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Abstract Heat stress generates a significant economic
impact for the dairy industry in arid and semi-arid regions
of the world, so that heat abatement is an important issue
for dairy producers. The objective of this study was to
evaluate effects of two short-term cooling periods on
physiological and productive status of lactating Holstein cows
during hot ambient temperatures. Thirty-nine multiparous
cows were blocked by milk yield and assigned to one of three
treatments including: control group (C), cows cooled before
milking time (0500 and 1700 h daily, 1 h cooling); AM group,
cows cooled at 1000 h and before milking (2 h cooling); and
AM+PM group, cows cooled at 1100, 1500 and 2200 h, as
well as before milking (4 h cooling). The cooling system was
placed in the holding pen which the cows were moved
through for cooling. Respiratory rate, and temperatures of
thurl and right flank, were lower (P<0.05) in cows from the
AM+PM group than AM and C cows during the morning
and afternoon. However, udder temperature was higher in the
AM+PM group compared to AM and C groups during the
afternoon, although lower than the AM group during the

morning. Rectal temperature was similar in all groups.
Thyroxin concentrations tended (P<0.10) to be lower in
AM+PM relative to the AM and C groups. The AM+PM
group had higher (P<0.05) milk production than C (18.70
vs. 17.43 kg, respectively), and AM+PM cows had a trend
(P<0.10) to increased milk energy output vs. the C and AM
groups (13.75 vs. 13.18 and 13.15 Mcal, respectively).
Protein and fat in milk, body condition score, glucose,
cholesterol, triglycerides and triiodothyronine were similar
among the groups. Four hours of cooling with spray and fans
during severe summer temperatures only modestly improved
milk yield of lactating Holstein cows.
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Introduction

Heat stress negatively impacts all features of dairy cattle
production. Milk yield diminishment and reproduction
losses during summer months substantially affect the
economic potential of dairy cows. A study in the United
States (St Pierre et al. 2003) revealed that heat stress may
induce economic losses on livestock of 2.4 billion dollars,
and from this total 897 million dollars corresponds to the
dairy industry annually. As a result of global warming, a
rise in the earth’s temperature may boost the occurrence
and concentration of severe climate events, as well as
intensify desertification of arid and semi-desert regions
which results in warmer and more intense summers. As
many regions of northwestern Mexico are located in
arid and semi-arid conditions, the milk production
industry may experience hotter summers in the future
(Chacón et al. 2010).
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Two main sources of heat adversely affect dairy cow
performance, i.e., the heat produced by the environment
and the heat produced internally, which is the total heat
produced by the animals. The heat produced by the animal
increases with increased feed intake and milk yield, which
will exacerbate heat stress incurred from environmental
sources (West 1999). Ambient temperature and relative
humidity combine to create the temperature-humidity index
(THI) as a way to determine the degree of heat stress for
lactating cows, which have been shown to become heat
stressed if THI exceeds 72 units, with severe heat stress
occurring above 80 (Armstrong 1994). The most important
effect of heat stress is attenuation of DM intake, which
affects milk production and reproductive performance when
dairy cows are exposed to hot environments for periods of 5–6
weeks (Arieli et al. 2004). However, other physiological and
behavioral effects of heat stress in cattle are increased water
consumption, respiratory frequency, perspiration and pant-
ing, as well as decreased rate of digesta passage and blood
flow towards internal organs, which finally alters secretion
and availability of hormones related to metabolic functions,
including productive and reproductive performance (Kadzere
et al. 2002).

Recent investigations have reported body temperatures
using thermometers in the form of infrared guns, which are
considered reliable to record the skin temperature of
animals. In such a way, the reading of the temperature can
be at a distance without approaching the animal. If the skin
surface temperature is below 35°C, the temperature gradient
between the core and skin is large enough for the animals to
effectively use all routes (i.e., convection, conduction,
radiation, and evaporation) of heat exchange (Coppola et
al. 2002).

Lactating dairy cows are characterized as heat producers
and, therefore, they need to continuously emit large
amounts of metabolic heat. One of the ways to reduce
effects of heat stress is use of artificial cooling systems such
as wetting the skin with sprinklers or sprays and refreshing
it with air from fans (Armstrong 1994; Collier et al. 2006).
Cooling systems based on spray and fans have a positive
impact in productivity of lactation Holstein cows in arid
regions by reducing body temperature through evaporation.

The objective was to determine the effectiveness of two
short-term cooling periods on production and physiological
parameters of lactating Holstein cows during conditions of
severe hot ambient temperatures in northwestern Mexico.

Materials and methods

Balanced for days in milk (123±17 d), 39 multiparous
Holstein cows (2 to 4 calving) were blocked by milk
production into 13 categories and assigned to one of three

treatments including: a control group (C), 13 cows with two
cooling times of 30 min each/day before milking, at 0500
and 1700 h (i.e., 1 h of cooling); treated group 1 (AM), 13
cows cooled at 1000 h in addition to A (i.e., 2 h of cooling);
treated group 2 (AM+PM), 13 cows cooled at 1100, 1500,
2200 h in addition to C (i.e., 4 h of cooling).

The cooling system was positioned in the roof of the
holding pen, which was made of concrete and partially
open, with dimensions of 6 m wide and 12.5 m long. The
system consisted of four fans, each 64 cm in diameter, and
containing four nozzle heads of 25-mm diameter each that
delivered 7 L of water/h, or 28 total L of water/h. Each fan
motor was 1.1 HP at 1000 rpm; air velocity was 8.5 mph at
6 m distance (115/230 volt, single three-phase motor with
air volume of 13592 m3/h, and water pressure of 1.76 kg/
cm2). The fans were placed in pairs with a distance of 6 m
between each other, at 3.5 m from the concrete floor and in
a W to E direction. In every cooling period, fans operated
continuously and nozzles delivered water for periods of 40
seconds each to 2 min. This period of on-off water misting
was enough to wet the skin of the cows, which then lose
heat from evaporation with the combination of forced
ventilation.

All cows were confined to dirt-floored dry-lot corrals
with middle-pen shades and a bunk-line feeder, which were
oriented south/north. Cows from each treatment group were
allocated in separate corrals and they walked from 3 to
20 m from their respective corral to the holding pen to
receive the cooling treatment. The cows were returned to
their original corral after cooling was complete. Cows
rotated through all treatments in periods of 28 d and
response variables were collected during the last week of
each period. There were three periods—period 1 from June
20 to July 18, period 2 from July 19 to August 15 and
period 3 from August 16 to September 12. Cows were fed a
combination of 600 g/kg of commercial concentrate,
300 g/kg of alfalfa hay, and 100 g/kg of sudan grass
twice daily at 0600 and 1800 h, formulated based on
NRC (2001) recommendations to contain, on a dry basis,
958 g/kg of DM, 172 g/kg of CP, 40.8 g/kg of fat, and
41.7 g/kg of NDF. Fresh water was available at all the
times.

Response variables collected three times in the last week
of each period from all cows were rectal temperature (RT),
skin temperatures, respiratory rate (RR), milk production
(MP), and milk components (i.e., fat and protein propor-
tions). The RR was determined by observing the number of
breaths in 30 sec and multiplying it by 2 to obtain breaths/
min (bpm). Skin temperatures were recorded in the
afternoon and in the morning, 1 h before the respective
cooling, during days of measurement with an infrared gun
(Raytec®), in the thurl region, right flank and udder. Those
measurements were taken twice in each region which was
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previously shaved and at a distance of 2±0.5 m from the
cow directly in the same corral. At the same time, the RR
was estimated. Cows were moved to an adjacent corral to
obtain RT using a transrectal thermometer (Delta Trak®)
once a day before cooling of PM milking. Milk production
was recorded using a Waikato milk meter (Inter Ag,
Hamilton, New Zealand) and milk samples for composi-
tional analysis were collected from the morning milking.
Milk fat analysis used the Gerber method (IDF, 1991) and
milk protein analysis used a Kjeldahl method (Barbano et
al. 1991). Milk energy output (MEO) was computed using
Tyrrell and Reid (1965) as:

MEO Mcal=dð Þ ¼ ð 40:72»Fat%ð Þ þ 22:65»Prot%ð Þ þ 102:77½ �=1000f g
»2:204ÞMilkproduction kg=dð Þ

All cows were scored for body condition (BCS) by the
same two persons twice per period on a 5-point scale,
where ‘1’ corresponds to a very thin cow and ‘5’ to a very
obese cow (Wildman et al. 1982), and the score was
averaged within cow and period. Samples of 10 ml of blood
were collected during the last week of each period (three
different days), in the afternoon and 5 h after feed was
delivered, from the coccigeous vein in vacutainer tubes,
stored in ice for about 40 min during transportation and
centrifuged at 3500 x g for 15 min at 5°C. Serum was
stored at −20°C. These samples were used to assay glucose,
triglycerides and cholesterol using an ELISA method with
an auto-analyzer of blood chemical model DT-60 (Johnson
& Johnson Co., High Wycombe, UK). Serum samples were
used to determine thyroxin (T4) and triiodothyronine (T3) by
an ELISA method. Local weather information was obtained
from the ICA-UABC Climatic Experimental Station, located
about 20 km from the experimental site. Variables collected
hourly were maximum and minimum temperatures, and
maximum and minimum relative humidity. With these
variables, the temperature–humidity index (THI) was calcu-
lated per week according to Hahn (1999) as:

THI ¼ 0:81XTDBð Þ þ RH TDB� 14:4ð Þ þ 46:4

where: THI= temperature–humidity index, TDB=ambient
dry-bulb temperature (°C), and RH=average relative humid-
ity (in decimal form).

Weekly averages from response variables (i.e., BC, RT,
RR, and milk yield related postpartum variables) were
analyzed in a Latin Square design using the RANDOM
statement of the MIXED procedure from SAS (2004). The
variance–covariance structure was selected by using the
two model fit criterions: Akaike’s information criterion and
Bayesian information criterion. The covariance structure
that resulted in these two criterions closest to zero (i.e.,
variance components by REML estimation method) was
used (Littell et al. 1996). The linear model for these

variables contains effects of block (classified in 13
categories according to milk yield), treatment (three
categories), period (three categories), and the interaction
of treatment by block. Cow within block was designated as
the random effect. Comparisons were made by orthogonal
contrasts as: C versus AM+PM (cows cooled 1 h versus
cows cooled 4 h); and AM versus AM+PM (cows cooled
2 h versus cows cooled 4 h). Least squares means and
standard errors of the means are reported and significance
was declared if P<0.05, whereas a trend was accepted to
occur if 0.05<P<0.10.

The study was conducted during the summer at the
commercial dairy farm “Santo Domingo”, located 43 km south
ofMexicali (capital city of the state Baja California) which is in
the northwest corner of Mexico (latitude 114.6°, longitude
32.8°). The climatic conditions of this region are Sonoran
desert, reaching a maximum temperature of 50°C during
summer, a minimum temperature of –5°C in winter, with an
annual average precipitation of 85 mm (García 1985). All
procedures involving animals followed approved local techni-
ques of animal care (NOM-051-ZOO-1995: Humanitarian
care of animals during mobilization of animals).

Results

Maximum and minimum temperatures during the experimen-
tal period were 48 and 30°C and, for relative humidity these
same values were 70 and 10% respectively. Maximum
average values for THI reached 90 units, while minimum
averages of THI were consistently higher than 72 units during
the experimental period (Table 1). So, severe heat stress
conditions were present during the three periods of the study,
considering an average THI higher than 80 units.

The BCS tended (P<0.10) to be higher in cows from
group C (3.49 vs. 3.45 units) compared to those from group
AM+PM (Table 2). In the morning, the temperature of the
thurl region (33.53 vs. 33.91 and 34.24°C) and right flank
(33.63 vs. 34.01 and 34.42°C) were lower (P<0.05) in AM+
PM cows vs. cows from groups C and AM, respectively.
Udder temperatures were similar in groups C and AM+PM,
but the latter group differed from AM (P<0.05). In the
evening, groups C and AM had lower temperature (P<0.05)
than group AM+PM in the thurl (34.57 and 35.74 vs. 36.33°
C), right flank (34.48 and 35.73 vs. 36.38°C) and udder
(34.79 and 36.00 vs. 36.62°C) regions. The respiratory rate
was lower (P<0.05) in group AM+PM (86.53 breaths/min)
than groups C and AM+PM (93.82 and 90.47 breaths/min),
respectively, in the morning. During the afternoon, cows of
group AM+PM had a lower (P<0.05) respiratory rate than
cows of group AM (96.92 vs. 100.28 breaths/min), but
there was only a trend (P<0.10) for it to be lower when
it was compared to C cows (99.39 breaths/min). There
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was no difference in rectal temperature among the groups
of cows.

Levels of glucose, cholesterol, triglycerides and concen-
tration of T3 were similar among groups, except for
cholesterol which tended (P<0.10) to be higher in group
AM+PM relative to group AM (Table 3). The concentra-
tion of T4 in group AM+PM (40.91 ng/ml) tended to be
lower (P<0.10) compared to levels of groups C and AM
(45.61 and 45.42 ng/ml, respectively).

Milk production (Table 4) was higher (P<0.05) in
cows from group AM+PM (18.7 kg/d) relative to group
C (17.4 kg/d). Group AM+PM showed a trend (P=0.09)
to increased output of milk energy (13.8 Mcal) with
respect to groups C and AM (about 13.2 Mcal/d each,
respectively). Variables related to milk composition,
such as its percentage of fat and protein, were not
different in the AM+PM group compared to groups C and
AM.

Table 1 Daily minimum, max-
imum, and average for the cli-
matic variables dry-bulb
temperature (TDB), relative
humidity (RH) and temperature–
humidity index (THI) per week
during the study

Month/week Daily minimum Daily maximum Daily average

TDB RH THI TDB RH THI TDB RH THI

June

Week 3 23.7 9.5 67.8 43.8 53.0 94.7 34.7 33.8 81.9

Week 4 25.4 8.6 69.8 44.6 59.2 95.3 35.4 31.4 81.7

July

Week 1 26.0 7.3 73.3 47.2 85.0 87.6 36.0 33.5 81.8

Week 2 27.4 6.0 70.8 43.2 69.7 86.4 34.2 33.5 80.2

Week 3 28.0 11.6 74.3 45.4 74.4 87.3 35.5 34.7 81.8

Week 4 28.1 13.1 78.0 43.5 72.2 87.3 34.7 42.5 82.5

August

Week 1 24.9 6.5 69.3 43.4 78.3 86.2 34.1 39.6 81.0

Week 2 29.1 11.9 76.2 45.3 68.6 87.5 37.1 31.3 83.0

Week 3 29.1 8.0 78.1 46.2 78.5 87.0 35.7 41.6 83.4

Week 4 29.5 12.8 77.1 45.3 76.5 87.9 37.5 31.9 83.6

September

Week 1 27.8 13.9 76.4 46.2 80.6 88.7 36.1 38.4 83.3

Week 2 26.0 9.2 71.6 44.2 73.1 86.7 35.5 27.1 80.4

Table 2 Effect of two cooling strategies on physiological variables of lactating Holstein cows during summer (C=control group; AM=2
h cooling; AM+PM=4 h cooling)

Measurement Treatments SE Contrast

C AM AM+PM C vs. AM+PM AM vs. AM+PM

Thurl temperature AM, °C 33.91 34.24 33.53 0.145 0.0307 0.0002

Thurl temperature PM, °C 34.57 35.74 36.33 0.171 <0.0001 0.0137

Average 34.25 35.01 34.95 0.118 <0.0001 0.6986

Right flank temperature AM, °C 34.01 34.42 33.63 0.139 0.0440 0.0002

Right flank temperature PM, °C 34.48 35.73 36.38 0.155 <0.0001 0.0032

Average 34.26 35.09 35.02 0.109 <0.0001 0.6240

Udder temperature AM, °C 34.37 34.74 34.14 0.170 0.2983 0.0082

Udder temperature PM, °C 34.79 36.00 36.62 0.180 <0.0001 0.0149

Average 34.59 35.38 35.39 0.124 <0.0001 0.8959

Respiration rate AM, breaths/min 93.82 90.47 86.53 1.230 <0.0001 0.0087

Respiration rate PM, breaths/min 99.39 100.28 96.92 1.129 0.0554 0.0127

Average 96.62 95.43 91.77 0.899 <0.0001 0.0004

Rectal temperature, °C 38.89 39.00 39.06 0.096 0.1498 0.4714

Body condition score 3.49 3.46 3.45 0.041 0.0975 0.6056

996 Int J Biometeorol (2012) 56:993–999



Discussion

The climatic conditions of the Mexican Mexicali Valley are
characterized as extremely hot and dry during the summer
because it is a fertile valley in the middle of a Sonoran desert
(Avendaño et al. 2006). The THI is a standard which is
generally used to describe the thermal stress on dairy cattle
caused by climatic conditions. This THI is obtained from a
combination of relative humidity and dry-bulb temperatures.
THI values lower than 70 units are considered to be
comfortable conditions, 73–78 as moderately stressful con-
ditions, and values above 78 cause extreme distress. In
addition, studies have demonstrated that when lactating
Holstein cows under heat stress are exposed to 21°C during
at least 6 h of the day, they can lose enough body heat to
avoid negative effects of heat stress (Igono et al. 1992). In
contrast, in our study heat stress was experienced by the
cows almost all day during the entire experiment based on a
minimum THI close to 80 units, which is far above the critical
point of 72 (Armstrong 1994). As, in this arid region, hot
conditions start in May and remain until early October we
believe that the cows were acclimatized to this weather, and
so the cooling system may exert a strong impact on
responses such as milk production (Collier et al. 2008;
Igono et al. 1992). High environmental temperature restricts
emission of heat from the surface of the body and can lead to
a reversed heat flow (i.e., heat input). Heat can be gained
from the environment, especially on days of high solar
radiation, thereby causing disturbance to heat regulation.

A difference in milk production of 1.3 kg milk/day
occurred between the group of cows cooled for 1 h
compared with those cooled for 4 h. If we project this
difference over the rest of the summer (i.e., 84 d), this
discrepancy may reach 109 kg of milk/cow. This difference
may be even higher if cooling were initiated during the
initial stages of the lactation when cows reach peak milk
production (Avendaño et al. 2007; Igono et al. 1987). The
heat load accumulated by dairy cows under heat stress is
the summation of heat from the environment, and the
failure to emit heat created by metabolism. According to
Purwanto et al. (1990), when cows are at a low level of
milk production (i.e., ∼18.5 kg/d), they can generate 27%
more heat than non-lactating dairy cows regardless of BW.
However, high producing cows generate up to 48% more
heat than non-lactating cows (Purwanto et al. 1990).

The best recognized effect of heat stress is an adaptive
depression of metabolic rate associated with reduced
appetite (Silanikove 2000). Reduced DM consumption,
and consequently heat generated during ruminal fermenta-
tion and animal's total heat production, assist in maintaining
heat balance. Furthermore, elevated environmental temper-
atures reduce gut motility, rumination, ruminal contractions
and thereby depress appetite by having a direct negative
effect on the hypothalamus (Chaiyabutr et al. 2008;
Kadzere et al. 2002). Even though DM intake was not
measured, we usually observed that cows after the cooling
episode went directly to the feed bunk, suggesting a higher
feed intake than that of non-cooled cows which may have

Table 3 Effect of two cooling strategies on metabolites and thyroid hormones of lactating Holstein cows during summer (C=control group;
AM=2 h cooling; AM+PM=4 h cooling)

Metabolites and thyroid hormones Treatments SE Contrast

C AM AM+PM C vs. AM+PM AM vs. AM+PM

Glucose, mg/dl 54.71 55.56 55.31 2.94 0.8857 0.9522

Cholesterol, mg/dl 169.93 161.06 170.92 8.53 0.8561 0.0863

Triglycerides, mg/dl 29.80 32.22 28.01 3.99 0.7528 0.4633

Triiodothyronine, ng/ml 1.55 1.49 1.43 0.15 0.2424 0.5752

Thyroxin, ng/ml 45.61 45.42 40.91 3.02 0.0642 0.0798

Table 4 Effect of two cooling strategies on production variables of lactating Holstein cows during summer (C=control group; AM=2 h cooling;
AM+PM=4 h cooling)

Variable Treatments SE Contrast

C AM AM+PM C vs. AM+PM AM vs. AM+PM

Milk, kg/d 17.43 18.20 18.70 0.4526 0.0004 0.1379

Fat, % 3.53 3.32 3.47 0.0925 0.5719 0.1853

Protein, % 3.30 3.34 3.28 0.0535 0.7939 0.3370

Milk energy output, Mcal/d 13.18 13.15 13.75 0.3539 0.0958 0.0867
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increased their milk yield. Also, cows with less cooling had
a higher BCS possibly because they maintained more body
reserves due to lower milk production.

A lower THI during the morning was responsible for
differences in thurl, right flank and udder in the group of cows
subjected to 4 h of cooling relative to the C group. In contrast,
when solar radiation increased during the afternoon, skin
temperatures of cows with the longest cooling period also
increased, probably because of higher milk yield. It has been
shown that high producing cows are more sensitive to heat
stress than low producing cows (Silanikove 2000). The use of
infrared technology has proven to be a useful technique in
research (Collier et al. 2006).

A rectal temperature below 38.5°C is considered normal
in lactating cows (Igono et al. 1992). Thus the rectal
temperatures of our experimental groups, which were above
38.5°C, indicates that all cows were under consistent heat
stress. An increase in the respiratory rate of cows is a
normal mechanism so that cows can dissipate body heat to
the environment and, in such a way, maintain thermoreg-
ulation under conditions of extreme heat (Yousef 1985).
Thus the changes of rectal temperature and respiratory rate
clearly demonstrate that even 4 h of cooling is not enough
to substantively reduce negative effects of heat stress in
Holstein cows during the extreme summer conditions of
this desert region of Mexico.

Concentrations of T3 and T4 in our cows are low (add
reference), and T4 tended to be higher in C cows. Several
authors have reported low levels of T3 and T4 in lactating
cows, which may remove up to 25% of their milk
production under high environmental temperatures
(Hurley et al. 1980; Chaiyabutr et al. 2008). In addition,
these authors reported that short-term changes in the
environmental temperature do not alter thyrotropin secre-
tion (Kesner et al. 1979). Thus, temperature patterns related
to these secretions of the thyroid can be regulated by other
factors, such as concentrations of TSH, decreasing meta-
bolic rate, DM intake, growth and milk production (Hurley
et al. 1980; Silanikove 2000). Our results agree with others
who found that plasma T4 was inversely related to milk
production (Vanjonack and Johnson 1975; Hart et al. 1978).

Several studies have shown that mammary gland glucose
uptake depends on an increase in arterial plasma glucose
concentration (Fullerton et al. 1989; Sandles et al. 1988),
whereas others have demonstrated no association between
these mechanisms (McDowell et al. 1987; Mepham 1993).
Since we observed no difference in glucose levels among
the groups of cows, our results support the latter observa-
tions and indicate that glucose uptake by the mammary
gland is affected by stage of lactation and activity of
mammary epithelial cells (Chaiyabutr et al. 2008). It has
been shown that transport of glucose for utilization in the
mammary gland depends on a specific glucose transporter

(GLUT1), which is located in the mammary cell membrane.
Consequently, if glucose levels in the cell are low, the rate
of glucose passage to the mammary cell could be reduced
(Madon et al. 1990).

In conclusion, respiration rate and temperatures of thurl
and right flank were reduced by 4 h of cooling. Also, milk
yield was improved by around 7% and a trend to improve
milk energy output by the longest period of cooling was
observed. However, these cows showed similar rectal
temperatures, body condition, and thyroxin hormone and
metabolites levels in serum than cows with shorter periods
of cooling. These results demonstrate that, under the
extreme summer heat of this arid Sonoran Desert region
of Mexico, 4 h of cooling is insufficient to induce a
substantive response on the physiological and production
parameters of lactating Holstein cows. This is important
because the welfare of lactating cows is compromised
under these adverse conditions, which last for at least 4
months of the year.
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