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Abstract 

 
The aim of this study was to investigate the correlation between blood pH levels and milk production and 

composition in Holstein cows during two seasons (winter and summer). Blood and samples were collected from 

40 cows in third parity at Taj Al-Nahrain farm station. During summer, the temperature and humidity index 

(THI) showed that cows exposed to moderate stress with high blood pH levels (7.61-7.96). While in winter, THI 

values showed that cows below stress levels with low blood pH levels (7.31-7.53). Milk fat, protein and lactose 

contents and specific density of milk were higher (P≤0.01) in high blood pH level than low blood pH levels while 

the non-fat solid content was not affected by blood pH levels. The freezing point of milk increased significantly 

(P≤0.01) in cows not exposed to heat stress. Results also revealed that total milk production and persistency were 

higher (P≤0.01) with low blood pH than high pH levels. These results showed correlation between blood pH 

levels and heat stress, it can be used blood pH levels as indicator for heat stress. 
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Introduction 

Heat stress is defined as an environmental effect 

that disrupts the balance between heat accumulation 

and the animal’s ability to dissipate heat (Tao et al., 

2018). Heat stress represents a problem in the 

future as greenhouse gases continue to increase in 

the atmosphere, causing major economic losses, 

especially in the dairy industry (Collier et al., 2019). 

Dairy cows are more susceptible to heat stress due to 

their high metabolic heat production. When heat 

stress occurs, dairy cows use a variety of 

physiological and cellular mechanisms to dissipate 

heat and protect cells from damage. These 

mechanisms require increased and diverted energy 

away from other biological processes (Cartwright et 

al., 2023). The majority of the explanations for the 

adaptation mechanisms under heat stress have been 

provided by cutaneous features and respiratory 

frequency, which it is an important 

thermoregulation mechanism in birds, goats, sheep 

and cattle (Das et al., 2016).  A higher respiratory 

rate of 71.5 times/minute was recorded during the 

summer compared to 38.8 times/minute in the 

winter in dairy cows (Padilla et al., 2006). It is 

known that when cows are exposed to heat stress for 

a long period, the respiratory rate goes through two 

stages: the stage of rapid, superficial breathing and 

the stage of slow, deep breathing. The continued rise 

in temperature leads to the transformation of rapid, 

superficial breathing into deeper, slower breathing. 

It has been called the second stage of breathing, as it 

was observed that cows during the slow, deep 

breathing phase suffer from a decrease in the 

amount of carbon dioxide in the blood by 10 mm Hg, 

accompanied by an increase in blood alkalinity to 

about 7.7-8. This is due to the decomposition of 

weak carbonic acid into water and carbon dioxide 

(Islam et al., 2021). The aim of the current study to 

determine the relationship between blood pH level 

and milk production and composition in Holstein 

cows exposed to heat stress, and the possibility of 

using the blood pH level as an indicator of the level 

of thermal stress experienced by the animal, as a 

tool to predict the animal’s productive condition. 

Materials and methods 

All animal care and experimental procedures of this 

study were approved by the bioethics committee at 

the University of Kufa, Iraq. This study was carried 

out at Taj Al-Nahrain Farm, a commercial dairy farm 

located in subtropical area during summer in 

Qadisiya Governorate, Iraq.Cows were exposed to 

high temperatures during the day for periods of 10 

hours. Forty German Holstein cows of third parity 

were selected from the herd. During two periods, in 

winter (January 2023) and summer (July 2023), the 

level of thermal stresses were determined by 

measuring the values of the temperature and 

humidity index (THI) at three times/cow/season 

according to the method (Segnalini et al., 2011) using 

the equation THI=(1.8× ambient temperature +32)-

(0.55-0.55× relative humidity)- [(1.8× ambient 

temperature +32) – 58], according to Werama 

(1990), the levels of thermal stress imposed on cows 

were determined according to the values of THI. If it 

is less than 72, the cows do not suffer from heat 

stress, but they suffer from heat stress if the value of 

THI ranges from 73 to 79, moderate stress if the value 

reaches 80 to 89, and severe stress if the THI value 

reaches greater than or equal to 90. In each period, all 

cows were fed similar concentrate diet and roughages 

to meet their requirements. Blood samples were 

collected from udder vein at two times/cow/season, 

using a 10 ml medical syringe at different times of the 

day depending on temperature. The collected samples 

were transferred into 8-ml gel tubes, cooled in ice 

water and centrifuged at 14,000 ×g for 15 min to 

obtain serum. Serum samples were harvested, placed 

in Eppendorf tubes and stored at -20°C, and 

transported directly to the laboratory for further 

analysis. The blood pH was measured using bench 

type pH meters immediately after collected from 

udder vein. While milk production data were 

obtained from the farm’s records, where milk 

production was recorded weekly for the morning 

and evening milking by the farm. As for the milk 

components, 10 ml of milk from each cow were 

collected during two periods / cow / season, and 

then preserved by refrigeration and transported 

directly to the laboratory for further analysis. 
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laboratory analyzes of milk using the Lacto flash 

(FUNKE GERBER, Germany) which included: Milk 

protein, fat, lactose, solid non-fat, specific density 

of milk and freezing point of the milk (FP). 

Persistency of milk production was determined by 

dividing the average production of the last three 

weeks of the period by the average of the first three 

weeks of the period. All were analyzed statistically 

using SAS program (SAS, 2012) with completely 

randomized design, the changes between the 

treatments were compared using Duncan's multiple 

range tests using same program. 

 

Results and discussion 

During summer, the THI value was 80.46, meaning 

that they were suffering from moderate stress, and 

the blood pH level was high (7.61–7.96). While the 

THI value in winter was 61.45, meaning that the cows 

did not suffer from any heat stress and the blood pH 

value low (7.31–7.53). 

 

Table 1. Relationship between blood pH level and milk components and characteristics in Holstein cows 

(Mean ±SEM) 

Item Fat (%) Protein (%) Lactose (%) SNF (%) FP(°C) MD (%) 

Low blood pH 3.67±0.61b 3.66±0.17b 4.87±0.27b 8.1±0.29 -0.687±24.13a 1.017±0.047b 

High blood pH 5.45±0.48a 4.68±0.22a 5.51±0.32a 8.8±0.23 -0.342±23.96b 1.092±0.03a 

Significant ** ** ** NS ** ** 
a,b letters  in the same column with different subscripts are different significantly at P≤0.01; **: P≤0.01; Low 

blood pH:7.31-7.53 High blood pH:7.61-7.96; SEM: Standard error of means; NS: not significant; SNF: solid non-

fat; FP: Freezing point of milk; MD: milk density 

 

Table 2. Relationship between blood pH level and milk production characteristics in Holstein cows (Means 

±SEM) 

Items  Daily milk production 
(kg/cow) 

Total milk 
production (kg) 

Persistency of 
milk (%) 

Output peak (kg) Season length (d) 

Low blood pH 13.59±0.52 509.71±48.41a 2.01±0.670a 16.43±0.55 268.0±11.93 
High blood pH 13.89±0.51 391.26±37.60b 1.20±0.065b 16.44±0.54 253.3±11.73 
Significant  NS ** ** NS NS 
a,b  different letters in same column are significantly different (P≤0.01) 

SEM: Standard error of means; NS: Not significant **: (P≤0.01) 

 

Table 1. shows the relationship between blood pH 

and milk composition and characteristic in 

Holstein cows. It is clear that cows with high blood 

pH were significantly higher (P≤0.01) in fat, 

protein, and lactose contents than cows with low 

blood pH, while solid non-fat content was not 

affected by blood pH levels. Milk's freezing point 

was high significantly (P≤0.01) with high blood pH, 

while density high (P≤0.01) with low blood pH. 

Higher specific density of milk in cows exposed to 

heat stress could be attributed to an increase in 

milk fat content as a result of decreased milk 

production and a decrease in water content in the 

milk. During heat stress, cows increased 

respiratory rate causes the excretion of the largest 

amount of CO2, which leads to a decrease in the 

concentration of carbonic acid in the blood and 

causes an imbalance of carbonic acid leading to an 

increase in excretion in urine due to increased 

drinking of water during heat stress, thus creating 

an imbalance in the balance necessary to maintain 

blood pH, causing an increase in blood alkalinity 

(Conte et al., 2018). The study reveals a correlation 

between blood pH level and thermal stress in cows, 

which affects the milk's characteristics and 

components. During summer the productions of 

milk decrease as well as its content of water which 

may lead to an increase in other components and 

this is somewhat similar to what Ahmad and Al-

Khazraji (2021) how found that high THI value in  

cow exposed to high climate temperature and 

sunlight. 
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Cows’ total milk production was high (P≤0.01) with 

low blood pH than those with high blood pH. While, 

daily milk yield, peak production, and season length 

were not alerted by blood pH levels (Table 2). Results 

revealed that persistency of milk had significantly 

high (P≤0.05) with low blood pH. These results are in 

consistent with the findings of Muschner-Siemens et 

al. (2020) who indicated a decrease in milk 

production in heat-stressed cows and attributed this 

to a decrease in the intake and absorption of nutrients 

and their depletion from the cow’s intestines and 

their spread in the bloodstream to the peripheral 

tissues that cool the body away from the digestive 

system. According to Habimana et al. (2023) heat 

stress has a detrimental effect on milk yield because it 

increases blood flow to the skin's surface, which 

increases sweat secretion and lowers the volume of 

blood that travels to the udder. Zhang et al. (2016) 

also found that heat stress alters feeding habits, udder 

health, and rumen function, all of which lower cattle's 

milk yield. According to Dahl et al. (2016), heat stress 

causes drop blood glucose concentrations in cows, 

which lowers the amount of glucose that is supplied to 

the udder. It also has a detrimental impact on lactose 

synthesis, which lowers milk production. 

Furthermore, Fan et al. (2019) explained that heat 

stress reduces the milk synthesis process directly or 

indirectly by reducing feed intake. In addition, the 

increased respiratory rates in heat stressed cows, led 

to decrease CO2 and increase O2 in the blood, under 

heat stress circumstances, metabolic processes in 

these problems may be altered (Zeng et al., 2023). 

These results are in harmony with results reported by 

Bhan et al. (2013) who reported that heat stress 

affected respiration rate of growing Karan Fries cattle 

during summer over spring. 

 

This can be interpreted as proof that cows during 

this period have entered the stage of deep 

breathing, which alters the rate of gas exchange 

and causes an increase in blood pH. These findings 

demonstrate the association between blood pH and 

heat stress placed on the animal, as well as its 

impact on milk production characteristics, as milk 

output increased. 

Conclusion 

From the result of this study, it can be concluded 

that heat stress led to increase blood pH and this 

will lead to change milk components, milk 

characteristics and reduce total milk production 

and persistency of milk production due change the 

blood pH levels, which is considered an indicator 

to predict the level of milk production and 

components in cows exposed to heat stress. 
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