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Abstract The aim of this paper was to evaluate the effects of
three different feeding management (FM) schedules on physi-
ological markers of heat stress (HS), metabolic conditions, milk
yield and quality during the hot season in dairy cows. The study
involved 27 mid-lactating cows, subdivided in three homoge-
neous groups differing in feeding time and frequency: total
mixed ration (TMR) delivered once daily in the morning (M);
twice daily, half in the morning and half in the evening (ME);
once daily in the evening (E). During the trial, blood samples
were collected in the morning (a.m.) and in the evening (p.m.),
breathing rate (BR), rectal temperature (RT), and milk yield
were recorded and individual milk samples were collected.
Microclimate data indicated that cows were subjected to mild-
moderate HS. During the hotter days, cows receiving M treat-
ment showed higher values of RT (38.97 °C vs 38.68 °C and
38.62 °C, in ME and E) and BR (71.44 vs 66.52 and 65.26
breaths min−1, in ME and E), a.m. plasma glucose was lower in
M (3.69 vs 3.83 and 3.83 mmolL−1, in ME and E) and a.m.
plasma urea was lower in E (4.82 vs 5.48 and 5.35 mmolL−1, in
M and ME). Milk yield was unaffected by FM, as well as milk
composition and cheese-making properties. Only milk protein
content and yield were higher in M (3.42 vs 3.36 and 3.27 g

100 mL−1; and 1.11 vs 1.08 and 1.02 kg day−1, for ME and E).
Our results on cow physiology indicate that M seems a less
suitable FM to match cow welfare during the summer season.
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Introduction

The degree of heat stress (HS) experienced by dairy cattle is
commonly estimated by the temperature-humidity index
(THI) a useful composite climatic welfare index for heat
load, which can be calculated with formulas differing in
their ability to quantify HS across climates (Bohmanova et
al. 2007; Dikmen and Hansen 2009).

Dairy animals have a zone of thermal comfort, where the
level of metabolic heat production is unaffected by temperature
changes (Silanikove 2000). Body temperature (BT) has a cir-
cadian rhythm with a mean value of 38.3 °C and a range of
excursion of 1.4 °C for mature cows in thermoneutral condi-
tions (Piccione et al. 2003; Shehab-El-Deen et al. 2010). Sim-
ilarly, Shehab-El-Deen et al. (2010) discussed the circadian
rhythm and the range of excursion of the breathing rate (BR).

However, responses during HS vary according to physi-
ological stage (Abeni et al. 2007; Calamari et al. 2007). HS
has been shown to impair the productivity (West 2003),
reproductive efficiency (Jordan 2003; Flamenbaum and
Galon 2010; Walsh et al. 2011) and welfare of dairy cattle
(Silanikove 2000) in hot humid climates. These negative
effects were also observed in temperate areas such as Italy
(Bernabucci et al. 2002a), with negative effects on milk
characteristics (Bernabucci and Calamari 1998) and milk
cheese-making properties (Calamari and Mariani 1998).

During periods of high environmental temperatures cou-
pled with high relative humidity, dairy cows produce and
accumulate a large quantity of metabolic heat, because of
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compromised (non-evaporative and evaporative) cooling
capability during the hotter hours of the day (Silanikove
2000). As a consequence, particularly in high-yielding
heat-stressed cows that cannot dissipate sufficient body
heat, BT and BR increase and are associated with decreased
dry matter intake (Aharoni et al. 2005). Furthermore, milk
yield decreases and milk quality impairs as consequence of
the cumulative effects of heat stress on feed intake, metab-
olism, and physiology of dairy cattle, reducing profitability
for dairy farmers (Collier et al. 1982).

One of the primary objectives of dairy producers during
the summer season is to decrease heat load to maintain dry
matter intake (DMI) and milk yield. Several nutritional
strategies have been developed to account for reduced
DMI (Drackley et al. 2003; Adin et al. 2008, 2009; Wang
et al. 2010) and the modified nutrient requirement of dairy
cows during hot weather (Arieli et al. 2004; Calamari et al.
2011), but few studies have tested the response of different
feeding management (FM) strategies. Some strategies for
managing heat load include feeding schedules to decrease
metabolic heat production and stimulate DMI (Aharoni et al.
2005; Brosh et al. 1998). Because heat production increases
during and after feeding, the effects of evening feeding
instead of morning feeding was tested in lactating dairy
cows. Shifting the greater part of feed intake to the night
hours resulted in lower energy expenditure during daytime
and higher efficiency of energy utilization for milk produc-
tion (Aharoni et al. 2005). Altering feeding time and/or feed
amount have been shown to be beneficial in reducing HS in
cattle in hot environments, but positive responses in meat
(Mader and Davis 2004) and milk (Aharoni et al. 2005)
production were not always obtained. Ominski et al. (2002)
found that evening feeding did not decrease production losses
associated with short-term, moderate HS. Nikkhah et al.
(2008) reported that changing feeding time altered feeding
behavior and 24-h patterns of blood metabolites, but had no
effect on milk yield and protein content.

More recent results of Mäntysaari et al. (2006) confirmed
that FM (five times vs once a day) had no effect onmilk yield or
composition. In this latter study, however, feeding strategies
were not tested under thermal stress conditions. The results of
Kudrna (2003) during winter showed that dairy cows may be
fed once a day without any unfavorable impact on production
performance and health. On the contrary, in an experiment on
the effect of feeding frequency using total mixed ration (TMR)
carried out by Kudrna et al. (2001) during summer, the results
showed higher milk yield performance in cows offered feeds
three times a day rather than twice.

HS has been reported to affect bloodmetabolites (Bernabucci
et al. 2002b; Abeni et al. 2007; Calamari et al. 2007; O’Brien et
al. 2010); however, the 24-h patterns of such metabolites under
HS conditions in high-yielding dairy cows are unclear. Addi-
tionally, recent findings suggest different physiological and

metabolic adaptations during reduced DMI in HS compared
with other situation where DMI is reduced, such as early post-
partum (Bernabucci et al. 2010).

There appears to be little work addressing the effects of
FM (frequency and time of feed delivery) on the physiology
and performance of mid–high yielding dairy cows during
HS periods. We hypothesized that delivery of TMR at
different times during HS periods, altering the feeding be-
havior during 24 h, may induce variation of some blood
metabolites between morning and evening. These changes
could affect the availability and utilization of nutrients,
influencing the metabolic stress experienced by dairy cows.

Therefore, the objective of the present study was to evalu-
ate how different FM, either number and time of feed delivery,
might affect physiological response and performances during
the summer season in mid-lactating dairy cows.

Materials and methods

Animal and management conditions

The research protocol and animal care were in accordance with
EC Council Directive guidelines for animals used for experi-
mental and other scientific purposes (European Community
1986). All cows were inspected daily and records of all
health-related problems and incidents that occurred throughout
the trial, or any treatment administered were kept.

The Italian Friesian dairy cows involved in this study
were raised in a free stall barn at the experimental farm
“Vittorio Tadini”, located near Piacenza (45°01′N, 9°40′E;
altitude 68 m a.s.l.), Italy. Cows were housed in pens,
consisting of a resting area with cubicles, self-locking head
gates at the feed bunk, with free access to fresh potable
water and an unshaded hard court paddock outside. The
pens were not equipped with cooling systems. Cows were
group-fed and the daily amount of TMR offered and orts
collected were recorded. The animals were fed according to
their requirements for maintenance and milk production.
The diet consisted of alfalfa hay and haylage, corn silage,
cereals, concentrates, and vitamin and mineral premixes
(Table 1). To ensure cows had ad libitum access to the
TMR, the amount offered to the cows was assessed on a
daily basis with the aim of producing a 3 % to 8 % refusal.

Cows were milked in an auto-tandem milking parlour
twice daily (0400 and 1500 hours).

Experimental design

Twenty-seven healthy dairy cows, selected from the herd,
were blocked into three homogeneous groups (nine cows
each) according to parity (2.33±1.50; 2.44±2.07, and 1.88±
1.17), energy corrected milk yield (ECM: 34.9±5.6; 35.8±

786 Int J Biometeorol (2013) 57:785–796



8.6; and 34.0±11.6 kg day−1) and days in milk (DIM;
126.7±45.8; 116.7±46.8; and 105.8±46.0 d) in group
A, B, and C, respectively. The primiparous: multiparous
(≥2 lactation) ratio was 4:5, 5:4, and 5:4 in group A, B,
and C, respectively.

The study was conducted as a randomized complete
block design, in which all cows were exposed to the same
environmental temperature and humidity. They received the
same diet, differing only in the time (morning and/or even-
ing) and number (a single distribution or two distributions)
of the daily TMR delivery during the treatment period.

Three periods were identified: period 1 (P1; pre-
experimental period) from 7 June to 3 July; period 2 (P2;
experimental period), from 4 July to 20 August, character-
ized by higher THI; and period 3 (P3; post-experimental
period), from 21 August to 5 September. During P1 and P3,
dairy cows were fed ad libitum the same TMR delivered
once daily in the morning (at 0730 hours). During P2, the
three groups were assigned randomly to one of three treat-
ments consisting of different FM system: TMR delivered ad

libitum once daily in the morning (group A, treatment M; at
0730 hours); TMR delivered ad libitum twice daily, half in
the morning and half in the evening (group B, treatment
ME; at 0730 and 1800 hours); TMR delivered ad libitum
once daily, but in the evening (group C, treatment E; at
1800 hours). Fresh TMRs were prepared twice daily and
offered to the cows based on the treatment schedule.

Response variables were recorded on two sampling point
in P1 (control T1 and T2), four in P2 (T3, T4, T5, and T6) and
one in P3 (T7) (Fig. 1). At each sampling point, data from
rectal temperature (RT), BR, and milk yield were recorded;
while blood and milk samples were collected.

Measurements

Microclimatic conditions

Temperature and relative humidity of the inside barn were
recorded daily during the study period using two electronic
probes (Gemini Data Logger, Chichester, UK) connected to a
data logger programmed to record every 10 min. Mean, min-
imum and maximum daily values for air temperature and
humidity were recorded throughout the trial. Data were used
to compute a composite climatic welfare index, the THI,
according to Kelly and Bond (1971), as cited in Ingraham et
al. (1979). Mean, minimum and maximum daily values for
THI were calculated throughout the trial and HS was estimat-
ed according to Armstrong (1994).

Feed samples and feed intake

Representative samples of hay, silage, and concentrates were
taken weekly during the study and pooled on a period basis for
the analyses. The TMR and refusal samples were collected
weekly to determine their dry matter (DM). Refusals were
weighed daily and removed before feeding (0700 hours in M
andME; and 1730 hours in E). Daily feed intake (kgDMI cow−1

day−1) was calculated by subtracting the weighed refusal (DM
basis) from the total fresh TMR offered (DM basis), divided per
nine animals. Then, for each week, a mean daily feed intake was
calculated. The DM content of the TMR and refusal for that
week was applied to estimate the daily DMI on a weekly basis.

Feedstuffs were analyzed for DM, crude protein (CP),
ether extract, ash, neutral detergent fibre (NDF), and starch
content (AOAC 1990); NDF was analyzed with a heat stable
amylase with correction for residual ash, according to the
method of Mertens (1997), without sodium sulfite and using
an Ankom 2200 (Macedon, NY) for extraction and filtering.
The net energy for lactation (NEl) content of feedstuffs was
estimated according to NRC (2001). Energy balance was
estimated according to NRC (2001) and nitrogen balance by
the equations proposed by Jonker et al. (1998) as modified
by Calamari et al. (2006).

Table 1 Average composition, chemical analysis and nutritive value
of total mixed ration (TMR) basal diet fed to dairy cows during the
trial. DM Dry matter, NDF neutral detergent fiber, NEl net energy for
lactation

Item % of DM

Ingredient

Corn silage 35.1

Alfalfa hay 13.3

Alfalfa haylage 10.0

Cerealsa 19.1

Proteic concentrateb 15.0

Fibrous concentratec 7.5

Nutrient

Crude protein 16.3

Ether extract 2.8

NDF 34.2

NDF from forages 25.1

Starch 21.6

NEl
d, Mcal kg−1 DM 1.53

a Cereal concentrate mix was based on barley, wheat by-products, corn
meal, and corn by-products
b Proteic concentrate was based on roasted soybean meal, dried brew-
ers grains, linseed cake, beep-pulp, and corn gluten meal; 1 kg was
integrated with: 200 mg Mn; 10 mg Fe; 15 mg Cu; 3 mg Co; 10 mg I;
400 mg Zn; 0.1 mg Se; 80,000 IU vitamin A; 4,000 IU vitamin D3;
40 mg vitamin E (alpha-tocopherol 91 %); 10 mg vitamin B1; 12 mg
vitamin B2; 18 mg vitamin B6; 0.02 mg vitamin B12; 100 mg niacin;
and 500 mg DL methionine. Macro minerals were supplied using
CaCO3; NaCaMgH(PO4)2; NaHCO3; NaCl; MgO and S
c Fibrous concentrate was based on wheat middlings, beep-pulp, coco-
nut meal, sunflower meal, and sugar cane molasses
d Calculated according to NRC (2001)
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Rectal temperature and breathing rate

Rectal temperature and BR were used as indicators of HS
and were recorded just before the evening blood sampling
(1700 hours). For measurement of RT, a digital thermometer
was used. The BR of cows was registered by counting flank
movements during two 30 s cycles.

Blood sampling and analysis

At each sampling point, blood samples were taken from all
cows at 0700 hours (before TMR distribution) and immedi-
ately after the afternoon milking (1700 hours). The samples
were collected by venipuncture from the jugular vein into a
10-mL Li-heparin treated tubes (Vacuette, containing 18 IU
Li-heparin mL−1, Kremsmünster, Austria), immediately
placed into an ice-bath and centrifuged (3,500 g for
15 min at 10 °C) within 1 h after collection. The plasma
was collected and stored at −20 °C until analysis.

In each plasma sample, the concentrations ofmetaboliteswere
analyzed at 37 °C by an automated clinical analyzer (Monarch,
Instrumentation Laboratory, Lexington, MA). Analysis for glu-
cose, urea, creatinine, total cholesterol, and triglycerides were
conducted using commercial kits (Instrumentation Laboratory),
non-esterified fatty acids (NEFA) using Wako Chemicals kits
(Wako, Neuss, Germany), and β-hydroxybutyric acid (BHBA)
using Ranbut kit (Randox, Crumlin, Co. Antrim, UK). All
measurements were carried out according to the manufacturer’s
instructions, and adapted to the clinical analyzer’s operative
procedures as described by Bertoni et al. (1998).

Milk sampling and analysis

At each sampling point, during the p.m. milking, milk yield was
measured and individual samples were collected from each cow.
Fat, protein, and lactose contents were determined on fresh
samples by the infrared technique (Milkoscan 133B, Foss Elec-
tric, Hillerød, Denmark). Somatic cell count (SCC) was deter-
mined by an optofluorometric method (Fossomatic 5000, Foss
Electric); pH using a pHmeter; and titratable acidity (TA) was
measured using an automatic titration system (MicroTT 2050
Titrator, Crison, Barcelona, Spain). Natural creaming (NC) of
milk fat, an important step in cheese-making process for long-
ripening cheese, was assessed employing the method suggested
by Speroni andBertoni (1984), described briefly as follows.Milk
was analyzed for fat content, then 10 mL were allowed to cream
in a plastic tube at 15 °C for 180min. The surface layer of fat was
removed, and 2 mL collected from the bottom of the tube was
analyzed for fat content. NC was expressed as the percentage of
the removed fat (initial fat content − final fat content) on the
initial fat content, and calculated using: NC (%)0(initial
fat % − final fat %) / initial fat % x 100.

Furthermore, milk rennet coagulation properties were
assessed as clotting time (r), curd firming rate (k20), and
curd firmness (a30), using Formagraph (Foss Electric),
where 10 mL milk was heated to 35 °C, and 200 μL rennet
(Hansen standard 190 with 63 % chymosin and 37 % pep-
sin, Pacovis Amrein, Bern, Switzerland) diluted to 1.6 %
(w/w) in distilled water was added to milk.

Yield of energy-corrected milk (ECM) was calculated
according to the formula of Smith et al. (2002).

Fig. 1 Daily mean, minimum
and maximum temperature-
humidity index (THI) and the
potential for heat stress during
the trial. The arrows on each
figure indicate the sampling
points
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Statistical analysis

Results were analyzed using the MIXED models procedure
(SAS 1999) according to Littell et al. (1998). Sources of
variation included FM (three levels), time (sampling time
within P2), and FM×time interaction. The random variable
was cow within treatment. Values from plasma analysis were
processed separately according to sampling moment of the
day (morning or afternoon). The data from SCC were log
transformed before their submission to statistical analysis
because they were not distributed normally (W00.37),
according to the Shapiro-Wilk test (SAS 1999). Data collected
during P1 (mean of the T1 and T2 sampling point) were used
as covariate for each variable. Data were evaluated using a
mixed model, taking into account the repeated measures in
time on each cow; five covariance structures were tested for
each item: simple, compound symmetry, first-order autore-
gressive, first order ante dependence, and unstructured (Littell
et al. 1998) to choose (according to the Akaike’s Information
Criteria) the one that best fit the data (SAS 1999).

Results are presented in tables as least square means and
standard error of the mean (SEM) of the P2 period (control
T3, T4, T5 and T6). Orthogonal contrasts were made between
any treatment mean during the last two control points of the
P2 period (T5-6: hotter phase) as follows: (1) M vs ME, (2)
M vs E, and (3) ME vs E to evaluate the effects of feeding
management. Differences were considered significant when
P<0.05; a trend was considered when P<0.10.

Results

Microclimatic conditions

The course of daily minimum, mean and maximum THI
during the trial period is shown in Fig. 1. The microclimatic
conditions indicate that, during P2 and P3, the cows expe-
rienced maximum daily THI above 72 (mild HS).

For the duration of P1 and P3, themean daily THIwas below
the upper critical value of 72. During P2, daily mean THI values
were greater than 72 (for 19 % of the days) and cows were
exposed to maximum THI above 79 (for 21 % of the days).

Diet characteristics and feed intake

Chemical and nutritive characteristics of the TMR used
throughout the experiment are reported in Table 1.

The mean feed intake checked on a group basis during P2
was 23.05, 24.52, and 23.30 kg DM head−1 day−1 in M, ME,
and E respectively (SEM 00.09, P<0.05). The NDF content
of the diets was greater than the minimum suggested by the
NRC (2001), with an adequate proportion of NDF from
forage to maintain proper ruminal fluid pH. The energy

balance during the experimental period was −2.2 (SEM0
1.1); +1.2 (SEM00.8); and +1.2 (SEM01.0) Mcal day−1 in
M, ME, and E, respectively. The estimated N balance was
positive in ME (16 g day−1; SEM08.0) and E (24 g day−1;
SEM014.0) feeding management; conversely, in M treat-
ment it was slightly negative (−8 g day−1; SEM08.0).

Rectal temperature and breathing rate

Themean values of RTand BR during P2 (average T3-6 values)
are shown in Table 2. Besides a time effect (P<0.001), an
effect of FM was detected for both RT and BR, being values
higher in M compared with ME and E cows (P<0.05).

Orthogonal contrasts showed significant differences for
RT only, as these values were higher in group M (38.97 °C)
compared to ME (38.68 °C; P<0.05) and E groups
(38.62 °C; P<0.01).

The trend of acclimation during the trial relative to RT
and BR of the cows is depicted in Fig. 2. During P2, the
values increased gradually and, as expected, the highest RT
and BR values were registered at T5 and T6, respectively.
The RT was greater in M compared with ME (P>0.05 at T4

and P<0.05 at T6), and E (P<0.05 at T4 and P<0.01 at T5),
and reached a maximum mean value of 39.02 °C at T5. As
regards BR, during P2, values were higher in group M
compared with ME (P>0.05 at T3 and P<0.001 at T4) and
E (P<0.05 at T4 and T5). Group M showed a quick increase
of BR values from T3 to T6, and reaching a maximum mean
value of 70.89 breaths min−1 at T6; conversely, BR in-
creased in group ME and E only at T5 and T6.

During P3, a reduction in RT and BR (on average 38.47 °C
and 52.6 breaths min−1, respectively) was observed and no
differences were found between groups.

Blood: energy and protein metabolism

Least square means of plasma metabolites related to energy
and protein metabolism during the entire P2 (average T3-6

values) are shown in Table 3. The FM had no significant effect
on plasma metabolite concentration in the morning samples
during the whole P2 period; on the contrary, it affected (P<
0.05) BHBA, urea and creatinine concentration in the evening
samples. Both time and FM×time interaction affected plasma
cholesterol and creatinine (a.m. sampling), and glucose,
NEFA, and urea concentration in the a.m. and p.m. sampling.

Orthogonal contrasts used to determine FM effect during
the hotter phase (T5-6), showed significant differences be-
tween groups. The FM affected the concentration of plasma
metabolites as follows: glucose lower in M than ME and E in
the a.m. samples (3.686 vs 3.835 and 3.832 mmolL−1, respec-
tively; P<0.05); BHBA higher in ME than M (0.404 vs
0.337 mmolL−1; P<0.05) and E (0.341 mmolL−1; P>0.05)
in the a.m. samples, and lower in E than M and ME (0.346 vs
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0.455 and 0.459 mmolL−1, respectively ; P<0.01) in the p.m.
samples; cholesterol higher in ME than M in the a.m. samples
(6.784 vs 6.331 mmolL−1). Total cholesterol (a.m. samples)
had a trend to be higher inME, but no difference was observed
(at that time) for triglycerides and NEFA.

The behavior of the plasma metabolites related to energy
metabolism (glucose and NEFA contents) during the trial in
the a.m. and p.m. sampling is depicted in Fig. 3.

Cows fed the diet during the morning (M) had a.m.
plasma glucose values (Fig. 3a) similar to those fed in the
evening (E), but higher compared to the ME cows at T4

(3.833 vs 3.650 mmolL−1; P<0.05); afterwards the value
decreased, and at T5 it was significantly lower than E (3.684
vs 3.904 mmolL−1; P<0.05), whereas at T6 it was lower
than ME (3.671 vs 3.867 mmolL−1; P<0.05); during P3
glucose concentration increased in all groups without sig-
nificant differences. The lowest plasma glucose levels in the
p.m. sampling were observed during P2 in the E group
compared to ME and M groups at T3 (3.488 vs 3.632 and
3.621 mmolL−1, respectively; P<0.05) and in the ME and E
groups compared to M group (3.494 and 3.473 vs
3.707 mmolL−1; P<0.05) at T4, after which levels remained
low in all groups without significant differences until P3.

Within the experimental period (P2), at control time T4,
plasma NEFAvalues in a.m. sampling resulted higher in ME
schedule (0.064 mmol L−1) when compared to M
(0.046 mmolL−1; P>0.05) and E (0.032 mmolL−1; P<
0.01). In the p.m. sampling (Fig. 3d) differences among
groups were found only at T3, NEFA values being lower
in E (0.026 mmolL−1) than in M and ME cows (0.044 and
0.040 mmolL−1; P<0.05).

Orthogonal contrasts of plasma variables related to
protein metabolism, used to determine FM effect during
the hotter phase (T5-6), showed an FM effect: urea
lower (P<0.05) in E than M and ME in both the a.m.
(4.821 vs 5.484 and 5.349 mmolL−1, respectively), and
p.m. samples (5.119 vs 5.591 and 5.546 mmolL−1,
respectively); and creatinine lower in M compared to
ME and E (87.45 vs 91.14 and 91.25 µmolL−1, respec-
tively; P<0.01) in the p.m. samples.

Changes in plasma urea in a.m. and p.m. samples are
reported in Fig. 4. The main differences among FM were
observed at T5 (both samplings), when E cows had lower (P
<0.01) values than M and ME.

Table 2 Least squares means of the physiological variables observed during the entire experimental period (P2, mean of T3-6)

Variable Feeding managementc SEMd P valuee

M ME E FM T FM x T

Rectal temperature (°C) 38.70 b* 38.48 a* 38.44 a* 0.067 0.026 <.0001 0.103

Breathing rate (n°/60 s) 65.78 Bb* 56.64 Aa* 57.58 ABa* 2.230 0.016 <.0001 –

*A, B: P<0.01; a,b: P<0.05
c Dietary treatment were: TMR offered in the morning (M), in the morning and in the evening (ME), or in the evening (E)
d The highest standard error of the mean
e Probabilities of significance for feeding management (FM), time (T) and their interaction

(Rectal Temperature)

37.8
37.9
38.0
38.1
38.2
38.3
38.4
38.5
38.6
38.7
38.8
38.9
39.0
39.1
39.2

6/15 6/22 6/29 7/6 7/13 7/20 7/27 8/3 8/10 8/17 8/24 8/31 9/7

°c

M ME E

     T1            T2             T3        T4                 T5             T6                 T7

 (Breathing Rate) 

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

70.0

75.0

80.0

6/15 6/22 6/29 7/6 7/13 7/20 7/27 8/3 8/10 8/17 8/24 8/31 9/7

breaths/min

M ME E

     T1            T2             T3        T4                 T5             T6                 T7

a

b

Fig. 2 Rectal temperature (RT; a) and breathing rate (BR; b) recorded
at each sampling point: T1–T2 pre-experimental period (P1); T3–T6

experimental period (P2) with different feeding management being
total mixed ration (TMR) distributed in the morning (group M), in
the morning and in the evening (group ME) or in the evening (group
E); and T7 post-experimental period (P3). Values are least squares
means (not covaried data); vertical bars represent SEM
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Milk yield and renneting properties

Table 4 reports results on milk yield, milk components
relative to the p.m. milking, and coagulation features
obtained from the three feeding schedule during the entire
P2 (average T3-6 values).

Time affected almost all milk parameters. Feeding man-
agement (average values of T3-6) had no effect on milk
yield, SCC, and milk components; ECM was numerically
(P>0.05) higher in M and ME cows than E cows, and milk
protein (content and yield) values were significantly higher
(P<0.05) in M compared to ME and E cows.

Orthogonal contrasts (mean values of T5-6) evidenced a
trend for higher ECM value in ME than E (32.46 vs
30.39 kg; P>0.05), while for protein content showed sig-
nificant differences between groups, values being higher in
M milk (3.50 g 100 mL−1) than ME and E milk (3.38 and
3.31 g 100 mL−1; P<0.05); whereas protein yield was
significantly lower in E (0.99 kg day−1) than ME (1.05 kg
day−1; P>0.05) and M (1.07 kg day−1; P<0.05) cows.

Cheese-making features (natural creaming, pH, titrat-
able acidity, and the clotting features r, k20, and a30)
were not affected by FM, but interactions between FM
and time were evidenced only for natural creaming and
clotting features. However, the orthogonal contrasts did
not underline significant effects during T5-6 sampling
time.

Discussion

According to Armstrong (1994), cows in our study were
subjected to mild to high HS during P2. In the present study,
it was not possible to record individual feed intake; howev-
er, DMI on a group basis evidenced higher values in ME
cows. Aharoni et al. (2005) reported higher DMI in cows
fed during the day compared to night hours. Brosh et al.
(1998) demonstrated how eating during the cooler hours of
the night was beneficial to the cows during the hot season,
because the postprandial heat loads was not added to the
environmental heat load of the hotter hours. This was espe-
cially true for animals on a high-energy diet, the general
situation of lactating dairy cows. Nikkhah et al. (2008)
observed how changing the feed delivery time from 0900
to 2100 h increased DMI within 3 h after feeding, but it did
not affect daily DMI. One possible explanation of our ob-
servation could be related to the availability of fresh feed as,
after feed delivery, or to the typical behavior at the return
from milking, which stimulates feeding activity (DeVries et
al. 2003). Additionally, the availability of the feed over time
permits to dairy cows to eat whenever they want and could
encourage animals to spend more time eating, distributing
intake over the course of the day and maintaining a stable
rumen microbial population (Nocek and Braund 1985).

The general homeostatic response to HS in dairy cattle
includes increased respiration rates, panting, drooling,

Table 3 Least squares means of some plasma metabolites observed during the entire experimental period (P2, mean of T3-6). NEFA Non-esterified
fatty acids, BHBA β-hydroxybutyric acid

Variable Feeding managementc SEMd P valuee

M ME E FM T FM x T

Glucose, mmol/Lf 3.775 3.827 3.829 0.034 – 0.004 0.002

Glucose, mmol/Lg 3.544 3.518 3.467 0.042 – 0.001 0.005

Cholesterol, mmol/Lf 6.463 6.776 6.616 0.157 – <.0001 0.021

Triglyceride, mmol/Lf 0.070 0.071 0.071 0.004 – 0.104 –

NEFA, mmol/Lf 0.045 0.054 0.043 0.005 – – 0.049

NEFA, mmol/Lg 0.041 0.046 0.044 0.003 – <.0001 0.034

BHBA, mmol/Lf 0.323 0.376 0.341 0.023 – – –

BHBA, mmol/Lg 0.477 B* 0.453 B* 0.383 A* 0.018 0.002 – –

Urea, mmol/Lf 5.563 5.419 5.081 0.142 0.068 <.0001 <.0001

Urea, mmol/Lg 5.638 bAB* 5.762 Bb* 5.307 aA* 0.108 0.018 <.0001 0.006

Creatinine, µmol/Lf 89.43 92.38 90.13 1.040 – 0.002 <.0001

Creatinine, µmol/Lg 87.83 Aa* 90.37 ABb* 91.22 Bb* 0.737 0.009 <.0001 –

*A,B: P<0.01; a,b: P<0.05
c Dietary treatments were: TMR offered in the morning (M), in the morning and in the evening (ME), or in the evening (E)
d Highest standard error of the mean
e Probabilities of significance for feeding management (FM), time (T) and their interaction
f a.m. sampling point
g p.m. sampling point
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reduced heart rates, decreased feed intake and milk yield.
The RT can be used as indicator of physiological response to
thermal stress in dairy cows, because it is nearly constant
under normal conditions and a rise is associated with re-
duced performance. In order to maintain BTwithin a normal
range, cows dissipate heat by vaporization of water from the
body surface and lungs.

From our results, BR was higher in the M group through-
out P2. During the hotter period of the current trial, only a
trend to differ between M and E was reported as a result of
the lower number of observation in a phase where all the
cows were exposed to a high heat load, so that the ANOVA
did not achieve higher significance. In their analysis of HS
indicators, Brown-Brandl et al. (2005) concluded that BR is
the most appropriate indicator of thermal stress. The time of
BR assessment in the present study underlined how, in the
hottest part of the day, cows with the M feeding schedule
probably reached a peak of endogenous metabolic heat
production at that time, as confirmed also by RT. The

increase in BR can be associated with the attempt to dissi-
pate this metabolic heat excess. Differently, Ominski et al.
(2002) found that evening feeding did not result in different
BR or vaginal temperature compared to a morning feeding
schedule.

Both RT and BR can be used as indicators of HS, so that
estimates of meteorological variables associated with RT
should prove valuable in relating environmental conditions
to the magnitude of hyperthermia experienced by heat-
stressed cows (Dikmen and Hansen 2009). Evening and
ME feeding schedules appeared to be beneficial in lowering
mean RT and BR, and in maintaining DMI, so may be a
valuable method to alleviate the thermoregulatory limita-
tions of a hot climate.

A negative effect of THI on plasma glucose was observed
in a previous study in heat-stressed cows (Abeni et al.
2007). This result can be explained by different factors:
decreased energy intake, as consequence of the reduction
in DMI; increased cost of thermoregulation, and negative
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Fig. 3 Plasma glucose (a morning samples, b evening samples) and
non-esterified fatty acids (NEFA) (c morning samples, d evening
samples) content recorded at each sampling point: T1–T2 pre-
experimental period (P1); T3–T6 experimental period (P2) with

different feeding management being TMR distributed in the morning
(group M), in the morning and in the evening (group ME) or in the
evening (group E); and T7 post-experimental period (P3). Values are
least squares means (not covaried data); vertical bars SEM
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effect of heat on gluconeogenesis, as an endocrine acclimation
to hot conditions. Differences in plasma glucose concentration
in the FM schedule during the hotter period (T5–T6) must be
discussed considering the time relative to TMR delivery.
Shehab-El-Deen et al. (2010) reported how the circadian
rhythm of plasma glucose during HS was characterized by
lower values in the hottest hour of the day. In p.m. samples
from our trial, no difference was detected among cows receiv-
ing the FM schedule, while a.m. sampling time evidenced
lower plasma glucose in cows fed according to the M system
than in the other two FM groups. The apparent discrepancy
between the a.m. and p.m. results for plasma glucose probably
relies on the interaction of the experimental treatment (FM)
with the circadian rhythm for this metabolite (Giannetto and
Piccione 2009; Shehab-El-Deen et al. 2010).

Nikkhah et al. (2008) reported effects of feed delivery time
on the 24-h patterns of blood metabolites—essentially due to
the greater feed intake during the 3 h after feed delivery of cows

fed at 2100 hours—but daily average of glucose, urea, BHBA,
and NEFA in peripheral blood were not affected by feeding
schedule. The lower values of plasma NEFA in the morning
samples duringHS period (in P2 compared to P1 and P3) agrees
with recent findings (Bernabucci et al. 2010; Calamari et al.
2011). Bernabucci et al. (2010) clearly showed that acclimation
to HS involves hormonal and metabolic changes, as a decline in
anabolic hormones and an increase in the catabolic ones, that
alter energy balance. As response to reduced feed intake and
consequent negative energy balance, insulin levels decrease
allowing for adipose lipolysis and increase of circulating
NEFAs. Conversely, heat-stressed cows, despite inadequate
nutrient intake, exhibit increased basal insulin levels and lack
of increase of NEFA levels. In the current study, the reduction of
NEFA during HS was not affected by feeding management.

An interesting result was that on plasma urea, with lowest
values in E both in the a.m. and p.m. samples. Plasma urea
concentration is the result of the balance between urea uptake
(from the gastrointestinal tract and from liver metabolism) and
excretion (urine, milk). Obitsu et al. (2011) reported higher
plasma urea concentration in heat-stressed cows as a result of
a reduced plasma urea clearance from the gastrointestinal tract
associated with a reduced DMI (see also Kennedy and Milligan
1980). We did not monitor meal size and frequency; however,
one possible hypothesis to explain the lower plasma urea in E
could rely on a better use and recycling of this molecule in the
digestive tract due to different meal patterns throughout the 24 h.

Recently, O’Brien et al. (2010) discussed how the heat-
induced increase in plasma urea may be considered the result
of inefficient rumen microbial nitrogen incorporation, because
HS can alter rumen fermentation patterns (Schneider et al.
1988). The lower plasma urea concentration in E seems to
suggest that FM schedule may improve nitrogen utilization in
the rumen, probably as consequence of greater DMI during
nighttime, when adverse effects from HS are reduced. In this
case, we exclude a role of a different muscle proteolysis,
because we reported low plasma creatinine just in M, where
plasma urea was higher than E. In studies by Abeni et al.
(2007) and Obitsu et al. (2011), plasma creatinine was higher
in HS conditions than under no HS. The current study evi-
dences an effect of FM on this metabolite during a HS period,
particularly in the p.m. samples, where the M schedule had
lower values than the other two groups.

Aharoni et al. (1999 ) reported howmilk protein content was
unaffected by heat load, but the study of Cincović et al. (2010)
showed a significantly lower heat-induced milk yield, milk fat
and protein percent in the middle of lactation. Ominski et al.
(2002) found that evening feeding did not result in different
milk yield and composition, except for a reduction in milk fat
content when compared to morning feeding schedule. In
Nikkhah et al. (2008), the feeding schedule did not affect milk
yield and milk protein content, but there were trends for in-
creased milk fat content and milk fat yield in multiparous cows
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Fig. 4 Plasma urea (a morning samples, b evening samples) content
recorded at each sampling point: T1–T2 pre-experimental period (P1);
T3–T6 experimental period (P2) with different feeding management
being TMR distributed in the morning (group M), in the morning and
in the evening (group ME) or in the evening (group E); and T7 post-
experimental period (P3). Values are least squares means (not covaried
data); vertical bars SEM
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fed in the evening. In the present study, fat content of the p.m.
milking and milk fat yield were not affected by FM, and the fat-
to-protein ratio, an indirect signal of possible changes in feeding
and rumen activity, also did not differ among different FM
regimes in HS.

Our results onmilk composition, even if relative to the p.m.
milking only, agree with those from Mäntysaari et al. (2006),
confirming, with the exception only of milk protein content,
how feeding frequency seems not to affect, milk composition
per se, although it affects feeding efficiency generally.

In our previous works (Calamari and Mariani 1998;
Calamari et al. 1997), we reported the negative effect of
HS on those features of special interest for cheese-making
activity in Italy, particularly for products that rely for their
quality on milk processing (natural creaming and clotting)
and successive cheese ripening. In the current study, the
titratable acidity was around the minimum value of the
optimal range and poor rennet clotting properties were
recorded. The impairment of these characteristics makes
the milk less suitable for the production of hard cheese with
a long ripening time. These poor characteristics were ob-
served in all three groups, without effect of FM.

Bernabucci et al. (2002a) demonstrated that HS decreases
milk αs- and β-casein concentration, also resulting in an
increased percentage of whey protein of the total milk
protein level, suggesting that HS can affect protein synthesis

in the mammary gland. The lower protein content of E milk
(p.m. milking) seems not to agree with a better nitrogen
utilization as evidenced by lower plasma urea levels; how-
ever, the hypothesis of a reduced mammary protein synthe-
sis had no adverse effect on clotting properties of E milk,
considering the important role of casein fractions in the milk
clotting process (Calamari and Mariani 1998).

Conclusion

Considering the three different feeding strategies evaluated
in the present study to counteract HS, we can conclude that
M—the most common feeding schedule used in dairy farm
in Italy—seems the least suitable method to match cow
welfare. Compared with those fed in the evening or either
in the morning and evening, cows under the M regime
experienced greater HS, with greater increase of RT and BR.

Cows receiving the diet once a day in the morning (M)
showed more pronounced alteration of blood variables re-
lated to energy metabolism, with impairment of energy
balance. Blood variables related to protein metabolism were
also affected by FM, with lower urea values in cows fed in
the evening. Although milk yield and milk characteristics
were not affected by FM, some metabolic variations were
observed and the estimated energy and nitrogen balance

Table 4 Least squares means of milk yield and milk characteristics observed during the entire experimental period (P2, mean of T3-6). ECM
Energy corrected milk yield, SCC somatic cell count

Variable Feeding managementc SEMd P valuee

M ME E FM T FM x T

Milk yield, kg /day 33.10 32.31 31.71 0.591 – <0.001 –

ECMd, kg /day 33.16 33.03 31.30 0.675 – 0.007 –

Fat, g /100 mL 3.419 3.567 3.475 0.144 – <0.001 –

Fat yield, kg /day 1.134 1.159 1.072 0.046 – 0.151 –

Protein, g /100 mL 3.425 b* 3.364 ab* 3.271 a* 0.040 0.035 <0.001 0.013

Protein yield, kg /day 1.115 Bb* 1.083 b* 1.024 aA* 0.017 0.003 <0.001 –

Fat/protein ratio 1.003 1.073 1.051 0.039 – – –

Lactose, g /100 mL 5.227 5.248 5.203 0.026 – – –

SCC, log (n° /103mL) 1.713 1.683 1.800 0.111 – 0.004 –

Natural creaming, % 49.61 49.00 51.76 2.020 – – 0.001

pH 6.695 6.683 6.687 0.009 – <0.001 –

Titratable acidity, °SH/50 mL 3.362 3.370 3.407 0.041 – <0.001 –

r, min 23.82 22.24 22.98 0.664 – 0.041 0.018

k20, min 16.46 14.04 17.39 1.169 – – 0.018

a30, mm 12.34 15.36 12.20 1.557 – – 0.011

*A,B: P<0.01; a,b: P<0.05
c Dietary treatments were: TMR offered in the morning (M), in the morning and in the evening (ME), or in the evening (E)
d The highest standard error of the mean
e Probabilities of significance for feeding management (FM), time (T) and their interaction
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suggested a favorable effect of fresh feed availability during
the evening on physiological aspects of animal welfare

Acknowledgments The research was carried out within a project
approved and funded by the Emilia Romagna Region according to
Regional law n. 28/98. The authors want to thank Mr. Flavio Cammi
for his technical support to conduct this study.

References

Abeni F, Calamari L, Stefanini L (2007) Metabolic conditions of
lactating Friesian cows during the hot season in the Po valley 1.
Blood indicators of heat stress. Int J Biometeorol 52:87–96

Adin G, Solomon R, Shoshani E, Flamenbaum I, Nikbachat M, Yosef E,
Zenou A, Halachmi I, Shamay A, Brosh A, Mabjeesh SJ, Miron J
(2008) Heat production, eating behavior and milk yield of lactating
cows fed two rations differing in roughage content and digestibility
under heat load conditions. Livest Sci 119:145–153

Adin G, Solomon R, Nikbachat M, Zenou A, Yosef E, Brosh A,
Shabtay A, Mabjeesh SJ, Halachmi I, Miron J (2009) Effect of
feeding cows in early lactation with diets differing in roughage-
NDF content on intake behavior, rumination and milk production.
J Dairy Sci 92:3364–3373

Aharoni Y, Brosh A, Ezra E (1999) Effects of heat load and photope-
riod on milk yield and composition in three dairy herds in Israel.
Anim Sci 69:37–47

Aharoni Y, Brosh A, Harari Y (2005) Night feeding for high-yielding
dairy cows in hot weather: effects on intake, milk yield and
energy expenditure. Livest Prod Sci 92:207–219

AOAC (1990) Official methods of analysis, 15th edn. Association of
Official Analytical Chemists, Washington DC

Arieli A, Rubinstein A, Moallem U, Aharoni Y, Halachmi I (2004) The
effect of nonforage fibre on energy balance and feeding behaviour
of heat stressed cows. J Anim Feed Sci 13(suppl 1):615–618

Armstrong DV (1994) Heat stress interaction with shade and cooling. J
Dairy Sci 77:2044–2050

Bernabucci U, Calamari L (1998) Effects of heat stress on bovine milk
yield and composition. Zootech Nutr Anim 24:247–258

Bernabucci U, Lacetera N, Ronchi B, Nardone A (2002a) Effects of the
hot season on milk protein fractions in Holstein cows. Anim Res
51:25–33

Bernabucci U, Ronchi B, Lacetera N, Nardone A (2002b) Markers of
oxidative status in plasma and erythrocytes of transition dairy
cows during hot season. J Dairy Sci 85:2173–2179

Bernabucci U, Lacetera N, Baumgard LH, Rhoads RP, Ronchi B,
Nardone A (2010) Metabolic and hormonal acclimation to heat
stress in domesticated ruminants. Animal 4:1167–1183

Bertoni G, Trevisi E, Calamari L, Lombardelli R (1998) Additional
energy and protein supplementation of dairy cows in early lacta-
tion: milk yield, metabolic-endocrine status and reproductive
performances. Zootech Nutr Anim 24:17–29

Bohmanova J, Misztal I, Cole JB (2007) Temperature-humidity indices
as indicators of milk production losses due to heat stress. J Dairy
Sci 90:1947–1956

Brosh A, Aharoni Y, Degen AA, Wright D, Young BA (1998) Effects
of solar radiation, dietary energy, and time of feeding on thermo-
regulatory responses and energy balance in cattle in a hot envi-
ronment. J Anim Sci 76:2671–2677

Brown-Brandl TM, Eigenberg RA, Nienaber JA, Hahn GL (2005)
Dynamic response indicators of heat stress in shaded and non-
shaded feedlot cattle, Part 1: analyses of indicators. Biosyst Eng
90:451–462

Calamari L, Mariani P (1998) Effects of the hot environment condi-
tions on the main milk cheesemaking properties. Zootech Nutr
Anim 24:259–271

Calamari L, Maianti MG, Calegari F, Abeni F, Stefanini L (1997)
Variazioni dei parametri lattodinamografici nel periodo estivo in
bovine in fasi diverse di lattazione. Proc Congresso Nazionale
SISVet 51(LI):57–68

Calamari L, Bani P, Maianti MG (2006) Modelling milk urea prediction to
evaluate nitrogen nutrition in dairy cows. In: Proceedings of the 24th
World Buiatrics Congress, 15–19 October, Nice, France, 0831-6.

Calamari L, Abeni F, Calegari F, Stefanini L (2007) Metabolic conditions
of lactating Friesian cows during hot season in Po valley. 2 Blood
minerals and acid-base chemistry. Int J Biometeorol 52:97–107

Calamari L, Petrera F, Abeni F, Bertin G (2011) Metabolic and hema-
tological profiles in heat stressed lactating dairy cows fed diets
supplemented with different selenium sources and doses. Livest
Sci 142:128–137

Cincović MR, Belić BM, Toholj BD, Radović IV, Vidović BR (2010)
The influence of THI values at different periods of lactation on
milk quality and characteristics of lactation curve. J Agric Sci
(Belgrade) 55:235–241

Collier RJ, Beede DK, Thatcher WW, Israel LA, Wilcox CJ (1982)
Influence of environment and its modification on dairy animal
health and production. J Dairy Sci 65:2213–2227

DeVries TJ, von Keyserlingk MAG, Beauchemin KA (2003) Short
communication: diurnal feeding pattern of lactating dairy cows. J
Dairy Sci 86:4079–4082

Dikmen S, Hansen PJ (2009) Is the temperature-humidity index the
best indicator of heat stress in lactating dairy cows in a subtropical
environment? J Dairy Sci 92:109–116

Drackley JK, Cicela TM, LaCount DW (2003) Responses of primipa-
rous and multiparous Holstein cows to additional energy from fat
or concentrate during summer. J Dairy Sci 86:1306–1314

European Community (1986) Council Directive 86/609/EEC of 24
November 1986 on the approximation of laws, regulations and
administrative provisions of the Member States regarding the
protection of animals used for experimental and other scientific
purposes. Official JL 358:1–28

Flamenbaum I, Galon N (2010) Management of heat stress to improve
fertility in dairy cows in Israel. J Reprod Dev 56(suppl):S36–S41

Giannetto C, Piccione G (2009) Daily rhythms of 25 physiological
variables in Bos taurus maintained under natural conditions. J
Appl Biomed 7:55–61

Ingraham RH, Stanley RW, Wagner WC (1979) Seasonal effects of
tropical climate on shaded and nonshaded cows asmeasured by
rectal temperature, adrenal cortex hormones, thyroid hormone,
and milk production. Am J Vet Res 40:1792–1797

Jonker JS, Kohn RA, Erdman RA (1998) Using milk urea nitrogen to
predict nitrogen excretion and utilization efficiency in lactating
dairy cows. J Dairy Sci 81:2681–2692

Jordan ER (2003) Effects of heat stress on reproduction. J Dairy Sci 86
(E Suppl):E104–E114

Kennedy PM, Milligan LP (1980) The degradation and utilization of
endogenous urea in the gastrointestinal tract of ruminants: a
review. Can J Anim Sci 60:205–221

Kudrna V (2003) Effect of different feeding frequency employing Total
Mixed Ration (TMR) on dry matter intake and milk yield in dairy
cows during the winter. Acta Vet Brno 72:533–539

Kudrna V, Lang P, Mlázovská P (2001) Frequency of feeding with TMR
in dairy cows in summer season. Czech J Anim Sci 46:313–319

Littell RC, Henry PR, Ammerman CB (1998) Statistical analysis of
repeated measures data using SAS procedures. J Anim Sci
76:1216–1231

Mader TL, Davis MS (2004) Effect of management strategies on
reducing heat stress of feedlot cattle: feed and water intake. J
Anim Sci 82:3077–3087

Int J Biometeorol (2013) 57:785–796 795



Mäntysaari P, Khalili H, Sariola J (2006) Effect of feeding frequency of
a total mixed ration on the performance of high-yielding dairy
cows. J Dairy Sci 89:4312–4320

Mertens DR (1997) Creating a system for meeting the fiber require-
ments of dairy cows. J Dairy Sci 80:1463–1481

Nikkhah A, Furedi CJ, Kennedy AD, Crow GH, Plaizier JC (2008)
Effects of feed delivery time on feed intake, milk production, and
blood metabolites of dairy cows. J Dairy Sci 91:4249–4260

Nocek JE, Braund DG (1985) Effects of feeding frequency on diurnal
dry matter and water consumption, liquid dilution rate and milk
yield in first lactation. J Dairy Sci 68:2238–2247

NRC (2001) Nutrient requirements for dairy cattle. National Academy
Press, Washington, DC

O’Brien MD, Rhoads RP, Sanders SR, Duff GC, Baumgard LH (2010)
Metabolic adaptations to heat stress in growing cattle. Domest
Anim Endocrin 38:86–94

Obitsu T, Kamiya M, Kamiya Y, Tanaka M, Sugino T, Taniguchi K
(2011) Effects of high ambient temperature on urea-nitrogen
recycling in lactating dairy cows. Anim Sci J 82:531–536

Ominski KH, Kennedy AD, Wittenburg KM, Moshtaghi Nia SA
(2002) Physiological and production responses to feeding sched-
ule in lactating dairy cows exposed to short-term, moderate heat
stress. J Dairy Sci 85:730–737

Piccione G, Caola G, Refinetti R (2003) Daily and estrous rhythmicity
of body temperature in domestic cattle. BMC Physiol 3:7

SAS (1999) STAT 9.2 User’s Guide, 2nd edn. SAS Institute, Cary, NC

Schneider PL, Beede DJ, Wilcox CJ (1988) Nycterohemeral patterns of
acid-base status, mineral concentrations and digestive function of
lactating cows in natural or chamber heat stress environments. J
Anim Sci 66:112–125

Shehab-El-Deen MAMM, Fadel MS, Van Soom A, Saleh SY, Maes D,
Leroy JLMR (2010) Circadian rhythm of metabolic changes
associated with summer heat stress in high-producing dairy cattle.
Trop Anim Health Prod 42:1119–1125

Silanikove N (2000) Effects of heat stress on the welfare of extensively
managed domestic ruminants. Livest Prod Sci 67:1–18

Smith JW, Ely LO, Graves WM, Gilson WD (2002) Effect of milking
frequency on DHI performance measure. J Dairy Sci 85:3526–
3533

Speroni A, Bertoni G (1984) L’affioramento del grasso del latte: Nuove
proposte per la valutazione e l’interpretazione del fenomeno. Sci
Tecn Latt Cas 35:97–108

Walsh SW, Williams EJ, Evans ACO (2011) A review of the causes of
poor fertility in high milk producing dairy cows. Anim Reprod
Sci 123:127–138

Wang JP, Bu DP, Wang JQ, Huo XK, Guo TJ, Wei HY, Zhou LY,
Rastani RR, Baumgard LH, Li FD (2010) Effect of saturated
fatty acid supplementation on production and metabolism
indices in heat-stressed mid-lactation dairy cows. J Dairy
Sci 93:4121–4127

West JW (2003) Effects of heat-stress on production in dairy cattle. J
Dairy Sci 86:2131–2144

796 Int J Biometeorol (2013) 57:785–796


	Effects of different feeding time and frequency on metabolic conditions and milk production in heat-stressed dairy cows
	Abstract
	Introduction
	Materials and methods
	Animal and management conditions
	Experimental design
	Measurements
	Microclimatic conditions
	Feed samples and feed intake
	Rectal temperature and breathing rate
	Blood sampling and analysis
	Milk sampling and analysis

	Statistical analysis

	Results
	Microclimatic conditions
	Diet characteristics and feed intake
	Rectal temperature and breathing rate
	Blood: energy and protein metabolism
	Milk yield and renneting properties

	Discussion
	Conclusion
	References


