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Abstract  

N THIS STUDY, the impacts of temperature-humidity index (THI), year and season were assessed 

on the performance of Holstein cows and their bulk milk portfolio at an Egyptian dairy farm using 

bulk tank milk data. The dataset involved 10,000 lactation records for Holstein cows, from January 

2019 to December 2020. The lower dry matter intake (DMI), daily milk yield (DMY), and milk feed 

ratio (MFR) averages were achieved at THI>72. Furthermore, the bacteriological parameters 

including TBC and coliform count reached lower levels in bulk milk at THI≤72. The DMI and DMY 

were significantly affected by the year, while MFR and milk composition were not affected. The 

greatest DMI, DMY and MFR averages were observed in winter and spring, while improved milk 

composition was achieved in winter and autumn. The DMI was significantly affected by THI with 

lower values when THI>72 for the fresh and high-yielding cows. The DMY was significantly affected 

by THI>72 for all cows, however, the greatest effect was observed for the high-yielding cows 

(31.81kg/day). High economic losses in daily milk production were recorded in the high-producing 

cows at high THI>72 due to heat stress. The THI has a considerable impact on both the performance 

and bulk milk parameters of Holstein cows in Egypt with high economic losses in daily milk 

production especially in the high-producing cows which are highly impacted by heat stress.  

Keywords: Coliforms, economic losses, Holstein cows, Milk yield and quality, THI. 

 

Introduction  

Nowadays, bovine milk is considered one of the 

highest production systems in Egypt. It constitutes 

nearly about 52.11% of whole milk produced in 

Egypt [1]. Among highly lactating breeds, Holstein 

Friesian cows contribute considerably to milk 

production and the dairy industry in Egypt. In 

addition, they are considered the highly prevalent 

type in the commercialized Egyptian dairy herds, and 

the most susceptible to heat stress and the existing 

climatic variables [2]. As a result of growing 

attention, Egyptian consumers and producers have 

come to be more mindful of the type, composition, 

quality, nutritive value, and safety of the milk they 

drink. In addition, milk price usually depends on its 

compositional quality and therefore the management 

systems of Egyptian dairy farms often aim to 

produce high-quality milk in association with 

improved quality and safety [3]. 

It is well known that the nutritional benefit of 

milk particularly based on milk portfolio (fat and 

solid not fat, protein, lactose, minerals, vitamins, 

enzymes, and pigments) [4]. Generally, this portfolio 
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is influenced by several factors such as heat stress, 

stage of lactation, breed, herd, management, feeding, 

year, and season [5].  

Exposing dairy cows to higher levels of 

environmental temperature and relative humidity for 

prolonged periods hinder their ability to disintegrate 

heat, leading to heat stress.  The hot weather is one of 

the most important reasons that could adversely 

affect milk yield, milk composition and dry matter 

intake of dairy cows, especially in high-yielding 

cows [6]. Heat stress is usually associated with a 

decline in the productive performances and feed 

conversion efficiency of dairy cows due to its effects 

on thermo-regulation mechanisms to avoid 

hyperthermia [7]. There are numerous indicators for 

assessing heat stress, but the most accurate one is the 

temperature-humidity index (THI).  

In particular, the temperature-humidity index 

(THI) can be described as a special evaluation that 

illustrates the combined consequences of 

environmental temperature and corresponding 

relative humidity [8].  

Generally, milk yield, milk composition, and feed 

intake are affected by heat stress when THI values 

are higher than 72, while A THI lower than 72 

indicates an environment devoid of heat stress [9].  

The reduction in the profit of dairy farms 

subjected to heat stress is not only a result of reduced 

milk production but also includes deteriorated milk 

quality, and augmented healthcare costs. The annual 

economic loss due to heat stress in the US dairy 

industry is about 897-1,500 million dollars [10]. 

Under Egyptian conditions, the studies on 

Holstein cows' performance and bulk milk traits did 

not present complete information about the 

relationship between THI and complete milk 

portfolio in association with milk price. They only 

focused on studying the effect of seasonal variations 

on dry matter intake and milk yield [11, 12, 13].  

In our experience only few trials have explored 

the impacts of THI on dry matter intake (DMI), daily 

milk yield (DMY), milk and feed efficiency ratio 

(MFR), bulk milk portfolio (compositional quality, 

physicochemical and bacteriological parameters) and 

milk price for Holstein cows in Egypt. Moreover, 

this study involved a unique illustration of the 

relationship between all examined climatic variables 

and milk prices in Egypt. Thus, this study aimed to 

investigate the impact of THI and other 

microclimatic variables such as season and year on 

the performance parameters and bulk milk portfolio 

of Egyptian Holstein cows. In addition, the relations 

between THI and DMI, DMY, MFR, fat%, SNF, TS, 

specific gravity, pH, acidity%, TBC, total Coliforms, 

and milk prices were studied as indicators of the 

Egyptian economy.  

Material and Methods  

Dairy herd management 

The data of this study were obtained from the 

performance records of multiparous Holstein cows 

(about 4,000 cows) covering the period from January 

2019 to December 2020.  Holstein cows were raised 

in a huge, commercialized herd placed at a private 

farm, located about 80 km on the Cairo-Alexandria 

desert road, Egypt. The study area has dry weather 

with rain falling in winter and hot-dusty winds or 

sandstorms may invade this area during spring [14]. 

Animals were housed free in yards fenced with 

shades. Cows were of higher parity (2
nd

- 4
th

 lactation) 

and their body condition score (BCS) was on average 

3.5-4 (scale of 1= thin and 5 = fat) [15]. The lactating 

cows were grouped according to average daily milk 

yield into fresh (from calving till 60 days post-

partum), high-producing cows, and low-producing 

cows. Cows were fed a total mixed ration (TMR) 

throughout the year and concentrate feeding was 

offered according to their milk production. The TMR 

consisted of concentrates, corn silage, alfalfa hay, 

wheat bran, minerals, vitamins, and calcium 

bicarbonate. The Ingredients and chemical 

composition of the total mixed ration used for 

lactating Holstein cows were designed to meet the 

National Research Council [16]. Rations were 

offered twice daily, cows were machine milked three 

times a day at eight-hour intervals and milk yield was 

recorded for each cow daily via computerized 

milking units. 

Barometric information: 

Temperature- Humidity Index 

The barometric information (the air temperature 

and relative humidity) was recorded daily throughout 

the two years of study, and The THI was computed 

according to the following National Research 

Council formula set by [17]: 

THI =  (1.8 × 𝑇 + 32) − (0.55 − 0.0055 ×
𝑅𝐻) × (1.8 × 𝑇 − 26) 

Where T is the air temperature (◦C) and RH is the 

relative humidity (%). According to the value of 

temperature- humidity index (THI), two subgroups 

were created (T1 where THI≤72 and T2 where 

THI>72) [18]. The effect of THI on performance 

parameters (DMI, DMY, and MFR) and bulk milk 

parameters (compositional quality, sanitary, and 

bacteriological parameters) of the multiparous cows 

was estimated throughout the two years. Meanwhile, 

its effect was estimated only on the performance 

parameters (DMI, DMY, and MFR) of the three 

various groups (fresh, high, and low-yielding cows). 
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Determination of performance parameters (DMI, 

DMY, and MFR) 

 The average daily dry matter intake (DMI) for the 

Holstein cows and the various groups was obtained 

from the home-kept farm records, and was calculated 

by subtracting the refused from the offered feed. For 

estimating the effect of THI on the performance 

parameters of the multiparous Holstein cows, DMY 

for lactating cows in the herd was determined by 

dividing total milk from total lactating cows by 

number of lactating cows /days. The various groups, 

DMY was determined by dividing total milk from 

total lactating cows in each group by the number of 

lactating cows in each group/day.  

The efficiency of conversion of feed to milk 

(MFR) was calculated by dividing the average daily 

milk yield by the average daily dry matter intake 

[19].   

Determination of compositional quality parameters 

of bulk milk 

Milk samples were obtained once daily from the 

bulk tank of the multiparous cows. The time elapsed 

between the collection and analysis was 36-72 hours. 

All samples were analyzed for fat, solid nonfat 

(SNF), and total solids (TS) contents (%) by the 

MilkoScan FT6000 (FOSS Electric, Hillerød, 

Denmark).  The samples were tempered in a water 

bath at 45°C for 5 min., then mixed before reading 

and results compared with national standards of raw 

cow milk [20]. 

Determination of sanitary quality parameters of bulk 

milk 

Samples of bulk milk were examined for specific 

gravity by using a portable density meter (DMA 35, 

Anton Paar GmbH, Tokyo, Japan). 

The pH was determined by using a digital pH 

meter (LCD, Shanghai, China, model pH PHS-3C). 

Titratable acidity was determined as previously 

described by [21]. Determination of bacteriological 

quality parameters of bulk milk 

Total bacterial count (TBC) and total Coliforms 

were applied by using the Petrifilm culture system 

(3M Canada, London, Ontario) according to [22]. 

Plates for enumeration of TBC were incubated at 

32◦C for 48 h. Plates for total Coliforms were 

incubated at 32◦C for 24 h. All plates were read 

using an automated counter (3M Petrifilm Plate 

Reader, 3M Canada, London, Ontario). The total 

colony count per ml of the sample was calculated and 

registered as CFU/ml. All values of TBC and total 

Coliforms were log transformed according to this 

equation, TBC = log10 (TBC). The limit is fixed at 

an acceptable level according to Microbiological 

Standards for raw cow milk [23]. In the EU and US 

were (<5 and < 5/< 5.5 log cfu/ml milk) for TBC, 

and 1 log cfu/ml or non-detectable for total 

Coliforms. 

Statistical analysis 

Statistical analysis was performed by SPSS/PC+ 

"version 25" to estimate the effect of THI on the 

performance of Holstein cows, their bulk milk 

parameters and sanitary and bacteriological 

parameters based on the following linearity model: 

Yijk = µ + Ti + Sj + Yk + eijk 

Where: Yijk = the dependent variable (DMI, 

DMY, MFR, milk compositional quality, sanitary 

and bacteriological parameters), μ = the overall mean 

of the model, Ti = effect of THI group (i = THI≤72; 

THI>72) [18], Sj = effect of season (j = Spring 

(March to May); Summer (June to August); Autumn 

(September to November); Winter (December to 

February), Yk = effect of year (k=2019; 2020), and 

eijk = the random error. 

Furthermore, results were evaluated by SPSS/PC+ 

"version 25" for estimating the effect of THI on the 

performance parameters of Holstein cows about the 

effect of the group, the following fixed-effect model 

was used:  

Yijkl = µ+ Gi + Tj + Sk + Yl + eijkl 

Where: Yijkl = the dependent variable (DMI, 

DMY, and MFR), μ = the overall mean of the model, 

Gi = group (i= fresh; high; low), Tj = effect of THI 

group (j = THI≤72; THI>72), Sk = effect of season 

(k = Spring (March to May); Summer (June to 

August); Autumn (September to November); Winter 

(December to February), Yl = effect of year (l= 

2019; 2020), and eijkl = the random error. 

The significant differences among variable means 

were tested using Duncan's multiple range procedure 

(SPSS, Version 25) at 5% probability levels. 

For evaluation of the economic effect of heat 

stress on daily milk yield (DMY) the following 

Formula was used: 

    The economic loss = Decline in DMY × 

Average milk price   

The decline in DMY (Kg/cow) and Average milk 

price (LE and $/Kg). 

Results and Discussion 

The results of the current study established the 

fundamental role of heat stress and climatic 

conditions (year and seasonal variations) on the 

performance and bulk milk parameters of Holstein 

cows reared under Egyptian conditions. 

The effect of THI on the performance of Holstein 

cows  
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The results in Table 1 show the effect of THI as 

an indicator of heat stress on the performance 

parameters of Holstein cows at 2 levels (THI≤72 and 

THI>72). The lower averages of DMI, DMY, and 

MFR were achieved at THI>72 to be 21.68, 30.72 

kg/day and 1.41 compared with their higher values of 

22.71, 33.22 kg/day and 1.46 at THI≤72, 

respectively. Furthermore, all the means of DMI and 

DMY were significantly affected (p<0.05) by THI 

except MFR.  

Our results of the unfavorable effect of heat stress 

on milk yield agree with the estimates of [24] who 

found that the decline in milk yield was 0.2 kg per 

unit increase in THI when THI exceeded 72. 

Moreover, [25] in Lebanon confirmed that the 

performance of dairy cows, fed TMR daily, 

decreased when THI surpassed 72 with DMI, MY, 

MFR, fat, SNF and TS values of 20.50 kg/day, 27.69 

kg/day, 1.35, 3.94%, 6.83%, and 10.77%, 

respectively. Our result is in the same line with [12] 

which showed that the DMY value was higher (25.7 

kg/day) at THI≤72 than at THI>72 (17.6 kg/day) for 

Friesian cows in Beni-Suef, Egypt. Also, [13] 

revealed that the average DMY of Egyptian Holstein 

cows was higher in THI≤72 (31.91 kg/day) when 

compared with high THI (13.66 kg/day). A study of 

[26] found that the daily THI was negatively 

correlated to milk yield (r = –0.76) and feed intake (r 

= –0.24). Similarly, [27] found that the values of 

DMI and DMY were 16.9 and 17.03 kg/day at 

THI>78 and 19.9 and 19.73 kg/day at THI≤70.  

The exposure of dairy cows to heat stress 

increases when the air humidity and temperature 

exceed the thermo-comfortable zone of the animal, 

thus resulting in difficulty in heat dissipation and 

causing a decline in feed intake by the animals [28]. 

Additionally, the reduction of DMI due to heat stress 

may be related to declines in the metabolic heat 

production, prolonged digestion, and shifting from 

lipid to glucose assimilation in the bodies of lactating 

cows [29].  

The decrease in milk yield is most likely caused 

by a declined DMI and energy intake. The decline in 

DMI decreases the nutrients required for milk 

synthesis. So, milk production and yield are greatly 

affected [30]. It is established that glucose 

assimilation is more frequent in heat-stressed cows 

which could result in a reduction of glucose synthesis 

in the liver, a change in glucose revenue and 

amplified glucose demand for generating energy. 

This in turn could lead to a lowering of the 

accessibility of glucose for the mammary gland to 

synthetize lactose which is the main osmoregulatory 

and determining factor of milk yield. Therefore, 

decreased lactose and glucose levels result in reduced 

milk yield [31]. Furthermore, an elevation of body 

temperature of dairy cows during heat stress can 

indirectly affect milk yield by changing of hormonal 

level of lactogenesis like prolactin and thus may 

negatively affect milk yield [32].  

The effect of THI on compositional quality 

parameters of bulk milk 

The results in Table 1 demonstrate the impact of 

THI as a marker of heat stress on the compositional 

quality parameters of bulk milk for Holstein cows at 

2 levels (THI≤72 and THI>72). In the present study, 

the mean values of fat, SNF, and TS% were 

relatively lower for THI>72 compared with THI≤72. 

In this context, the mean values of fat, SNF, and 

TS% were 3.20, 8.76 and 11.95% at THI>72, while 

their values were quite higher to be 3.25, 8.89, and 

12.14% at THI≤72, respectively. Additionally, the 

whole means of compositional quality parameters of 

bulk milk were meaningfully influenced (p<0.05) by 

THI. According to Egyptian Standards of raw cow's 

milk (ES, 154|1|2005) fat, SNF and TS% of raw cow 

milk should be not less than 3, 8.25, and 11.25%, 

respectively. The obtained results reveal that all 

examined milk samples were compatible with the 

standards. 

The deteriorating effect of exceeded THI on the 

compositional quality traits of bulk milk was also 

observed in other studies. For example, [18] showed 

that the fat content of milk of dairy cows in Croatia 

decreased significantly because of increased THI>72.  

Similarly, [24] reported a decline in the fat content of 

dairy cows in Georgia, USA by 0.012 kg for each 

unit of increase in THI above 72.  Furthermore, the 

compositional components of milk were also 

increased with the decreased THI in a study of [12] 

who reported that the mean values of fat were (3.51 

vs. 3.24%), SNF was (8.16 vs. 7.55%), and TS were 

(11.67 vs. 10.79%) for THI≤72 and THI>72, 

respectively. This result also agrees with [33] who 

reported that the fat content of bulk milk for Iranian 

Holstein cows was 3.36% at THI>72 which was 

lower than at THI≤72 (3.47%). 

The interior metabolic heat production during 

lactation can reduce the resistance of lactating cows 

to sophisticated environmental temperatures as a heat 

stress factor, leading to the alteration of milk 

compositional quality traits [34]. 

A decrease in the fat content may be stimulated by 

a reduced ability of milk biosynthesis because of heat 

stress which can cause impairment of the secretory 

epithelium and alveolus system of mammary glands. 

Also, reduced fat may be due to the activity of lipase 

enzymes from leukocytic origin [35]. 

Exposing dairy cows to elevated THI could result 

in a decrease in SNF and TS levels of milk 

supplemented through either direct or indirect effects 

of heat stress on the conveyance of blood precursors 

to the alveolus system of mammary glands [36]. 
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The effect of THI on sanitary quality parameters of 

bulk milk 

The results in Table 1 reveal the influence of THI 

as a sign of heat stress on the sanitary parameters of 

bulk milk for Holstein cows at 2 levels (THI≤72 and 

THI>72). Accordingly, the mean values of specific 

gravity, pH, and acidity% were 1.03, 6.70 and 

0.15%, respectively which were nearly similar at 

both levels of THI. In this study, all the values of 

acidity% are nearly compatible with [37] who 

confirmed that fresh milk has a titratable acidity of 

0.14 to 0.16% expressed as lactic acid. Furthermore, 

our result of the milk pH agrees with the statement of 

[38] that recognized that the normal pH of fresh milk 

is between 6.5 and 6.8 which means that milk is a 

good growth medium concerning acidity (pH).  

This result shows that THI did not have any 

significant effect on the sanitary parameters of bulk 

milk during heat stress. This result disagrees with 

those reported by [39] who found that there was an 

elevation in the milk pH (6.83) when THI was lower 

than 72. In contrast, [40] reported a decline in the pH 

value of milk for Italian Holstein cows (6.56) when 

THI was higher than 72.  

Developed acidity is formed by the action of 

bacteria on lactose in milk and lactic acid is finally 

produced. Exposing dairy cows to heat stress might 

cause an increase in bacterial contamination in milk 

from the surrounding environment which can raise 

the milk acidity. Therefore, good hygienic practice is 

necessary during the milking process to decrease to 

some extent, the presence of microbial contamination 

in milk.  

The sanitary parameters are the key elements that 

judge the hygienic and sanitary quality of bulk milk 

during production at dairy farms. Additionally, they 

are fundamental in the dairy industry as they must be 

continuously monitored to maintain the required milk 

quality standards and ensure food safety [41]. The 

results of normal acidity and pH indicate about 

maintaining the hygienic and sanitary quality of bulk 

milk in the examined herd.  

The effect of THI on bacteriological quality 

parameters of bulk milk 

The results in Table 1 describe the role of THI as 

a key element for assessing the effect of heat stress 

on the bacteriological parameters of bulk milk for 

Holstein cows at 2 levels (THI≤72 and THI>72) with 

an increasing effect on TBC and total Coliforms (log 

cfu/ml) of bulk milk reported for THI>72. Regarding 

this, the mean values (log cfu/ml) of TBC and total 

Coliforms were (6.7 and 2.7 log cfu/ml) vs. (5.5 and 

2.5 log cfu/ml) for THI>72 and THI≤72, 

respectively. Additionally, the bacterial counts of 

bulk milk were significantly influenced (p<0.05) by 

THI. The obtained TBC values in this study 

exceeded the borderline of 5-5.5 log cfu/ml for TBC 

and 1 log cfu/ml for Coliforms, as secured by 

Microbiological Standards for raw cow milk [23] 

when THI surpassed 72.  

This finding is higher than those reported by [39] 

who confirmed that there was a weak correlation 

between THI and the average TBC in Italian bulk 

milk which was 2.6 log cfu/ml at the lower THI 

class. In Egypt, [12] reported that the highest count 

of total Coliforms in bulk milk (3.9 logs cfu/ml) was 

recorded at THI>72, while the lowest was (2.3 logs 

cfu/ml) at THI≤72 and these findings are in the same 

line with our results. Comparably, [42] found a 

positive relation between THI and TBC and revealed 

a significant difference at THI above and below 72. 

Under Egyptian climatic conditions, it is well 

recognized that heat stress usually happens in warm 

weather due to higher levels of temperature and 

humidity in the surrounding environment which in 

turn increases the level of bacterial contamination. 

Thus, bacteria can enter the teats during milking and 

then increase their numbers [43]. 

The effect of the year on the performance of Holstein 

cows and their bulk milk  

The results in Table 2 show the effect of the year 

(2019 and 2020) on the performance and 

compositional quality parameters of bulk milk for 

Holstein cows. Regarding to this, the average values 

of DMI and DMY were significantly affected 

(p<0.05) by the year and were greater during 2020 

compared with 2019. Accordingly, the mean values 

of DMI and DMY were (21.88 vs. 22.18 kg/day) and 

(31.35 kg/day vs. 31.81 kg/day) in 2019 and 2020, 

respectively. In contrast, in both years they had no 

effect on MFR which was 1.43. Concerning the bulk 

milk compositional traits, fat, SNF and TS% were 

(3.20, 8.84 and 12.04% in 2019) and (3.23, 8.77 and 

12.04% in 2020). Although these values were greater 

in 2019 than in 2020 however, there were no 

significant differences in the efficiency of conversion 

of feed to milk (MFR) and the compositional quality 

traits of milk between the two years. This result is in 

the same line with those recorded by [44] who found 

that milk components (fat, SNF and TS) remained 

stable from January 2014 to December 2016 in 

Brazilian dairy farms under investigation. In contrast, 

[42] studied the effect of years (from 2003 to 2009) 

on milk fat and found that there was a significant 

variation in fat% in relation to the year with the 

highest (P <0.001) levels of fat (3.95, 3.93, and 

3.92% recorded in 2009, 2007 and 2004, 

respectively. It is suggested that the milk yield of the 

herd improved throughout the years under this study, 

perhaps due to the slight increase in the number of 

cows in the year and variation in climatic conditions 

between the years. 
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The effect of the season on the performance of 

Holstein cows and their bulk milk  

The results in Table 2 reveal the effect of the 

season (winter, spring, summer, and autumn) on the 

performance and compositional quality parameters of 

bulk milk for Holstein cows. In this context, the 

season had a significant effect on all the performance 

parameters. Winter and spring seasons showed the 

highest DMI, DMY, and MFR while autumn and 

summer seasons showed the lowest of these traits. 

This finding points to the importance of green fodder 

season in improving milk productivity which is 

usually available in winter and spring. The mean 

values of DMI were (22.80, 22.75, 21.37, and 21.21 

kg/day) for winter, spring, autumn, and summer, 

respectively. The mean values of DMY were (33.80, 

33.27, 29.79, and 29.48 kg/day) for spring, winter, 

autumn, and summer, respectively. Furthermore, the 

mean values of MFR were (1.49 in spring, 1.46 in 

winter, and 1.39 in (autumn and summer), 

respectively.  Similarly, [11] found that the high milk 

yield of Friesian cows under Egyptian conditions was 

obtained in winter and spring seasons while the 

lowest milk yield was achieved in the summer and 

autumn seasons. Also, the results of [45] indicated 

that Holstein- Friesian cattle in the winter season 

produced a higher milk yield than the summer 

season.  

Regarding the effect of the season on milk 

compositional quality parameters, our results reveal 

that the season had a significant effect (P<0.05) on 

milk components. Winter and autumn seasons 

showed higher milk components (fat%, SNF%, and 

TS %) than those reported during spring and summer 

seasons.  

The mean values of fat% were (3.34, 3.25, 3.15, 

and 3.13%) for autumn, winter, spring, and summer, 

respectively. Concerning SNF% in milk, the mean 

values were 8.89% in winter, 8.79% in (autumn and 

spring), and 8.73% in summer. Furthermore, the 

mean values of TS% were 12.14, 12.13, 11.94, and 

11.86% for winter, autumn, spring, and summer, 

respectively. This finding is nearly compatible with 

those obtained by [42] who reported that the values 

of fat% of bulk milk of Italian Holstein cows were 

4.01 and 3.79% in winter and autumn which were 

higher than in spring (3.85%) and reached the lowest 

level in summer (3.74%).   

Our findings of the effect of season on milk 

components are consistent with those reported by 

[26] where they found that milk fat was lower for the 

summer season. Also, [46] confirmed that milk fat 

and total solids in cow milk were the highest during 

winter and the lowest during summer. Furthermore, 

[47] studied the effect of season on milk constituents 

in Dutch dairy cows and found that TS and SNF% 

were dramatically reduced with the increased heat 

stress conditions. Moreover, [48] showed that the 

mean values of fat% and TS% in winter were 3.6 ± 

0.055 and 12.4 ± 0.071 and in summer were 3.1 ± 

0.058 and 11.1 ±0.092, respectively. 

A decrease in milk fat, SNF and TS% throughout 

warm climates could be ascribed to the decrease of 

DMI, and subsequent energy intake, which could 

lead to a significant decrease in milk biosynthesis 

[36]. Furthermore, the DMY and compositional 

quality parameters of bulk milk may differ based on 

the season where the milk is produced. Seasonal 

features certainly impact the herd managemental 

system, since during quite wet and warm seasons the 

cows can freely graze in pastures, in contrast to dry 

and cold seasons in which the cows are restricted. 

One of the leading factors for the dropdown of 

fat% in spring is the increasing frequency of calving 

and   the increase in  number of fresh cows compared 

with other seasons. Additionally, fat content in milk 

can be changed based on the level of milk yield 

which is usually influenced by sunlight days and 

rises in association with increasing day length.  

Therefore, it is important to consider in this study 

that decrease in milk compositional parameters 

reported in spring could be associated with 

increasing in milk yield because of the prolonged 

daylight, with a consequential reduction of fat 

content [49]. Regarding the 2 years (2018 and 2019) 

the mean value of DMY in spring was the highest 

33.80 kg/day compared with that recorded during 

other seasons of the year. 

The dropdown in milk compositional quality traits 

during the summer is related to the undesirable effect 

of hot weather on milk biosynthesis of milk nutrients. 

Furthermore, the habit of grazing by lactating cows 

most frequently occurs in summer, when THI is high. 

Therefore, it is necessary to assess the responses of 

cows to heat stress during the summer season [27]. 

The effect of THI on DMI, DMY, and MFR 

concerning the effect of cow group. 

The results in Table 3 describe the effect of THI 

on the performance parameters (DMI, DMY, and 

MFR) for groups of Holstein cows (fresh, high, and 

low yielding cows) at 2 levels (THI≤72 and 

THI>72). Concerning the effect at THI≤72, the DMI 

of fresh cows was limited (20.48 kg/day) however, 

the DMY of these cows was high (35.43 kg/day). 

This may be due to cows in the early stage of 

lactation being able to convert more feed to milk 

efficiently (MFR=1.73) and  producing high milk 

yield. The DMI and DMY of the high-yielding group 

were high (23.85 and 35.22 kg/day, respectively), 

while the values of DMI and DMY for the low-

yielding group were the lowest (18.58 and 16.40 

kg/day, respectively). Regarding the efficiency of 

conversion of feed to milk, the mean values of MFR 
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were 1.73, 1.48, and 0.88 for the fresh, high, and 

low-yielding groups at THI≤72, respectively.  

On the other hand, THI>72 showed a more 

decreasing effect on the levels of the performance 

parameters among groups than THI≤72. 

Consequently, the DMI values were 19.14, 22.30, 

and 18.13 kg/day while, the DMY values were 32.28, 

31.81, and 14.88 kg/day for fresh, high, and low-

yielding cows, respectively. By the same way, the 

mean values of MFR were 1.68, 1.44, and 0.82 

kg/day for fresh, high, and low-yielding cows, 

respectively. 

Practically, the effect of THI on DMI was 

significant (p<0.05) for the fresh and high yielding 

cows.  The DMI was decreased by 1.34 and 1.55 

kg/day for the fresh and high yielding cows, 

respectively. Furthermore, heat stress decreased DMI 

by 0.45 for the low yielding cows but was not 

statically significant. 

Regarding the effect of heat stress on the milk 

yield, it was statically significant (p<0.05) for the 

three groups (fresh, high, and low yielding cows) 

however, the highest effect was observed for the high 

yielding cows (35.22 kg/day at THI≤72 and 31.81 

kg/day at THI>72). Milk yield declined by 3.15, 

3.41, and 1.52 kg/day for the fresh, high, and low 

groups, respectively. The decline in the efficiency of 

conversion of feed to milk wasn't statically 

significant for the fresh, high, and low yielding cows.  

The findings of the adverse effect of heat stress on 

milk yield and feed intake are consistent with the 

findings of [50] who found that the heat stress 

adversely affected the quantity of milk during the 

first 60 days of lactation and the high-yielding cows 

were more susceptible than the low-yielding cows. 

Also, [51] reported that high- yielding dairy cows, as 

well as cows during peak production, were adversely 

affected by heat stress. Furthermore [52] found a 

significant relationship between THI and milk yield 

for cows in different lactations. The cows 

countenance the risk of heat stress and milk 

production can be decreased by as much as 50% 

when the environmental temperature is above the 

body temperature.  

Generally, high-yielding cows are more 

susceptible to heat stress than low-yielding cows, as 

both feed intake and milk production increase 

thermoneutral zone shifts to a lower temperature. So, 

the physical and biochemical processes to counter 

stress and maintain thermal equilibrium adversely 

affect the milk production of these cows [53]. 

In addition, heat stress can affect milk 

composition and yield particularly in high yielding 

cows by increasing the level of lactic acid in their 

rumen and so, decreasing pH and then hindering 

bacterial growth, and causing metabolic disorders in 

the rumen that can lead to suppressing milk 

production [54]. 

Economic losses in daily milk yield (DMY) due to 

heat stress 

The following equations explain the economic 

losses in daily milk production due to heat stress. 

The remaining inputs were kept constant. (THI>72) 

for the three groups (Fresh, high, and low yielding 

cows). 

       A. Fresh Group  

           Economic loss = Decline in DMY (3.15 

kg/cow) x Average milk price (0.36$/kg) (6.78 

LE/Kg) 

            = 3.15 x 0.36$ (6.78 LE/Kg) = 

1.13$/cow/day (21.36 LE/cow/day). 

      B. High-producing group.  

           Economic loss = Decline in DMY (3.41 

kg/cow) x Average milk price (0.36$/kg) (6.78 

LE/Kg) 

            = 3.41 x 0.36$(6.78 LE/Kg) = 

1.23$/cow/day (23.12 LE/cow/day). 

        C. Low-producing group. 

           Economic loss = Decline in DMY (1.52 

kg/cow) x Average milk price (0.36$ LE/kg) (6.78 

LE/Kg) 

            = 1.52 x 0.36$(6.78 LE/Kg) = 

0.55$/cow/day (10.30 LE/cow/day). 

From the previous results, we notice that the 

economic losses in DMY/cow recorded the highest 

value (1.23 $) in the high-yielding group followed by 

the fresh group (1.13 $) and the lowest value (0.55 $) 

was recorded in the low-lactating group. These 

results run in the same line with those reported by 

[53] who reported that the high- producing cows 

were more susceptible to heat stress than low-

producing ones.  So, the high decline in DMY which 

was recorded for the high-producing cows resulted in 

high economic losses for this group.  

However, we propose additional studies using 

similar multivariable approaches with further 

Egyptian dairy farms, for prolonged intervals and 

using various techniques to recognize the impact of 

microclimatic parameters on the bulk milk traits in 

extra detail. Furthermore, we need to connect the 

climatic conditions with the milk's functional profile 

like coagulation, fat separation, boiling off and 

fermentation properties. This will suggest a desirable 

correlation between the environment and the dairy 

industry by improving milk composition, milk 

quality, milk safety and economy.  
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Conclusions 

We conclude that THI had a significant effect on 

DMI, DMY and bulk milk portfolio with an 

economic impact on the daily production of Egyptian 

Holstein cows. The decline rates in the performance 

and bulk milk parameters were more negatively 

influenced by THI>72 than THI≤72. Although 

THI>72 caused the most terrible milk parameters in 

terms of composition (Fat, SNF, and TS%), as well 

as bacteriological quality (TBC and total Coliforms), 

it did not effect on the feed efficiency and the 

sanitary parameters of bulk milk. Furthermore, high- 

producing cows were highly affected by heat stress 

with significant economic impacts on milk 

production and price. Although the annual variations 

had relative impact on DMI and DMY, they did not 

affect the feeding efficiency and the milk 

composition. Concerning the scenarios of season, 

winter and spring had the most desirable effect on 

DMI and DMY, while winter and spring caused the 

most superior milk composition. All milk traits 

noticed in the summer season signify a threat of 

exceeding the Egyptian restrictions for milk 

commercialization. This may result in a reduction of 

the milk price, which in turn will cause economic 

losses for the dairy farmers. These findings might be 

useful for dairy producers, permitting them to 

implement specialized management policies to 

minimize heat stress and to reach the optimal 

performance of dairy cows. Additional studies should 

shed some light on the safety profile of bulk milk to 

ensure human health. Also, we should investigate the 

linkage between high THI and milk functional 

parameters in relation to the dairy industry such as 

protein coagulation, creaming up, fermentation, 

churning and boiling off. 
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TABLE 1. The effect of THI on performance parameters (DMI, DMY, and MFR) and bulk milk portfolio 

(compositional quality, sanitary quality, and bacteriological quality parameters) of Holstein cows 

  

Performance parameters                                                                                Bulk milk Portfolio 

 

Compositional quality Sanitary quality    Bacteriological 

quality 

 

N 

 

DMI  

Mean 

(SE) 

DMY  

Mean 

(SE) 

MFR  

Mean 

(SE) 

Fat% 

Mean 

(SE) 

SNF% 

Mean  

(SE) 

TS% 

Mean 

(SE) 

Sp.Gr. 

Mean 

(SE 

pH 

Mean 

(SE) 

TA% 

Mean 

(SE) 

TBC  

Mean  

(SE) 

TC 

Mean  

(SE) 

THI≤72 250 22.71 a 

(0.04) 

33.22 a 

(0.10) 

1.46 a 

(0.00) 

3.25 a  

(0.01) 

8.89 a  

(0.01) 

12.14 a 

(0.01) 

1.03a 

(0.00) 

6.70 a 

(0.01) 

0.15 a 

(0.00) 

5.5 b 

(2.3) 

2.5 b 

(1.6) 

THI>72  480 21.68 b 

(0.04) 

30.72b 

(0.10) 

1.41 a  

(0.00) 

3.20 b 

(0.01) 

8.76 b  

(0.01) 

11.95 b 

(0.01) 

1.03a 

(0.00) 

6.71 a 

(0.00) 

0.15 a 

(0.00) 

6.7 a 

(3.3) 

2.7 a 

(1.5) 

 
N: Number of days; DMI: Dry matter intake (kg/day); DMY: Daily milk yield (kg/day); MFR: Milk feed ratio (kg DMY/kg DMI); SNF: 

Solid nonfat (%), TS: Total solids (%); Sp. Gr: Specific gravity; TA%: Titratable acidity (%); SE: Standard error; TBC: Total bacterial 

count (log cfu/ml); TC: Total Coliforms (log cfu/ml). 

*Means within the same column bearing different superscripts are significantly different at (p<0.05). 
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TABLE 2. The effect of year and season on performance parameters (DMI, DMY, and MFR) and bulk milk 

compositional quality parameters (Fat, SNF, and TS%) of Holstein cows. 

Climatic changes Performance parameters Mean (SE)  Milk compositional quality Mean (SE) 

            N DMI DMY MFR Fat% SNF% TS%  

Year        

2019 365 21.88b 

(0.05) 

31.31.35b 

(0.12) 

1.41.43a 

(0 

3.23.20a 

(0.01) 

8.84a 

(0.01) 

12.12.04a 

(0. (0.01) 

 

 

2020 

 

365 

 

22.   22.18a 

(0.    (0.03) 

(0 

 

31.31.81a 

(0.12) 

 

1.41.43a 

(0. 

 

3.23.23a 

(0.01) 

 

8.77a 

(0.01) 

 

12.11.99a 

(0. (0.01) 

 

Season        

Winter 179 22.80a 

(0.03) 

33.33.27b 

(0. (0.08) 

1.41.46a 

(0) 

3.23.25b 

(0. (0.01) 

8.89a 

(0.01) 

12.  12.14a 

(0.   (0.01) 

 

 

Spring 

 

 

184 

 

22.   22.75a  

(0.    (0.03) 

 

33.33.80a 

(0. (0.11) 

 

1.41.49a 

00) 

 

3.13.15c 

(0. (0.01) 

 

8.79b 

(0.01) 

 

11.94b 

(0.    (0.02) 

 

 

Summer 

 

184 

 

21.   21.21d 

(0.    (0.04) 

 

29.29.48d 

(0. (0.08) 

 

1.31.39c 

(0) 

 

3.13.13c 

(0. (0.01) 

 

8.73c 

(0.01) 

 

11.86c 

(0.01) 

 

 

   Autumn 

     

     182 

 

21.  21.37c 

(0.    (0.03) 

 

29.29.79c 

(0. (0.08) 

 

1.31.39c 

(0) 

 

3.33.34a 

(0. (0.01) 

 

8.79b 

(0.02) 

 

12.   12.13a 

(0.    (0.02) 

 

       

N: Number of days; DMI: Dry matter intake (kg/day); DMY: Daily milk yield (kg/day); MFR: Milk feed ratio (kg DMY/kg DMI); SNF: 

Solid nonfat (%), TS: Total solids (%); SE: Standard error. 
*Means within the same column bearing different superscripts are significantly different at (p<0.05). 

 

 

TABLE 3. The effect of THI on the performance parameters (DMI, DMY, and MFR) for the various groups of 

Holstein cows (fresh, high, and low yielding cows).  

Holstein cows Performance parameters Mean (SE) 

                            THI DMI  Decline DMY Decline MFR Decline 

Fresh yielding       

      THI≤72 20.20.48 c (0.19)  1.31.34 35.35.43a (0.36)  3.13.15 1.73a (0.02)  0.00.05 

      THI≤72 19.19.14 d (0.16)  1.3 32.32.28 b (0.51)  3.1 1.68 a (0.02)  0.0 

High yielding       

      THI≤72 23.23.85 a (0.17)  1.51.55 35.35.22 a (0.51)  3.43.41 1.48 b (0.02)  0.00.04 

      THI>72 22.22.30 b (0.19)   31.31.81 b (0.48)  3.4 1.44 b (0.02)  0.0 

Low yielding       

      THI≤72 18.18.58 e (0.14)  0.40.45 16.16.40 c (0.16)  1.51.52 0.88 c (0.01)  0.00.06 

      THI>72 18.18.13 e (0.06)  0.4 14.14.88 d (0.15)  1.5 0.82 c (0.01)  0.0 

THI: Temperature-humidity index; DMI: Dry matter intake (kg/day); DMY: Daily milk yield (kg/day); MFR: Milk feed ratio (kg DMY/kg 

DMI); Decline (THI≤72 - THI≤72 ) (kg/day). 
*Means within the same column bearing different superscripts are significantly different at (p<0.05). 
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تأثير مؤشر درجة الحرارة والرطوبة والسيناريوهات السنوية والموسمية على الأداء 

 مصر فىوالآثار المالية لأبقار الهولشتاين  اللبن لفوم

 3 سارة عبد المحسن أبو العلاو  1ايمان محمد القطعانيو  2غادة جمال الدين عفيفي،  1هوانصفريال محمد 

 مصر. - جامعة الاسكندرية - كلية الطب البيطري - الحيوانرعاية قسم  1
 مصر. -جامعة السادات  - يقسم الهندسة الوراثية والبيوتكنولوج 2
 مصر. -جامعة الإسكندرية  - كلية الطب البيطري -  قسم الرقابة الصحية على الاغذية 3

 

 الملخص

بقار هولشتاين واللبن المنتج أفي هذه الدراسة تم تقييم تأثيرات مؤشر درجة الحرارة والرطوبة والسنة والموسم على أداء 

سجل لأبقار هولشتاين خلال الفترة من يناير  10000البيانات ل منها في مزرعة البان مصرية تضمنت مجموعة من 

علاوة  THI≥72.عند MFRو DMYو DMIلمؤشرات  وسجلت المتوسطات الصغرى .2020الى ديسمبر  2019

عند  اللبنوعدد القولونيات إلى مستويات أقل في  TBCالبكتريولوجية بما في ذلك  ؤشراتعلى ذلك ، وصلت الم

THI≤72 تأثر .DMI وDMY  في حين لم يتأثر  بالسنة،بشكل كبيرMFR وقد لوحظت أكبر متوسطات  .لبنوتكوين ال

DMI وDMY وMFR  في الشتاء والخريف. تأثر  للبنبينما تم تحقيق تحسن في تكوين ا والربيع،في الشتاءDMI 

 THI>72بشكل كبير ب  DMYتأثر  .الانتاجوعالية  حديثةللأبقار  THI>72مع قيم أقل عند  THIبشكل كبير ب 

/ يوم(. تم تسجيل خسائر اقتصادية عالية كجم  31.81) نتاجلوحظ التأثير الأكبر للأبقار عالية الا ذلك،لجميع الأبقار، ومع 

له  THIوهذا يدل على  بسبب الإجهاد الحراري. THI>72في إنتاج الحليب اليومي في الأبقار عالية الإنتاج عند ارتفاع 

لأبقار هولشتاين في مصر مع خسائر اقتصادية عالية في إنتاج الحليب اليومي  لبنتأثير كبير على كل من الأداء ومعايير ال

 خاصة في الأبقار عالية الإنتاج والتي تتأثر بشدة بالإجهاد الحراري. 

 ، السنة. THIالقولونيات ، أبقار هولشتاين ، الخسائر الاقتصادية ، إنتاج الحليب ، جودة الحليب ، الموسم ،  الكلمات الدالة:
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