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Abstract: This article has been prepared to examine the effects of heat stress on livestock nutrition, yield and product quality, and to 

reveal strategies for adaptation and mitigation of climate change. Global climate change is primarily caused by greenhouse gas 

emissions, which result in warming of the atmosphere. Therefore, soil, air, water pollution and reductions in biodiversity may occur. At 

the same time, climate change can directly and indirectly affect livestock and animal nutrition. Heat stress results from inability to 

dissipate enough heat to maintain homeothermy of the animals. High ambient temperature, relative humidity and radiant energy 

compromise ability to dissipate heat of the animals. Ruminants, pigs and poultry are susceptible to heat stress due to their species-

specific characteristics such as their metabolic rate and growth, high yield levels, rumen fermentation, sweating disorder and skin 

insulation. The indirect effects of climate change on livestock are changes in crop and forage production and quality, decrease in 

pasture/rangeland quality as a result of decrease in biodiversity and decrease in water availability. The direct effects are on the feed 

and water consumption, growth, milk, meat, egg, wool/hair and honey yield and product quality of the animals. These effects are 

primarily the result of a combination of temperature and increase in atmospheric carbon dioxide concentration, variation in 

precipitation, and relative humidity. Heat stress can cause significant losses in animal production, some of these may be immediate and 

some may be delayed. Animals under heat stress can decrease feed consumption to reduce metabolic heat. The decrease in feed 

consumption may cause a decrease in the growth rate of animals, decrease in milk, meat, egg, wool/hair yield and quality. The rations 

of animals can be manipulated to mitigate the negative effects of climate change. 
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1. Introduction 
The combination of elements such as temperature, air 

movement, barometric pressure, radiation, humidity, 

precipitation and ionization creates the climate. In many 

parts of the world there can be differences in climatic 

zones, the reason for these differences is latitude, winds, 

evaporation conditions, water availability, altitude, 

proximity to mountains, etc. are factors (West, 2003). 

The climate system is under the influence of its own 

internal dynamics and may change over time depending 

on the changes in external factors affecting the climate. 

Climate change is a natural phenomenon that has 

occurred throughout history. In recent years, the term 

'climate change' has mostly been used to describe 

changes in the Earth's climate. These changes started 

from the pre-industrial period (from about 1850) 

primarily by human activities. The use of fossil fuels, 

which causes a relatively rapid increase in the CO2 

concentration in the world's atmosphere, and the 

removal of forests are the biggest reasons for these 

changes (Pachauri et al., 2014). 

Climate change includes not only rising average 

temperatures, but also extreme weather events, changing 

wildlife populations and habitats, sea level rise, changes 

in river flows and water levels, and many other effects. 

While precipitation is increasing in some parts of the 

world, others are experiencing severe droughts, 

increasing the risk of wildfires, crop loss and drinking 

water shortages (IPCC, 2021). The human population is 

expected to increase from 7.2 to 9.6 billion by 2050, and 

this corresponds to a population increase of 33% (UN, 

2013). The demand for animal products is also increasing 

for the adequate nutrition of the increasing human 

population. Therefore, even as average global 

temperatures increase and precipitation patterns change, 

the increasing demand for food must be met. The impact 

of extreme climatic conditions and seasonal fluctuations 

on feed quality and quantity is considered a compelling 

source of influence on animal welfare. Animals grazing in 

poor pasture conditions in arid and semi-arid regions are 

exposed to malnutrition. In extremely hot environments, 

the productivity of animal decreases due to the lack of 
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sufficient and quality feed (Naqvi et al. 2015). In a dry 

and warm environment, animals expend a lot of energy 

because they have to walk long distances to find food and 

water. Thus, in addition to many other factors, the quality 

of animal products is probably most affected by feed 

quantity and quality. Therefore, most of the research has 

focused on improving the quality of animal products 

through manipulations in animal nutrition (Babinzski et 

al., 2011). Animal nutrition strategies should be 

developed and solutions found to reduce the negative 

effects of global climate change on animal nutrition. 

 

2. Global Climate and Global Warming 
The global climate is the interconnected system of 

everything humans do, with the sun, earth and oceans, 

wind, rain, snow, forests, deserts and savannas. Very 

important changes in the global climate are occurring. 

Climate change refers to long-term changes in 

temperatures and weather patterns. These changes can 

be natural, such as changes in the solar cycle. But since 

the 1800s, humans primarily burning fossil fuels such as 

coal, oil and gas, cutting and burning forests and 

producing lime have been the most important drivers of 

climate change. Climate change is primarily caused by 

greenhouse gas emissions, which result in warming of 

the atmosphere. It is a term often used interchangeably 

with climate change, as one of the most important 

measures of global climate change is global warming. 

Global warming refers to the increase in average global 

temperatures associated with significant impacts on 

people, wildlife and ecosystems around the world (IPCC, 

2021). Three important gases, mainly CO2, CH4 and N2O 

are shown as the main causes of global warming and 

climate change. The ones that increase greenhouse gas 

emissions the most are CH4 (%44), N2O (%29) and CO2 

(%27) (IPCC, 2013). The livestock sector contributes to 

14.5% of global greenhouse gas emissions (Gerber et al., 

2013). In addition, the increase in the level of water 

vapor in the atmosphere contributes to global warming. 

Climate change and heat stress affect livestock health and 

productivity, natural resources, quantity and quality of 

feed, and animal production through loss of biodiversity 

(Chapman et al., 2012). 

2.1. Temperature and Relative Humidity 

Animals are adversely affected by the harmful effects of 

extreme weather conditions. The effects of climatic 

extremes and seasonal fluctuations on feed quantity and 

quality can affect livestock welfare, leading to reductions 

in production and reproductive efficiency (Sejian et al., 

2013). The quantity of heat stress is generally related to 

relative humidity. The increase in relative humidity with 

the ambient temperature exceeding the normal limits (5-

25 °C) adversely negatively affects the thermoregulation 

ability of the animal. As the relative humidity increases, 

the lower the temperature at which a dairy cow shows 

signs of heat stress. For example, the most suitable 

environmental conditions for dairy cattle; it is defined as 

an ambient temperature of 13-18 °C and a relative 

humidity of 60-70% (McDowell, 1972). This relationship 

between ambient temperature and relative humidity has 

led to the development of the Temperature-Humidity 

Index (THI) (Table 1). 

 

Table 1. Temperature and humidity index values for 

animals (NADIS, 2017) 
 

 

 

 

 

 

 

 

 

 

Green= heat stress moderate, Yellow= heat stress acute, Red= 

deadly, THI= temperature humidity index. 

 

According to the Table 1, when the THI value is 71 and 

below, the animals are not affected by heat stress, when 

the THI reaches 72, the cows show signs of moderate 

heat stress, if the THI is between 72-79, some yield losses 

may occur, and when the THI is 80 and above 

significantly affected by the heat stress of the animal. 

2.2. Thermoneutral (Comfort) Zone for Animals 

The heat produced during the digestion, excretion and 

metabolism of nutrients is called "temperature increase". 

The temperature range in the immediate environment 

where a healthy adult animal can maintain its normal 

body temperature without needing to use energy outside 

of its normal basal metabolic rate is called the 

“thermoneutral zone” (Metze, 2016). In other words, the 

range of environmental conditions in which an animal 

can regulate its heat excretion with minimal effort is 

defined as the “Thermo neutral zone”. In a thermoneutral 

environment, the animal's heat production is minimal 

and therefore dietary energy can be used efficiently for 

production (growth, meat, milk, eggs, etc.). The 

thermoneutral zone in cattle differs according to race, 

age, sex, reproduction and lactation status, and milk yield 

and milk composition. The thermoneutral zone for dairy 

cattle is between 13.9 °C and 27.2 °C, within this range 

the changes in core body temperature are minimal. The 

thermal comfort zone (TCZ) represents the range of 

ambient temperatures at which an animal feels thermally 

comfortable (Figure 1) (Curtis, 1981). 

Homeotherms (warm-blooded) have zones of optimum 

temperature for production, where no additional energy 

is spent above the HP requirement to warm or cool the 

body. The upper critical air temperature for dairy cows 

has been reported to be 25 to 26°C (Berman et al., 1985). 

 

3. Heat and Cold Stress in Animals 
The heat dissipation capacity of animals due to high 

temperature and humidity is exceeded and there is an 

increase in body temperature beyond physiological 
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limits, this situation is called heat stress (Ronchi et al., 

1997). Extreme heat in the summer can adversely affect 

grazing animals and cause nutritional imbalances. In the 

arid and semi-arid tropics, insufficient and poor quality 

feed is the most important factor in animal malnutrition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Thermoneutral Zone for dairy cattle (Curtis, 

1981). 

 

Cold stress (low critical temperature) is the animal 

body's response to low temperatures when the ambient 

temperature falls below the thermal neutral zone. Cold 

stress is the opposite of heat stress (upper critical 

temperature). If the environmental temperature falls 

below the thermal neutral zone of the animal, its body's 

metabolic rate increases (Metze, 2016). Cold stress can 

also be critical for more on rangeland grazing animals. As 

cold stress causes an increase in basal metabolic rate, it 

also causes an increase in additional energy 

requirements. Thus, in ruminants; rumination, digestive 

system activity, feed and fluid passage rate increases and 

digestion ends in a shorter time. This rapid digestion 

results in a reduction of energy from feed consumption 

(Navratil et al., 2015). 

 

4. The Effects on Animal Nutrition of 

Climate Change 
According to the studies and reports, it is understood 

that the average temperature of the world has increased 

and will continue to increase, and this will have a 

significant impact on agricultural production. Heat stress 

has direct and indirect effects that negatively affect the 

health, nutrition and productivity of animals. The direct 

effects are primarily due to increased temperatures and 

the frequency and intensity of heat waves. The most 

important direct impact of climate change on animal 

production is due to heat stress. These environmental 

conditions cause metabolic disturbances, oxidative 

stress, infections and impaired immune system in 

animals and may adversely affect animal health (NRC, 

1981; Gaughan et al., 2009). Indirect effects are those 

related to changing the availability and quality of feed 

raw materials and drinking water (Lacetera, 2019). 

Drought caused by climate change affects water 

availability, quantity and quality of forage production, 

rangeland vegetation diversity, this, in turn, leads to 

reduced feed consumption, malnutrition, reduced body 

weight, reduced reproductive efficiency and weakened 

resistance to diseases of animals (Naqvi et al., 2015). 

4.1. Effect on Rumen Metabolism of Climate Change 

4.1.1. Cattle 

High ambient temperature in summer can have a 

significant impact on rumen physiology, which in turn 

affects the nutritional status of animals. Heat stress may 

cause deterioration in rumen physiology, decrease in 

rumination, rumen activity and reticulo-rumen motility, 

metabolic disorders, slowdown of digestive transit rate 

and decrease in production performance (Nardone et al., 

2010; Yadav et al., 2013). It has been determined that 

when Holstein heifers are exposed to ambient 

temperatures ranging from 20oC to 33°C, the rumen pH 

decreases (Tajima et al., 2007), and the rumen microbial 

population of cows changes at high ruminal 

temperatures (Yadav et al., 2013; Correia Sales et al., 

2021). Microbial change in the rumen is important in 

determining the digestibility of fibrous feeds, feed 

transition rate, growth rate and feed consumption of 

ruminants. It is known that the degradability of roughage 

in the rumen depends on the presence of microorganisms 

(bacteria, protozoa and fungi) in the rumen (Özel and 

Sarıçiçek, 2009). The residence time of the feeds in the 

rumen varies according to the temperate and tropical 

regions, this suggests that the potential degradability of 

feeds may be affected by climate and ambient 

temperature. 

Since heat stress causes an increase in lactic acid 

concentrations in ruminants, it reduces the animal's 

production, energy availability and lowers the rumen pH, 

the rumen water content rises, and accordingly the 

osmotic pressure of the rumen fluid decreases (Yadav et 

al., 2013). The electrolyte concentration (K and Na) in the 

rumen fluid of the cow under heat stress decreases, 

which causes loss of Na in the urine and K loss from the 

skin, feed consumption is reduced and the rumination 

period is shortened (Sammad et al., 2020), due to the 

shortening of the rumination period, the secretion of 

saliva, which acts as a buffer, also decreases (Meneses et 

al., 2021). It was determined that the ammonia nitrogen 

(NH3-N) concentration of ruminants exposed to heat 

stress also decreased significantly. This indicates that 

heat stress can also affect rumen fermentation and 

digestion of dietary proteins and the metabolism of other 

nitrogenous compounds (Cai et al., 2019).  

In heat stress, the acetate ratio in the rumen decreases 

and the butyrate ratio increases (Cai et al., 2019). The 

reduction in acetate may be the result of the reduction in 

the presence of acetobacter (Zhao et al., 2019), in 

addition, total volatile fatty acids (VFA) and propionate 

concentrations in the rumen of animals under heat stress 

are significantly reduced. Concentrated feed 

consumption increases significantly during heat stress, 
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this causes an increase in propionate production (Uyeno 

et al., 2010). Decreased feed consumption and changes in 

the amount and/or activity of microorganisms in the 

rumen are important factors affecting VFA production 

(Özel and Sarıçiçek, 2009). It is also stated that changes 

in VFA concentrations in the rumen may be due to the 

increase in water consumption of the animal and the high 

water content in the rumen (Cai et al., 2019). Although 

the rumen contains the greatest number and diversity of 

bacteria, ciliate protozoa that affect the production of 

VFAs can account for about half of the rumen microbial 

biomass. In addition, heat stress may cause changes in 

the amount of other microorganisms such as anaerobic 

fungi, archaea and protozoa (Özel and Sarıçiçek, 2009). 

While acetic acid, one of the volatile fatty acids produced 

in the rumen and transported to the bloodstream, is 

mainly used in lipid synthesis, the level of propionic acid 

affects the protein content of milk. The decrease in feed 

consumption due to high ambient temperatures causes a 

decrease in sulfur uptake, which negatively affects the 

methionine synthesis of rumen bacteria. Decreased 

microbial protein synthesis or inhibition of methionine 

synthesis, which has a very important role in meeting the 

protein needs of ruminants, causes a significant decrease 

in milk protein (Sarıçiçek, 2007). 

4.1.2. Buffalo 

Omran et al. (2011) determined that the adaptation 

process of the rumen is significantly affected when the 

buffalo is exposed to heat stress in the laboratory 

environment at 40°C and 25°C. Rumen movements in 

buffaloes are slower than in cattle, and the rate of 

passage of digested content through the rumen is lower 

(Sarıçiçek, 2007). According to Wang et al. (2012), heat 

stress changed the rumen fermentation of water buffalo, 

in particular, it caused a decrease in the concentration of 

acetic and butyric acid, which are the precursors of fatty 

acids and total cholesterol. Rumen fermentation provides 

a dynamic response to changes in rumen 

microorganisms. Among the microorganisms (archaea, 

fungi, protozoa and bacteria) in the rumen of the buffalo 

under heat stress, the most changes were seen in 

bacteria. While heat stress did not have a significant 

effect on the alpha diversity of rumen bacteria, visible 

changes in the β-diversity of the bacterial community 

were detected (Wang et al., 2022).  

4.1.3. Goat 

It decreased rumen pH level and rumen fermentation 

(Castro-Costa et al., 2015), decreased rumen VFA 

production (Choubey and Kumar, 2012), acetate and 

acetate/propionate ratios and increased butyrate 

production (Tajima et al., 2007) of Murciano-Granadina 

dairy goats exposed to heat stress. Hirayama et al., 

(2004) stated that Saanen goats exposed to heat (35 °C) 

had a decrease in plasma acetate and VFA concentrations 

compared to those kept in thermoneutral conditions (20 

°C), which was caused by the reduction in feed 

consumption and the change in the rumen microbial 

population. Pragna et al. (2018) determined that rumen 

acetate concentrations decreased in Osmanabadi and 

Malabari goats exposed to heat, whereas there was no 

change in Salem goats. This suggests that there may be 

differences between varieties against heat stress. 

4.2. Effects on Feed Consumption of Climate Change 

The relationship between the increase in ambient 

temperature and body temperature and dry matter 

consumption (DMT) has been explained (West, 2003). 

The terms appetite and hunger need to be explained to 

explain the animal's desire to consume food. appetite; the 

desire to eat a previously tried and admired food, hunger; 

It is the state of saturation felt by the animal as a result of 

the animal's inability to get the nutrients it needs and 

insufficient nutrition (mechanical and physiological) 

(Sarıçiçek, 2007). Ghrelin is a hormone secreted by 

ghrelinergic cells in the gastrointestinal tract when the 

stomach is empty, it increases hunger and 

gastrointestinal motility (Pearce et al., 2014). Decreased 

appetite and feed intake due to heat stress may result in a 

decrease in metabolic body weight, and as a result, the 

animal may enter physiologically negative energy 

balance, and then is decrease in body condition score of 

the animal (Rhoads et al., 2009).  

4.2.1. Cattle 

Since there is a significant reduction in feed consumption 

under heat stress, nutrient deficiency occurs due to the 

interaction between stress and feeding. The reason of 

decrease in feed consumption may also be the result of 

the longer filling of the digestive tract and the decrease in 

the passage rate of digestion (Rana et al., 2014). Animals 

under heat stress reduce feed consumption to lower 

metabolic heat. In a hot environment, the ability to lose 

heat is limited when the air temperature is above the 

upper critical temperature, therefore, livestocks reduce 

feed consumption to maintain thermal balance, thus 

reducing the temperature rise (Kadzere et al., 2002). 

Studies show a strong negative correlation between 

rectal temperature and feed consumption in pigs, poultry 

and dairy cows during heat stress. High ambient 

temperature causes hyperthermia in the body, this 

reduces the activity of the appetite center in the medulla 

oblongata. Therefore, feed consumption decreases 

proportionally with the increase in ambient temperature 

(Brown-Brandl et al., 2001). 

Feed consumption starts to decrease at an average 

temperature of 25-26 °C in lactating cows, and this 

decrease is faster at temperatures above 30 °C (NRC, 

1989). Since there is an inverse relationship between 

high temperature and DMI, it was observed that feed 

consumption was suppressed after one day from the 

increase in high (29 oC, 50% RH) temperature (Spiers et 

al., 2004). According to NRC (2001), DMI decreases by 

40% at 40 oC ambient temperature. In beef cattle, feed 

consumption starts to decrease at an ambient 

temperature of about 30 °C with <80% RH or 27 °C with 

>80% RH (Bernabucci et al., 2010). 

4.2.2. Buffalo 

The fact that the buffalo has dark skin and sparse hair 
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causes the sun's rays to be absorbed at a high level 

(Dayal et al. 2017). In addition, the underdeveloped 

sweat glands of buffalo weakens their heat dissipation 

capacity, making them highly susceptible to global 

warming (Bombade et al., 2018). With the increasing 

effects of climate change, the heat stress problem for 

buffalo is likely to worsen. Heat stress in buffalo starts at 

THI 72, THI above this cannot maintain the heat balance, 

which causes a decrease in DMI and an increase in 

respiratory rate (Gu et al., 2018).  

Buffalo are also very sensitive to cold stress and cannot 

maintain their internal temperatures in the thermo-

neutral zone. According to Omran and Fooda, (2013), 

under environmental conditions in Medill Egypt there 

may be THI>87 for Friesians, while this threshold is 

THI>91 for buffaloes, this may be dangerous for Frisians. 

The best THI for production in both species is lower than 

68, but at this threshold also Buffalo are under cold 

stress. Under native Egyptian conditions, Friesians are 

more tolerant of cold but more sensitive to heat than 

buffaloes. 

4.2.3. Goat 

It is known that due to the lip structure and foraging 

habits of goats, they can be satisfied with limited feed 

especially in arid and semi-arid regions and have the 

ability to evaluate low quality feeds (Sarıçiçek, 2007). 

Although goats are more resistant to heat stress, they are 

affected when exposed to temperatures above their 

comfort zone. While the upper critical temperatures for 

goats at the maintenance level were determined as 25°-

30 °C', the critical temperature was not determined for 

growing and lactating goats (Gupta and Mondal, 2021). 

Goats looking for forage in open areas for most of the day 

are sensitive to heat stress. Feed consumption decreases 

in goats under heat stress, which leads to a decrease in 

yield. The reason for the decrease in feed consumption is 

the reaction of the animal to reduce the metabolic heat, 

since the heat increase resulting from the metabolism of 

nutrients is the most important source of heat 

production (Sejian et al., 2018).  

4.2.4. Sheep 

It has been observed that ad libitum roughage 

consumption decreases in sheep exposed to heat stress 

as in other species, especially when high humidity is 

present during the day (temperature 32 °C and relative 

humidity 98%). In addition, due to high heat stress, the 

maintenance requirements of sheep increase by 30% 

(NRC, 2007), and live weight loss occurs as feed 

consumption will not be sufficient to meet daily energy 

requirements (Hamzaoui et al., 2013). 

4.2.5. Pig 

It is stated that pigs cannot tolerate high temperatures up 

to 36 °C and high temperatures cause loss of appetite 

(Babinszky et al., 2011). The increase in the relative 

humidity with the upper critical temperature causes the 

animal to reject the feed, and with the increase in the 

relative humidity, the daily feed consumption of a 60-70 

kg pig can decrease by 80-150 g (Huynh et al., 2005). 

4.2.6. Poultry 

Since the critical temperature for poultry is 30 °C, they 

can compensate for the energy loss up to this 

temperature. However, at temperatures above 30 °C, feed 

and energy consumption decreases, production 

decreases rapidly and mortality increases (Daghir, 2009). 

In severe heat stress (34-35 °C), feed consumption may 

decrease by approximately 30-50%. In addition, 

decreased activity of trypsin, chymotrypsin and amylase 

at high ambient temperatures, possibly, reduces the 

digestibility of nutrients in poultry (Hai et al., 2000). 

Chicks exposed to low ambient temperature (20 °C) 

cluster to maintain optimum temperature, thus, they 

cannot consume enough feed as they reduce the 

frequency in the feeder and drinker. Feed consumption of 

4-6 week old broilers at 32 °C was reduced by 24% 

compared to that at 22 °C. In addition, in case of heat 

stress, broilers may refuse feed at a rate of 50% 

depending on age (Gonzalez-Esquerra and Leeson, 2005). 

4.3. Impact on Water Consumption of Climate Change 

Water is absolutely necessary for life, animals need 

water; water loss while animals meet their water needs 

from feed and metabolic water and drinking water; 

provided by the skin and respiratory, fecal and urinary 

tracts (Sarıçiçek, 2007). Problems related to the 

availability of water will affect the water needs of 

animals, the growth of forage crops and the livestock 

sector using the crops grown. Approximately 8% of 

global human water use belongs to the livestock sector. 

While the water requirements of heat-stressed animals 

increase by two to three times compared to 

thermoneutral conditions (Nardone et al., 2010), some 

species, such as camels and Bedouin goats, have water 

requirements of up to 30-40% of live weight loss (Cain et 

al., 2006). 

4.3.1. Cattle 

Since the comfort zone for dairy cows is between 5 and 

25 °C, at a temperature of 26 °C or higher, the 

thermoregulatory capacity of the animals is exceeded 

and they enter heat stress. Dairy cattle show signs of 

severe dehydration when they lose 12% of their body 

weight of water. While the water requirement of a 

maintenance cow is 4-6 Lt per kg DM consumed under 

normal conditions (Sarıçiçek, 2007), the water 

consumption for a dairy cow under heat stress increases 

by 1.2 kg/°C of the minimum ambient temperature 

(West, 2003). Drinking water, which is the most 

important nutrient of dairy cattle, also has the feature of 

regulating heat distribution. Since 87% of milk consists 

of water, lactation cows have high water needs 

depending on their body weight, DMI and yield levels. 

Meat production is also affected when the body water 

content of beef cattle decreases by 10% (Herrero, 1998). 

4.3.2. Buffalo 

Since water buffalo is sensitive to heat and cold stress, 

the most important nutrient in hot climates is water. 

Water intake is closely related to DMI and milk yield. 

Water consumption increases in hot conditions, so it is 
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important to always have plenty of water (Omran et al., 

2013). Buffaloes consume 4-6 Lt of water for each kg of 

DM consumed for maintenance (Sarıçiçek, 2007), water 

consumption increases when the temperature increases, 

water consumption of buffalo calves in summer increases 

approximately twice the daily consumption or three 

times per metabolic weight (Ashour, 1990). 

4.3.3. Goats 

The thermoneutral zone for goats is 12–24 °C in the hot 

regions of the world. Water needs of goats in heat stress 

conditions have high (Salama et al., 2012). To alleviate 

the effects of heat stress, goats should be provided with 

plenty of fresh, cold water. A goat needs 4 - 8 liters of 

water on average per day. Young and lactating females 

need more water than adults. The reason for the higher 

of water consumption in Alpine goats compared to 

Saanen goats is probably to dissipate more heat released 

as a result of rumen fermentation, this shows that there 

is a difference between breeds in terms of water/DMI 

ratio (Kadzere et al., 2002). It is also suggested that this 

difference may be due to the difference in the hair color 

of the goats: the skin temperature in black areas in 

Holstein cows is higher than in whites, which causes 

increased sweating in black areas compared to whites 

(Da Silva and Maia, 2011). Thus, it explains why Alpine 

goats with dark brown hair drink more water/kg DMI 

than white Saanen goats. 

4.3.4. Sheep 

Sheep consume 2-3 Lt water/kg DM at temperatures 

between 0 and 15 °C, and this rate triples at 

temperatures above 20 °C. In addition, water 

consumption in sheep is 9-11% of total body weight in 

winter and 19-25% in summer (Khan and Ghosh, 1989). 

In general, thirst for three days or more negatively affects 

feed consumption of sheep as a result of increased milk 

production, body weight, chewing movements during 

rumination, respiratory rates and rectal temperatures 

(Aganga et al., 1990). 

4.3.5. Pig 

The most suitable ambient temperature for the optimum 

production performance of growing pigs is between 18-

21 °C (Ingram, 1965). Pigs need to consume more water 

to reduce the effect of heat stress and to lose evaporative 

heat through respiration. Cold drinking water provides 

the greatest heat removal. A baby pig can drink 4-5 liters 

of water per day. Pigs at the beginning of fattening should 

be given 4 liters of water, 12 liters for growing pigs, 20 

liters for pigs at the end of fattening, 24 liters for 

pregnant pigs, and 20 to 35 liters per day for lactating 

pigs. As a general rule, pigs should be provided with 

drinking water at 10% of their body weight, but pigs 

under heat stress typically drink six times more water 

than normal (Zaake et al., 2020). 

4.3.6. Poultry 

At high temperatures, the water holding capacity of the 

body is significantly reduced, as the poultry excessive 

water consumption causes the electrolyte balance to 

change (Borges et al., 2003). Poultry consume 

approximately 1.6–2.0 times more water than the feed 

they consume (El Saidy et al., 2015). The thermoneutral 

temperature for seven-day-old broilers ranges from 28 to 

35 °C, high temperatures above this cause hyperthermia 

and dehydration, feed consumption decreases and this 

causes growth to slow down. The water consumption of 

broilers exposed to acute heat stress is also high 

(Egbuniwe et al., 2018). 

 

5. The Effects on Animal Production of 

Climate Change 
Animals must be in a thermal comfort zone in order to 

perform their physiological functions. When the 

environmental temperature rises above the upper critical 

temperature, animals begin to be exposed to heat stress. 

Heat stress affects bioenergy of animal and has a negative 

impact on welfare. Heat stress changes the physiology of 

animals, causing a decrease in performance, yield and 

product quality.  Under heat stress, feed consumption, 

digestibility of poor quality feeds, and absorption of 

nutrients decrease. In such a case, the animal may have 

to benefit from less nutrients for its maintenance and 

productivity needs. This causes a decrease in yields such 

as milk, meat, fleece/angora, and eggs (West, 2003). 

5.1. Effects on Growth Performance of Climate 

Change 

Growth is defined as a coordinated increase in body 

appearance over a given period of time. The volumetric 

and numerical increase of the cell, that is, the increase in 

live weight, adequate nutrient intake, is genetically and 

environmentally controlled by hormones and enzymes 

(Sarıçiçek, 2007). Heat stress negatively affects growth 

performance, body weight and daily weight gain. 

The negative effects of high temperature on growth 

performance are the result of a decrease in anabolic 

activity and an increase in tissue catabolism. The 

decrease in anabolism is caused by the inadequacy of 

essential nutrients, especially ME, which is necessary for 

maintenance and body weight gain, due to the decrease 

in feed consumption (Morrison and Lofgreen, 1979).  

5.1.1. Cattle 

Heifers produce less metabolic heat compared to cows, 

so they are expected to be less affected by heat stress. 

However, although the maintenance requirements of 

cattle are higher in hot weather, their appetite has 

decreased, and because they are fed with low quality 

roughage, their growth slows down, causing them to be 

smaller in size (NRC, 1981). Holstein, Brown Swiss and 

Jersey heifers from one year to thirteen months were 

grown in chambers at constant temperatures of 10 °C 

and 26.7 °C to determine the effect of temperature. It has 

been determined that Holstein heifers in a 26.7 °C 

environment are weaker, and although they gain more 

weight in a cool environment, it takes longer to reach the 

desired weight in a warm environment (Johnson and 

Ragsdale, 1959). When the comfort conditions (10 °C) 

and heat stress conditions (35 °C) of Jersey, Brown Swiss 



Black Sea Journal of Agriculture 

BSJ Agri / Betül Zehra SARIÇİÇEK                                                 497 
 

and Holstein heifers were compared, it was determined 

that nitrogen retention decreased by 25.4% and 49.0%, 

and the nitrogen balance was positive in Holstein calves 

and negative in cows (Kamal et al., 1970).  

5.1.2. Buffalo 

The summer-born calves of Egyptian buffaloes are 

significantly weaker at weaning compared to calves born 

in other seasons, Egypt (Marai et al., 2009) and in Murrah 

and Surti Indian buffaloes (Bhavsar et al., 1974), it was 

determined that the daily live weight gain from birth to 

weaning was significantly affected by the birth season. 

The lowest daily weight gain between birth and weaning 

was determined in calves born in summer. This may be 

due to the adverse effects of exposure to moderate to 

very severe heat stress (during the summer) of the fetus 

in the last period of pregnancy (Marai et al., 2009). 

5.1.3. Goat 

Although live weight is an important parameter to 

explain the growth variability of goats, changes are also 

observed in the growth parameters of goats under heat 

stress (Habibu et al., 2016). Pragna et al., (2018), who 

determined that the live weight loss in Osmanabadi 

breed was higher than Malabari and Salem back goat 

breeds, stated that the decline in growth differed 

between different goat breeds and that heat stress had a 

negative effect on the body condition score of the 

animals.  

5.1.4. Sheep 

Although sheep are one of the most resistant species to 

high environmental temperatures, climate change has a 

great impact on their growth characteristics. Heat stress 

reduces appetite and causes a decrease in feed 

consumption, slowing of rumen functions and a decrease 

in growth rate. 

Since high temperatures also reduce the rangeland 

quality, it causes the sheep grazing on the rangeland to 

not get enough nutrients, and as a result, their daily live 

weights decrease. According to Marai et al. (2007), when 

sheep are exposed to high temperatures (30-40 °C, 40% 

relative humidity) in the early embryonic stage, a 

significant reduction in total cell number, cell size, and 

placentome size was observed compared to 

thermoneutral temperatures (18-20 °C, 30% RH). During 

placental growth, fetal development slowed down due to 

temperature, feed consumption of animals decreased, 

water consumption and survival requirement increased. 

Temperature stress caused to slow down of growth 

performance, and energy demand increased at higher 

temperatures (Pérez-Barbería et al., 2020). When THI 

increased from 60-65 to 72-75 in Sarda sheep in a semi-

arid-tropical environment, there was a 20% reduction in 

production performance, while the body condition 

scoring of the sheep also changed (Sejian et al., 2010). In 

addition to low precipitation in spring and summer, high 

temperatures can directly affect the productivity of sheep 

and lambs. 

5.1.5. Pig 

Since pigs are sensitive to heat stress, high temperatures 

cause loss of appetite and reduced growth (Quiniou et al., 

2000). When sows are exposed to temperatures above 25 

°C during lactation, milk yield decreases due to reduced 

feed consumption, which reduces the chance of piglets 

surviving. Pigs with high body weight are more sensitive 

to heat stress than those with low body weight 

(Renaudeau et al., 2011). 

5.1.6. Poultry 

Broilers are also sensitive to the increase in ambient 

temperature during the growing period, metabolic heat 

production also increases as their feed consumption is 

high. When the ambient temperature exceeds the upper 

limit of the thermonotral zone, this heat load must be 

distributed in order to maintain the body temperature of 

the animal, but because chickens do not have sweat 

glands, they do not have the capacity to dissipate heat, in 

this case the animal enters heat stress, feed consumption 

decreases and growth rate decreases (Lara and Rostagno, 

2013). 

5.2. Effects on Milk Yield and Quality of Climate 

Change 

Milk yield of animals is highly affected by climate change. 

Increase in temperature and humidity reduces milk 

production, negatively affects the quantity and quality of 

milk, and shortens the lactation period of animals. 

5.2.1. Effects on milk yield of climate change 

Cattle: The effect of heat stress on milk yield 

performance of dairy cattle is negative. The decrease in 

milk yield occurs when the average daily temperature 

rises above 26 °C. Changes in environmental factors such 

as ambient temperature, relative humidity, wind speed 

and solar radiation cause stress in lactating cattle, and 

heat stress negatively affects both the quantity and 

quality of milk. It was determined that milk yield 

decreased by 33% at 35 °C and 50% at 40 °C (Rhoads et 

al., 2009). When THI is in the range of 72-80, 80-90 or 

90-98, the effect of heat stress is respectively; mild, 

moderate or severe. Both increased ambient temperature 

(from 25 to 32 °C) and increased THI (from 73 to 82) 

have a negative effect on dry matter consumption and 

milk yield of cows (Lopez et al., 1991). There is a positive 

relationship between milk yield and feed consumption 

and heat production. In addition, during long heat stress 

periods, there is a loss of body weight and condition in 

dairy cows (Baumgard et al., 2006). According to West, 

(2003), milk yield decreased by 0.88 kg/day for each unit 

increase above THI 72, which is accepted as heat stress in 

Holstein cows, and in milk production potential of dairy 

cows exposed to climate change-related heat wave 

conditions showed a 10-14% reduction. Bernabucci et al. 

(2010) also determined that there is a 0.27 kg decrease 

in milk production for each unit increase in THI. In 

addition, exposure of cows to heat stress in the dry 

period affects mammary gland development before birth 

and causes a decrease in milk yield in the next lactation 

(Tao et al., 2011). 

Buffalo: When the environment in which the buffalo 

lives exceeds THI 75, the productivity, fertility and health 
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of the animal are significantly affected, which in turn 

causes a decrease in milk yield, a 1 °C increase in rectal 

temperature under heat stress conditions reduces the 

performance of dairy cows (Amamou et al., 2019). Yadav 

et al. (2022), in their study to determine the effect on 

milk yield of buffaloes of THI 79.88, 80.57 and 85.36 in 

May, June and July, they found a significant decrease in 

milk yield  only in THI 85.36 in July. The negative effect of 

sudden temperature change (cold or heat wave), on milk 

yield of buffaloes was seen not only on the next day but 

also on the day(s) after or after the extreme event. 

Return to normal milk yield took 2-5 days in individual 

buffaloes. While the milk production performance of 

buffalo is less affected when THI is 75, lactation period is 

shortened by a few days (3-7 days) in hot summer 

months when THI is higher than 80 (Upadhyay et al., 

2007). Buffalo experience greater heat stress when 

behavioral traits such as shelter-seeking, rolling over, 

and/or submerging are inhibited. Also, lactating 

buffaloes are exposed to severe heat stress with 

increased heat production in summer months when heat 

stress combined with high milk production and lactation 

stress.  

Goat: It was determined that especially in July, steaming 

and rolling increase milk yield, and rolling is more 

effective in terms of milk yield (Yadav et al., 2016). As 

THI value increased in dairy goats, milk yield decreased 

and each 1 unit increase in THI caused a 1% decrease in 

milk yield (Salama et al., 2014). Differences were 

determined between goat breeds in terms of resistance 

to heat stress. In comparative studies conducted with 

Alpine and Nubian goat breeds, it was observed that the 

production performances of goat breeds adapted to heat 

stress were relatively higher. In similar environmental 

conditions (34 °C temperature and 25% relative 

humidity; THI = 79), the milk yield of Nubian goats native 

to tropical regions was preserved, while the milk yield of 

Alpine breeds decreased when the temperature 

increased from 27 °C to 34 °C (Brown et al., 1988).  

Sheep: The contribution to milk production of sheep is 

quite low compared to cows and goats. High temperature 

and humidity are the main factors on the productivity of 

sheep in tropical and subtropical regions. However, it has 

been reported that the effect on milk yield of cold stress 

in Manchega sheep is more negative compared to heat 

stress (Ramon et al., 2016). In addition, there was a 20% 

decrease in milk yield in Comisana sheep exposed to 

temperatures above 35 °C (Sevi et al., 2001). Similarly, 

there was a 15% reduction in milk yield when Sarda 

sheep were exposed to maximum ambient temperatures 

above 21-24 °C, and a 20% reduction when minimum 

temperatures were increased from 9-12 °C to 18, and a 

30% decrease was determined when the maximum and 

average temperatures are higher than 21 °C – 24 °C and 

15 °C – 21 °C (Peana et al., 2007). 

5.2.2. Effects on milk quality of climate change 

Cattle: Metabolic heat production during lactation can 

reduce the resistance of cattle to high ambient 

temperature, resulting in a reduction in milk yield as well 

as a change in milk composition. The default neutral 

temperature range for dairy cattle is –5 to 25 °C 

(Knizkova et al., 2002). Since there is a relationship 

between high milk production and high heat production, 

it was determined in a study that milk yield and 

composition may change depending on the decrease in 

ambient temperature, and especially protein and milk 

dry matter levels may decrease (Bickert and Mattiello, 

2016). While heat stress causes a decrease in milk fat, 

protein and short-chain fatty acids, and an increase in 

long-chain fatty acids in milk (Kadzere, et al., 2002), 

increasing heat load index caused a decrease in lactose, 

protein and fat levels in milk (Van Laer et al., 2015). 

Likewise, Bernabucci et al., (2015) recorded a significant 

decrease in milk fat content in summer (3.20 g/100 g) 

compared to values in winter (3.80 g/100 g) and spring 

(3.61 g/100 g).  

In milk, there are two groups of proteins whose chemical 

structures and physical properties are known: caseins 

and whey proteins. While caseins αS1-, αS2-, β- and κ-CN 

represent approximately 80% of the total milk protein, 

the other 20% consists of whey proteins, mainly β-LG 

and α-LA (Farrell et al., 2004). A decrease in milk yield 

and milk protein fraction was observed in cattle exposed 

to heat stress, and there was a decrease in milk casein, 

which was suggested to be due to the direct effect of heat 

stress. It has been determined that milk casein consists of 

several fractions as αs1, αs2, β, κ and γ caseins, and there 

is an increase in αs1 casein and a decrease in αs2 casein 

in the milk of cows under heat stress (Cowley et al., 

2015). Similarly, Bernabucci et al., (2015) determined 

that the milk casein content was higher in winter (2.75 

g/100 g) and spring (2.48 g/100 g) compared to summer 

(2.27 g/100 g). They determined that milk was lower in 

terms of αs casein (αs1 + αs2) and higher in terms of κ 

casein compared to other seasons, whereas β casein was 

similar. In addition, it was observed that heat stress 

caused a decrease in total protein, fat, casein, lactose, 

lactalbumin, short and medium chain fatty acids, IgG and 

IgA in Holstein heifers in the first four lactations 

(Nardone et al., 1997). There are few studies on the effect 

of heat stress on milk mineral content. It has been stated 

that all mineral content of milk is significantly affected by 

the season (Poulsen et al., 2015), seasonal differences are 

important on the mineral content of milk, and cows 

exposed to heat stress in summer have lower milk ash 

and phosphorus content (Mariani et al., 1993). 

Buffalo: Buffalo milk contains higher levels of DM, fat, 

protein, calcium and P compared to cow's milk. The ratio 

of albumin and globulin is higher in milk protein 

(Sarıçiçek, 2007). The hot and humid climate affects the 

quality as well as the quantity of buffalo milk. Habeeb et 

al. (2000) determined that buffalo produced higher 

quality milk in winter (February) than in summer 

conditions (in July), and milk production, milk DM, fat, 

protein, lactose content and milk quality decreased in 

July at high ambient temperature. Omran et al. (2017) 
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determined that milk yield, milk fat, protein, lactose, total 

DM, lean DM content at THI 58.64 (January-March, late 

pregnancy) decrease significantly compared to THI 69.33 

(April-June, postpartum), and reported that buffalo is 

more sensitive to cold stress. 

Goat: There was a decrease in milk protein and protein 

fractions of goats under heat stress (Hamzaoui et al., 

2013). The decrease in feed consumption due to heat 

stress also decreased feed protein consumption, and 

thus, insufficient amino acids required for milk protein 

synthesis caused a decrease in milk protein level (Salama 

et al., 2014). In addition, another reason for the decrease 

in milk protein under heat stress may be the change in 

the rumen environment with high water consumption 

and the decrease in rumen microbial protein synthesis 

(Hamzaoui et al., 2013).  Fat content in milk of dairy 

goats also decreased under heat stress conditions. 

In a study conducted with Saanen, Anglo-Nubian and 

Alpine breed goats, it has been observed that goats raised 

in tropical climates have lower milk yield, some milk 

components such as milk fat and total DM, compared to 

those reared in temperate climates due to high air 

temperature and malnutrition (Juaréz, 1986). The 

protein and casein levels in milk of goats under heat 

stress decreased by 12.5% and 11.5%, respectively, 

compared to those in a thermo-neutral environment. 

In addition, dairy goats under heat stress conditions 

were also found to produce less fat milk (Hamzaoui et al., 

2013).  Similarly, fat and protein contents were found to 

be significantly lower in the milk of temperate Alpine and 

Nubian goats in summer (Brown et al., 1988). 

Sheep: Sheep milk is of high quality, suitable for cheese 

and yoghurt production, due to its high DM, protein and 

fat content. Sheep milk has higher calorie content as it 

contains more fat and non-fat dry matter compared to 

goat and cow milk (Sarıçiçek, 2007). Sheep are most 

affected by climate change, especially heat stress, and the 

amount and quality of milk also changes. It has been 

stated that there is a positive relationship between milk 

properties and relative humidity, and when RHI is > 23, 

milk yield and milk fat and protein content of sheep 

decrease (Finocchiaro et al., 2005). It has been 

determined that when Comisana sheep are exposed to 

sunlight, saturated fatty acids such as caproic, capric, 

lauric, myristic and stearic acids increase (3-18%) and 

the oleic, linoleic and linolenic acid contents decrease (2-

9%) in milk ( Sevi et al., 2002). 

5.3. Effects on Meat Yield and Quality of Climate 

Change 

Meat has an important place among the proteins of 

animal origin in human nutrition. Animal proteins 

contain essential amino acids that cannot be synthesized 

in the human body. Meat and meat products are the most 

valuable protein sources with high biological value for 

humans due to their amino acid composition. Meat 

production resources; although there are cattle, buffalo, 

sheep, goats, pigs, poultry, there are differences in the 

world countries in terms of meat production and 

consumption.  

Cattle: Beef cattle are breeds that are bred for meat yield, 

they are breeds with high feed efficiency and more 

weight gain. Nutrition level affects the quality of meat, 

muscle, bone and adipose tissue of the carcass (Sarıçiçek, 

2007). One of the main reasons for the decrease in meat 

production in beef cattle is heat stress. Cattle are under 

heat stress when the ambient temperature is above 26-

28 °C, the relative humidity is above 50% and the wind 

speed is below 5 km/h. High-weight, thick-haired and 

darker beef cattle are more vulnerable to heat stress. In 

addition, global warming may reduce body size, carcass 

weight and fat thickness in ruminants (Nardone, 2000). 

Changes in climatic conditions, increase in temperatures 

and decrease in precipitation may cause a decrease in the 

CP and digestible organic matter content of the feed, and 

the botanical structure of the pasture may weaken due to 

drought and water deficiency (Naqvi et al., 2015). In 

addition to all these negativities, the decrease in feed 

consumption can lead to a decrease in growth, that is, it 

can lead to muscle loss. Pasture has a positive effect on 

meat quality. It is known that the meat of beef cattle fed 

with pasture plants is richer in n-3 fatty acid and 

conjugated linoleic acid content than those fed with 

concentrated feed (Scollan et al., 2006). Extreme weather 

events reduce the growth performance (weight gain, feed 

consumption and feed efficiency), especially of cattle 

calves kept outdoors, thus decreasing the fattening and 

slaughter weight, less intramuscular fat and meat 

juiciness and tenderness and lower meat quality ( Keane 

and Allen, 1998). 

Buffalo: The body temperature of the buffalo is around 

37-39 °C, the intense vascularity in the skin causes the 

heat to be absorbed and spread, sweat glands are less 

compared to cattle. This situation causes them to enter 

heat stress. The buffalo in the heat, cannot ruminate, 

becomes grumpy and irritable, and their stress increases 

even more (Sarıçiçek, 2007). The meat yield of buffalo is 

relatively higher than beef, but it has less fat, less 

saturated fatty acid content and lower calories than beef 

(Di Luccia et al., 2003). The nutritional value of buffalo 

meat is higher than beef due to its much lower fat and 

cholesterol content. It contains almost all essential amino 

acids, vitamins A and B necessary for human health, it is 

also an important source of iron, copper, zinc and 

selenium (Rebak et al., 2010). The average carcass yield 

of buffaloes is around 42%. Summer-born calves of 

Egyptian buffaloes are significantly weaker than calves 

born in other seasons (Marai et al., 2009). Similar results 

are found for Egyptian buffalo (Chawla and Tripathi, 

1994) and Indian buffalo (Peeva and Vankov, 1994) and 

other buffalo species. It has been determined that the 

daily live weight gain from birth to weaning is 

significantly affected by the birth season in Egyptian 

(Marai et al., 2009), Murrah and Surti Indian buffaloes 

(Bhavsar et al., 1974). The lowest daily weight gain 

between birth and weaning was determined in calves 

born in summer. Omran, (2013), in his study on the meat 
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quality (fiber diameter, fiber area, intramuscular fat) of 

buffalo calves exposed to heat stress in laboratory 

conditions (40 °C and 25 °C) for 6 months, it has been 

determined that the protein and ash content of the meat 

is higher, the lipid content is lower, the meat color is 

clear, the softness and taste test is excellent, the 

connective tissue and cooking loss are lower in the calves 

kept at 40 °C compared to those kept at 25 °C. Similarly, 

in another study, buffalo meat exposed to heat stress was 

found to have higher protein and ash content, lower lipid, 

lighter color, tender as veal, and excellent flavor. It has 

been stated that cooking loss is reduced due to low fat 

and moisture content, and heat stress does not affect the 

quality of meat (Rebak et al., 2010). 

Goat: Goat meat is of higher quality for the human diet 

than other red meat, due to its lean, low content of 

saturated fatty acids and cholesterol. In a comparative 

study between Baladi and Damascus goat breeds, the 

decrease in body weight of Damascus goats under heat 

stress was greater (2.85% vs. 3.33%) (Helal et al., 2010). 

Pragna et al., (2018) also reported that the body weight 

and body condition score of Osmanabadi goats exposed 

to heat stress were significantly lower compared to 

Malabari and Salem Black breeds. Heat stress also 

reduced meat quality in goats. Kadim et al. (2006) 

determined that three Oman goat breeds had higher 

meat pH value and cooking loss after transport stress at 

high ambient temperatures. In the meat of animals 

exposed to heat stress and high ambient temperatures, 

the final pH value and shear force, cooking loss and drip 

loss were higher, crispness and water holding capacity 

were lower, so it was seen that heat stress affects eating 

and organoleptic properties (Rana et al., 2014; Kadim et 

al., 2004). It has also been stated that the meat of sheep 

and goats exposed to heat stress has higher odor, taste, 

water holding capacity and is susceptible to spoilage by 

microorganisms (Salama et al., 2014). 

Sheep: Sheep are small ruminants kept in extensive 

conditions. Sheep meat is an important function of body 

weight. The average carcass yield of sheep is around 16 

kg (FAOSTAT, 2014). As a result of global climate change 

affecting the amount and quality of feed, energy and 

protein intakes of sheep decrease, thus slowing down 

growth and causing a decrease in carcass weight 

(Gowane et al., 2017). On the contrary, it was observed 

that the Indian domestic sheep breed Malpura exposed to 

heat stress conditions showed no decline in growth 

compared to sheep kept in thermoneutral conditions 

(Sejian et al., 2010). 

Climate change, especially high temperature and high 

relative humidity, has a significant impact on meat 

quality. According to Gregory (2010), the meat quality of 

sheep is more endangered in summer than in other 

seasons. Rana et al. (2014) stated that high temperatures 

will cause dehydration in thirsty animals and may affect 

meat quality by darkening meat color through shrinkage 

of myofibrils, and there will be less weight loss during 

cooking due to dryness of meat. Heat stress can also 

affect the usefulness and organoleptic quality of meat 

from both sheep and goats. Due to the high pH in the 

meat of sheep under heat stress, the color of the meat is 

darker (Kadim et al., 2006), the shearing force and 

cooking loss are higher, and the water holding capacity is 

lower (Archana et al., 2018). It has been determined that 

the pH value of the meat of Somali and Merino Sheep is 

higher in the hot season (5.77) than in the cold season 

(5.60) (Kadim et al., 2007). Similarly, the meat color of 

Barbados Black Bally lambs at 20 °C and 30 °C was 

adversely affected by heat stress. The meat color of lambs 

at low temperatures was brighter than those kept at high 

temperatures (Jallow and Hsia, 2014). In a comparative 

study of the effects of heat stress between Dorper and 

Poll Dorset × Merino/Border Leicester lambs, while the 

water holding capacity of Dorper lambs exposed to heat 

stress was lower compared to lambs in thermoneutral 

conditions, no negative effect was observed in crossbred 

lambs (Zhang, et al., 2020).  

Kadim et al. (2008) found that the L*, a* and b* values of 

Somali Merino sheep fed in a heat stress environment 

(35 oC, 47% RH; 6 months) were significantly lower than 

those fed in the cool season (21 °C, 59% RH). Similarly, Al 

Amria et al. (2021), in their study examining the effects of 

seasonal ambient temperature and humidity on sheep 

and beef quality characteristics, showed that L*, a* and b* 

color measurements of sheep and beef meats in the hot 

season were significantly darker than those in the cold 

season. Thus, it was stated that high temperature 

increase (>40ºC) causes heat stress in sheep and cattle, 

which increases muscle pH and affects other properties 

of meat. 

Pig: The decrease in feed consumption in pigs causes a 

decrease in daily live weight gain. When pigs are exposed 

to hot periods of 30-33 °C, it is seen that although they 

can compensate for growth, they cannot compensate for 

high temperatures of 36ºC and above (Babinszky et al., 

2011). Similarly, pigs exposed to high temperatures 

above 25 °C have adverse effects on meat production and 

their feed consumption is reduced by 5-6 times 

compared to those exposed to 18-25 °C (lactation 

period), and also, the reduction in growth, carcass weight 

and feed consumption of larger pigs was quite evident 

(Nardone et al., 2010). 

Studies highlight the fact that high temperatures not only 

slow down growth, but also change body composition 

and therefore can degrade the nutritional value and 

quality of pork. Prolonged heat stress (30-33 °C) reduced 

protein content in meat of growing and fattening pigs 

(Kerr et al., 2003). Rinaldo and Mourot, (2001) found 

that large white pigs (35 to 94 kg) reared in tropical 

climates had lower feed consumption, lower daily weight 

gain, leaner carcass, higher pH, lower water loss, 

compared to those raised in optimal climates, and a 

decrease in fat content on the entire back was observed. 

Heat stress in pigs caused decrease in growth, in feed 

efficiency, in carcass quality (increase in fat, decrease in 

protein accumulation) and reproductive performance 
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(Mayorga et al., 2019). Heat stress in pigs accelerates 

muscle glycolysis, significantly lowers muscle pH and 

redness (a*), increases drip loss and L* value, less protein 

is stored in the bodies of fattening pigs growing in hot 

environments, so the decrease in protein/fat ratio 

reduces meat quality (Gao et al., 2020). 

Poultry: When poultry are exposed to heat stress, body 

weight gain, feed consumption, carcass weight, protein 

and muscle calorie content decrease (Tankson et al., 

2001). High temperatures caused a decrease in protein 

synthesis and an increase in protein catabolism of 

chickens. Thus, there was a decrease in body and muscle 

tissue protein and a greater increase in fat level under 

heat stress (Gonzalez-Esquerra and Leeson, 2005). 

Although poultry consume more water in case of heat 

stress, the body's water holding capacity is significantly 

reduced due to the change in electrolyte balance (Borges 

et al., 2003). Carcass and meat quality characteristics 

such as crispness and color are critical to consumer 

acceptance. The effects of heat stress on meat quality in 

broilers were investigated and it was revealed that high 

temperature causes lower pH, denatured muscle protein 

and drip loss, and an increase in L* value and shear force. 

Exposure to heat probably accelerates the breakdown of 

glycogen, increasing lactic acid production due to 

glycolysis in the muscles, which leads to a decrease in pH 

(Hao and Gu, 2014). Water holding capacity is one of the 

important sensory properties of meat. Studies have 

shown that heat stress causes a decrease in body weight 

gain, rapid decreases in muscle pH and water holding 

capacity, an increase in protein and lipid oxidation of 

meat, dripping and cooking loss, Warner-Bratzler 

shearing force is significantly reduced, pale, tender, 

exudative It has been stated that meat is an important 

problem that causes economic losses in poultry meat 

production (Petracci et al., 2015; Wang et al., 2009). 

Zhang et al., 2012). 

The other poultry: Heat stress also appears to affect the 

meat quality of other poultry. Meat of heat-stressed 

turkeys at 32-38 °C for 4 weeks before slaughter was 

found to have a pale flesh color and increased drip loss 

and reduced cooking loss after 24 hours compared to 

meat kept in thermoneutral conditions (McKee and Sams, 

1997). In quail meats exposed to heat stress, drip loss 

increased compared to those left to the optimal 

temperature (Remignon et al., 1998). Similarly, heat 

stress caused an increase in cooking loss in rabbit meat 

(Zeferino et al., 2013). 

5.4. Effects of Climate Change on Wool and Mohair 

Production and Quality 

5.4.1. Sheep 

Climate change caused a significant decrease in wool 

production between 1990 and 2000 (FAO STAT, 2010). 

Climate change has several potential effects on the 

quantity and quality of wool produced. Most of the 

impacts will occur indirectly, through changes in 

rangeland conditions, rather than the direct impact of 

climate. There are very few studies on the effect of 

climate change on wool/mohair quality. Wool production 

in lambs is completely related to nutrition. Extreme 

increases in temperature in the tropics and subtropics 

have reduced the wool yield (Gowane et al., 2017). In 

addition to the impact of climate change on wool 

production, sheep's nutrition, health, quality of rangeland 

grazing and water availability are also effective. Their 

deficiency also affects wool production. For example, the 

change in precipitation affects the amount and quality of 

feed, which in turn affects the feeding of the sheep. Thus, 

besides the wool yield, the quality characteristics of the 

fiber such as fineness and length are also affected by 

climate change. The decrease in precipitation and the 

increase in temperature caused the fleece fiber diameter 

to increase from thin to thick. However, as a result of 

insufficient feeding, length and strength decreased, and 

insufficient feeding of lambs also caused the 

deterioration of follicles (Harle et al., 2007). Jolly and 

Lyne (1970) found that by raising subcutaneous 

temperatures from 37 °C to 42 °C, an increase in 

temperature stimulates fleece growth, while a 5°C 

increase in subcutaneous temperature increases wool 

growth, but if the temperature increases too much, They 

stated that wool growth decreases, and if the 

temperature rises much more, wool growth stops. 

5.4.2. Goat 

Angora goats' most important yields are mohair and they 

depend on natural pastures for feeding. Natural pastures 

must have sufficient rainfall for plants to grow. 

Decreased precipitation or drought has a negative effect 

on the growth of plants in pastures, which causes goats to 

consume less and poor quality feed, resulting in a 

decrease in angora yield (De Waal, 1994). In addition, it 

is stated that there is a positive relationship between 

annual lint yield (kg) and precipitation (mm) in goats 

(Ng'ambi et al., 2009). Sarıçiçek (2021) found that the 

nutrient content and digestibility of the plants were 

lower, and the cell wall components were higher, 

especially in July and August, in low quality rangeland, as 

a result of this, it was determined that the mohair quality 

of Angora goat kids and cebich decreased, and there was 

a decrease in the mohair mineral (Ca, Mg, S) content. 

5.5. Effects on Egg Yield and Quality of Climate 

Change 

Poultry need a warm climate in the first days of their life 

(32-38 °C), but the optimal temperature decreases 

rapidly with age by 2.5-3.0 °C per week (FASS, 2010). The 

critical temperature for poultry is 30 °C. Since the feed 

conversion rate is better and the basal metabolic rate is 

lower in poultry up to this temperature, it can 

compensate for the energy loss that occurs as a result of 

the decrease in feed consumption (Esminger et al., 1990). 

In the case of heat stress, feed consumption decreases in 

poultry, and the digestibility of nutrients decreases due 

to decreased activity of trypsin, chymotrypsin and 

amylase (Hai et al., 2000). The decrease in feed 

consumption due to heat stress causes decrease in live 

weight, malnutrition, decrease in egg production and egg 
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weight, and decrease in growth rate in broilers (Tankson 

et al., 2001; Nardone et al., 2010). Researchers have 

determined that heat stress reduces egg production and 

egg weight (Emery et al., 1984), feed consumption 

reduces feed efficiency (Muiruri and Harrison, 1991), and 

egg or albumin weights (Wolfenson et al., 1979). In 

addition, it was determined that the eggshell quality 

decreased shortly after the hen was exposed to heat 

stress, and that acute heat stress significantly reduced 

feed consumption of all poultry. It has been reported that 

there is a significant interaction between egg weight, egg 

surface area, yolk index, yolk weight and white weight 

and the relative weights of various organs except gizzard 

(Ghoname et al., 2022). In warmer conditions, egg quality 

may be adversely affected, egg weight, shell weight and 

thickness (Mashaly et al., 2004), egg shell breakability 

may increase with decreasing egg specific gravity (Yahav 

et al., 2000). The decrease in feed consumption due to 

high environmental temperatures causes a decrease in 

the presence of Ca required for shell synthesis of the 

chicken (Nidamanuri et al., 2017). During heat stress, 

poultry lose a lot of CO2 by panting. Since CO2 is required 

for Ca-carbonate in eggshell formation, eggshell 

formation is compromised and egg production may 

decrease, as well as nutritional deficiencies (Mashaly et 

al., 2004). For the deposition of calcium carbonate in the 

eggshell, there must be approximately 4 to 12 times 

higher Ca in the shell gland fluid than in the serum, and 

this Ca must be obtained from the digestive tract, blood 

and bones. Approximately 2-2.5 g of Ca is taken from the 

blood by the shell gland and transferred to the egg for 15 

hours (Kim et al., 2012). 

5.6. Effects on Honey Production and Quality of 

Climate Change 

It is stated that sudden weather changes caused by global 

climate change will cause great damage to the 

development of plants, especially during flowering. As 

average monthly temperatures increase, flowers may 

bloom earlier in the spring, creating a potential mismatch 

in seasonal timing between when flowers produce pollen 

and when bees are ready to feed on that pollen. As 

temperatures increased, North American and European 

wasp populations decreased, bees died when exposed to 

high temperatures in the southern regions, and their 

populations decreased in the northernmost regions 

(Turner, 2019). The increase in the duration and severity 

of summer drought may cause the drying and extinction 

of many plant species, thus changing the flowering 

periods of many plant species. Loss of natural flora may 

also cause loss of bee colonies (Potts et al., 2010). 

Due to climate change, there is a decrease in bees at very 

high rates. In addition, the symbiotic interactions of bees 

and the flowering plants they pollinate are also affected 

(Belsky and Joshy, 2019). Climate change is cited as one 

of the causes of colony deterioration, especially in the 

most sensitive bioclimatic regions such as the 

Mediterranean regions. Adverse conditions significantly 

affect the evolution of bee populations, honey and pollen 

reserves, increase food stress for bees, and also affect the 

pollen spectrum and commercial properties of honey 

(Flores et al., 2018). Continuous high temperatures (>40-

45 °C) cause significant losses in the colony. The highest 

foraging activity takes place in the temperature range of 

12-25 °C, and no activity is observed at <7 °C and >43 °C. 

While the increase in extreme temperatures leads to an 

increase in colony losses, years with spring seasons 

characterized by very low precipitation and extreme 

temperatures will become more frequent in the future, 

which may lead to increased winter mortality rates 

(Soroye et al., 2020). Heat stress affects the growth and 

development of bees, as well as pollen services and 

foraging activities; these effects may not be exactly the 

same in different bee species (Willmer and Stone, 2004). 

Global warming also negatively affects honey bees used 

in plant pollination (Rader et al., 2013). Extreme 

temperatures put pressure on bee colonies due to the 

interactive relationship with honey bees and ecology 

(Biesmeijer et al., 2006). In addition, it is stated that each 

honey bee breed develops at its own pace, moving from 

one region to an unknown region or any change in 

climate has a negative effect on the development of bees, 

since the effect of rain on honey harvest for honey bees is 

known, it has been determined that environmental 

changes directly affect honey bee development, for 

example, some flowers such as Acacia flowers are no 

longer attractive to honeybees as they dilute the nectar 

when washed with rain (Conte and Navajas, 2008). 

Extreme temperatures can also cause plants not to 

produce enough pollen and nectar in the spring, which 

may cause honeybees to leave the hive (Kevan, 1999). 

Honeybees at lower altitudes remain active throughout 

the year, while at higher latitudes they go through a 

period of complete inactivity due to very long winters. 

This indicates that activity decreases significantly with 

increasing altitude due to colder months (Delgado et al., 

2012).  

 

6. Suggestions for Solutions on Animal 

Nutrition against the Effects of Global 

Climate Change 
Climate change can cause environmental temperature 

rise and extreme weather conditions in certain parts of 

the Earth. Climatic conditions determine the energy and 

nutrient metabolism of livestocks. Since heat production 

is high after feed intake, livestocks reduce their feeding 

activities at high ambient temperatures, which has 

significant consequences on feed consumption. To 

maintain nutrient intake, increase the nutrient density of 

the ration, or restore homeostasis, the composition of the 

ration can be manipulated in hot weather so that the feed 

contributes less to the temperature increase, reducing 

the overall heat production of the animals. Here, the 

precautions to be taken in terms of feeding are 

emphasized. 
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6.1. Dry Matter Consumption 

DMI decreases in summer months when the weather gets 

warmer. Decreased DMI in hot weather will result in 

undernutrition as it means less nutrients are taken. 

Therefore, it is necessary to balance the dry matter (DM) 

amount of their rations. For best DMI in a temperature 

stress environment, either the feeding interval should be 

reduced or the energy density of the ration should be 

increased. 

6.2. Ration Protein Concentration 

Crude protein (HP) and crude cellulose (HS) have low 

availability and higher temperature increases because of 

higher satiety thermogenic reactions. Excess rumen 

degradable protein reduces ME by 7.2 kcal/g N. Excess 

protein in the ration will require additional energy to 

excrete ammonia and urea, which will be released as a 

result of metabolism, through the kidneys. In most cases, 

the cow's amino acid needs can be balanced while 

reducing HP consumption, by selecting appropriate 

protein sources and by careful use of rumen-conserved 

amino acids (AAs). 

a) When cows are exposed to heat stress, rumen 

degradable protein should not exceed 61% of ration 

HP and total protein (NRC, 2021) should not be 

more than 100 g N/d. One hundred grams of N is 

equivalent to approximately 3.1% CP in this ration, 

assuming 20 kg DMI/day. Optimizing protein that is 

not broken down in the rumen increases milk yield 

in hot climates. 

b) High quality protein sources should be used in the 

rations of farm animals. 

6.3. Ration Cellulose Content 

For normal rumen physiology in ruminants, a source of 

cellulose must be present in the diet. However, in order 

to reduce the effect of heat stress, it is necessary to give 

ruminants and high quality roughage sources with 

digestibility. Otherwise, the temperature increases will 

increase due to the low availability of CF. 

a) Consumption of diets with high CF content increases 

metabolic heat production in ruminants. Normally, 

high-fiber rations cause mechanical satiety and 

decrease feed consumption. DMI decreases when 

the ration NDF concentration is in the range of 27 to 

35%, so an increase in NDF in hot environments 

causes a further decrease in DMI. 

b) Since rations with high fiber content increase heat 

production, a ration with low fiber and easily 

soluble carbohydrates should be prepared. The CF 

content in the ration should be reduced 

appropriately. 

c) Feed quality and digestibility: The composition of 

the feed affects the digestibility. Factors such as 

plant type, variety, nutrient content, harvest time, 

maturity and storage methods affect feed quality 

and digestibility. As the plant matures, the 

structural carbohydrate content of the feed 

increases and the easily soluble carbohydrate 

content decreases. To reduce heat stress, harvesting 

the roughage at the right time, depending on the 

type, is important to maximize the amount of 

nutrients provided by the roughage and its 

digestibility. 

6.4. Concentrated Feed Level of Rations 

In summer, the most limiting nutrient for dairy cows, 

especially in lactation, is usually energy consumption. 

Since roughage increases heat production, it further 

increases heat stress when the ambient temperature is 

high. Roughage should be reduced and the concentrated 

feed level of the ration order to increase the energy 

density should be increased. The aim is to reduce fiber 

consumption, to increase the energy density of the diet 

with more concentrated feed. 

6.5. Adding Fat to the Ration 

Fat should be added to increase the energy value of the 

rations and to reduce the roughage content. Since the 

energy content of fat sources (of vegetable and animal 

origin) is much higher than other nutrients and 

concentrated feeds (about 2-2.5 times more than 

carbohydrates), the addition of fat increases the energy 

density of the ration. One of the advantages of adding fat 

is that high-fat diets generate less heat, the other is that it 

improves the digestibility of certain amino acids and the 

addition of fat can change the amino acid ratio. 

Increasing the ration fat content also increases milk 

production in dairy cows under heat stress. Normally, the 

ration fat content (based on DM) is around 3-5%. With 

the addition of oil seeds, this rate can be increased by 2-

3%, but it should not exceed 7-8%. 

6.6. Roughage Can be Wetted 

When roughage consumption decreases in hot weather, 

adding some water to dry roughage such as hay and hay 

given to cattle may cause an increase in feed 

consumption. 

6.7. Increasing Feeding Frequency in Ruminants 

Increasing the frequency of feeding helps to minimize the 

daily fluctuation in rumen metabolites and increase the 

efficiency of feed use in the rumen. Feeding should be at 

least two meal in a day, the number of meals can be 

increased to 4-5 in order to reduce heat stress, feeding 

should be done little by little at meals. 

6.8. Poultry Ration 

The correct ration should be formulated to meet the 

needs of the birds against heat stress. The protein 

content of the broiler diet should be reduced: Since 

protein has the highest temperature rise in broilers, low 

protein diets should be given to reduce heat production, 

but the dietary amino acid composition should be 

adjusted. It is necessary to use high quality protein and 

amino acids (eg methionine and lysine) to prevent the 

negative effects of heat stress. Methionine and lysine are 

essential to make up for deficiencies caused by 

consuming low-quality protein. This also applies to pigs. 

6.9. Poultry Should Be Fed Wet 

In a hot environment, wet feeding refreshes the animal 

and helps to improve the live weight and daily live 

weight gain. 
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6.10. Feeding Time in Poultry 

Feeding times in poultry should be in the morning or 

evening or the night feeding concept should be followed. 

It is known that night feeding can improve eggshell 

quality. Thus, 1/3 of the ration to hens should be given 

early in the morning and 2/3 in the afternoon. 

6.11. Feed Restriction 

Early feed restriction may be beneficial as heat stress has 

a negative impact on broiler growth and immunity. 

6.12. Cold Water Supply 

There is a relationship between water consumption, DMI 

and milk yield. Generally, DMI and milk yield decrease in 

hot weather, but water consumption increases. Water 

temperature also affects water consumption. In hot 

seasons, the temperature of the water should be between 

13-18 °C. Giving chilled drinking water to dairy cows 

increases milk yield as it absorbs heat and lowers body 

temperature. 

6.13. Mineral Supplementation Should Be Done 

With the decrease in feed consumption of animals, 

increase in sweat and urine amount in hot weather, some 

minerals (K, Na) are excreted, blood acid-base balance 

deteriorates and blood bicarbonate and buffering 

capacity decrease. Due to the urinary excretion of 

electrolytes, the need for minerals increases in hot 

weather. Suitable salts (ammonium chloride, sodium and 

potassium bicarbonate, sodium and potassium 

hydrocarbonate, potassium sulfate, etc.) may give good 

results for the diets of poultry, pigs and ruminants. 

6.14. Some Additives Can Be Used 

The use of some additives to increase the usefulness of 

feeds in hot conditions may give positive results. 

a) Anti-oxidant vitamins (A, C and E) should be 

supplemented. 

b) Essential micronutrient supplementation consisting 

of mineral blends and antioxidants may give a better 

result in improving the reduction in milk production 

caused by heat stress. 

c) Enzyme use: Adding different enzyme supplements 

to the ration can improve the digestibility of 

nutrients such as amino acids, carbohydrates, and 

Ca and P. However, appropriate enzymes (phytase, 

xylanase, β-glucanase, etc.) should be used 

according to the composition of the feed. 

d) Adding probiotic-based lactobacillus strains to 

poultry exposed to high temperatures can help 

balance intestinal microorganisms. 

e) Additives that increase feed digestibility: The use of 

additives such as buffers, probiotics, prebiotics, 

niacin and yeast can improve the digestibility of 

feeds by increasing rumen fermentation. 

6.15. Reducing Methane Production 

Starch-rich diets increase propionic acid production and 

reduce methane production in the rumen. For this 

reason, methane can be reduced by increasing the ratio 

of concentrated feed in the ration, using vegetable and 

marine oils, oilseeds or essential oils and ionophores. 

Physical processing of feed, such as chopping, grinding 

and steam treatment, also improves forage digestibility 

and reduces enteric methane production in ruminants. 

The use of antimethanogenic plants in the diet is the 

most important solution. Increasing animal productivity 

is often a good strategy to reduce greenhouse gas 

emissions from livestock production systems. This is 

because high-yielding animals produce less methane 

than low-yielding animals. 

6.16. For Bees 

Various and flower-rich plants for pollinators should be 

planted in pastures, mixed and arable farmlands, burned 

forests, roadsides, gardens of houses, plant diversity 

should be ensured by planting wildflower seed mixtures 

rich in nectar and pollen, and bees should be able to 

collect pollen. Grow more flowers, shrubs and trees that 

provide nectar and pollen for bees and other pollinators 

throughout the year. 

6.17. Cooling 

In a temperature environment, the animals can be 

ventilated and cooled by using sprinklers or fans. In 

order to reduce heat stress in buffaloes, a pond, swamp, 

etc. water source or fountain system should be 

established. 

6.18. Animals Should Be Provided With Good Shading 

With the high body temperature produced by ruminants 

and pigs, direct sunlight especially in the hot season 

brings too much heat load to the animal and becomes 

harmful. Therefore, shade should be provided. 

 

7. Conclusion 
In parallel with the increase in the human population, the 

global demand for animal products is also increasing. 

However, climate change causes negative effects on 

animal production and productivity. The increase in 

temperatures due to global climate change causes heat 

stress and significantly affects the physiology, 

metabolism and productivity of animals. In addition to 

the increasing temperature, the change in precipitation 

regimes and the increase in drought negatively 

affeccetvelt the amount and quality of feed materials. 

Decreased quality of rangeland will cause malnutrition of 

grazing animals. This is especially important for 

ruminants. There is a very close relationship between the 

energy metabolism of animals and ambient temperature 

and animal performance and the quality of their 

products. As a result of insufficient feed consumption and 

lack of energy, there will be a decrease in animal 

products such as milk, meat, meat, eggs, hair / fleece and 

their quality will decrease. The studies carried out so far 

on this subject can help the livestock sector in the fight 

against climate change. In order to reduce greenhouse 

gas emissions caused by animals, it is imperative to make 

changes in the ration. Feeding strategies should be 

implemented to adapt to climate change and mitigate its 

effects, and as a result, quality and safe animal products 

should be produced for human nutrition without 

increasing the environmental burden of production. For 

this, there is a need for more studies on feeding in 
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different geographical regions and on different animal 

species. 

 

Author Contributions 

All tasks were done by the single author; B.Z.S. (100%) 

and the author reviewed and approved the manuscript. 

 

Conflict of Interest 

The author declare that there is no conflict of interest. 

 

References 
Aganga AA, Umunna NN, Oyedipe EO, Okoh PN, Aduku AO. 

1990. Response to water deprivation by Yankasa ewes under 

different physiological states. Small Rum Res, 3: 109-115. 

Aganga AA, Umunna NN, Oyedipe EO, Okoh PN, Aduku AO.1990. 

Response to water deprivation by Yankasa ewesunder 

different physiological states. Small Rum Res, 3: 109-115. 

Al-Amria I, Kadima IT, Al-Ajmib DS, Alkindia A, Sawadc AA, 

Hamaeda A, Nasser A. 2021. Impacts of seasonal ambient 

temperature and humidity on meat quality characteristics of 

sheep and beef longissimus thoracis muscles. Emirates J Food 

Agri, 33(5): 362-369. DOI: 10.9755/ejfa.2021.v33.i5.2690. 

Amamou H, Beckers Y, Mahouachi M, Hammami H. 2019. 

Thermotolerance indicators related to production and 

physiological responses to heat stress of Holstein cows. J 

Therm Biol, 82: 90-98. DOI: 0.1016/j.jtherbio.2019.03.016. 

Archana P, Sejian V, Ruban W, Bagath M, Krishnan G, Aleena J, 

Manjunathareddy G, Beena V, Bhatta R. 2018. Comparative 

assessment of heat stress induced changes in carcass traits, 

plasma leptin profile and skeletal muscle myostatin and 

hsp70 gene expression patterns between indigenous 

osmanabadi and salem black goat breeds. Meat Sci, 141: 66-

80. 

Ashour GAS. 1990. Water balance in bovine as related to heat 

regulation. PhD Thesis, Faculty of Agriculture, Cairo 

University, Cairo, Egypt. 

Babinszky L, Dunkel Z, Tóthi R, Kazinczi G, Nagy J. 2011. The 

impacts of climate change on agricultural production. 

Hungarian Agri Res, ISSN: 1216-4526. 

Baumgard LH, Odens LJ, Kay JK, Rhoads RP, VanBaale MJ, 

Collier RJ. 2006. Does negative energy balance (NEBAL) limit 

milk synthesis in early lactation? Proc. Southwest Nutr Conf, 

2006: 181-187. 

Belsky J, Joshi KN. 2019. Impact of biotic and abiotic stressors 

on managed and feral bees. Insects, 10(8): 233. DOI: 

10.3390/insects10080233. 

Berman A, Folman YM, Kaim M, Mamen Z, Herz D, Wolfenson A, 

Graber Y. 1985. Upper critical temperatures and forced 

ventilation effects for high-yielding dairy cows in a tropical 

climate. J Dairy Sci, 68: 488-495. DOI: 10.3168/jds.S0022-

0302(85)80987-5. 

Bernabucci U, Basirico L, Morera P, Dipasquale D, Vitali A, 

Cappelli FP, Calamari L. 2015. Effect of summer season on 

milk protein fractions in Holstein cows. J Dairy Sci, 98: 1815-

1827. DOI: 10.3168/jds.2014-8788. 

Bernabucci U, Lactera N, Baumgard LH, Rhoads RP, Ronchi B, 

Nardone A. 2010. Metabolic and hormonal acclimation to 

heat stress in domesticated ruminants. Animal, 4: 1167-1183. 

DOI: 10.1017/S175173111000090X.  

Bhavsar BK, Kodagali SB. and Kavani FS. 1974. Growth and 

puberty in Surti buffalo bulls. Indian Vet J, 51: 86-88. 

Bickert WG, Mattiello S. 2016. Stress in dairy animals: cold 

stress: management considerations. In: Smithers G, editör in 

chef. Reference module in food sciences. 1. Ed, Elsevier 

Amsterdam, Nederlands, pp: 1-7. 

Biesmeijer JC, Roberts SPM, Reemer M, Ohlemüller R, Edwards 

M, Peeters T, Schaffers AP, Potts SG, Kleukers R, Thomas CD, 

Settele J, Kunin WE. 2006. Parallel declines in pollinators and 

insect-pollinated plants in Britain and the Netherlands. 

Science, 313: 351–354 

Bombade K, Kamboj A, Alhussien MN, Mohanty AK, Dang AK. 

2018. Diurnal variation of milk somatic and differential 

leukocyte counts of Murrah buffaloes as influenced by 

different milk fractions, seasons and parities. Biol Rhythm 

Res, 49: 151-163. DOI: 10.1080/09291016.2017.1345472. 

Borges SA, Fischer da Silva AV, Majorka A, Hooge DM, 

Cummings KR. 2003. Physiological responses of broiler 

chickens to heat stress Nand dietary electrolyte balance 

(sodium plus potassium minus chloride, mill equivalents per 

kilogram. Poultry Sci, 83: 1551-1558. 

Brown DL, Morrison SR, Bradford GE. 1988. Effects of ambient 

temperature on milk production of Nubian and Alpine goats. 

J. Dairy Sci., 71: 2486–2490t stress conditions. J. Dairy Sci., 

96: 6355–6365. 

Brown-Brandl TM, Eigenberg RA, Hahn GL, Nienaber JA. 2001. 

Correlations of respiration rate, core body temperatures, and 

ambient temperatures for shade and non-shaded cattle. Sixth 

International Livestock Environmental Symposium, May 21-

23, 2021, Lousville, Kentucky, US, pp: 448-454.  

Cai , Yu J, Hartanto R, Zhang J, Yang A, Qi D. 2019. Effects of heat 

challenge on growth performance, ruminal, blood and 

physiological parameters of Chinese crossbred goats. Small 

Rum Res, 174: 125-130. DOI: 

10.1016/j.smallrumres.2019.02.021. 

Cain JW, Krausman PR, Rosenstock SS, Turner JC. 2006. 

Mechanisms of thermo-regulation and water balance in 

desert ungulates. Wildlife Soc Bull, 34: 570-581. 

Castro-Costa A, Salama AAK, Moll X, Aguiló J, Caja G. 2015. 

Using wireless rumen sensors for evaluating the effects of 

diet and ambient temperature in nonlactating dairy goats. J 

Dairy Sci, 98: 4646-4658. 

Chapman SC, Chakraborty S, Dreccer MF, Howden SM. 2012. 

Plant adaptation to climate change: opportunities and 

priorities in breeding. Crop Pasture Sci, 63(3): 251-268. 

Chawla DS, Tripathi VN. 1994. Factors affecting birth weight in 

Nili-Ravi calves. Proceedings of the 4th World Buffalo 

Congress, June 27-30, 1994, Sao Paulo, Brazil, 2: 52-54. 

Choubey M, Kumar A. 2012. Nutritional interventions to 

combat heat stress in dairy animals. Vetscan, 7: 19-27. 

Conte LY, Navajas M. 2008. Climate change: impact on honey 

bee populations and diseases. Rev Sci Tech Off int Epiz, 27(2): 

499-510. 

Correia Sales GF, Carvalho BF, Schwan RF, de Figueiredo Vilela 

L, Moreno Meneses JA, Gionbelli MP, da Silva Ávila CL. 2021. 

Heat stress influence the microbiota and organic acids 

concentration in beef cattle rumen. J Therm Biol, 97: 102897. 

DOI: 10.1016/j.jtherbio.2021.102897. 

Cowley FC, Barber DG, Houlihan AV, Poppi DP. 2015. Immediate 

and residual effects of heat stress and restricted intake  on  

milk  protein  and  casein  composition  and  energy  

metabolism.  J  Dairy  Sci,  98: 2356-2368. 

Curtis SE. 1981. Environmental management in animal 

agriculture. Iowa State University Press, Ames, IA, US. 

da Silva RG, Maia ASC. 2011. Evaporative cooling and cutaneous 

surface temperature of Holstein cows in tropical conditions. 

R Bras Zootec, 40(5): 1143-1147. 

Daghir NJ. 2009. Nutritional Strategies to Reduce Heat Stress in 

Broilers and Broiler Breeders. Lohmann Inf, 44(1): 1-11. 



Black Sea Journal of Agriculture 

BSJ Agri / Betül Zehra SARIÇİÇEK                                                 506 
 

Dayal S, Dey A, Pandian SJ, Gupta JJ, Chandran PC, Ali I. 2017. 

Effect of seasonal variation on physiological parameters in 

Murrah buffaloes. Indian J Anim Sci, 87: 965-967. 

Delgado DI, Eglee PM, Galindo-Cardona A, Giray TCR. 2012. 

Forecasting the influence of climate change on 

agroecosystem services: potential impacts on honey yields in 

a small-island developing state. Psyche J Entomol, 2012: 

951215. DOI: 10.1155/2012/951215. 

De-Waal HO. 1994. The effects of long-term variation in rainfall 

and dry matter production of veld on the financial position of 

a beef weaner enterprise. South Afr J Anim Sci, 24(4): 113-

118. 

Di Luccia A, Satriani A, Barone CMA, Colatruglio P, Gigli S, 

Occidente M, Trivellone E, Zullo A, Matassino D. 2003. Effect 

of dietary energy content on the intramuscular fat depots and 

triglyceride composition of river buffalo meat. Meat Sci, 

65(4): 1379-1389. 

Egbuniwe I, Ayo OO, Ocheja OB. 2018. Betaine and ascorbic acid 

modulate indoor behavior and some performance indicators 

of broiler chickens in response to hot-dry season. J Thermal 

Biol, 76: 38-44. DOI: 10.1016/j.jtherbio.2018.06.006. 

ELSaidy N, Mohamed RA, Abouelenien F. 2015.  Assessment of 

variable drinking water sources used in Egypt on broiler 

health and welfare. Vet World, 8(7): 2231-916. DOI: 

10.14202/vetworld.2015.855-864. 

Emery DA, Vohra P, Ernst RA, Morrison SR. 1984. The effect of 

cyclic and constant ambient temperatures on feed 

consumption, egg production, egg weight, and shell thickness 

of hens. Poult Sci, 63: 2027-2035. 

Ensminger ME, Oldfield JE, Heinemann WW. 1990. Feeds and 

Nutrition. The Ensminger Publishing Company, Clovis, US, pp: 

593-596. 

FAOSTAT. 2010. Statistical Database of the Food and 

Agriculture Organization of the United Nations. FAO, Rome. 

URL: http://faostat.fao.org/ (access date: August 12, 2022). 

FAOSTAT. 2014. Food and Agriculture Organization of the 

United Nations. URL: http://faostat.fao.org/ (access date: 

August 12, 2022). 

Farrell Jr HM, Jimenez-Flores R, Bleck GT, Brown EM, Butler JE, 

Creamer LK, Hicks CL, Hollar CM, Ng-Kwai-Hang KF, 

Swaisgood HE. 2004. Nomenclature of the proteins of cows' 

Milk-Sixth revision. J Dairy Sci, 87:  1641-1674. 

FASS. 2010. FASS (Federation of Animal Science Societies) 

Guide for the care and use of agricultural animals in research 

and teaching, (January 2010), ISBN: 978-1-884706-11-0, 

Champaign, Illinois, US. URL:  

www.fass.org/docs/agguide3rd/Ag_Guide_3rd_ed.pdf 

(access date: August 05, 2022). 

Finocchiaro R, Van Kaam JBCHM, Portolano B, Misztal I. 2005. 

Effect of heat stress on production of mediterranean dairy 

sheep. J Dairy Sci, 88(5): 1855-1864. 

Flores JM, Gil-Lebrero S, Gámiz V, Rodríguez MI, Ortiz MA, 

Quiles FJ. 2019. Effect of the climate change on honey bee 

colonies in a temperate Mediterranean zone assessed 

through remote hive weight monitoring system in 

conjunction with exhaustive colonies assessment. Sci Total 

Environ,  25: 1111-1119. 

Gao G, Mark G, Tester A, Julkowsk MM. 2020. The use of high-

throughput phenotyping for assessment of heat stress-

induced changes in Arabidopsis. Plant Phenom, 2020: 

3723916. 

Gaughan JB, Lacetera N, Valtorta SE, Khalifa HH,.Hahn GL, 

Mader TL. 2009. Response of domestic animals to climate 

challenges. In: Ebi, K.L., I.Burton, and G.R.McGregor, editors, 

Biometeorology for adaptation to climate variability and 

change. Springer-Verlag, Heidelberg, Germany, pp: 131-170. 

Gerber PJ, Hristov AN, Henderson B, Makkar H, Oh J, Lee C, 

Meinen R, Montes F, Ott T, Firkins J, Dell C, Rotz A, Adesogan 

AT, Yang WZ, Tricarico J, Kebreab E, Waghorn G, Dijkstra J, 

Oosting S. 2013. Technical options for the mitigation of direct 

methane and nitrous oxide emissions from livestock – A 

review. Animal, (Suppl. 2): 220-234. 

Ghoname M, Elnaggar A, Hassan S, Habashy W. 2022. Effect of 

acute heat stress on production performance and egg quality 

in four strains of chickens. S Afr J Anim Sci, 52(2): 168-176. 

Gonzalez-Esquerra R, Lesson S. 200). Effects ofacute versus 

chronic heat stress on broilerresponse  to dietary protein. 

Poult Sci, 84: 1562-1569. 

Gowane GR, Gadekar Y, Prakash V, Kadam V, Chopra A, Princ LL. 

2017.  Climate change impact on sheep production: growth, 

milk, wool, and meat. In: Sejian V, Bhatta R, Gaughan J, Malik 

P, Naqvi S, Lal R. (eds), Sheep production adapting to climate 

change, Springer, Singapore, pp: 31-69. DOI: 10.1007/978-

981-10-4714-5_2. 

Gregory NG. 2010. How climatic changes could affect meat 

quality. Food Res Int, 43(7): 186-1873. DOI: 

10.1016/j.foodres.2009.05.018. 

Gu ZB, Li L, Tang SK, Liu CB, Fu XH, Shi Z, Mao H. 2018. 

Metabolomics reveals that crossbred dairy buffaloes are 

more thermotolerant than Holstein cows under chronic heat 

stress. J Agric Food Chem, 66: 12889-12897. DOI: 

10.1021/acs.jafc.8b02862. 

Gupta M, Mondal T. 2021. Heat stress and thermoregulatory 

responses of goats: a review. Biological Rhythm Res, 52(3): 

407-433. 

Habeeb AAM, Ibrahim MKH, Yousef HM. 2000. Blood and milk 

contents of triiodothyronine (T3) and cortisol in lactating 

buffaloes and changes in milk yield and composition as a 

function of lactation number and ambient temperature. Arab 

J Nuclear Sci  App, 33(2): 313-322. 

Habibu B, Kawu MU, Makun HJ, Aluwong T, Yaqub LS. 2016. 

Seasonal variation in body mass index, cardinal physiological 

variables and serum thyroid hormones profiles in relation to 

susceptibility to thermal stress in goat kids. Small Rumin Res, 

145: 20-27.  

Hai L, Rong D, Zhang ZY. 2000. The effect of thermal 

environment on the digestion of broilers. J Anim Physiol a 

Anim Nutr, 83(2): 57-64. 

Hamzaoui S, Salama AAK, Albanell E, Such X, Caja G. 2013. 

Physiological responses and lactational performances of late-

lactation dairy goats under heat stress conditions. J Dairy Sci, 

96: 6355-6365. 

Hao Y, Gu XH. 2014. Effects of heat shock protein 90 ex-

pression on pectoralis major oxidation in broilers exposed to 

acuteheat stress. Poult Sci, 93: 2709-2717. 

Harle KJ, Howden SM, Hunt LP, Dunlop M. 2007. The potential 

impacts of climate change on the Australian wool industry by 

2030. Agr Syst, 93: 61-89. 

Helal A, Hashem ALS, Abdel-Fattah MS, El-Shaer HM. 2010. 

Effect of heat stress on coat characteristics and physiological 

responses of Balady and Damascus goats in Sinai, Egypt. Am J 

Agric Environ Sci, 7: 60-69. 

Herrero MA. 1998. El agua y su importancia en la producción 

ganadera. Rev Georgica, 6: 67-87. 

Hirayama T, Katoh K, Obara Y. 2004. Effects of heat exposure on 

nutrient digestibility, rumen contraction and hormone 

secretion of goats. Anim Sci J, 75: 237-243. 

Huynh TTT, Aarnink AJA, Gerrits WJJ, Heetkamp MJH, Canh TT, 

Spoolder HAM, Kemp B, Verstegen MWA. 2005. Thermal 

behaviour of growing pigs in response to high temperature 



Black Sea Journal of Agriculture 

BSJ Agri / Betül Zehra SARIÇİÇEK                                                 507 
 

and humidity. App Anim Behav Sci, 91: 1-16. 

Ingram DL. 1965. Evaporative cooling in the pig. Nature, 207: 

415-416. 

IPCC. 2013. Intergovernmental Panel On climate change. 

Climate Change 2013. The Physical Science Basis. URL: 

https://www.ipcc.ch/site/assets/uploads/2018/03/WG1AR

5_SummaryVolume_FINAL.pdf (access date: May 19, 2022). 

IPCC. 2021. (Intergovernmental Panel on Climate Change). 

Climate change 2021: The physical science basis. Working 

Group I contribution to the IPCC Sixth Assessment Report. 

Cambridge University Press, Cambridge, UK, URL: 

www.ipcc.ch/assessment-report/ar6 (access date: June 21, 

2022). 

Jallow DB, Hsia LC. 2014. Effect of sodium bicarbonate 

supplementation and 2 different ambient temperatures on 

growth performance and carcass characteristics of lambs fed 

concentrate diets. Turkish J Vet Anim Sci, 38(5): 557-563. 

Johnson HD, Ragsdale AC. 1959. Effects on constant 

environmental temperatures of 50° and 80°F on the growth 

responses of Holstein, Brown Swiss, and Jersey calves. Mo 

Agr Exp Sta Res Bull, 705: 3-32. 

Jolly M, Lyne AG. 1970. The responses skin and wool growth to 

local subdermal temperature changes in sheep. J Agri Sci, 75: 

501-515.  

Juarez M, Ramos M. 1986. Physioco-chemical characteristics of 

goat milk as distinct from those of cow millk. Intl Dairy Fed 

Bull, 202: 54-67.  

Kadim I, Mahgoub O, Al-Kindi A, Al-Marzooqi W, Al-Saqri NM. 

2006. Effects of transportation at high ambient temperatures 

on physiological responses, carcass and meat quality 

characteristics of three breeds of Omani goats. Meat Sci, 

73(4): 626-634. 

Kadim I, Mahgoub O, Dawood A, Al Maqbali R, Al-Mugheiry SM, 

Bartolome DY. 2004. The influence of season on quality 

characteristics of hot-boned beef m. longissimus thoracis. 

Meat Sci, 66(4): 831-836. DOI: 10.1016/j.meatsci.2003.08.00. 

Kadim IT, Mahgoub O, Al-Marzooqi W, Al-Ajmi DS, Al-Maqbali 

RS, Al-Lawati SM. 2007. The influence of seasonal 

temperatures on meat quality characteristics of hot-boned, 

m. psoas major and minor, from goats and sheep. J Meat Sci, 

80: 210-215. 

Kadim IT, Mahgoub O, Al-Marzooqi W, Al-Ajmi DS, Al-Maqbali 

RS, Al-Lawati SM. 2008. The influence of seasonal 

temperatures on meat quality characteristics of hot-boned, 

m. psoas major and minor, from goats and sheep. Meat Sci, 

80(2): 210-215. 

Kadzere CT, Murphy MR, Silanikove N, Maltz E. 2002. Heat 

stress in lactating dairy cows:  A review. Livestock Prod Sci, 

77: 59-91. DOI: 10.1016/S0301-6226 (01)00330-X. 

Kamal TH, Clark JL, Johnson HD. 1970. The effect of age on heat 

tolerance in cattle as determined by the whole body 40K and 

nitrogen retention. Int J Biometeorol, 14: 301-308. 

Keane MG, Allen P. 1998. Effects of production system intensity 

on performance, carcass composition and meat quality of 

beef cattle. Livestock Prod Sci, 56: 203-214. 

Kerr BJ, Southern LL, Bidner TD, Friesen KG, Easte RA. 2003. 

Influence of dietary protein level, amino acid 

supplementation, and dietary energy levels on growing-

finishing pig performance and carcass composition. J Anim 

Sci, 81: 3075-3087. DOI: 10.2527/2003.81123075x. 

Kevan PG. 1999. Pollinators as bioindicators of the state of the 

environment: species, activity and diversity. Agric Ecosyst 

Environ, 74(1-3): 373-393. 

Khan MS, Ghosh PK. 1989. Physiological responses of desert 

sheep and goats to grazing during summer and winter. Indian 

J Anim Sci, 59: 600-603. 

Kim WK, Bloomfield SA, Sugiyama T, Ricke SC. 2012. Concepts 

and methos for understanding bone metabolism in laying 

hens. World’s Poult Sci J, 68: 71-82. 

Knızkova I, Kunc P, Koubkova M, Flusser J, Dolezal O. 2002. 

Evaluation of naturally ventilated dairy barn management by 

a thermographic method. Livestock Prod Sci, 77: 349-353. 

Lacetera N, Ranieri MS, Bernabucci U. 2010. Effects of climate 

changes on animal production and sustainability of livestock 

systems. Livestock Sci, 130: 57-69. 

Lara LJ, Rostagno MH. 2013. Impact of heat stress on poultry 

production. Animals, 3: 356-369. 

Lopez JW, Jesse G, Becker BA, Ellersieck MR. 1991. Effects of 

temperature on the performance of finishing swine: Effects of 

a hot, diurnal temperature on average daily gain, feed intake, 

and feed efficiency. J Anim Sci, 69(5): 1843-1849. 

Marai IFM, Daader AH, Soliman AM, El Menshawy SMS. 2009. 

Non-genetic factors affecting growth and reproduction traits 

of buffaloes under dry management housing (in sub-tropical 

environment) in Egypt. Livestock Res Rural Devel Livest, 

21(3): 1-13. 

Marai IFM, El-Darawany AA, Fadiel A, Abdel-Hafez MAM. 2007. 

Physiological traits as affected by heat stress in sheep – a 

review. Small Rumin Res, 71(1-3): 1-12. 

Mariani P, Zanzucchi G, Blanco P, Masoni M. 1993. Variazioni 

stagionali del contenuto in fosforo del latte di massa di singoli 

allevamenti. Ind Latte, 29: 39-53. 

Mashaly MM, Hendricks GL, Kalama MA, Gehad AE, Abbas AO, 

Patterson PH. 2004. Effect of heat stress on production 

parameters and immune responses of commercial laying 

hens. Poult Sci, 83: 889-894.        

Mayorga EJ, Renaudeau D, Ramirez BC, Ross JW, Baumgard LH. 

2019. Heat stress adaptations in pigs. Animal Front, 9: 54-61. 

DOI: 10.1093/af/vfy035. 

McDowell RE. 1972. Improvement of livestock production in 

warm climates. Freeman, San Francisco, US, pp: 410-449. 

McKee SR, Sams AR. 1997. The effect of seasonal heat stress on 

rigor development and the incidence of pale, exudative 

turkey meat. Poultry Sci, 76: 1616-1620. 

Meneses JAM, Lopes de Sá OAA, Coelho CF, Pereira RN, Batista 

ED, Ladeira MM, Casagrandea DR, Gionbelli MP. 2021. Effect 

of heat stress on ingestive, digestive, ruminal and 

physiological parameters of Nellore cattle feeding low- or 

high-energy diets. Livestock Sci, 252: 104676.  

Metze M. 2016. Thermal neutral zone technology: the doorway 

to better research results. Lab Anim, 45: 274-275. 

Morrison SR, Lofgreen GP.  1979. Beef cattle response to air 

temperature.  Trans Am Soc Agric Eng, 22: 861-862.  

Muiruri HK, Harrison PC. 1991. Effect of peripheral foot cooling 

on metabolic rate and thermoregulation of fed and fasted 

chicken hens in a hot environment. Poultry Sci, 70: 74-79. 

NADIS. 2017. National Animal Disease Information Service. 

Managing heat stres in dairy cows. URL: 

http://www.nadis.org.uk/bulletins/managing-heat stress-in 

dairy-cows.aspx (access date: July 03, 2022). 

Naqvi SMK, Kumar D, Kalyan De, Sejian V. 2015. Climate change 

and water availability for livestock: impact on both quality 

and quantity. In: Climate change Impact on livestock: 

adaptation and mitigation. In: Sejian, V., Gaughan, J., 

Baumgard, L., Prasad, C. S. (Eds), Springer-Verlag GMbH 

Publisher, New Delhi, India, pp: 81-96. 

Nardone A, Lacetera N, Bernabucci U, Ronchi B. 1997. 

Composition of colostrum from dairy heifers exposed to high 

air temperatures during late pregnancy and the early 

postpartum period. J Dairy Sci, 80: 838–844. 



Black Sea Journal of Agriculture 

BSJ Agri / Betül Zehra SARIÇİÇEK                                                 508 
 

Nardone A, Ronchi B, Lacetera N, Ranieri MS, Bernabucci U. 

2010. Effects of climate changes on animal production and 

sustainability of live-stock systems. Livestock Sci, 130: 57-69.  

Nardone A, Valentini A. 2000. The genetic improvement of 

dairy cows in warm climates. In Livestock production and 

climatic uncertainty in the Mediterranean. Proceeding of the 

joint ANPA-EAAP-CHIEAM-FAO symposium (ed. F Guessous, 

N Rihani and A Ilham), EAAP Publication no. 94, Wageningen 

Press, Wageningen, Netherlands, pp: 185-191.  

Navratil S, Falta D, Chladek G. 2017. Effect of temperature 

cumulation on milk yield of Czech Fleckvıeh-Simmental 

cattle. Acta Univ Agri et Silvicult Mendelianae Brunensis, 

65(5): 1579-1584. 

Ng`ambi JW, Norris D, Mbajiorgu CA. 2009. Relationship 

between annual rainfall oscillations and mohair production 

in lesotho between 1935 and 1996. Pakistan J Nutri, 8: 483-

486. DOI: 10.3923/pjn.2009.483.486. 

Nidamanuri A, Murugesan S, Mahapatra R. 2017. Effect of heat 

stress on physiological parameters of layers: a review. Int J 

Livestock Res, 7: 1-17. 

NRC. 1981. Effect of Environment on Nutrient Requirement of 

Domestic Animals. National Academy Press. Washington, DC, 

US.  

NRC. 1989. Nutrient Requirements of Dairy Cattle. 6th Revised 

Edition Update. National Academy Press, Washington, DC, US. 

NRC. 2001. Nutrient Requirements of Dairy Cattle. 7th rev. ed. 

Natl. Acad. Sci., Washington, DC, US. 

NRC. 2007. Nutrient requirements of small ruminants: Sheep, 

goats, cervids, and new world camelids. National Acad Press, 

Washington, DC, US, pp: 384. 

Omran FI, Ashour G, Shafie MM, Youssef MM, Ahmed MM. 2011. 

Effect of heat stress on body composition of egyptian buffalo-

calves. Egyptian J Agri Res, 89(3): 1141-1149. 

Omran FI, Fooda TA. 2013. Thermal discomfort index for 

buffalo and Friesian under Egyptian condition. 4th scientific 

conference of Animal Production Research Institute, 03-05 

April 2013, Cairo, Egypt, pp: 12-13. 

Omran FI, Mahgoub AAS, Fooda TA. 2017. Effect of biological 

additive on physiological and production performance of 

buffaloes during Cold weaves stress in mid of the Egyptian 

valley. Egypt J Agric Res, 95(4): 1819-1830. 

Omran FI. 2013. Histology and meat quality of buffalo calves 

under heat stress Egyptian J Basic App Physiol, 2013: 99-111. 

Omran, Fayza I. 2013. Histology & meat quality of buffalo calves 

under heat stress. Egyptian J Basic App Physiol, 12(1): 99-

111. 

Özel OT, Sarıçiçek BZ. 2009. Ruminantlarda rumen 

mikroorganizmalarinin varliği ve önemi. TÜBAV Bil, 2(3): 

277-285. 

Pachauri RK, Allen MR, Barros VR, Broome J, Cramer W, Christ 

R, Dubash NK. 2014. Climate change 2014: synthesis report. 

Contribution of Working Groups I, II and III to the fifth 

assessment report of the Intergovernmental Panel on Climate 

Change. IPCC, 2014: 151. 

Peana I, Dimauro C, Carta M, Gaspa M, Fois G, Cannas A. 2007. 

Effects of heat stress on milk yield in Sardinian dairy sheep 

farms. İtalian Anim Sci, 6(1): 577-579. DOI: 

10.4081/ijas.2007.1s.577. 

Pearce SC, Sanz-Fernandez MV, Hollis JH, Baumgard LH, Gabler 

NK. 2014. Short-term exposure to heat stress attenuates 

appetite and intestinal integrity in growing pigs. J Anim Sci, 

92: 5444-5454. DOI: 10.2527/jas.2014-8407. 

Peeva TS, Vankov K. 1994. The effect of some genetic and non-

genetic factors on the body weight of buffalo calves. 

Proceedings of the 4th World Buffalo Congress, Sao Paula, 

Brazil, 3: 381-383. 

Pérez-Barbería FJ, García AJ, Cappelli J, Landete-Castillejos T, 

Serrano MP, Gallego L. 2020. Heat stress reduces growth rate 

of red deer calf: Climate warming implications. PloS ONE, 

15(6): e3809023, DOI: 10.1371/journal.pone. 3809023. 

Petracci M, Mudalal S, Soglia F, Cavani C. 2015. Meat quality in 

fast-growing broiler chickens. World’s Poult Sci J, 71: 363-

374. 

Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O, 

Kunin WE. 2010. Global pollinator declines: trends, impacts 

and drivers. Trends Ecol Evolut, 25: 345-353. DOI: 

10.1016/j.tree.2010.01.007. 

Poulsen NA, Rybicka I, Poulsen HD, Larsen LB, Andersen KK, 

Larsen MK. 2015. Seasonal variation in content of riboflavin 

and major minerals in bulk milk from three Danish dairies. 

Int Dairy J, 42: 6-11. 

Pragna P, Chauhan SS, Sejian V, Leury BJ, Dunshea FR. 2018. 

Climate change and goat production: enteric methane 

emission and its mitigation. Animals, 8(12): 235. DOI: 

10.3390/ani8120235. 

Quiniou N, Dubois S, Noblet J. 2000. Voluntary feed intake and 

feeding behaviour of group-housed growing pigs are affected 

by ambient temperature and body weight. Livestock Prod Sci, 

63(3): 245-253. 

Rader R, Reilly J, Bartomeus I, Winfree R. 2013. Native bees 

buffer the negative impact of climate warming on honey bee 

pollination of watermelon crops. Glob Chang Biol, 19(10): 

3103-3110. 

Ramon M, Diaz C, Perez-Guzman MD, Carabaño MJ. 2016. Effect 

of exposure to adverse climatic conditions in Manchega dairy 

sheep. J Dairy Sci, 99: 5764-5779.  

Rana MS, Hashem MA, Akhter S, Habibullah M, Islam MH, 

Biswas RC. 2014. Effect of heat stress on carcass and meat 

quality of indigenous sheep of Bangladesh. Bangladesh J Anim 

Sci, 43(2): 147-153. DOI: 10.3329/bjas.v43i2.20717. 

Rebak G, Sánchez S, Capellari A, Cedres J, Patiño E. 2010. 

Characterization of buffalo meat in corrientes, argentina. 

Revista Vet, 21(1): 494-496.  

Remignon H, Mills AD, Guemene D, Desrosiers V, Garreau-Mills 

M, Marche M, Marche G. 1998. Meat quality traits and muscle 

characteristicsin high or low fear lines of Japanese quails 

(Coturnix japonica) subjected to acute stress. British Poult 

Sci, 39: 372-378. 

Renaudeau D, Gourdine JL, St Pierre NR. 2011. A meta-analysis 

of effects of high temperature on growth performance of 

growing-finishing pigs. J Anim Sci, 89: 2220-2230. 

Rhoads ML, Rhoads RP, Van Baale MJ, Collier RJ, Sanders SR, 

Weber WJ, Crooker BA, Baumgard LH. 2009. Effect of heat 

stress and plane of nutrition of lactating Holstein cows: I, 

Production, metabolism and aspects of circulating 

somatotropin. J Dairy Sci, 92(5): 1986-1997. 

Rinaldo D, Mourot J. 2001. Effects of tropical climate and season 

on growth, chemical composition of muscle and adipose 

tissue and meat quality in pigs. Anim Res, 50(6): 507-521. 

Ronchi B, Bernabucci U, Lacetera N, Nardone A. 1997. Effetti 

dello stress termico sullo stato metabolico-nutrizionale di 

vacche Frisone in lattazione. Zoot Nutr Anim, 23: 3-15. 

Salama A, Caja G, Hamzaoui S, Badaoui B, Castro-Costa A, 

Facanha D, Guilhermino M, Bozzi R. 2014. Different levels of 

response to heat stress in dairy goats. Small Rumin Res, 

121(1): 73-79. 

Salama AAK, Hamzaoui S, Caja G. 2012. Responses of dairy 

goats to heat stress and strat-egies to alleviate its effects. 

Proc. XI International Conference on Goats, Gran Canarias, 

Spain, September 24-27, 2012, pp: 23. 



Black Sea Journal of Agriculture 

BSJ Agri / Betül Zehra SARIÇİÇEK                                                 509 
 

Sammad A, Wang YJ, Umer S, Lirong H, Khan I, Khan A, Ahmad 

B, Wang  Y. 2020. Nutritional physiology and biochemistry of 

dairy cattle under the influence of heat stress: consequences 

and opportunities. Animals, 10(5): 793.  

Sariçiçek BZ. 2007. Büyükbaş ve küçükbaş hayvan besleme. 

OMU Yayınları, No: 37, Samsun, Türkiye, pp: 450. 
Sariçiçek BZ. 2021. The effect of rangeland quality on the 

mohair quality of Angora goats,. Turk J Vet Anim Sci, 45: 678-

690. DOI: 10.3906/vet-2103-113. 

Scollan N, Hocquette JF, Nuernberg K, Dannenberger D, 

Richardson I, Moloney A. 2006. Innovations in beef 

production systems that enhance the nutritional and health 

value of beef lipids and their relationship with meat quality. 

Meat Sci, 74: 17-33. 

Sejian V, Bhatta R, Gaughan JB, Dunshea FR, Lacetera N. 2018. 

Adaptation of animals to heat stress. Animal, 12: 431-444. 

Sejian V, Maurya VP, Kumar K, Naqvi SMK. 2013. Effect of 

multiple stresses on growth and adaptive capability of 

Malpura ewes under semi-arid tropical environment. Trop 

Anim Health Pro, 45(1): 107-116. 

Sejian V, Maurya VP, Naqvi SMK. 2010. Adaptive capability as 

indicated by endocrine and biochemical responses of 

Malpura ewes subjected to combined stresses (thermal and 

nutritional) under semi-arid tropical environment. Int J 

Biometeorol, 54: 653-661. 

Sevi A, Albenzio M, Annicchiarico G, Caroprese M, Marino R, 

Taibi L. 2002. Effects of ventilation regimen on the welfare 

and performance of lactating ewes in summer J Anim Sci, 80: 

2349-2361. 

Sevi A, Annicchiarico G, Albenzio M, Taibi L, Muscio A, 

Dell’Aquila S. 2001. Effects of solar radiation and feeding time 

on behavior, immune response and production of lactating 

ewes under high ambient temperature. J Dairy Sci, 84: 629-

640. 

Soroye P, Newbold T, Kerr J. 2020. Climate change contributes 

to widespread declines among bumblebee across continents. 

Science, 367: 685-688. 

Spiers DE, Spain JN, Sampson JD, Rhoads RP. 2004. Use of 

physiological parameters to predict milk yield and feed 

intake in heat-stressed dairy cows. J Therm Biol, 29: 759-764.  

Tajimaa K, Nonakaa I, Higuchia K, Takusaria N, Kuriharaa M, 

Takenakaa A, Mitsumoria M, Kajikawaa H, Aminov RI. 2007. 

Influence of high temperature and humidity on rumen 

bacterial diversity in Holstein heifers. Anaerobe, 13(2): 57-

64. DOI: 10.1016/j. anaerobe. 2006.12.001. 

Tankson JD, Vizzier-Thaxton Y, Thaxton JP, May JD, Camero JA. 

2001. Stress and nutritional quality of broilers. Poultry Sci, 

80: 1384-1389 

Tao S, Bubolz JW, do Amaral BC, Thompson IM, Hayen MJ, 

Johnson SE, Dahl GE. 2011. Effect of heat stress during the 

dry period on mammary gland development. J Dairy Sci, 94: 

5976-5986. DOI: 10.3168/jds.2011-4329. 

Turner S. 2019. Impact of climate change on bees and food 

production. Agriculture climate change impacts. URL: 

http://www.acclimatise.uk.com/2019/08/26/impact-of-

climate-change-on bees-and-food-production/ (access date: 

April 06, 2021). 

UN. 2013. World Population Ageing. United Nations, 

Department of Economic and Social Affairs, Population 

Division (2013). New York. ST/ESA/SER.A/348 URL: 

https://www.un.org/en/development/desa/population/pub

lications/pdf/ageing/WorldPopulationAgeing2013.pdf 

(access date: May 12, 2022). 

Upadhyay RC, Singh SV, Kumar A, Gupta SK, Ashutosh A. 2007. 

Impact of climate change on milk production of Murrah 

buffaloes. Italian J Anim Sci, 6(2): 1329-1332. 

Uyeno Y, Sekiguchi Y, Tajima K, Takenaka A, Kurihara M, 

Kamagata Y. 2010. An rRNA-based analysis for evaluating the 

effect of heat stress on the rumen microbial composition of 

Holstein heifers. Anaerobe, 16: 27-33.  

Van laer E, Tuyttens FAM, Ampe B, Sonck B, Moons CPH, 

Vandaele L. 2015. Effect of summer conditions and shade on 

the production and metabolism of Holstein dairy cows on 

pasture in temperate climate. Animal, 9(9): 1547-1558. 

Wang RR, Pan XJ, Peng ZQ. 2009. Effects of heat exposure on 

muscle oxidation and protein functionalities of pectoralis 

majors in broiler. Poultry Sci, 88: 1078-1084. 

Wang X, Li X, Zhao C, Hu P, Chen H, Liu Z, Liu G, Wang Z. 2012. 

Correlation between composition of the bacterial community 

and concentration of volatile fatty acids in the rumen during 

the transition period and ketosis in dairy cows. Appl Environ 

Microbiol, 78: 2386-2392. DOI: 10.1128/AEM.07545-11. 

Wang Z, Niu K, Rushdi HE, Zhang M, Fu T, Gao T, Yang L, Liu S, 

Lin F. 2022. Heat stress induces shifts in the rumen bacteria 

and metabolome of buffalo. Animals, 12, 1300.  

West JW. 2003. Effects of heat-stress on production in dairy 

cattle. J Dairy Sci, 86: 2131-2144. 

Willmer PG, Stone GN. 2004. Behavioural, ecological, and 

physiological determinants of the activity patterns of bees. 

Pages 347-466 in P Slater, J Rosenblatt, C Snowdon, T Roper, 

HJ Brockmann, M Naguib, eds. Advances in the study of 

behaviour, Vol 34. Elsevier Academic Press Inc, San Diego, US. 

Wolfenson D, Frei YF, Snapir N, Berman A. 1979. Effectof 

diurnal or nocturnal heat stress on egg formation. British 

Poult Sci, 20: 167-174. 

Yadav B, Gynendra S, Verma AK, Dutta N, Sejian V. 2013. Impact 

of heat stress on rumen functions. Vet World, 6: 992-996. 

Yadav B, Pandey V, Yadav S, Singh Y, Kumar V, Sirohi R. 2016. 

Effect of misting and wallowing cooling systems on milk 

yield, blood and physiological variables during heat stress in 

lactating Murrah buffalo. J Anim Sci Tech, 58(1): 2.  

Yadav B, Yadav S, Madan AK, Anand M,Swain DK, Pandey V, 

Sirohi V. 2022. Heat stress responses to increasing 

temperature humidity index (THI) in lactating Murrah 

buffalo. Buffalo Bull, 41(1): 161-170. 

Yahav S, Shinder D, Razpakovski V, Rusal M, Bar A. 2000. Lack 

of response oflaying hens to relative humidity at high 

ambient temperature. British Poult Sci, 41: 660-663. 

Zaake ZP, Nassuna-Musoke M, Marshall K, Notenbaert A, Paul 

BK. 2020. Helping farmers to manage and reduce heat stress 

in pigs: a training manual for extension workers and 

technical staff in Uganda, Version I (December 2020), 

International Center for Tropical Agriculture (CIAT), URL: 

https://ciat.cgiar.org (access date: April 06, 2021). 

Zeferino CP, Komiyama CM, Fernandes S, Sartori JR, Teixeira 

PSS, Moura ASAMT. 2013.  Carcass and meat quality traits of 

rabbits under heat stress. Animal, 7(3): 518-523. 

Zhang M, Dunshea FR, Warner DR, DiGiacomo K, Osei-

Amponsah R, Chauhan SS. 2020.  Impacts of heat stress on 

meat quality and strategies for amelioration: a review, Int J 

Biometeorol, 64(9): 1613-1628. 

Zhang ZY, Jia GQ, Zuo JJ, Zhang Y, Lei J, Ren L, Feng DY. 2012. 

Effects of constant and cyclic heat stress on muscle 

metabolism and meat quality of broiler breast fillet and thigh 

meat. Poultry Sci, 91: 2931-2937. 

Zhao S, Min L, Zheng N, Wang J. 2019. Effect of heat stress on 

bacterial composition and metabolism in the rumen of 

lactating dairy cows. Animals, 9(11): 925. DOI: 

10.3390/ani9110925. 


