitative pooled analysis was 

performed. Instead, the evidence was critically interpreted to develop a mechanistic framework supporting the 

concept of hDCAD as a biological coolant for tropical dairy ruminants. 

PHYSIOLOGICAL EFFECTS OF HTa AND HEAT STRESS 

The response mechanisms of mammals to HTa conditions can chronologically be categorized into behavioral 

and physiological responses. The magnitude of these responses depends on the severity and duration of HTa 

exposure, which are influenced by the temperature difference (∆Ta) and exposure period. Acute HTa exposure is 

commonly established under experimental conditions in which animals are transferred from a thermoneutral Ta 

to a high Ta environment [15–18]. This condition differs from natural HTa exposure, where animals remain under 

ambient environmental conditions and Ta gradually increases and decreases throughout the day or between 

seasons. Natural HTa exposure can therefore be represented by comparing morning and afternoon conditions as 

a short-term daytime effect or comparing winter and summer periods as a long-term seasonal effect [11, 19]. 

Before discussing the effects of HTa in dairy ruminants, it is important to consider the current climatic 
conditions in tropical regions in relation to global warming. In Thailand, for example, the mean annual Ta increased 

by approximately 1°C over the last 100 years [8]. Current environmental observations from our group 
demonstrated persistent year-round HTa, in which the average monthly afternoon Ta ranged from 32.6°C to 

35.2°C with fluctuating RH influenced by monsoon patterns [6]. The maximum afternoon Ta difference between 
winter and summer periods was approximately 4.2 ± 0.85°C. Furthermore, the reported daytime ∆Ta between 

morning and afternoon ranged from 5°C to 10°C [6, 11, 12]. These climatic conditions indicate three major 
scenarios associated with ongoing global warming: (1) short-duration Ta variation between morning and 
afternoon (diurnal ∆Ta), (2) gradual seasonal development of HTa between winter and summer periods (seasonal 
∆Ta), and (3) sporadic HTa associated with heat waves. 

Most of our information regarding HTa responses in ruminants originated from investigations based on 

diurnal and seasonal ∆Ta conditions. Under tropical conditions, both forms of ∆Ta coexist, and the balance 
between heat dissipation mechanisms and metabolic heat production plays a critical role in determining the 
severity of heat stress. Our findings demonstrated that dairy goats exposed to diurnal HTa conditions may 
experience both the first and second phases of heat stress depending on the magnitude of daytime ∆Ta (diurnal 

∆Ta = 5–8°C). The first phase is mainly characterized by behavioral and physiological adaptations, whereas the 
second phase involves activation of the hypothalamic-pituitary axis (HPA axis), indicating stress responses in goats 

[10]. 
An increased breathing rate or panting (video clip 1; Supplementary material) is one of the earliest 

physiological responses during the first phase of HTa exposure and functions to enhance evaporative heat 

dissipation. Regardless of hydration status, increased respiratory rate represents the primary evaporative cooling 

mechanism in goats [15]. In goats, breathing rate closely correlates with daytime Ta fluctuations (Figure 1a), and 

this correlation is stronger than that observed with rectal temperature (Tr; Figure 1b). The primary physiological 

consequence of short-term natural HTa exposure, particularly during diurnal ∆Ta, is respiratory hypocapnia. This 

condition is characterized by a marked reduction in the partial pressure of carbon dioxide (PCO2), whereas blood 

bicarbonate (HCO3
−) concentration and blood pH remain within normal physiological ranges without significant 
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alterations [19–21]. Under typical diurnal ∆Ta conditions (5–8°C), PCO2 decreases by approximately 2 mmHg [20]. 

Interestingly, this natural HTa-induced respiratory hypocapnia occurred without activation of the HPA axis [19]. 

 

Figure 1: Relationship between (A) respiratory rate  and (B) rectal temperature and ambient temperature (Ta). Respiratory 

rate (R = 0.77, p < 0.01) showed a stronger correlation with Ta than rectal temperature (R = 0.51, p < 0.05). 

A greater magnitude of diurnal ∆Ta (11–25°C) has been shown to induce respiratory hypocapnia together 

with a tendency toward alkalosis. Under natural HTa conditions with a diurnal ∆Ta of 11–13°C, compensatory 

metabolic responses included reduced HCO3
− concentration without alterations in blood pH. However, respiratory 

alkalosis was observed only under experimental climatic chamber conditions, where ∆Ta ranged from 15°C to 

25°C [16,22-25]. Comparable physiological responses have also been reported in dairy cows [26]. Moreover, HTa-

induced disturbances in acid-base homeostasis affect plasma electrolyte balance. Specifically, plasma sodium 

(Na+) concentration and renal Na+ excretion tend to increase, whereas potassium (K+) excretion remains 

relatively unchanged, resulting in elevated strong ion difference values and suggesting a tendency toward alkalosis 

[22, 24, 25, 27]. 

The chloride shift phenomenon is another important physiological mechanism associated with carbon 

dioxide transport and plasma bicarbonate regulation. Under HTa-induced hypocapnic conditions, plasma chloride 

ions (Cl−) are expected to increase because of downregulation of the bicarbonate-chloride transporter [23, 28]. 

Nevertheless, these acid-base and electrolyte responses appear to occur chronologically during natural HTa 

exposure. For example, diurnal HTa conditions with ∆Ta = 5°C decreased PCO2 without altering plasma Cl− 

concentrations in dairy goats [20]. 

When goats were transferred into climatic chambers with HTa conditions (∆Ta = 15°C), respiratory alkalosis 

developed together with markedly elevated plasma cortisol concentrations [16]. However, the threshold 

magnitude of HTa capable of activating the HPA axis under natural conditions appears more refined. Previous 

observations indicated that daytime ∆Ta ranging from 8°C to 10°C activated cortisol secretion in goats (Figure 2) 

[10, 11, 19]. In addition, blood glucose concentrations substantially increased during the transition between 

morning and afternoon under diurnal ∆Ta conditions of 5–8°C [19]. Similar findings, including elevated plasma 

glucose levels, were also observed in our previous acute heat stress model in buffaloes exposed to ∆Ta = 11°C 

within 4 h. 

 

 

Figure 2: Diurnal ambient temperature (Ta) activates the 

hypothalamic-pituitary-adrenal axis in goats. Morning and 

afternoon Ta values (bars) with a ∆Ta of approximately 8°C and 

plasma cortisol concentrations (line) are presented. Statistical 

significance is indicated by an asterisk (*, p < 0.05). 

 

 

 

 

Taken together, breathing-induced evaporative heat dissipation appears to be the primary physiological 

adaptation during short-term diurnal HTa exposure. Depending on the magnitude of ∆Ta, these responses may 

A B 
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subsequently influence acid-base homeostasis, leading to respiratory hypocapnia and eventually respiratory 

alkalosis (Figure 3). These physiological responses generally increase during the early morning and decline from 

late afternoon to evening. Importantly, our findings propose a novel chronological framework describing natural 

HTa responses in tropical goats. This framework distinguishes short-term respiratory hypocapnia occurring 

without HPA activation at ∆Ta of 5–8°C from stress-associated responses occurring at >8–10°C. These responses 

differ substantially from acute climatic chamber models and therefore provide a more ecologically relevant basis 

for developing nutritional interventions under tropical production systems. Breathing-induced evaporative heat 

dissipation was also observed under seasonal HTa conditions. 

 

Figure 3: Proposed physiological responses in goats exposed to high ambient temperature (HTa) conditions. Under natural 
tropical conditions, the average Ta during the morning and afternoon is approximately 25°C and 33°C, respectively. During 
the early morning, the normal respiratory rate (blue star) was maintained at 44 ± 5 breaths/min. Increased respiratory rate 
progressing to tachypnea or panting (77 ± 9 breaths/min, red star) gradually developed during afternoon HTa exposure. 
Respiratory hypocapnia, indicated by decreased partial pressure of carbon dioxide (↓ PCO2), represents the primary 
physiological response when morning-to-afternoon Ta differences (∆Ta) range between 5°C and 8°C. Increased plasma 
cortisol concentrations were observed when diurnal ∆Ta exceeded 8°C. A tendency toward alkalosis, including reduced 

plasma bicarbonate concentration (↓ HCO3
−) and increased blood pH, became evident when ∆Ta ranged from 11°C to 25°C. 

The first and second phases of heat stress were defined according to plasma cortisol concentrations (vertical broken line). 

When winter and summer conditions in tropical environments were compared, lower daily feed intake (FI) 

together with panting was observed without significant differences in plasma cortisol concentrations [11]. 
Experimental evidence from laboratory rats demonstrated that low-magnitude HTa exposure reduced FI at 

thresholds lower than those required for HPA axis activation. This suggests that HTa-induced suppression of eating 

behavior may occur independently of, or before, systemic stress responses [29]. These findings indicate that 

eating behavior suppression represents an early behavioral response to HTa before activation of endocrine stress 
pathways. Consequently, enhanced heat dissipation through panting during short-term heat exposure and 
reduced FI during prolonged HTa exposure may represent the initial physiological phases of adaptation to natural 
HTa conditions. 

Our previous investigations further demonstrated that activation of the HPA axis in outdoor goats may occur 

when daytime ∆Ta exceeds 8–10°C (Figure 3) [10, 11, 19]. However, whether goats experience emotional distress 
during this second phase of heat stress remains unclear [30]. This uncertainty is supported by observations that 
goats and cattle continue normal grazing activities outdoors under tropical HTa conditions without displaying 
apparent distress behaviors during daytime periods (Figure 4 and video clip 2 [supplementary material]). 

Milk yield in dairy cows and goats was compromised during both the first phase and the intermittent second 
phase of heat stress [6, 11–13]. The physiological mechanisms through which HTa affects milk synthesis have been 

proposed to involve both indirect and direct pathways associated with mammary gland function. The direct effect 
of HTa may alter milk synthesis through activation of heat shock protein 70 (Hsp70), whereas the indirect effect 
suppresses eating behavior and reduces metabolic nutrient partitioning toward the mammary gland [10, 11]. 

Furthermore, HTa may directly influence intracellular metabolic pathways through activation of the 
mTOR/HSF1/Hsp70 signaling pathway, thereby altering posttranslational processes associated with milk synthesis 
[10]. This phenomenon has likely intensified because of global warming and is increasingly observed in dairy 

animals worldwide [31–33]. 
Therefore, effective strategies to alleviate the adverse effects of HTa are essential for improving animal 

welfare and maintaining dairy productivity. Most currently available mitigation approaches primarily focus on 
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environmental or physical modifications [14, 34]. However, our investigations demonstrated evidence supporting 

nutritional interventions capable of modifying body temperature homeostatic mechanisms in dairy goats. 

Consequently, we propose that such nutritional strategies may also be applicable to other ruminant species. 

 

Figure 4: Grazing behavior under HTa conditions. (A) Afternoon grazing activity of mixed-breed ruminants near the barn 

represents normal behavior under HTa conditions. (B) Comparable grazing behavior was observed in zebu cattle raised in 

Thailand. 

MANIPULATING THE DCAD IN DAIRY ANIMALS 

The hDCAD concept is a well-established nutritional management strategy used to improve health and 

productivity in dairy animals. The basic formula used to calculate DCAD is expressed as (Na+ + K+) − (Cl− + S2−) in 

milliequivalents [35]. In the present review, hDCAD refers to formulations containing 34–40 mEq/100 g dry matter, 

whereas low DCAD refers to formulations with negative DCAD values in both dairy goats and cows [20, 27, 36]. 

Considerable attention has been directed toward the effects of hDCAD on milk production and the effects of low 

DCAD on calcium homeostasis [34-35]. 

The present review focuses on the role of hDCAD in mitigating heat stress and improving milk production in 

dairy animals. Previous reports describing both positive and negative effects of hDCAD on milk yield suggest that 

the contribution of hDCAD to milk synthesis may depend on several external factors, including diet composition 

and ambient environmental conditions [27, 37–41]. Nevertheless, the beneficial effect of hDCAD on milk 

production under HTa conditions has partly been attributed to its influence on DMI in dairy cows and goats [35, 

37, 38]. Because the direct mechanism of DCAD manipulation through cation or anion balancing involves 

modification of acid-base homeostasis within the gastrointestinal tract and body fluids, the effects of hDCAD on 

ruminal and plasma buffering capacities have been proposed as mechanisms underlying the hDCAD-induced 

increase in DMI [37, 38]. 

Based on these proposed mechanisms, the influence of hDCAD on DMI and maintenance of milk yield may 

involve two major pathways. First, hDCAD has been shown to improve ruminal function by supporting the ruminal 

buffering system and modifying fermentation characteristics, including digestibility, fermentation products, and 

microbial activity [38, 42–44]. Improvement of gastrointestinal tract function is considered a fundamental factor 

supporting dietary intake. The second pathway involves the effects of hDCAD supplementation on body fluid 

distribution and acid-base homeostasis, which subsequently influence DMI. The present review proposes an 

apparent behavioral mechanism through which hDCAD may partially support DMI under HTa conditions. Data 

concerning the effects of hDCAD supplementation were derived from an 8-week feeding trial in dairy goats. 

Detailed descriptions of the animal models, diets, and experimental procedures have been reported previously 

[27, 41]. The subsequent discussion suggests that the ability of hDCAD to restore core body temperature in goats 

exposed to HTa conditions may be more important than its direct effect on FI. 

hDCAD RESTORES BODY TEMPERATURE BY MODIFYING DRINKING PATTERNS AND BODY FLUID 

COMPARTMENTS AND INCREASING EVAPORATIVE HEAT DISSIPATION 

One of the major novel contributions of the present review is the demonstration that hDCAD functions as a 

biological coolant through a multifactorial synergistic mechanism. Increased nocturnal water intake expands 

ruminal and extracellular water reserves, which subsequently support enhanced panting efficiency during daytime 

HTa exposure without proportional increases in energy expenditure. This phenomenon may represent a 
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“paradoxical tachypnea” response that has not previously been associated with DCAD supplementation. hDCAD 

supplementation has been demonstrated to reduce the increase in rectal temperature (Tr) during the transition 

from morning-to-afternoon (Figure 5a). This finding suggests a beneficial role of hDCAD supplementation for dairy 

ruminants raised under HTa conditions in tropical regions. 

The effect of hDCAD on Tr was especially evident when goats were fed either low DCAD or hDCAD 

formulations (Figure 5b) [27, 45]. This response coincided with a tendency toward increased DMI [45-46]. The 

increase in DMI suggests that goats receiving hDCAD supplementation experienced reduced HTa-induced stress 

[29]. In addition, increased respiratory rate or tachypnea induced by hDCAD supplementation appears to 

represent an important physiological mechanism contributing to heat dissipation (Figure 5c). 

Core body temperature is tightly regulated by neuroendocrine mechanisms [46]. In goats, Ta influences core 

temperature through diurnal fluctuations in Tr rather than seasonal changes, at least under our experimental 

conditions. Afternoon Tr was consistently higher than morning Tr. Importantly, despite the physiological increase 

in ∆Tr of <1°C during the diurnal period, plasma cortisol concentrations remained unchanged, suggesting that the 

HPA axis was not activated [10, 11, 19]. The percentage increase in goat Tr from early morning (09:00; 39.30 ± 

0.10°C) to afternoon (13:00; 39.60 ± 0.11°C) was approximately 0.76 ± 0.06%. During hDCAD supplementation, 

this increment decreased to 0.47 ± 0.05% (Figures 5a and b) [27]. Similar effects of hDCAD in maintaining lower 

Tr under HTa conditions have also been demonstrated in sheep [48]. 

 

 

Figure 5: Percentage change in rectal temperature increment from morning (09:00) to afternoon (13:00) between (A) control 

feed and high dietary cation-anion difference (hDCAD) feed and (B) low and high DCAD feeds. (C) Effect of hDCAD 

supplementation on afternoon respiratory rate. Statistical significance is indicated by an asterisk (*, p < 0.05). 

The proposed mechanisms through which hDCAD reduces Tr increments involve four major behavioral and 

physiological adaptations: increased drinking behavior, enhanced body hydration with expansion of body fluid 

compartments (transcellular and extracellular compartments), increased respiratory rate, and altered renal 

handling of potassium and chloride. 

hDCAD supplementation increased daily water intake (WI) and altered drinking behavior patterns. Goats 

receiving hDCAD supplementation consumed more water during nighttime, whereas daytime water consumption 

remained comparable with that of goats receiving the control diet [27, 46]. However, several studies reported no 

significant changes in WI during hDCAD supplementation [41, 49]. Physiologically, thirst regulation may be 

activated through both pre-systemic and systemic mechanisms [50]. Ruminal osmolarity appears to play a limited 

role in drinking regulation [51], and increased WI during hDCAD supplementation occurred without alterations in 

ruminal fluid osmolarity [43]. These findings indicate that the effects of hDCAD on WI and drinking behavior are 
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complex and may primarily involve systemic regulatory signals. 

The hypothesis that eating behavior and ruminal osmotic changes act as pre-systemic signals for hDCAD-
induced thirst was excluded because hDCAD supplementation did not substantially alter daytime WI or ruminal 

fluid osmolarity [43]. Interestingly, our findings demonstrated a tendency for increased plasma osmolarity during 
the afternoon in hDCAD-supplemented goats [27]. This observation suggests that plasma osmolarity may 
represent a systemic signal contributing to thirst drive. The increased plasma osmolarity during afternoon periods 
likely resulted from water loss through evaporative heat dissipation under HTa conditions. Consequently, we 
hypothesized that this phenomenon may stimulate nocturnal thirst and drinking behavior in hDCAD-
supplemented goats. This hypothesis was partially supported by observations indicating that daytime WI 
measurements were limited by a ceiling effect [46]. Furthermore, subsequent investigations demonstrated that 
providing 1.5% saline drinking water increased WI in meat goats, whereas WI decreased or remained unchanged 
in dairy goats and the indigenous Bach Thao breed, respectively [52–54]. These findings indicate that the effects 

of hDCAD on daily WI and drinking behavior may depend on daytime HTa severity, dietary electrolyte load, and 
breed-specific thirst regulation mechanisms. 

Consistent with the increase in WI during HTa conditions, hDCAD supplementation increased total body 

water without altering urine output during 7 weeks of supplementation. Analysis of body fluid compartments 

indicated that hDCAD-induced expansion of total body water involved both extracellular and transcellular fluid 

compartments [27]. Ruminants possess specialized physiological adaptations that enable maintenance of water 

and body fluid balance under water-deficient and HTa conditions. Because the rumen serves as a major water 

reservoir and mobilization compartment, it likely functions as a transcellular compartment capable of retaining 

additional water during hDCAD supplementation in our goat model [27]. The higher apparent water balance 

primarily resulted from increased water retention within these compartments together with unchanged water 

excretion. These findings support the hypothesis that increased daily WI during hDCAD supplementation allows 

the rumen to store additional water, thereby supporting breathing-associated evaporative heat dissipation and 

reducing heat stress during daytime periods. 

Under tropical HTa conditions, breathing-mediated evaporative heat dissipation represents a primary 

thermoregulatory mechanism for maintaining body temperature. Increased respiratory rate to the level of panting 

is a normal physiological response in goats during summer HTa conditions (video clip 1; Supplementary material). 

hDCAD supplementation further increased respiratory rate and attenuated the increment in Tr during the 

transition from morning-to-afternoon (Figure 5). This increase in respiratory rate during hDCAD supplementation 

is unlikely to be explained solely by the alkalinizing effect of hDCAD. Because HTa is the major determinant of 

panting during daytime periods, and because hDCAD-supplemented goats possess greater total body water due 

to increased nocturnal drinking, we propose that improved hydration status acts as an important intervening 

factor enhancing panting efficiency. 

This hypothesis is partly supported by our observation that hDCAD supplementation failed to accelerate 

panting when increased water drinking did not occur [40]. Furthermore, dehydration has been shown to reduce 

panting frequency in poultry during acute heat exposure, potentially through alterations in hypothalamic 

thermoregulatory set points [54, 55]. Therefore, normal or positive hydration status may represent the optimal 

physiological condition for maximizing panting-induced evaporative heat dissipation. Additional investigations are 

required to determine whether enhanced body hydration directly accelerates panting frequency under HTa 

conditions in goats. 

EFFECT OF hDCAD SUPPLEMENTATION ON ACID-BASE HOMEOSTASIS, RENAL HANDLING OF ELECTROLYTES, 

AND PARADOXICAL TACHYPNEA 

During the transition of Ta from early morning-to-afternoon, HTa-induced respiratory hypocapnia has been 

demonstrated together with corresponding alterations in blood HCO3
− concentration and blood pH [19-20]. 

hDCAD supplementation shifted blood pH toward alkaline conditions without altering blood HCO3
− and PCO2 

concentrations [41]. These blood gas characteristics were accompanied by unchanged plasma Na+, K+, and Cl− 

concentrations; however, there was a tendency toward increased renal K+ excretion during the first 4 weeks of 

supplementation, followed by increased renal excretion of both Na+ and K+ during 8 weeks of hDCAD 

supplementation [36]. 

The concept of hDCAD supplementation is generally based on the provision of alkaline feed to ruminants, 

which theoretically could induce some degree of metabolic alkalosis. However, our overall findings suggest that 
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hDCAD supplementation exerts only minimal alkalinizing effects in dairy goats. The physiological responses 

observed during hDCAD supplementation may therefore represent a secondary phase distinct from the initial 

phase produced by direct bicarbonate administration into circulation. Intravenous administration of sodium 

bicarbonate induces classical metabolic alkalosis characterized by elevated plasma HCO3
− and PCO2 

concentrations [57]. Interestingly, decreases in plasma K+ and Cl− concentrations together with unchanged 

plasma Na+ concentrations observed during bicarbonate infusion were generally consistent with our 

observations. Nevertheless, the physiological effects of hDCAD supplementation in goats differed substantially 

from those reported in acute metabolic alkalosis models in humans [58]. 

Furthermore, renal handling of K+ appears to play a major role in acid-base regulation in ruminants because 
herbivorous species rely heavily on potassium homeostasis for maintaining electrolyte balance. Consequently, the 
blood gas alterations observed during hDCAD supplementation are unlikely to represent the primary factor 

regulating respiratory rate. We therefore propose that the increased breathing rate observed during hDCAD 

supplementation under HTa conditions represents a paradoxical physiological phenomenon associated with 
alkaline loading. Under combined hDCAD supplementation and HTa conditions, enhanced hydration status 
resulting from increased total body water may stimulate the respiratory center and improve panting efficiency in 

goats as a ruminant model [55, 56]. 
Accordingly, paradoxical panting during hDCAD supplementation under HTa conditions may require the 

simultaneous interaction of three major factors: HTa exposure, altered drinking behavior, and positive hydration 
status. If this physiological phenomenon is common among ruminants, hDCAD supplementation may represent 

an advantageous nutritional strategy for goats and dairy cows raised under tropical conditions. 

hDCAD SUPPLEMENTATION INCREASES EATING BEHAVIOR UNDER HTa CONDITIONS 

An important knowledge gap regarding hDCAD supplementation should be addressed before this nutritional 

strategy can be fully integrated into the management of heat-stressed dairy goats and cows during summer 

periods. As previously discussed, if hDCAD functions primarily as an alkaline dietary formulation, it is necessary to 
determine whether this strategy is physiologically compatible with normal eating behavior in ruminants. This 

question should be evaluated from both behavioral and physiological perspectives. 
Numerous studies have demonstrated that hDCAD formulations increase DMI [35, 37, 38]. In addition, our 

findings demonstrated that hDCAD supplementation increased DMI through modification of meal patterns [46]. 
Goats supplemented with hDCAD exhibited larger meal sizes and longer meal durations. Meal pattern analysis is 

widely recognized as an important approach in the neuroscience of eating behavior because it partially reflects 
the hedonic characteristics of food, and this concept appears to be applicable to goats as well [59, 60]. 

Our current behavioral findings suggest that the effects of hDCAD on DMI may involve a time-dependent 

mechanism capable of modifying taste perception. This hypothesis is supported by the observation that hDCAD 

supplementation altered meal patterns at week 8 but not at week 4 (Figure 6). These findings indicate that hDCAD 

increased DMI primarily through mechanisms associated with post-absorptive signals rather than pre-absorptive 

signals or palatability effects [46]. Because food palatability and preference may be influenced by memory and 

learning processes [61], post-absorptive physiological responses enhancing taste perception may represent an 

important mechanism underlying hDCAD supplementation. 

This hypothetical mechanism is particularly interesting and warrants further investigation under conditions 

where external or artificial influences are minimized [59]. In addition to the mechanisms explaining the effects of 

hDCAD on FI, increased DMI suggests that ruminants may exhibit altered food selection behavior that could 

improve animal well-being [62]. Therefore, implementation of hDCAD formulations in ruminant diets under HTa 

conditions during tropical summer periods may contribute to mitigation of HTa effects and improvement of animal 

welfare. 

CONCLUSION 

HTa remains a major environmental challenge affecting dairy ruminant welfare, physiological homeostasis, 

and milk production, particularly under tropical production systems. The present review demonstrated that dairy 

goats and cows exposed to HTa exhibit coordinated behavioral, physiological, endocrinological, and metabolic 

adaptations, including panting, altered drinking and eating behavior, respiratory hypocapnia, acid-base 

adjustments, and reduced milk yield. The review further highlighted that the severity of these responses depends 

on the magnitude and duration of temperature fluctuations under both diurnal and seasonal ∆Ta conditions. 
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Importantly, the findings support the concept that hDCAD supplementation can function as a biological coolant 

by promoting nocturnal drinking behavior, expanding body water compartments, improving hydration status, 

enhancing panting efficiency, and attenuating Tr increments under HTa conditions. 

 

 

Figure 6: Eating patterns in lactating goats fed control or high dietary cation-anion difference (hDCAD) diets. All goats received 

the control diet during the first 2 weeks postpartum. Control or hDCAD diets were subsequently introduced at 2 weeks 

postpartum, and eating patterns were evaluated at weeks 4 and 8 postpartum. (A) DMI was higher in the hDCAD group at 

week 8, corresponding with increased (B) meal size. hDCAD supplementation had no effect on (C) meal frequency or (D) 

intermeal interval. Statistical significance is indicated by an asterisk (*). 

The review also demonstrated that hDCAD supplementation influences acid-base homeostasis and renal 

electrolyte handling without inducing severe metabolic alkalosis. Increased respiratory rate during hDCAD 

supplementation appeared to be associated with improved hydration-mediated evaporative heat dissipation 

rather than direct alkalinizing effects. In addition, hDCAD supplementation modified meal patterns and increased 

DMI, suggesting beneficial effects on feeding behavior and animal comfort during heat exposure. Collectively, 

these findings indicate that hDCAD supplementation may represent an integrated nutritional strategy capable of 

improving thermoregulation, maintaining physiological stability, and supporting milk production in dairy 

ruminants raised under tropical HTa conditions. 

One of the major strengths of the present review is the integration of behavioral, physiological, 

endocrinological, and renal adaptive mechanisms into a unified framework describing hDCAD as a biological 

coolant. Unlike many previous investigations performed under controlled climatic chamber conditions, this review 

primarily synthesized findings obtained under natural tropical HTa environments, thereby providing greater 

ecological and practical relevance for dairy production systems in tropical regions. Furthermore, the review 

introduced the novel concept of paradoxical tachypnea associated with enhanced hydration status and 

evaporative heat dissipation during hDCAD supplementation. 

Nevertheless, several limitations should be acknowledged. Most mechanistic evidence summarized in this 

review originated from studies conducted in dairy goats, and comparatively limited data are available for dairy 

cows and other ruminant species. In addition, several proposed mechanisms, particularly those involving 

hydration-mediated respiratory regulation, thirst signaling pathways, meal pattern modulation, and intracellular 

thermoregulatory responses, remain hypothetical and require direct experimental confirmation. Variations 

among breeds, environmental conditions, dietary formulations, and management systems may also influence the 

consistency of physiological responses to hDCAD supplementation. 

Future studies should therefore focus on validating the biological coolant concept of hDCAD across different 



doi: 10.14202/vetworld.2026.2304-2317 

 

 
2314 

ruminant species, production stages, and climatic conditions. Long-term investigations evaluating milk production 

efficiency, reproductive performance, immune responses, metabolic adaptations, and animal welfare under 

practical farm conditions are also required. Moreover, further mechanistic studies should investigate the 

interactions among hydration status, respiratory control centers, renal electrolyte regulation, ruminal water 

dynamics, and molecular pathways associated with thermoregulation and milk synthesis. The integration of 

hDCAD supplementation with physical cooling systems and precision nutritional management strategies should 

additionally be explored to optimize heat stress mitigation under tropical dairy production systems. 

In conclusion, the present review provides evidence that hDCAD supplementation has substantial potential 
as a nutritional strategy for alleviating the detrimental effects of HTa in dairy ruminants. By improving hydration 
status, enhancing evaporative heat dissipation, supporting eating behavior, and stabilizing physiological 
homeostasis, hDCAD may improve animal welfare and productivity under tropical heat stress conditions. The 
biological coolant concept proposed in this review provides a promising foundation for future nutritional and 
management innovations aimed at improving the sustainability and resilience of dairy production systems in 
regions increasingly affected by global warming. 

DATA AVAILABILITY 

The supplementary data including video clips can be made available from the corresponding author upon a 
request. 

AUTHORS’ CONTRIBUTIONS 

ST and TN: Conceptualization. ST: Writing – original draft. ST, TN, TL, and NC: Writing – review & editing. ST: 
Funding acquisition. SS, NS, and TN: Data curation. TL and NC: Supervision. All authors have read and approved 

the final manuscript. 

ACKNOWLEDGMENTS 

This Research is funded by Thailand Science research and Innovation Fund Chulalongkorn University 
(FF68#207405). 

DECLARATION OF GENERATIVE AI AND AI-ASSISTED TECHNOLOGIES IN THE WRITING PROCESS 

The review has been written based on the author’s expertise, literature analysis and evaluation without the 
use of AI-generative program. 

COMPETING INTERESTS 

The authors declare that they have no competing interests. 

PUBLISHER’S NOTE 

Veterinary World remains neutral with regard to jurisdictional claims in the published institutional 

affiliations. 

REFERENCES 

1. Nayak SS, Rajawat D, Jain K, Sharma A, Gondro C, Tarafdar A, Dutt T, Panigrahi MA. Comprehensive review 

of livestock development: Insights into domestication, phylogenetics, diversity, and genomic advances. 

Mamm Genome, 2024;35:577-599. 

2. Gillis RE, Kendall IP, Roffet-Salque M, Zanon M, Anders A, Arbogast RM, Bogucki P, Brychova V, Casanova E, 

Classen E, Csengeri P, Czerniak L, Domboróczki L, Fiorillo D, Gronenborn D, Hachem L, Jakucs J, Ilett M, 

Lyublyanovics K, Lenneis E, Marciniak A, Marton T, Oross K, Pavúk J, Pechtl J, Pyzel J, Stadler P, Stäuble H, 

Vostrovská I, van Wijk I, Vigne JD, Balasse M, Evershed RP. Diverse prehistoric cattle husbandry strategies in 

the forests of Central Europe. Nat Ecol Evol, 2025;9:87-98. 

3. Weigel KA, VanRaden PM, Norman HD, Grosu H. A 100-year review: Methods and impact of genetic selection 

in dairy cattle-from daughter-dam comparisons to deep learning algorithms. J Dairy Sci, 2017;100:10234-

10250. 

4. Pulina G, Milán MJ, Lavín MP, Theodoridis A, Morin E, Capote J, Thomas DL, Francesconi AHD, Caja G. Invited 

review: Current production trends, farm structures, and economics of the dairy sheep and goat sectors. J 



doi: 10.14202/vetworld.2026.2304-2317 

 

 
2315 

Dairy Sci, 2018;101:6715-6729. 

5. Michael P, de Cruz CR, Mohd Nor N, Jamli S, Goh YM. Evaluation of heat stress threshold and impacts on milk 

yield in dairy cattle crossbreds in a hot and humid climate. Theor Appl Climatol, 2023;154:235-244. 

6. Thammacharoen S, Chanpongsang S, Chaiyabutr N, Teedee S, Pornprapai A, Insam-ang A, Srisa-ard C, 

Channacoop N. An analysis of herd-based lactation curve reveals the seasonal effect from dairy cows fed 

under high ambient temperature. Thai J Vet Med, 2020;50(2):169-178. 

7. Kliengchuay W, Mingkhwan R, Kiangkoo N, Suwanmanee S, Sahanavin N, Kongpran J, Aung HW, 

Tantrakarnapa K. Analyzing temperature, humidity, and precipitation trends in six regions of Thailand using 

innovative trend analysis. Sci Rep, 2024;14:7800. 

8. WBG (The World Bank Group). Climate change knowledge portal; Thailand. 2025. Available from: 

https://climateknowledgeportal.worldbank.org/country/thailand/climate-data-historical. Accessed on 16-

12-2025. 

9. Virdis SGP, Kongwarakom S, Juneng L, Padedda BM, Shrestha S. Historical and projected response of 

Southeast Asian lakes surface water temperature to warming climate. Environ Res, 2024;247:118412. 

10. Thammacharoen S, Saipin N, Nguyen T, Chaiyabutr N. Effects of high ambient temperature on milk protein 

synthesis in dairy cows and goats: Insights from the molecular mechanism studies. In: Chaiyabutr N, editor. 

Milk Protein-New Research Approaches. IntechOpen; 2022. 

11. Saipin N, Semsirmboon S, Rungsiwiwut R, Thammacharoen S. High ambient temperature directly decreases 

milk synthesis in the mammary gland in Saanen goats. J Therm Biol, 2020;94:102783. 

12. Thammacharoen S, Semsirmboon S, Chanpongsang S, Chaiyabutr N, Panyasomboonying P, Khundamrongkul 

P, Puchongmart P, Wichachai W. Seasonal effect of milk yield and blood metabolites in relation with ketosis 

from dairy cows fed under high ambient temperature. Vet World, 2021;14(9):2392-2396. 

13. Habeeb AA, Osman SF, Teama FEI, Gad AE. The detrimental impact of high environmental temperature on 

physiological response, growth, milk production, and reproductive efficiency of ruminants. Trop Anim Health 

Prod, 2023;55:388. 

14. Salama AAK, Caja G, Hamzaoui S, Badaoui B, Castro-Costa A, Façanha DAE, Guilhermino MM, Bozzi R. 

Different levels of response to heat stress in dairy goats. Small Rumin Res, 2014;121:73-79. 

15. Baker MA. Effects of dehydration and rehydration on thermoregulatory sweating in goats. J Physiol, 

1989;417:421-435. 

16. Sivakumar A, Singh G, Varshney V. Antioxidants supplementation on acid-base balance during heat stress in 

goats. Asian-Australas J Anim Sci, 2010;23:1462-1468. 

17. Chaiyabutr N, Buranakarl C. Effects of exogenous urea infusion on glucose metabolism in acute heat-stressed 

swamp buffaloes (Bubalus bubalis). Br Vet J, 1989;145:538-545. 

18. Vasaruchapong T, Chaiyabutr N, Nampimoon T, Thammacharoen S. Physiological responses of the monocled 
cobra (Naja kaouthia Lesson, 1831) including venom production, to high ambient temperature exposure. J 
Venom Anim Toxins Incl Trop Dis, 2025;31:e20240058. 

19. Semsirmboon S, Do Nguyen DK, Chaiyabutr N, Poonyachoti S, Thammacharoen S. Natural high ambient 
temperature-induced respiratory hypocapnia without activation of the hypothalamic-pituitary-adrenal axis 

in lactating goats. Vet World, 2022;15:2611-2616. 
20. Do Nguyen DK, Semsirmboon S, Chaiyabutr N, Thammacharoen S. Effects of low dietary cation and anion 

difference on blood gas, renal electrolyte, and acid excretions in goats in tropical conditions. Animals (Basel), 
2022;12:3444. 

21. Stevens JB, Anderson KL, Correa MT, Stewart T, Braselton WE Jr. Hematologic, blood gas, blood chemistry 

and serum mineral values for a sample of clinically healthy adult goats. Vet Clin Pathol, 1994;23:19-24. 

22. Augustinsson O, Johansson K. Ammonium chloride induced acidosis and aldosterone secretion in the goat. 

Acta Physiol Scand, 1986;128:535-540. 
23. Hamzaoui S, Salama AA, Albanell E, Such X, Caja G. Physiological responses and lactational performances of 

late-lactation dairy goats under heat stress conditions. J Dairy Sci, 2013;96:6355-6365. 
24. Façanha DAE, Ferreira J, Silveira RMF, Nunes TL, de Oliveira MGC, de Sousa JER, de Paula VV. Are locally 

adapted goats able to recover homeothermy, acid-base and electrolyte equilibrium in a semi-arid region? J 
Therm Biol, 2020;90:102593. 

25. Ferreira J, Silveira RMF, de Sousa JER, de Vasconcelos AM, Guilhermino MM, Façanha DAE. Evaluation of 
homeothermy, acid-base and electrolytic balance of black goats and ewes in an equatorial semi-arid 



doi: 10.14202/vetworld.2026.2304-2317 

 

 
2316 

environment. J Therm Biol, 2021;100:103027. 

26. Beatty DT, Barnes A, Taylor E, Pethick D, McCarthy M, Maloney SK. Physiological responses of Bos taurus and 

Bos indicus cattle to prolonged, continuous heat and humidity. J Anim Sci, 2006;84:972-985. 

27. Nguyen T, Chaiyabutr N, Chanpongsang S, Thammacharoen S. Dietary cation and anion difference: Effects on 

milk production and body fluid distribution in lactating dairy goats under tropical conditions. Anim Sci J, 

2018;89:105-113. 

28. Jennings ML. Cell physiology and molecular mechanism of anion transport by erythrocyte band 3/AE1. Am J 

Physiol Cell Physiol, 2021;321:C1028-C1059. 

29. Suwannapaporn P, Chaiyabutr N, Wanasuntronwong A, Thammacharoen S. Arcuate proopiomelanocortin is 

part of a novel neural connection for short-term low-degree of high ambient temperature effects on food 

intake. Physiol Behav, 2022;245:113687. 

30. Schilling AK, Reese S, Palme R, Erhard M, Wöhr AC. Stress assessment in small ruminants kept on city farms 

in southern Germany. J Appl Anim Welf Sci, 2015;18:119-132. 

31. Niyonzima YB, Strandberg E, Hirwa CD, Manzi M, Ntawubizi M, Rydhmer L. The effect of high temperature 

and humidity on milk yield in Ankole and crossbred cows. Trop Anim Health Prod, 2022;54:85. 

32. Aditya S, Bahutala MB, Hibatullah DN, Pourazad P, Wahyono T, Qumar M, Penagos-Tabares F, Wulansari N. 

Evaluation of milk yield and composition, feed intake, chewing activities, and clinical variables in dairy cows 

under hot-humid climate of tropical zone. J Therm Biol, 2023;114:103608. 

33. Boonkum W, Teawyoneyong W, Chankitisakul V, Duangjinda M, Buaban S. Impact of heat stress on milk yield, 

milk fat-to-protein ratio, and conception rate in Thai-Holstein dairy cattle: A phenotypic and genetic 

perspective. Animals (Basel), 2024;14:3026. 

34. Samara EM, Al-Badwi MA, Abdoun K, Abdelrahman MM, Okab AB, Bahadi MA, Al-haidary AA. The 

interrelationship between macrominerals and heat stress in ruminants: Current perspectives and future 

directions-a review. Vet Res Commun, 2024;49:29. 

35. Block E. Manipulation of dietary cation-anion difference on nutritionally related production diseases, 

productivity, and metabolic responses of dairy cows. J Dairy Sci, 1994;77:1437-1450. 

36. Semsirmboon S, Do Nguyen DK, Chaiyabutr N, Poonyachoti S, Lutz TA, Thammacharoen S. High dietary cation 

and anion difference enhanced renal response to an acute acid load of lactating goat fed under tropical 
conditions. Anim Sci J, 2025;96:e70062. 

37. Roche JR, Petch S, Kay JK. Manipulating the dietary cation-anion difference via drenching to early-lactation 

dairy cows grazing pasture. J Dairy Sci, 2005;88:264-276. 

38. Apper-Bossard E, Peyraud JL, Faverdin P, Meschy F. Changing dietary cation-anion difference for dairy cows 

fed with two contrasting levels of concentrate in diets. J Dairy Sci, 2006;89(2):749-760. 

39. Hu W, Murphy MR, Constable PD, Block E. Dietary cation-anion difference effects on performance and acid-

base status of dairy cows postpartum. J Dairy Sci, 2007;90:3367-3375. 
40. Wildman CD, West JW, Bernard JK. Effect of dietary cation-anion difference and dietary crude protein on 

milk yield, acid-base chemistry, and rumen fermentation. J Dairy Sci, 2007;90:4693-4700. 

41. Semsirmboon S, Do Nguyen DK, Chaiyabutr N, Poonyachoti S, Lutz TA, Thammacharoen S. High dietary cation 
and anion difference and high-dose ascorbic acid modify acid-base and antioxidant balance in dairy goats fed 
under tropical conditions. Animals (Basel), 2023;13:970. 

42. Delaquis AM, Block E. Dietary cation-anion difference, acid-base status, mineral metabolism, renal function, 
and milk production of lactating cows. J Dairy Sci, 1995;78:2259-2284. 

43. Nguyen T, Chanpongsang S, Chaiyabutr N, Thammacharoen S. Effects of dietary cation and anion difference 

on eating, ruminal function and plasma leptin in goats under tropical condition. Asian-Australas J Anim Sci, 

2020;33:941-948. 
44. Khani M, Fattah A, Ebrahimi-Mahmoudabad SR, Joezy-Shekalgorabi S. Effect of dietary cation-anion 

difference on dry matter intake, digestibility, body weight gain, blood parameters, and carcass traits in Zandi 
lambs. Transl Anim Sci, 2023;7:1-9. 

45. Nguyen T, Chaiyabutr N, Semsirmboon S, Chanpongsang S, Thammacharoen S. High dietary cation and anion 

difference formulation increased heat dissipation in non-lactating goats fed at high ambient temperature. 
Vet World, 2023;16:2403-2410. 

46. Nguyen T, Chanpongsang S, Chaiyabutr N, Thammacharoen S. The effect of dietary ions difference on 
drinking and eating patterns in dairy goats under high ambient temperature. Asian-Australas J Anim Sci, 



doi: 10.14202/vetworld.2026.2304-2317 

 

 
2317 

2019;32:599-606. 

47. Nakamura K. Central circuitries for body temperature regulation and fever. Am J Physiol Regul Integr Comp 

Physiol, 2011;301:R1207-R1228. 

48. Sejian V, Bhatta R, Gaughan JB, Dunshea FR, Lacetera N. Review: Adaptation of animals to heat stress. Animal, 

2018;12(s2):s431-s444. 

49. Delaquis AM, Block E. Acid-base status, renal function, water, and macromineral metabolism of dry cows fed 

diets differing in cation-anion difference. J Dairy Sci, 1995;78:604-619. 

50. Grove JCR, Knight ZA. The neurobiology of thirst and salt appetite. Neuron, 2024;112:3999-4016. 

51. Rossi R, Del Prete E, Rokitzky J, Scharrer E. Effects of a high NaCl diet on eating and drinking patterns in pygmy 

goats. Physiol Behav, 1998;63:601-604. 

52. Nguyen T, Hon NV, Ngu NT, Thammacharoen S. Effects of high salinity in drinking water on behaviors, growth, 

and renal electrolyte excretion in crossbred Boer goats under tropical conditions. Vet World, 2022;15:834-

840. 

53. Nguyen T, Nguyen Trong N, Chaiyabutr N, Thammacharoen S. Diluted seawater decreased weight gain and 

altered blood biochemical parameters in Bach Thao goats. J Appl Anim Res, 2024;52:2371123. 

54. Nguyen T, Truong KV, Nguyen KKT, Nguyen NT, Chaiyabutr N, Thammacharoen S. Effects of diluted seawater 

in drinking water on physiological responses, feeding, drinking patterns, and water balance in crossbred dairy 

goats. Vet World, 2024;17:2398-2406. 

55. Arad Z. Thermoregulation and acid-base status in the panting dehydrated fowl. J Appl Physiol Respir Environ 

Exerc Physiol, 1983;54:234-243. 

56. Camacho A, Brunes TO, Rodrigues MT. Dehydration alters behavioral thermoregulation and the geography 

of climatic vulnerability in two Amazonian lizards. PLoS One, 2023;18:e0286502. 

57. Suzuki K, Abe I, Iwabuchi S, Tsumagari S, Matsumoto T, Asano R. Evaluation of isotonic sodium bicarbonate 

solution for alkalizing effects in conscious calves. J Vet Med Sci, 2002;64:699-703. 

58. Do C, Vasquez PC, Soleimani M. Metabolic alkalosis pathogenesis, diagnosis, and treatment: Core curriculum 

2022. Am J Kidney Dis, 2022;80:536-551. 

59. Geary N. A physiological perspective on the neuroscience of eating. Physiol Behav, 2014;136:3-14. 

60. Thammacharoen S, Nguyen T, Chanpongsang S, Chaiyabutr N. Short-term effect of coconut oil 

supplementation on the meal pattern in crossbred dairy goats fed under tropical environment. Thai J Vet 

Med, 2017;47(4):465-473. 

61. Provenza FD. Postingestive feedback as an elementary determinant of food preference and intake in 

ruminants. J Range Management, 1995;48:2. 

62. Villalba JJ, Provenza FD, Manteca X. Links between ruminants' food preference and their welfare. Animal, 

2010;4:1240-1247. 

******** 


