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Abstract This study was undertaken to first quantify the ef-
fect of heat stress on milk yield and components of Tarentaise
in comparison to Holstein cows. A dataset of 16,143 monthly
individual records of production traits was collected for 435
Tarentaise and 543 Holstein cows from 21 farms in Tunisia
(2009 to 2014). This dataset was merged with meteorological
data from 5 public stations relative to the 21 farms. The
temperature-humidity index (THI), calculated as a combina-
tion of ambient temperature and relative humidity, was used to
characterize heat stress. When the THI increased from an av-
erage value of 53.7 in winter to 75.4 in summer, the Holstein
and Tarentaise cows decreased their milk production by 0.93
and 0.15 kg/day, respectively. Milk fat, protein, and urea con-
tent decreased similarly in both breeds (−2.20 g/kg, −1.40 g/
kg, and −14 mg/L, respectively), and the milk somatic cell
count increased for Holstein cows (+352,000/mL) while de-
creased for Tarentaise cows (−160,000/mL). The second aim
of this study was to describe the relationship between the
variations of the milk yields between the summer and the
winter (Δ milk yields) and some barn characteristics during
the hot season. A survey carried out on 19 of the 21 previous
farms permitted to conclude that the closed buildings led to a
higher decrease in milk yield between the summer and winter
than the open buildings (−1.13 vs. −0.27 kg/day). A metallic

roof had a more negative impact on Δ milk yields than the
other roof types (−1.04 vs. −0.15 kg/day).

Keywords Tarentaise cow . Heat stress .

Temperature-humidity index . Production traits . Barn
characteristics

Introduction

High temperatures associated with high humidity are the princi-
pal origins of heat stress. Heat stress is defined as a condition that
develops when the dissipation of an adequate quantity of heat by
animals is no longer possible (Bernabucci et al. 2014). Heat stress
may prompt physiological dysfunction that negatively affects an
animal’s production and reproduction capacity and causes seri-
ous economic losses estimated to be in the billions of dollars
(West 2003; Rosenkrans Jr et al. 2010). Hot climates tend to
reduce the dry matter intake (DMI) of dairy cows by up to
40% when the temperature exceeds 30 °C (Kadzere et al.
2002), which leads to a reduction of energy balance and a de-
crease in milk yield (Johnson et al. 1963). McDowell et al.
(1976) suggested that when temperatures change from 18 to
30 °C, the efficiency of energy use formilk production is reduced
by 35% and milk yields decrease by 15%.

The temperature-humidity index (THI) established by
Thom (1959) is a combination of ambient temperature and
relative humidity used as a common heat stress indicator for
dairy cattle comfort. It allows the impact of heat stress on milk
yield after prolonged exposure to a hot environment to be
modeled (Bianca and Findlay 1962; Johnson 1985).
Different thresholds of THI are used to evaluate the effect of
heat stress on the production traits of dairy cattle (Hammami
et al. 2013). According to Johnson (1985) and Du Preez et al.
(1990), milk production is not affected when the THI is
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between 35 and 72. The exposure of dairy cows to a higher
THI causes a reduction in milk yield from 10 to 34% (Bianca
1965; Itoh et al.1998; Smith et al. 2013). Under the
Mediterranean climatic conditions of Tunisia, Bouraoui et al.
(2002) reported that milk yields decline by 21%when the THI
increases from 68 to 78 during the summer period. Heat stress
is also often associated with changes in milk composition and
milk somatic cell count (SCC) (Nickerson 1987; Du Preez
et al. 1990; Rejeb et al. 2012). On the other hand, many studies
have proven that the effect of heat stress is increased for high-
producing cows such as Holsteins due to their more intense
metabolic activity (West 1994). For Purwanto et al. (1990), the
metabolic heat production of cows yielding 18.5 and 31.6 kg/
day produced 27.3 and 48.5% more heat than dry cows, re-
spectively. The intensive selection for high yields over fitness
traits such as heat tolerance can generally explain the high
sensitivity of Holsteins to heat stress (Hammami et al.
2013). According to Smith et al. (2013), selecting the most
suitable cattle for heat stress tolerance requires an examination
of the differences between the dairy breeds. For example,
Holstein cows have shown a greater sensitivity to heat stress
than Brown Swiss cows (Johnson and Vanjonack 1976;
Correa-Calderón 2004) or Jersey (Smith et al. 2013).

In the context of global warming, heat stress is one of the
major issues that can dramatically affect milk production in
areas with a Mediterranean climate, emphasizing the impor-
tance of selecting more heat-tolerant dairy cattle breeds. In
Tunisia, the Tarentaise cow, a dual-purpose rustic breed
imported from the northern region of the French Alps, is ap-
preciated by the farmers. Although this breed was initially
selected to face harsh mountain conditions and not for heat
stress tolerance, farmers consider that Tarentaise breed is also
well suited to the Mediterranean climate. Some experiments
have demonstrated that the moderate milk yield of the breed
(15.0 kg/day; Idele 2015) is balanced by its hardiness, high
reproductive performance, and walking ability (Coulon and
D’hour 1994; Kress et al. 1995; Coulon et al. 2001), although
its heat stress tolerance has never been investigated.
Nevertheless, because the selection for more heat-tolerant
breeds is an effective strategy to mitigate the effects of heat
stress, the role of an improved environment within dairy farms
should not be neglected. Factors such as the barn design in-
fluence the on-farm environment by their contribution to alle-
viating heat accumulation and therefore the cows’ response to
heat. Several studies have found that the temperature inside
the barn can be reduced by adequate structural components
(Stowel et al. 2001; Janni and Allen 2001) that provide isola-
tion, ventilation, and shade.

The objectives of the present study were (1) to compare the
resistance of Tarentaise and Holstein cows to the
Mediterranean climatic conditions and (2) to assess the rela-
tionship between barn characteristics and summer milk
depletion.

Materials and methods

In Tunisia, dairy cattle rearing, the Tarentaise breed in partic-
ular, is concentrated in the north, which is characterized by a
Mediterranean climate with mild winters and hot and dry sum-
mers. Twenty-one herds spread over five administrative areas
situated in the north of Tunisia (Beja, Bizerte, Jendouba,
Siliana, and Tunis) have been selected for this study. The
selected herds, comprising either Holstein cows, Tarentaise
cows, or both breeds together, were representative of the ad-
ministrative areas. Among these herds, each area had a bal-
anced number of Holstein and Tarentaise cows. To achieve the
objectives of this study, the cows’ milk production traits, the
meteorological data, and the barn characteristics of these 21
herds were compiled.

Data collection

A dataset with individual milk production traits was electron-
ically obtained from the genetic improvement direction of the
Livestock and Pasture Office (OEP, Tunisia). The milk yields
and milk components (fat content, protein content, urea con-
centration, and SCC) relative to 435 Tarentaise and 543
Holstein cows were obtained monthly between 2009 and
2014 from the control of performance of the 21 farms. The
daily milk yield of each cow from each herd was individually
measured and recorded once a month using calibrated weigh
jars. At the same time, a representative sample of each con-
trolled milking was collected for analysis. The individual milk
components were measured at the laboratory of the genetic
improvement direction with an infrared analyzer (MilkoScan
4000, Foss Electronics, France). The records of themilk yields
and components were stored in the dataset with one control
per line ranged by herd, cow, breed, rank of lactation, days in
milk (DIM), and test day. In addition, the dataset was verified:
duplicated records were removed and missing data were con-
sidered as such. Cows with only one record were removed
from the dataset, and outliers of each parameter were exclud-
ed: milk yields >42 kg/day; fat contents <20.0 g/kg; protein
contents <20.0 g/kg; urea concentrations <10 or >670 mg/L;
and SCC <3.00 log10/mL. After the removal of duplicate and
outlier records, the final dataset included 16,143 monthly in-
dividual lines (Table 1).

A dataset with records of ambient temperature (AT, in °C)
and relative humidity (RH, percentage expressed as a decimal)
was electronically provided by the National Institute of
Meteorology of Tunisia. The meteorological data were trans-
mitted from five public weather stations relative to the five
areas where the 21 farms were located. The meteorological
records (AT and RH) corresponded to the average values per
month of daily data collected between 2009 and 2014. For
each herd and for each month, AT and RH were used to
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calculate the temperature-humidity index as follows:
THI = 1.8 × AT − [1 − RH] × [AT − 14.3] + 32 (Kibler 1964).

The THI was merged with production traits by assigning
each dairy control of each farmer to the monthly weather
records from the nearest weather station. Some parameters
from the final dataset were divided into classes to facilitate
the statistical analysis. Parity of cows was classified into four
classes corresponding to the rank of lactation: first, second,
third, and Bfour and more.^ Days in milk were classified into
four classes according to the stage of lactation: beginning
(<120 days), middle (120–179 days), end (180–300 days),
and prolonged lactation ( 300 days). Additionally, the THI
was divided into four classes according to Silanikove’s clas-
sification (2000). This classification was adopted to categorize
dairy cows’ heat stress as without effect, light, moderate, and
extreme. The corresponding THI thresholds were THI < 70,
70 ≤ THI < 75, 75 ≤ THI < 78, and THI ≥ 78, respectively. The
aim of this classification was also to better visualize the effect
of heat stress on the production traits of Tarentaise and
Holstein cows.

Statistical analysis of the dataset

The final data were analyzed using the mixed procedure of
SAS software (version 9.4; SAS Institute, 2013). The effects
of THI, breed, and the interaction (THI × breed) onmilk yield,
milk components (fat, protein, and urea), and SCC (expressed
in log10/mL) were analyzed using a linear mixed model. The
model is:

Yijklmn¼ μþ THIi þ breed j þ THI� breedij þ farmerk þ DIMl

þparitym þ cow fð Þnþeijklmn

where Yijklmn is the dependent variable (milk yield, fat content,
protein content, urea concentration, or SCC); μ is the popula-
tion mean; the fixed effects tested are the THI i (numeral or in
classes), the breed j, the interaction THI × breed ij, the farmer
k, the DIM class l, and the parity class m; the random effect is
the cow (nested within the farmer) n; and eijklmn is the residual
error.

Additionally, each cow was characterized within its breed
as Blow^ or Bhigh^ producer according to its average daily
milk yield adjusted by farmer, DIM, parity, and the effect of
the cow nested within the farmer. In each breed, the median of
the adjusted daily milk yields was used as the threshold be-
tween the Blow^ and Bhigh^ levels of production: 15.5 kg/day
for the Holstein cows and 13.0 kg/day for the Tarentaise cows.

Description of the barn characteristics

A survey of the 21 farms was carried out in September
2014 to assess housing practices that may increase or
alleviate the impact of heat stress on the production traits
of Holstein and Tarentaise cows (Table 2). The farmers
were informed of the day and the aim of the study before
the visit. Because two farmers were not available, only 19
farmers were included in the survey. Data were collected
through face-to-face interviews with the farmers using a
questionnaire with multiple-choice and semi-closed ques-
tions to collect data on barn characteristics. The provision
of shade and the nature of the roof, the provision of drink-
ing water, the nature of the stalls, and the conditions of
the exercise areas were reviewed. This survey was carried
out to (1) determine the possible differences in the barn
characteristics between the two breeds and (2) understand
if the nature of the buildings (open or closed), stalls (tie or
free), roofing (metallic or not), and lying area (bare or
concrete floor) and the provision of an exercise area with
drinking water and shade were associated with the sensi-
tivity of the herds to summer heat stress. This sensitivity
was estimated by the difference in milk yields between
summer (July, August, and September, defined as the hot-
test months) and winter (December, January, and
February, defined as the coolest months) (Δ milk yields),
from 2009 to 2014.

Statistical analysis for the survey

Calculation of the Δ milk yields was performed using another
analysis of the first dataset with a new mixed model:

Table 1 Parameters available for
the statistical analysis of the
dataset

Regions Farmers
(n)

Dairy cows (n) Parameters (n)

Holstein Tarentaise Milk
yield

Fat
content

Protein
content

Urea
concentration

SCC

Beja 1 40 12 752 202 526 458 332

Bizerte 8 148 178 5374 3598 4124 3871 3090

Jendouba 2 15 14 601 155 387 335 325

Siliana 5 239 66 4496 2306 4017 3223 3028

Tunis 5 101 168 4873 3325 4018 3467 2948

Total 21 543 435 16,092 9586 13,072 11,354 9723
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Yijklmno = μ + seasoni + farmerj + yeark + farmer × season-
× yearijk + breedl +DIMm + parityn + cow( f )o + eijklmnowhere
Yijklmno is the milk yield; μ is the population mean; the fixed
effects tested are the season (summer or winter) i, the farmer j,
the year k, the interaction (farmer × season × year) ijk, the
breed l, the DIM class m, and the parity class n; the random
effect is the cow (nested within the farmer) o; and eijklmno is the
residual error. The adjusted means of the farmer × season × year
interactions were used to calculate the Δ milk yields for each
farm and year. Herd eligibility required a minimum of 30 indi-
vidual records of production traits per year and a balanced num-
ber of Tarentaise and Holstein cows by area and between sum-
mer and winter. The final dataset contained 67 different Δ milk
yields relative to 17 herds.

The impact of the main barn characteristics (type of barn,
lying area, building type, exercise area, and roof type) on Δ
milk yields was tested using the one-way analysis of variance
(ANOVA) of SAS (version 9.4; SAS Institute 2013).

Results and discussion

Climatic conditions in the north of Tunisia
and identification of heat stress thresholds

The average monthly AT, RH, and THI from the 5 public
weather stations relative to the 21 herds were 18.8 °C,
68.9%, and 64.0, respectively (Fig. 1). There was no large
climatic contrast between the five stations because the stan-
dard deviation for AT, RH, and THI were 0.81 °C, 2.30%, and
1.22, respectively. Mean monthly AT and THI peaked in
August (28.1 °C and 76.6, respectively) and were the lowest
in February (10.7 °C and 52.1, respectively). The
Mediterranean climate in the north of Tunisia during the sum-
mer is mainly influenced by the sirocco wind that generates a
sudden rise in temperature (NIC 2009). The relative humidity
tends to be inversely related to AT and THI, with a peak in
January (RH = 77.5%) and a minimum value in July
(RH = 56.4%). The rise in AT induces an increase in evapo-
ration and therefore a decrease of RH in the areas of this study.
During the 5 years of this study, the dairy cows from these
farms were exposed to a hot summer period that lasts from
June (AT = 24.4 °C, THI = 71.7) to September (AT = 24.9 °C,
THI = 73.2). Both AT and THI values during this period indi-
cated that the cows were under heat stress conditions. The
upper critical AT of 25–26 °C is considered to be a threshold
above which milk production and composition are affected
(Berman et al. 1985; Youssef 1985; Kadzere et al. 2002).
The THI thresholds found in the literature vary from 68 to
74. Silanikove (2000) suggested that when THI exceeds 70,
special measures such as provision of shade shelter are essen-
tial to the welfare of farm animals. Johnson et al. (1962) also
determined that when THI exceeds 70, a linear reduction in
milk yield occurs. Bouraoui et al. (2002) found that under the
Mediterranean climatic conditions of Tunisia, lactating
Holstein cows reduced their milk yield and DMI when the
THI is over 68. However, several authors defined THI = 72
as the upper critical value above which production traits began
being modified (Ravagnolo et al. 2000; Thatcher et al. 2010).
Additionally, Bohmanova et al. (2007) found a THI threshold
of 72 in Georgia and 74 in Arizona (US environment). In the
current study, the environmental conditions were sufficiently
high to induce heat stress from June to September.

The effect of heat stress on milk production, milk
composition, and somatic cell count

As expected, the average milk yield was higher for Holstein
than Tarentaise cows (+3.40 kg/day, P < 0.001) (Table 3).
Tarentaise cows produced 11.4 kg/day, which is 24% lower
than the average milk yield of Tarentaise cows reared in
France (Idele 2015). While Holstein cows are commonly a
high-yielding breed, in this study, they produced in average

Table 2 Description of the 19 surveyed farms and management
practices by dominant breed

Item Farms with Holstein
cow as dominant breed
(n)

Farms with Tarentaise
cow as dominant breed
(n)

Total
(n)

Type of farming

Extensive 5 5 10

Pasture-
based

0 0 0

Semi-
intensive

5 4 9

Building types

Open 6 6 12

Closed 4 3 7

Nature of the stalls

Tie stall 7 3 10

Free stall 3 6 9

Exercise area provided with shade and water during the summer season

Yes 4 6 10

No 6 3 9

Free access to the exercise area during the summer season

Yes 3 4 7

No 7 5 12

Roof types

Metallic 6 5 11

Non-
metallic

4 4 8

Nature of the lying area

Bare floor 5 3 8

Concrete
floor

5 6 11

Cooling equipment

Fans 0 0 0

Sprinklers 1 0 1
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14.8 kg/day, which is only 55% of the milk yield of the
Holstein cows reared in France (Idele 2015). Rekik et al.
(2009) also found that the mean performance of Tunisian-
born Holstein cows (18.6 kg/day) was below the mean pro-
duction levels of Holstein cows in countries with developed
dairy industries. The milk traits of both breeds were signifi-
cantly affected by THI. However, there was a significant in-
teraction between THI and breed for milk yield. The decrease
in milk yield when THI increased was higher for Holstein than
for Tarentaise cows (slope −43.0 and −7.00 g/day of milk by
point of THI, respectively). In fact, as THI increased from
53.7 in winter (mean value of the coolest months where
AT = 11.8 °C and RH = 75.6%) to 75.4 in summer
(AT = 27.0 °C and RH = 59.8%), Holstein milk yield de-
creased by 0.93 kg/day (−6%), while Tarentaise milk yield
decreased by 0.15 kg/day (−1%). The absence of differences
between the barn characteristics where Holstein and
Tarentaise cows are housed (Table 2) confirms that the inter-
action between breed and THI reported here reveals a higher
heat stress tolerance in the Tarentaise cows. The decline in
milk yield under heat stress conditions has also been
highlighted in earlier studies, confirming that the exposure
of dairy cows to high values of THI causes a reduction of 10
to 34% in milk yield (Du Preez et al. 1990; Itoh et al. 1998).
Smith et al. (2013) found that when THI exceeds 72, Holstein
milk yield decreased from 35.6 to 34.2 kg/day (−3.9%).

Bernabucci et al. (2002) noted that milk yield during the sum-
mer was 10% lower than during the spring (26.7 vs. 29.5 kg/
day, respectively). Moreover, Bouraoui et al. (2002) noted that
when THI values increased from 68 to 78 during the summer
period in Tunisia, the milk yield was reduced by 21%. Our
results reported a less noticeable effect of THI on milk yield
for both Tarentaise and Holstein cows in comparison to the
results reported by the previous study. In fact, Bouraoui et al.
(2002) carried out their study in Kairouan, a department situ-
ated in the center of Tunisia with severe climatic conditions
during the summer season (mean daily THI value 78 ± 3.23).
In addition, Holstein cows from this study produced less milk
than those found in the previous study (14.8 and 20.3 kg/day,
respectively). It is known that the effect of heat stress is in-
creased for high-producing cows such as Holsteins (Purwanto
et al. 1990; Kadzere et al. 2002). West et al. (2003) stressed
that high-producing cows face major challenges to dissipating
an adequate amount of heat by metabolic processes. As the
productive capacity of cows improves, the metabolic heat pro-
duction increases.

Within the two breeds, the decrease in milk yield in this
study was not related to the cows’ milk production. Actually,
there was no interaction between the THI and the level of
production, confirming that for both Tarentaise and Holstein
cows, the decrease in milk yield due to high THI is similar for
both high- and low-yielding animals (P > 0.05; results not
shown). Therefore, the higher heat stress tolerance of
Tarentaise cows seems to be a breed effect rather than a
milk-production-level effect. Some studies have already
shown a reduced adaptability of Holstein cows to heat stress
under hot climatic conditions in comparison to other breeds
(Jersey and Brown Swiss). Ragsdale et al. (1953) found that
when ATand RH rose from 24 °C and 38% to 34 °C and 80%,
Holstein, Jersey, and Brown Swiss cows (also a mountain
breed) reduced their milk productions by 59, 44, and 29%,
respectively. However, there were no other studies carried
out regarding the effects of heat stress on the production traits
of Holsteins in comparison to Tarentaise cows. It is well
known that Holstein cows have greater body weights than
Tarentaise (50 to 150 kg; FGE 2015). As a direct consequence,
the Tarentaise cows have a higher surface area to mass ratio,
which is favorable to heat dissipation (Bernabucci et al. 2010).

Table 3 Effects of breed and
temperature-humidity index
(THI) on milk yield and milk
composition

Holstein Tarentaise SEMa THI Breed THI × breed

Milk yield (kg/day) 14.8 11.4 0.26 *** *** ***

Fat (g/kg) 38.2 37.2 0.31 *** NS NS

Protein (g/kg) 31.8 32.6 0.15 *** NS NS

Urea (mg/L) 212 213 0.70 *** NS NS

SCC (log10/mL) 5.47 5.42 0.03 NS *** ***

NS (non-significant) P > 0.05, ***P < 0.001
a Standard error of the mean

Fig. 1 Average monthly temperature-humidity index (THI), temperature
(AT, °C), and relative humidity (RH, %) in the five stations during the
5 years. The bars represent standard deviations between the years
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In addition, the Tarentaise cows have also a relative lower
metabolic heat production due to their 10 to 20% lower milk
yield per metabolic weight ratio. These points contribute to
explain the lower sensitivity of Tarentaise cows to heat stress.

For many authors, the effect of heat stress is not linear, but
it increases with high THI (Silanikove 2000; Smith et al.
2013). Different classes of THI were established to indicate
the level of heat stress. Those levels are quite variable among
authors and indices. For example, heat stress was character-
ized as mild, moderate, or severe (Armstrong 1994) for THI
values ranging from 72 to 79, 79 to 90, and ≥90, respectively.
In the current study, the four ranges of Silanikove’s classifica-
tion were adopted, as they created a better visualization of the
non-linear effect of THI and were more suited to the
Mediterranean climate of Tunisia (Fig. 2). It is clear that the
decline in milk yield in the Holstein cows began as THI
changed from Bwithout effect^ to Blight.^ Moreover, this de-
cline in milk yield was more rapid for Holstein cows than for
Tarentaise as THI went from Bmoderate^ to Bextreme^ (−0.82
vs. −0.13 kg/day).

There was no difference between the two breeds regarding
the milk composition. However, THI affected milk fat, pro-
tein, and urea contents for both Holstein and Tarentaise cows,
and the interaction between breed and THI was not signifi-
cant. As shown in Table 3, Holstein and Tarentaise cows pro-
duced 38.2 and 37.2 g/kg of milk fat, respectively. The in-
crease of THI reduced the milk fat content by 2.20 g/kg be-
tween the winter and summer seasons (slope −0.10 g/kg by
point of THI), which corresponds with the reduction from
37.9 to 36.5 g/kgwhen THI rose from 65.6 to 83.9 in an earlier
study conducted during the summer season in Tunisia on
Holstein cows (Rejeb Bellil 2014). Bouraoui et al. (2002)
attributed the depression in milk fat content observed in their
study (from 35.8 g/kg during the spring to 32.4 g/kg during
the summer) to the decrease in forage intake (17%) and to the
lower fiber levels in the rations during the summer season.
The significant effect of heat stress observed in the present
study is less pronounced than that observed by the earlier

authors. The observed variation between our results and those
reported earlier may have occurred because of the differences
in experimental conditions, higher levels of THI, and perhaps
animal genetic characteristics. However, other earlier studies
stipulated that heat stress either increased milk fat (Sharma
et al. 1983; Smith et al. 2013) or did not have any effect
(Knapp et al. 1991; Wheelock et al. 2010). In our study, the
decrease in milk fat was may be due to the cumulative effects
of heat stress on feed intake, the nature of the feeding system,
or the physiology of the cows. However, feeding system and
nutrient analysis data in the selected herds were not available.

Milk protein percentage also decreasedwith THI (−1.40 g/kg)
between winter and summer (slope −0.06 g/kg by point of THI).
These results are in agreement with those reported by Barash
et al. (2001), who stipulated that the minimum protein yield of
Israeli Holstein cows occurred in August. McDowell (1976) stat-
ed that the milk protein percentage decreased by 17% when the
dry-bulb temperature increased from 18 to 30.8 °C. Hammami
et al. (2013) suggested that the decrease in milk protein percent-
age is probably due to the decrease in DMI and energy intake
during the hot season. Bernabucci et al. (2002) reported that milk
protein percentages were 9.9% lower during the summer than in
the spring (30.1 and 33.1 g/kg, respectively) and attributed this
reduction to a decrease in casein content. The decline in milk
protein observed during the hot season in the current study may
have occurred due to lower dietary energy and protein intake, a
consequence of decreased feed intake. In fact, as heat stress re-
duces both feed intake andmilk yield, a decline in nutrient intake
occurs, leading to metabolic changes in the mammary gland.

In addition, concentration of urea in the milk decreased by
14 mg/L between winter and summer seasons (slope
−0.11 mg/L by point of THI). Consistent with our results,
Rejeb Bellil (2014) reported that when THI increased from
an average value of 65.6 to 83.2, milk urea was reduced by
25% for high-producing cows and by 31% for lower-
producing ones. However, Hojman et al. (2004) reported
higher milk urea concentrations during the summer months
and the lowest concentration in November (181 vs. 118 mg/
L). Fatehi et al. (2012) also found that the urea concentration
in milk was positively correlated with the monthly mean tem-
perature, with a maximummean value recorded in July. These
authors suggested that the increase in urea concentration dur-
ing the summer period was probably due to the changes that
occurred in the nutritional content of the diet when housed
cows were at pasture during the hot season. The low urea
contents during the summer period in this study could be
associated with the cumulative effect of heat stress and the
low amounts of dietary protein and degradable protein as a
consequence of a potential decrease in DMI.

On average, Holsteins had higher SCC than Tarentaise
cows (P < 0.001), as shown in Table 3. Several factors such
as husbandry conditions in the selected herds and the effect of
the breed could account for this difference between the two

Fig. 2 Average milk yield by breed and Silanikove’s ranges of
temperature-humidity index (THI). The bars represent the standard errors
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breeds. However, high SCC values were observed for both
breeds, even in the absence of mammary infections, as all
cows with mastitis were removed from the final database. It
is possible that this database included cows with subclinical
mammary infections that therefore have elevated cell counts at
baseline. In addition, the SCC of the milk reflected the inter-
action between breed and THI (P < 0.001) (slope +0.05 log10/
mL by point of THI for Holstein cows vs. −0.004 log10/mL for
Tarentaise cows). In fact, in the current trial, when THI rose to
75.4, the SCC of the Holstein cows increased by 352,000/mL,
while the SCC of the Tarentaise cows decreased by 160,000/
mL. The different response to heat stress between the two
breeds could be attributed to the fact that heat stress for
Holstein cows may increase the pathogen load, resulting in a
modification of the immunological parameters, which tend to
support the presence of large numbers of infected quarters. It
is also possible that Holstein cows developed subclinical mas-
titis cases after experiencing extreme heat stress (Wegner et al.
1974). As the two breeds were nearly similarly managed,
Tarentaise were apparently more heat tolerant than Holstein
cows as they presented healthier udders. On the other hand,
the obvious differences of hygiene and sanitary practices
among the farmers support the fact that the relationship of
SCC with the climate change is quite complex. Our result is
counter to the common idea that THI is often associated with
greater SCC (Igono et al. 1988; Waage et al. 1998; Bouraoui
et al. 2002). Hammami et al. (2013) attributed the higher SCC
in milk observed during heat stress to the depressed immune
function during the hot season. However, some studies
(Rousel et al. 1969; Paape et al. 1973) conducted in a climatic
chamber with high temperatures have shown that there was no
variation in the SCC. Paape et al. (1973) explained in their
findings that animals in chamber studies are more closely
observed for bacteriological status and other symptoms of
udder health.

Impact of the barns’ characteristics on milk yields

The average difference in milk yields between summer and
winter is −0.6 kg/day. For 70% of the farms, the Δmilk yields
ranged between −0.30 and −2.00 kg/day, while the others did
not lose or slightly increased their milk production (+0.10 to
+0.70 kg/day).

No differences in Δ milk yields were found among the
farmers’ group regarding the barn type (tie-stall/free-stall)
(P = 0.13; Table 4) and the nature of the lying area
(P = 0.69). Housing type in other studies had a significant
effect on the environmental conditions of the farms. A survey
from Shoshani and Hetzroni (2013) showed that cows in loose
housing had lower ambient temperatures than cows that were
free-stalled (32.1 vs. 31.6 °C). The authors noted that under
hot climatic conditions, the respiration rate of a cow housed in
a free-stall barn will increase earlier compared with those in

loose housing. The difference was attributed to the greater
animal density in the free stalls. Similarly, Shock et al.
(2016) found that tie-stall barns, generally with higher cow
densities, had higher temperature and humidity values than
free-stall barns. A rise in AT and RH leads to a greater THI
that may expose cows to thermal stress that therefore may lead
to a reduction in their milk production. However, because the
cow density in the current trial was not measured inside the
selected herds, the limited differences are possibly due to the
lack of difference in cow density between the types of barns.

The Δmilk yields were significantly affected by the type of
buildings. The decrease in milk yields was higher for the
closed buildings than for the open ones (−1.13 vs. −0.27 kg;
P < 0.05). Closed barns contain additional structural elements
such as columns and dividers that can obstruct the airflow
(Shoshani and Hetzroni 2013). In addition, open barns are
ventilated with natural airflow that helps decrease the ambient
temperature and relative humidity inside the barns. The pres-
ence of adequate ventilation indoors contributes to minimiz-
ing the effects of heat stress on the cows’ physiological func-
tions, and therefore milk production and reproductive and
immunological functions will be maintained (Smith et al.
2006; Do Amaral et al. 2011; Calegari et al. 2012).

The exercise areas were not all equipped with water and
shade, but themeans ofΔmilk yields between the groupswere
not significant (P = 0.42). However, 40% of the farmers gave
free access to the exercise areas during the hot season. Under
heat stress conditions, cows, when they are given the choice,
prefer to be indoors in the hottest periods of the day. In fact, it
is known that to avoid heat and sunlight during thermal stress,
cows have a strong motivation to seek shade (Schütz et al.

Table 4 Relationships between the barn characteristics and the farm
difference in milk yields between summer and winter

Item Number of
farms

Means of Δ milk
yields (kg)

P
value

Type of the barn 0.13
Tie stall 5 −0.18
Free stall 12 −0.80

Nature of the lying area 0.69
Bare floor 6 −0.50
Concrete floor 11 −0.68

Building types 0.01
Open 7 −0.27
Closed 10 −1.13

Exercise area provided with
shade and water

0.42

Yes 9 −0.48
No 8 −0.77

Roof types 0.01
Metallic 9 −1.04
Non-metallic 8 −0.15

Int J Biometeorol



2008). Armstrong (1994) considered that shade is essential to
maintaining the efficiency of milk production and reproduc-
tion in hot climates. Furthermore, a cow’s heat balance is
improved by increasing shade area, an effective means to lose
more heat by radiation to a surface cooler than their body
surface (Berman and Horovitz 2012), hence the importance
of making rational decisions to give free access to shaded
areas indoors as well as outdoors to maintain the cattle’s body
temperature as low as possible.

Roof types were found to have a significant impact on Δ
milk yields (P < 0.05). Metallic roofs lead to a significantly
higher decrease in milk production between the summer and
winter seasons than non-metallic roofs. The corrugated metal
sheet is the most popular shade material because it is less
expensive than the other types of roofs and requires low
maintenance. However, metallic roofs are considered to be a
hot shade structure that generates thermal radiation and
increases radiant heat gain by the body surface. Armstrong
(1994) suggested that to create more effective shade, the upper
surface of metallic roofs should be painted white. According
to Bond et al. (1961), the radiation heat load on the cow can be
reduced by installing 2.5 cm of insulation directly beneath the
metallic roof.

The management practices assessment of the surveyed
farms showed that farmers in the five areas of this study were
not concerned about providing adequate barn design and man-
agement of the environment. In fact, shade and cooling sys-
tems are effective means of minimizing external heat and eco-
nomic losses that farmers cannot afford. Although sprinklers
and fans are effective in decreasing the temperature inside the
barns during the hot season (Armstrong 1994), these devices
were absent in almost all of the farms.

Conclusions

According to the current results, heat stress decreased milk
yield and induced changes inmilk composition in both breeds.
However, Tarentaise cows seem to be less impacted than
Holstein cows, especially when the THI is higher than 78, as
often occurs in the summer climatic conditions of Tunisia.
Closed barns and metallic roofs were found to lead to thermal
stress, influencing the dairy productivity of the herd.
Illuminating the various factors that can generate or increase
the effect of heat stress and understanding the responses of the
animals to hot climatic conditions are essential to preventing
economic losses due to heat stress. The next step of this study
will be to quantify the metabolic and physiologic responses of
Tarentaise cows under heat stress conditions.
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La Tarentaise semble mieux résister que la Holstein au climat méditerranéen  
Tarentaise cows seem to be more resistant than Holstein to the Mediterranean weather  
 
BELLAGI R. (1, 2, 3), POMIÈS D. (2, 3), MARTIN B. (2, 3), NAJAR T. (1) 
(1) INAT, Département des ressources animales, halieutiques et technologies agro-alimentaires, 1082 Tunis, Tunisie 
(2) INRA, UMR1213 Herbivores, F-63122 Saint-Genès-Champanelle, France 
(3) Clermont Université, VetAgro Sup, UMR1213 Herbivores, BP 10448, F-63000 Clermont-Ferrand, France 
 
INTRODUCTION 
 
La race Tarentaise a été réintroduite en Tunisie dans les 
années 1990, en raison de ses nombreux atouts (rusticité, 
valorisation des rations pauvres…).Cette race est bien 
appréciée des éleveurs tunisiens qui, de plus, la considèrent 
comme bien adaptée au climat de type méditerranéen avec 
des hivers doux et humides et des étés chauds et secs. Les 
températures estivales entraînent un stress thermique qui 
induit une baisse des performances, surtout chez les vaches 
hautes productrices comme la Holstein (Kadzere, 2002). 
L’objectif de cette étude est donc de vérifier que la Tarentaise 
résiste mieux que la Holstein aux conditions climatiques 
méditerranéennes. 
 
1. MATERIEL ET METHODES 
 
Cette étude s’appuie sur une base de données de 16 400 
contrôles laitiers individuels réalisés entre 2009 et 2014 dans 
21 exploitations laitières de 5 régions de Tunisie (Bizerte, Beja, 
Jendouba, Siliana et le Grand-Tunis) élevant des vaches 
Tarentaise (TRT), Holstein (HST), ou les deux races 
ensemble. Cette base, fournie par la direction de l’amélioration 
génétique de l’Office de l’Élevage et des Pâturages, contient 
les contrôles mensuels de 441 TRT et 560 HST. A partir des 
températures ambiantes moyennes (Ta) et des humidités 
relatives (RH) transmises par l’Institut National de 
météorologie, nous avons calculé et associé à chaque contrôle 
laitier de chaque éleveur un index humidité-température (THI 
= 1,8�Ta - [1-RH]�[Ta-14,3] + 32) habituellement utilisé pour 
quantifier l’effet du stress thermique sur les vaches laitières 
(Kibler,1964). Ces données ont permis de comparer l’impact 
du stress thermique entre les deux races sur la production 
laitière (PL), le taux butyreux (TB), le taux protéique (TP), 
l’urée et le comptage des cellules somatiques (CCS) du lait. 
Cette comparaison a été réalisée par analyse de variance 
(logiciel SAS 9.2 ; modèle mixte) en introduisant dans le 
modèle statistique l’éleveur, l’animal, le rang de lactation (1 ; 
2 ; 3 ; �4), le stade de lactation (<120 j ; 120-179 j ; 180-300 j ; 
>300 j), la race (TRT ; HST), le THI (variable continue) et 
l’interaction THI*race. 
 
2. RESULTATS ET DISCUSSION 
 
Comme attendu, la production laitière des TRT est en 
moyenne inférieure de 3,4 kg/j à celle des HST (Tableau 1). 
L’effet du THI sur la quantité de lait produite par les deux races 
est significatif (P<0,001) et il existe une interaction entre le THI 
et la race. Par exemple, la production laitière moyenne des 
HST chute 6 fois plus que celle des TRT (-0,93 vs -0,15 kg/j) 
entre les mois les plus frais (janvier, février, mars ; 
Ta = 11,8°C, RH = 76% et THI = 53,7) et les plus chauds 
(juillet, août, septembre ; Ta = 27,0°C, RH = 59,8% et 
THI = 75,4). En moyenne, il n’y a pas de différence de TB, TP 
et urée du lait entre les deux races. Cependant, le THI élevé 
est associé à une baisse (P<0,001) de ces 3 paramètres, 
identique chez TRT et HST. Cette baisse, conforme à la 
bibliographie (Rejeb Bellil, 2014), est ici de 0,22 g de matières 
grasses et 0,14 g de matières protéiques par kg de lait, et de 
14 mg d’urée par L de lait entre les deux périodes définies 
précédemment. Le CCS des HST est supérieur à celui des 
TRT (P<0,001), mais contrairement à ce qui est observé 

classiquement (Smith et al., 2013 ; Rejeb Bellil, 2014) 
l’élévation du THI n’entraine pas d’augmentation des 
CCS moyens. Par contre, il existe une interaction entre le THI 
et la race ; par exemple entre les mois les plus frais et les plus 
chauds (situation précédente), le CCS des HST augmente de 
352×103/mL alors qu’il baisse de 160×103/mL pour les TRT. 
 
Tableau 1 : Effets du THI et de la race sur la production 
laitière et la composition du lait  

 HST TRT THI Race THI*race 
PL (kg/j) 14,8 11,4 *** *** *** 
TB (g/kg) 38,2 37,8 *** NS NS 
TP (g/kg) 31,8 32,6 *** NS NS 
urée (mg/L) 212 213 *** NS NS 
CCS (log10 /mL) 5,47 5,42 NS *** *** 

NS (non significatif) P>0,05 ; *** P<0,001  
 
Pour de nombreux auteurs (Silanikove, 2000 ; Smith et al., 
2013), l’effet du THI sur le stress thermique des vaches 
laitières n’est pas linéaire mais s’amplifie avec les THI les plus 
élevés. Nous avons donc repris la classification des THI de 
Silanikove (2000) à 4 niveaux (voir Figure 1), afin de mieux 
visualiser l’effet du stress thermique sur la variation de PL des 
deux races. On remarque que la chute de PL est bien plus 
importante pour les HST que pour les TRT entre les classes 
« modéré » et « extrême » (-0,82 vs -0,13 kg/j). 
 

 
Figure 1 : Production laitière moyenne des deux races par 
classe de THI 1 
1 Sans effet = THI<70 ; Stress faible = 70�THI<75 ; Stress modéré = 
75�THI<78 ; Stress extrême = THI�78 
 
CONCLUSION  
 
En matière de production laitière, la Tarentaise résiste mieux 
que la Holstein à des conditions de stress thermique extrême. 
La prochaine étape de cette étude est de quantifier la réaction 
des vaches Tarentaise soumises à un stress thermique, sur le 
plan métabolique et physiologique. 
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