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Heat Stress Definition

Lo stress da caldo si ha quando la 
temperature corporea eccede il il

valore specifico per le normali attività
ed è il risultato dell’accumulo di calore
(produzione endogena e dall’ambiente) 
che eccede la capacità di dissipare il

calore stesso.
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Adapted by Hahn, 1999
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In-transit mortality rate of pigs in relation to temperature-

humidity index (THI).

Two phases regression_in transit pigs losses
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Mortality rate at lairage of pigs in relation to temperature-

humidity index (THI).

Two phases linear regression_lairage pigs losses
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Bertocchi et al., 2014
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Month x Year: fat and proteins, % 
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Bernabucci et al., 2014



THI-related risk of milk, protein and fat yield loss (kg/d) in the
production area of Grana Padano (marked) during the period 2021–2050
in the months of June, July, August and September (Vitali et al., 2019).



Barns

Experimental trial (Bernabucci et al., 2015)

Dairy cows, same farm, two types of barns with different
characteristics.

At least 4 dataloggers (t°, UR) for each barn.



Casein fractions
Total casein, %:

Summer 2,27
Winter 2,75
Spring 2,75

% Caseins:

Summer 74,3
Winter 76,7
Spring 76,6
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(Cowley et al., 2015)
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EFFECTS OF HEAT STRESS ON MILK PROTEIN COMPOSITION 2363

average daily milk yield to fall by approximately 20% 
compared with TN-AL during period 1. This decline 
was similar to previously reported results over a similar 
range of THI in cows that  were gradually acclimated 
to increasing heat  with advancing summer (Bouraoui 
et  al., 2002; West  et  al., 2003). However, we observed a 
larger reduct ion in milk yield in heat-st ressed animals, 
compared with those cows with a rest ricted intake only 
(a mean difference of 2.85 L), indicat ing that  factors 
other than intake are responsible for reduced milk yield 
under heat  st ress. No residual effect  was observed of 
heat  st ress on milk yield after 7 d of ad libitum feeding 
in THI <  70 in period 2.

We concluded that  heat  st ress had greater influence 
on milk protein concentrat ion than rest rict ion of DMI. 
The decline in milk t rue protein concentrat ion that  we 
observed in heat-st ressed cows was greater than in cows 
with a rest ricted intake only. In previous experiments 
similar to ours, concentrat ion of protein in skim milk 
declined more under heat  st ress than with a rest ricted 
intake only (Bandaranayaka and Holmes, 1976; Rhoads 
et  al., 2009). Because neither lactose nor fat  concentra-
t ions were affected by heat  st ress, we concluded that  
the reduct ion in protein concentrat ion was a result  of 
specific downregulat ion of mammary protein synthe-
sis, rather than a general reduct ion in milk synthesis. 
Bernabucci and Calamari (1998) suggested that  factors 
other than dietary protein supply may have a negat ive 
effect  on milk protein concentrat ion in heat-st ressed 
cows, including a decline in rumen MCP synthesis and 
an increase in the ut ilizat ion of AA for gluconeogen-
esis, both of which are related to lower energy and 
protein intakes, but  also possibly related to changes in 
homeostat ic metabolism. Rumen MCP synthesis was 
not  decreased by heat  st ress or rest ricted intake in our 
experiment , which may suggest  that  circulat ing AA 

supply was unchanged. No residual effect  was observed 
of heat  st ress on milk protein concentrat ion after 7 d of 
ad libitum feeding in THI <  70 in period 2.

We observed that  heat  st ress caused a decrease in 
casein concentrat ion and casein number. Similar results 
have previously been found under imposed high tem-
perature and humidity (Muroya et  al., 1997; Nardone 
et  al., 1997), and as season changed from spring to sum-
mer in the field (Bernabucci et  al., 2002). No direct  role 
has been found for the amount  and type of energy and 
protein supply on casein number (Coulon et  al., 1998), 
and we found no effect  of TN-R in this experiment . No 
residual effect  was observed of heat  st ress on casein 
concentrat ion or casein number after cows returned to 
condit ions of THI <  70 and ad libitum feeding in period 
2. It  appears, therefore, that  heat  st ress is causing a 
change in the mammary synthesis of casein through 
factors other than changed dietary supply of subst rates.

We found that  heat  st ress was the only factor af-
fect ing individual casein mass fract ion proport ions (in-
creasing αS1-and decreasing αS2-casein). No effect  was 
observed of rest ricted intake alone on the individual ca-
sein mass fract ions relat ive to TN-AL. αS2-Casein is the 
major S- and P-containing milk protein. A decline in 
dietary S from reduced DMI would certainly limit  mi-
crobial synthesis of the sulfur-containing AA (Kadzere 
et  al., 2002). However, the mechanisms that  would 
cause the differing results seen here between heat  st ress 
and rest ricted intake alone are open to speculat ion. 
Bernabucci and Calamari (1998) found a decrease in 
combined αS-casein mass fract ions and in β-casein mass 
fract ions and an increase in κ-casein mass fract ion and 
serum protein fract ion concentrat ions of milk collected 
in summer when compared with spring (Bernabucci 
and Calamari, 1998). Those authors hypothesized that  
the decline in αS- and β-casein in summer milk may 

Table 7. The effect  of heat  st ress and rest ricted intake on mean casein mass fract ions during t reatment  (period 
1, 7 d) and post t reatment  (period 2, 7 d) periods (cont rol, TN-AL; heat -st ressed, HS; rest ricted intake, TN-R) 

Item/ period

Treatment  group

SEM P-valueTN-AL HS TN-R

αS1-Casein     
 Period 1 36.57a 38.41b 37.76ab 0.582 *
 Period 2 37.01 36.16 35.76 0.375
αS2-Casein     
 Period 1 13.45a 11.75b 14.37a 0.355 *
 Period 2 13.50 14.04 14.01 0.367
β-Casein     
 Period 1 38.17 38.83 37.81 0.635
 Period 2 38.65 38.84 39.13 0.411
κ-Casein     
 Period 1 10.63 11.35 10.89 0.289
 Period 2 10.84 10.97 11.11 0.335

a,bDifferent  superscripts within periods within rows indicate significant  differences between t reatments. 

*P <  0.05.

Gellrich et al., 2014: lower concentration during summer

Han et al., 2011: heat stress reduces α-CN e β-CN mRNA

Salama et al., 2014: heat stress reduces αs1-casein e αs2-casein
mRNA



(Silanikove et al., 2009)

Heat stress effects on milk plasmin activity
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Milk serum proteins
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Tempo di coagulazione (r, min), velocità di formazione del 
coagulo (k20, min) e consistenza della cagliata (a30, mm)
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Ripartizione % dei tipi lattodinamometrici 

del latte di massa di 405 allevamenti
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Analisi discriminante
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Analisi discriminante
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Referring to the mean values of air speed measured during 

study months, February, January, and December showed the 

highest air speed rate (4.61±0.10, 3.94±0.23, and 3.61±0.18 

knots/h, respectively) followed by November, June and 

October (3.35±0.27, 3.34±0.76, and 3.11±0.26 knots/h, 

respectively). On the other hand, the highest mean values of 

mxTHI were recorded during August, July, June and 

September (81.42±0.65, 80.63±0.57, 80.00±0.68, and 

78.8±0.55, respectively) followed by October and 

November (75.36±0.58 and 74.57±0.89, respectively). 

As expected milk yield was negatively affected (p<0.01) 

by THI (Table 3). Fat, proteins, lactose, total solid and solid 

non-fat decreased (p<0.0001) and SCC increased with 

increasing mxTHI (Table 3). 

Values of TCC, FCC, and E. coli  counts in raw cow's 

milk at different mxTHI are presented in Table 4. The 

highest (p<0.001) values were recorded at mxTHI>78, 

while the lowest were at mxTHI<72. There was no 

difference between mxTHI 72-78 and mxTHI>78. 

Additionally, the isolation rate of both S. aureus and E. col i  

was higher (p<0.001) at mxTHI>78 with values of 53.75% 

and 72.50%, respectively, compared with the other two 

groups. 

There was no significant correlation between SCC and 

the components of raw milk at different mxTHI categories, 

except for a negative correlation between SCC and fat 

percentage (r = –0.30; p<0.01) at mxTHI<72. There were 

no significant correlations between bacterial counts and the 

different raw cow's milk components except for a negative 

correlation (r = –0.36; p<0.01) between the E. col i  count 

and proteins percentage at mxTHI>78. 

 

DISCUSSION 

 

Results of the present study confirmed the association 

between climatic conditions and chemical characteristics of 

milk (Bouraoui et al., 2002; Prasad et al., 2012; Bertocchi et 

al., 2014). 

Change of milk fat, protein and lactose percentages 

during hot weather could be attributed to the reduction of 

dry matter intake, and consequently energy intake, which in 

turn can be responsible in the reduction of milk synthesis. 

Heat stress is also known to decrease saliva production, 

which can affect the buffering capacity of the rumen. 

Reduced ruminal pH may reduce milk fat synthesis (Emery, 

1978). The decrease in protein percentage could be also 

attributed to the direct effects of heat stress on the synthesis 

of mammary gland (Cowley et al., 2015). Exposure to 

higher THI decreased milk lactose levels supporting 

Nardone et al. (1997) and Shwartz et al. (2009). This can be 

due to direct and indirect effects of heat stress on the 

delivery of component precursors (namely glucose) to 

mammary gland (Bernabucci et al., 2010). Cows exposed to 

higher THI showed lower milk yield; therefore, a dilution 

effect of heat stress on milk characteristics can be excluded. 

Others have reported the effect of season on the main 

constituents of milk. Casati et al. (1998) studied the effect 

of season on milk characteristics in Piacenza province (Po 

Table 4. Least square means of milk total coliform count, fecal coliform count, E. coli count, and S. aureus and E. coli isolation from 

milk of Frisian cows exposed to different temperature-humidity index (mxTHI) 

 mxTHI<72 mxTHI 72-78 mxTHI>78 RSD 

TCC (MPN/mL) 212.9a 8,462.0b 9147.0b 1.56 

FCC (MPN/mL) 71.8a 4,464.0b 5,371.0b 1.71 

E. col i count (MPN/mL) 17.3a 541.3b 765.6b 1.56 

S. aureus, (n/n, %) 6/80 (7.50a) 16/80 (20.00b) 43/80 (53.75c) NA 

E. col i, (n/n, %) 15/80 (18.75a) 30/80 (37.50b) 58/80 (72.50c) NA 

RSD, residual standard deviation; TCC, total coliform count; FCC, fecal coliform count; MPN, most probable number; E. coli , Escherichia col i; S. 

aureus, Staphilococcus aureus; NA, not applicable; n/n = number of positive samples for S. aureus and E. coli  on total samples examined. 
a,b,c p<0.001. 

Table 3. Least square means of milk characteristics from lactating Frisian cows exposed to different temperature-humidity index 

(mxTHI) 

 mxTHI<72 mxTHI 72-78 mxTHI>78 RSD 

Milk yield (L/cow·d) 25.7a 22.7b 17.6c 41.7 

Fat (%) 3.51A 3.24B 2.97C 0.54 

Protein (%) 3.36A 3.22B 3.12B 0.52 

Lactose (%) 4.55A 4.33B 4.21B 0.63 

Total solids (%) 11.67A 10.79B 10.96B 0.83 

Solid non-fat (%) 8.16A 7.55B 7.99C 0.76 

SCC (n/mL) 251,200A 392,010B 438,700C 240,000 

RSD, residual standard deviation; SCC, somatic cell count.  
a, b, c p<0.01; A, B, C p<0.0001. 
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INTRODUCTION 

 

Milk and dairy products are important components of 

the diet in Egypt. The composition of raw milk determines, 

to a large extent, the nutritional value and the cheese 

making properties of milk. Therefore, there is great interest 

in maintaining good milk quality. The composition of milk 

varies with stage of lactation, feeding, health status of the 

cow and genetic factors (Fox and McSweeney, 1998), and 

also depends on climatic conditions (Heck et al., 2009; 

Bernabucci et al., 2010; 2015). Friesian cows, among other 

imported dairy breeds, contribute significantly to milk 

production and dairy industry in Egypt. However, 

importation of European dairy breeds in Egypt is followed 

by unsatisfactory performance under tropical conditions 

(Zaabal and Ahmed, 2008). 

Climate change is defined as a large-scale, long-term 

shift in the planet's weather patterns such as temperature, 

wind and rainfall characteristics of a specific region. 

Climate can affect livestock both directly and indirectly 

(Adams et al., 1999; McCarthy et al., 2001; Bernabucci et 

al., 2010). 

High environmental temperatures during summer 

seasons may last up to 6 months, with average temperatures 

over 30°C in many developing countries. One third of the 

cattle population in the world is located in arid zones, and 
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ABSTRACT: Heat stress negatively affects milk quality altering its nutritive value and cheese making properties. This study aimed at 

assessing the impact of seasonal microclimatic conditions on milk quality of Friesian cows. The study was carried out in a dairy farm

from June 2013 to May 2014 at Beni-Suef province, Egypt. Inside the barn daily ambient temperature and relative humidity were 

recorded and used to calculate the daily maximum temperature-humidity index (mxTHI), which was used as indicator of the degree of

heat stress. The study was carried out in three periods according to the temperature-humidity index (THI) recorded: from June 2013 to 

September 2013 (mxTHI>78), from October 2013 to November 2013 (mxTHI 72-78) and from December 2013 to April 2014 

(mxTHI<72). Eighty Friesian lactating dairy cows were monitored in each period. The three groups of cows were balanced for days in 

milk and parity. Milk quality data referred to somatic cell count, total coliform count (TCC), faecal coliform count (FCC), Escherichia 

coli count, percentage of E. coli , and Staphylococcus aureus, percentage of fat, protein, lactose, total solid and solid non-fat. Increasing 

THI was associated with a significant decrease in all milk main components. An increase of TCC, FCC, and E. coli count from 

mxTHI<72 to mxTHI>78 was observed. In addition, the isolation rate of both S. aureus and E. coli  increased when the mxTHI 

increased. The results of this study show the seriousness of the negative effects of hot conditions on milk composition and mammary 

gland pathogens. These facts warrant the importance of adopting mitigation strategies to alleviate negative consequences of heat stress in 

dairy cows and for limiting related economic losses. (Key Words: Dairy Cows, Milk Composition, Coliforms, Temperature–humidity 

Index) 
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Livestock production 
systems and sustainability



What do we mean when we talk about livestock 
production and what is the definition of livestock? 

It is defined as domesticated animals raised in an 
agricultural production system with the aim of 

producing food, fibre and labour. 

Sometimes, reference is only made to ruminants such 
as cattle, sheep and goats but this definition should 

include all livestock which fits the original 
description, including poultry, pigs etc.



Global density of livestock (units per square kilometre) 

(FAO, 2006b)



Livestock production systems
according to the classification devised by Seré and Steinfeld
(1996). This classification system consists of two main criteria
namely Agro-climatic and Type (Rust, 2019).







The answer to the 1st question

To answer the 1st question we can divide the 

livestock systems into 3 main levels 

regarding climate dependence







The answer to the 2nd question
on modification of systems



Pastoral systems: species, feeding and production
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The possibility to cope with the effects of climate change will vary 
according to the available technologies and extension services where the 

systems are located.

Africa; South America; South Asia; South Australia

Mixed rainfed systems: species, feeding and production

Tomorrow



Mixed irrigated systems: species, feeding and production

Central Europe; North America; Northern India; North-East China

Tomorrow



Tomorrow



The answer to the 3rd question
on factors more vulnerable





Protein content 

in % per Kg of 

product

g of product to obtain 1 

unit of protein (= 34 g)

g of 

product

Kg water 

consumption

Beef 21 162 4577

Chicken 19 179 1342

Milk 3 1000 1500
Sweat

water/year

(Km3/year)

Total 110.300

Loss 97.800

Avalaible 

for man 

activity:

-agricult.

-industrial

-towns

-other

12.500

2880

975

300

275

Beef requires 3.4 times 
more water than poultry 
or milk to produce 1 unit 

of animal proteins











Genetic and genomic differences within 
farm animals with respect to heat-

tolerance may provide clues or tools to 
select productive and thermo-tolerant 

animals.

Concluding remarks
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Milk protein fractions (%) in summer (SU) and 
spring (SP)

as-CN    b-CN k-CN a-La    b-LG      spr

SU 1.12A 0.79A 0.27 0.16    0.38      0.29B

SP 1.36B 0.97B 0.25 0.17    0.38      0.18A

A, B =  P < 0. 01

(Bernabucci et al., 2002)
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