
915

Effects of feeding methods, season and production level on  
lactation performance and feeding behaviour of dairy cows
M. Boga1*, M. Gorgulu2 and A. Sahin3

1 Nigde University, Bor Vocational High School, 51700 Nigde, Turkey
2 Cukurova University, Agriculture Faculty, Department of Animal Science, 01330 Adana, Turkey
3Ahi Evran University, Agriculture Faculty, Department of Animal Science, 40100 Kırsehir, Turkey

Abstract

Boga, M., M. Gorgulu and A. Sahin, 2014. Effects of feeding methods, season and production level on 
lactation performance and feeding behaviour of dairy cows. Bulg. J. Agric. Sci., 20: 915-923

The present study was conducted to investigate the effects of feeding methods, season and production level on lactational 
performance and feeding behaviour of dairy cows. Twenty Holstein Friesian cows having 513 kg liveweight, 140 DIM, 25 kg 
milk/d for summer and the same number of cows having 543 kg live weight, 121 DIM, and 28 kg/d for winter were allocated 
4 experimental groups consisting of 2 feeding methods (single feeding and choice feeding) and 2 production levels(low:~21 
kg/d and high:~29 kg/d) combinations in a factorial arrangement. Single diet(TMR) was formulated with barley, corn, soybean 
meal, corn gluten meal, wheat bran and alfalfa hay grounded in 1.5-2 cm size with 60/40 concentrate/roughage ratio. These 
feed ingredients were offered to choice-fed cows ad libitum seperately and simultaneously. Choice-fed cows made diets con-
taining less alfalfa hay and corn, and more barley than those fed single diet. High yielding cows preferred more barley than 
those of TMR compared to low yielding cows. Choice fed cows had lower dry matter intake and fat corrected milk than those 
fed with single diet.  Nutrient intakes were lower for choice fed cows than those fed with TMR due to lower feed intake. Milk 
fat and milk urea level were lower for choice fed cows than those fed TMR. Milk protein contents were decreased as milk 
production increased. Season affected significantly milk yield, feed intake (as a percentage of body weight), milk yield & live 
weight changes and 4% FCM yield. These changes influenced the intakes of dry matter and nutrients, eating patterns and, con-
sequently, the nutrient requirements of dairy cows in both production levels and seasons. The results revealed that choice fed 
cows changed their diet selection according to the changed season and milk yield but this did not affect milk yield positively.
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Introduction

Milk production of cow continues to increase after calv-
ing, with an increase in energy demand in early lactation. 
Adequate energy intake can prevent ketosis and hepatic lipi-
dosis, allowing higher reproductive performance. Man made 
diets, ie, single diets (TMR) do not match always with the 
physiological requirements of dairy cows. Furthermore, mi-
crobial protein synthesis may not fulfil the essential amino 
acid requirements of dairy cow in early lactation since it de-
pends on synchronization of available fermentable energy 
and degradable protein in the rumen (Hoover and Stokes, 
1991). Diets or feeding methods allowing nutrient supply in 
a synchronized manner to ruminal microorganism may im-

prove microbial growth in the rumen and also improve the 
utilization of dietary energy and/or protein in a harmony to 
get a reasonable performance. 

It has been well studied that farm animals in choice feed-
ing condition are able to select nutritionally balanced diet, 
corresponding to their physiological status, and consume 
high amount of concentrate without suffering any digestive 
problem by balancing fiber intake and creating of a synchro-
nicity among feed ingredients in respect to energy and nitro-
gen supply to the rumen and/or host animal (Gorgulu et al., 
1996; Fedele et al., 2002; Gorgulu et al., 2003; Yurtseven and 
Gorgulu, 2004; Gorgulu et al., 2008), except dairy cows. 

Dairy cows, especially high yielding, are more sensitive 
to hot climate. Their feed intake and immunological function 
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will decrease when heat stress occurred (Kumar et al., 2011) 
with changing their physiological status (Bernabucci et al., 
2010; Farooq et al., 2010). These changes generally decrease 
milk production. However, some management techniques 
such as shading and cooling (West, 2003), night feeding (Om-
inski et al., 2002), concentrate feeding (Rhoads et al., 2009) 
and dietary bypass fat supplementation (Moallem et al., 2010) 
allow  animal to optimize their nutrient utilization, microbial 
protein synthesis and improve animal performance during 
heat stress. However, there has been a lack of information 
on literature regarding “How does choice feeding help high 
yielding dairy cows’ overcome the negative consequences of 
seasons (summer or winter)”. Therefore, the present study 
aimed to monitor lactation performance and feeding behav-
iour of dairy cows subjected to different feeding methods in 
different milk production level and season.

Material and Method

The study was carried out to test the effects of feeding 
method, milk yield, milk composition and season on feeding 
activities of dairy cows. Therefore, two studies were carried 
out to point out the season (winter and summer) effects. Winter 
experiment was carried out in January, February and March. 
Summer experiment was carried out from June to July.  

In each season, 20 Holstein Frisian dairy cows were allo-
cated into four experimental groups with 5 replicates.  Each 
cow was housed in a 3 m x 6 m sized pen having one trough 
automatic drinker for fresh water. The cows used in winter 
and summer seasons had 542 and 513 kg live weight, 2.6 and  
2.9 body condition score, 3 and 2 lactation number, 120 and 
140 DIM, respectively. The cows used in winter normally had 
higher milk yield than summer cows (33 kg  vs 28 kg/d for 
high yielding and 24 kg vs 21 kg/d low yielding at the begin-
ning of the study). 

Cows were kept in 3x6 m individual pen with 3 m feed 
bunk and with closed roof. Feed troughs of animals in choice 
feeding groups were divided into six equal parts to offer feed 
ingredients separately but simultaneously. The study lasted 
totally 6 weeks; all cows were accustomed to experimental 
unit and high concentrate feed for the first two weeks. Nor-
mally, training period is required for choice-fed animals to 
habituate organoleptic properties and metabolic consequenc-
es of feed ingredients. Therefore, all feed ingredients wheat 
bran, alfalfa hay, soya bean meal, barley, corn and corn gluten 
meal were offered to choice fed cows ad libitum simultane-
ously at the beginning of experimental period together with 
the TMR groups. Each  feed ingredient, except alfalfa hay, 
was mixed with limestone, salt and  vitamin-mineral mixture 
as much as what present in the TMR in order to ensure the 

micronutrients intakes of choice does and, also, to prevent 
any possible effect of micronutrients on feed selection. 

A computerized system was established to observe daily 
feeding pattern of cows in the study and 5 cows from TMR 
and 5 cows from choice fed groups (3 high yielding and 2 low 
yielding) were monitored in the system for 24 h during four 
weeks experimental period.

To record diurnal eating pattern of cows, a computerized 
recording system was developed and set up including 40 bal-
ances having 75 ± 0.02 kg capacities and connected a com-
puter with serial multiplier. Data related to meal pattern were 
recorded with 5 electronic scales for 5 TMR cows and 6 scales 
for  each cows in 5 choice-fed cows, total 30 scales connect-
ed computer via serial multiplier and special card designed 
having RS232 multiplier and data decoding and encoding 
capabilities (Figure 1). System recorded visit length (begin-
ning date-time and ending date-time for visit) and meal size 
(beginning weight and ending weight) for each balance with 
getting stability after 5-10 seconds and 60 g feed consumed 
from the balance feeder for 24 h during 4 week study. Data 
were managed by a special program coded in Visual Basic 
that operating on a SQL database.

Fig. 1. Computerized feeding system including  
8 communication and data processing cards with  

RS232 port and 40 scale feeders
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Meal criteria was determined from data collected from 
the cows fed different feeding methods (Summer-TMR-Low 
yielding 2 cows: 8052 records, Summer-TMR-high yield-
ing 3 cows: 15065 records, Summer-low yielding choice-fed 
2 cows: 5817 records, Summer-high yielding choice fed 3 
cows:11962 records, Winter-TMR-low yielding 2 cows: 5198 
records, Winter -TMR-high yielding 3 cows: 8596 records, 
Winter-low yielding choice-fed 2 cows: 7209 records, Win-
ter-high yielding choice fed 3 cows: 9086 records). Meal cri-
teria were calculated as the point at which the probability 
density functions of the final two populations cross from the 
parameters of the two and three-population Gaussian mod-
els which minimizes the mis-assignment of intervals to the 
wrong populations (Tolkamp et al., 1998; Tolkamp and Kyr-
iazakis, 1999; Yeates et al., 2001). The models were fitted 
using nonlinear curve fitting to the pooled and loge-trans-
formed interval lengths (expressed in second) between feed-
ing events. 

The model consisting of two Gaussians each of which 
describes the frequency distribution of the loge-transformed 
lengths of a population of intervals follows as:

ylog(t)=p*(1/(σ1√2π))*exp(−(log(t)−μ1)2/2σ12)+(1−p)*(1/(σ
2√2π))*exp(−(log(t)−μ2)2/2σ22) 

to be used in estimation of meal criteria. Where ylog(t) is 
the probability density at log(t), p is proportion of intervals 
belonging to the first distribution, σ1 and σ2  are standard de-
viations of the first and second distribution, log(t) is natural 
logarithm of interval length (expressed in seconds), μ1 and 
μ2 are the mean log (interval length) of the first and second 
distribution. Models were fitted with a maximum likelihood 
procedure. Meal criteria (min) was calculated as 14.23 and 
24.28 for low and high yielding TMR cows in winter, 10.44 
and 14.00 for low and high yielding choice fed cows in win-
ter, 17.56 and 8.46 for low and high yielding TMR cows in 
summer, 21.96 and 7.58 for low and high yielding choice fed 
cows in summer.

Chemical compositions of feed ingredients were deter-
mined according to the standard AOAC (1998). NDF and 
ADF were analyzed by using ANKOM fiber analyzer (Van 
Soest et al., 1991). Ingredient composition of single fed diet 
and its chemical content are given in Table 1. 

Live weight change, milk yield and feed intake were deter-
mined weekly. Animals were milked at 05:00 in the morning 
and at 17:00 in the afternoon and milk samples were taken 
from morning and afternoon milk and analysed by Milkoscan 
FT-120 (Foss, DK) and composition was recalculated accord-
ing to portion of morning and afternoon milk in total milk. 

Table 1
Nutrient contents of feed ingredient used in winter-summer season (%)
Feed ingredients  DM CP ADF NDF Crude ash Ether extract
Corn 87.65-89.89 8.88-6.96 3.58-3.12 10.61-6.34 3.01-2.36 1.56-1.41
Barley 90.65-90.61 12.11-11.14 6.10-7.26 17.16-19.02 4.60-5.29 1.36-0.65
Wheat bran 90.44-90.23 15.86-15.61 12.50-14.23 37.82-25.99 6.84-10.86 3.28-1.20
Soybean meal 90.06-91.31 42.89-40.34 7.38-6.75 10.28-11.49 7.88-8.16 1.51-1.20
Corn gluten meal 91.83-92.54 60.47-59.64 3.79-3.31 5.93-3.92 5.80-4.97 1.89-2.34
Alfalfa hay 91.83-93.24 13.12-11.60 46.79-39.28 54.87-45.25 6.70-7.63 0.87-0.80
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Fig. 2. Humidity and Temperature Humidity Index in experimental unit (winter, summer)
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Rectal temperature was recorded using a digital ther-
mometer by inserting 6-8 cm into the rectum. Respiration 
rate was determined visually by counting number of breaths 
per min. Heart rate below left elbow was also recorded by a 
stethoscope. Rectal temperature, heart and respiration rates 
were taken at 10:00 to 15:00 during the 10th day of adapta-
tion, and on 3rd and 5th days of the data collection periods by 
trained person. Ambient temperature and relative humidity 
were recorded 24 h per day with 1 h interval by a data logger 
(Hobo H8 Family, Onset Computer Corporation’s Boxcar) 
during the studies. Temperature-humidity index (Figure 2) 
was calculated by the equation as following:

THI=0.8 x Dry-Bulb Temp.°C+(Relative Humidity/100)x(Dry-
Bulb Temp.°C-14.3)+46.3 (Lefcourt and Schmidtmann, 1989). 

Data were analysed in 2x2x2 factorial arrangement to 
investigate the effects of season (winter, summer), feeding 

method (single feeding, choice feeding) and production level 
(low, high) on lactation performance and feeding behaviour 
of dairy cows by using GLM procedure of SPSS (Windows 
version of SPSS, release 13.0). Difference between the diets 
selected by the cows in different season was separated by t-
test while the difference between TMR and the diets selected 
by cows was compared by using One-Sample t-test.

Results and Discussion

During experimental period, both in winter and sum-
mer, cows were monitored to obtain the data regarding lac-
tation performance and feeding behaviour in order to un-
derstand the responses of low and high producing cows fed 
a single diet and offered feed ingredients in choice feed-
ing. For obtaining data, our methodologies were familiar to 
what mention in the detailed review of Meier et al. (2012). 

Table 2
The diets selected by dairy cows (as fed, %)
Feeding methods (FM) Single feeding Choice feeding

SEM
Effects (P<)

 Season (S) Winter Summer Winter Summer
Production level (PL) Low High Low High S PL SxPL
Corn 10.2 7.1 11.8 1.0** 2.0** 1.65 0.04 0.43 0.60
Barley 22.3 53.4** 42.0 37.5** 54.0** 3.79 0.81 0.75 0.10
Wheat bran 15.1 6.8* 11.2 28.8* 10.2 2.09 0.03 0.13 0.02
Soybean meal 9.3 0.9** 1.5** 2.6** 0.9** 0.36 0.49 0.52 0.15
Corn gluten meal 2.1 5.7 7.0 2.7 0.8 0.79 0.01 0.87 0.36
Alfalfa hay 40.0 26.1** 26.5** 27.4** 31.9** 1.00 0.13 0.27 0.34
Premix¥ 1.1¥¥

Nutrient composition (DM basis)
Winter Summer Low High Low High SEM S PL SxPL

DM, % 90.8 91.7 90.8 90.7 91.3** 91.4** 0.05 0.00 0.99 0.21
ME, Mcal/kg 2.3 2.3 2.4** 2.4** 2.3* 2.4** 0.01 0.00 0.69 0.31
CP, % 16.5 15.2 15.4 16.3 14.6 12.3** 0.45 0.02 0.48 0.13
ADF,% 23.1 20.5 16.9** 17.2** 17.9** 18.1** 0.41 0.29 0.78 0.96
NDF, % 33.6 28.1 27.2** 27.8* 27.5 27.7 0.42 0.96 0.69 0.84
Crude ash,% 6.9 8.0 5.3** 5.3** 7.6 6.6** 0.11 0.00 0.06 0.03
Ether extract,% 1.5 0.9 1.4 1.5 0.9 0.8* 0.03 0.00 0.80 0.07

¥ All feed ingredients except alfalfa hay were  supplemented with 0.75% salt, 0.88% limestone,  and 0.17 % mineral-vitamin 
mixture providing 8.000.000 IU vitamin A ,1.000.000 IU vitamin D3, 30.000 mg vitamin E, 50.000 mg Mn, 50.000 mg 
Zn, 50.000 mg Fe, 10.000 mg Cu, 150 mg Co, 800 mg I and 150 mg Se per kg. Each supplement increased 1.67 times due to 
dilution of alfalfa preferences.
* Difference between TMR and the diets selected by cows are significantly important at P<0.05.
** Difference between TMR and the diets selected by cows are significantly important at P<0.01.
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The obtained results are presented in Tables 2 and 3 and 
Figure 3.

Feeding behaviour
The diets selected by cows having different production 

levels in different seasons are presented in Table 2 while eat-
ing patterns are illustrated in Table 3. Also, time dependent 
dietary choices of choice fed cows are shown in Figure 3. 
In summer, choice fed cows decreased corn and corn gluten 
meal and increased wheat bran in their diet compared to win-
ter (P<0.05). Above all, choice fed cows preferred less alfalfa 
hay compared to single fed cows; therefore, they need to de-
crease acidogenic effect of their selected diets by choosing 
wheat bran. Coppock and West (1986) found out that when 
forages and concentrates were fed separately, heat-stressed 
cows reduce fiber intake by reducing hay intake. Further-
more, nutrient contents of wheat bran are better than alfalfa 
hay (Table 1). Likewise, Kaya (2011) found out that Awassi 
lambs kept outdoor preferred more wheat bran in order to get 
rid of the negative consequences of heat stress. Choice fed 
cows decreased soya bean meal in their diet about ten times 
than those fed single diet, except low producing cows in sum-
mer (Table 2).

These cows decreased soya bean meal about 5 times com-
pared to single fed cows. In winter, choice fed cows increased 
corn gluten meal about three times compared to single fed 
cows. But, in summer, high producing choice fed cows de-
creased corn gluten meal about three times compared to low 
producing choice fed cows (Table 3, Figure 3). 

Choice fed cow’s decreased corn (1.05-7.11%) in their diet 
in both season compared to single fed cows (10.20 %), except 
high producing cows (11.82 %) in winter. Choice fed cows in-

creased barley (37.50-54.05 %) compared to single fed cows 
(22.30%). Low producing choice fed cows made a diet con-
taining less barley (37.5 %) than high producing cows (54 %) 
in summer.

On the contrary, high producing choice fed cows made 
a diet containing less barley (42.0 %) than those of low pro-
ducing cows (53.4 %) in winter. High preferences to barley 
instead of corn could be explained high need to readily avail-
able energy for rumen microorganism and/or host animal. 
Lower soya bean meal preferences may be related to avoid of 
high ruminal amonia level due to its high ruminal degradable 
protein content (Table 2).

The high yielding cows preferred less barley in winter 
but more barley in summer as they decreased feed intake in 
summer. High yielding cows made diets containing higher 
protein content than those of low yielding cows in winter, 
but they decreased protein content in their diet in summer.  
It is well known that excess protein intake may increase heat 
production in the body in summer.  High producing cows 
in choice feeding made a diet including less crude protein 
content. Decrease in corn and corn gluten meal in summer 
in the diet selected by choice fed cows was compensated by 
barley and wheat bran consumption of these cows. High-en-
ergy contents of the diets selected by cows are a reflection of 
innate effort of cows to compensate reduction in feed intake 
as well.

In winter, low producing cows preferred dominantly al-
falfa hay and corn while high producing cows preferred corn 
gluten meal and alfalfa hay. In summer, low producing cows 
dominantly preferred corn gluten meal and wheat bran while 
high producing cows preferred barley and corn gluten meal 
(Figure 3).
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Table 3
The effects of season, feeding methods and production level on performance, milk composition, eating patterns and 
some physiological parameters of dairy cows.

Season(S) Winter Summer

SE
M P values

Feeding Method (F) Single 
Feeding

Choice 
Feeding

Single 
Feeding

Choice 
Feeding

Production level (P) Low High Low High Low High Low High S F P S*F S*P F*P S*F*P

Pe
rf

or
m

an
ce

 p
er

 c
ow

Live weight  
change, kg 27.5 20.2 24.4 25.9 3.2 7.7 -1.4 2.89 2.89 0.00 0.29 0.59 0.18 0.92 0.82 0.24
Changes in milk 
yield, kg -1.23 -2.29 -0.09 0.59 -4.64 -6.03 -6.56 -6.87 0.56 0.00 0.72 0.56 0.06 0.71 0.43 0.85

Milk yield, kg/day 23.92 32.06 24.21 32.94 16.58 23.59 15.45 21.91 0.60 0.00 0.66 0.00 0.30 0.37 0.99 0.77

Feed intake, % 4.08 4.22 3.75 3.99 3.06 3.36 2.87 2.97 0.05 0.00 0.00 0.02 0.97 0.94 0.76 0.38

BCS 2.80 2.83 3.35 2.98 3.26 2.88 2.89 2.77 0.08 0.76 0.66 0.10 0.02 0.73 0.78 0.19

4% FCM, kg/day 20.6 29.3 18.0 25.6 15.6 20.2 13.2 18.0 0.44 0.00 0.00 0.00 0.53 0.02 0.73 0.66
Dry matter intake 
kg/day 19.8 23.3 20.0 21.3 14.8 15.0 12.7 13.0 0.34 0.00 0.01 0.02 0.29 0.05 0.35 0.32
Feed intake/Milk 
yield 0.92 0.82 0.93 0.73 0.99 0.70 0.92 0.65 0.03 0.42 0.26 0.00 0.80 0.11 0.64 0.51
ME intake, Mcal/
day 49.5 58.1 53.8 57.0 36.7 37.1 32.3 33.5 0.20 0.00 0.39 0.03 0.06 0.08 0.43 0.29

CP intake, kg/day 3.6 4.2 3.3 3.7 2.5 2.5 2.0 1.8 0.08 0.00 0.00 0.15 0.41 0.02 0.29 0.87

ADF intake, kg/day 5.0 5.9 3.7 4.1 3.3 3.4 2.5 2.6 0.10 0.00 0.00 0.04 0.02 0.07 0.49 0.44

NDF intake, kg/day 7.3 8.6 6.0 6.6 4.5 4.6 3.9 3.9 0.13 0.00 0.00 0.03 0.03 0.05 0.42 0.40

M
ilk

 c
om

po
sit

io
n,

 % Fat 3.1 3.4 2.4 2.6 3.6 3.0 2.9 2.8 0.12 0.21 0.00 0.84 0.09 0.35 0.73 0.39

Protein 3.4 3.2 3.5 3.1 3.3 2.9 3.4 2.8 0.05 0.02 0.86 0.00 0.15 0.95 0.31 0.66

Lactose 4.6 4.7 4.7 4.9 4.6 4.7 4.6 4.8 0.03 0.25 0.05 0.02 0.77 0.49 0.46 0.80

Casein 2.7 2.6 2.8 2.5 2.6 2.3 2.7 2.3 0.04 0.01 0.94 0.00 0.11 1.00 0.43 0.58

Urea, mg/dL 49.1 56.5 41.7 44.7 50.8 53.1 46.4 41.5 1.90 0.98 0.01 0.51 0.28 0.79 0.34 0.81

Ea
tin

g 
pa

tte
rn

 p
er

 c
ow

Meal number 8.4 7.1 9.0 8.2 7.9 13.4 7.6 13.1 1.12 0.00 0.21 0.00 0.01 0.00 0.47 0.56

Meal size, kg/meal 2.7 3.7 2.8 3.3 2.1 1.3 1.6 1.3 0.32 0.00 0.00 0.46 0.36 0.00 0.90 0.00

Meal length, min 54.4 73.6 51.4 53.2 27.0 16.3 30.2 20.2 7.58 0.00 0.00 0.95 0.00 0.00 0.00 0.00
Intermeal interval, 
min 110.7 123.6 90.4 95.1 142.0 91.8 134.2 79.4 15.30 0.02 0.00 0.00 0.01 0.00 0.26 0.76
Total meal time, 
min 428.4 500.9 420.7 417.7 198.1 215.4 233.3 256.6 52.23 0.00 0.71 0.00 0.00 0.46 0.07 0.04
Eating rate in meal, 
g/min 119.7 76.2 148.4 362.0 102.2 108.4 135.5 123.7 159.41 0.05 0.00 0.17 0.03 0.14 0.04 0.02

Ph
ys

io
lo

gi
c

re
sp

on
se

s Respiration rate 38.1 36.6 39.3 37.8 106.5 94.5 98.6 90.3 1.83 0.00 0.41 0.05 0.22 0.14 0.75 0.75

Heart rate 94.8 89.7 95.7 99.9 77.4 75.7 69.4 72.6 1.63 0.00 0.99 0.95 0.04 0.81 0.18 0.67

Rectal temperature 38.3 38.0 38.2 38.3 39.3 39.5 39.3 39.9 0.07 0.00 0.19 0.21 0.70 0.02 0.12 0.96
S: Season, FM: Feeding methods, PL: Production level
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Although the choice fed cows decreased ADF and NDF 
content of their diets (Table 2) by decreasing alfalfa hay pref-
erence, they did not suffer acidosis and did not show any sign 
of acidosis since these cows decreased their feed intake sig-
nificantly in both seasons (P<0.01). The previous studies re-
vealed that ruminants arrange their choice in order to opti-
mize their rumen condition and minimize nutrient deficiency 
in the rumen (Forbes, 2001). 

Irrespective to production level, cows increased meal size 
in winter but decreased meal size in summer (P<0.01, Table 3).  
Experimental cows had might tried to avoid extra heat load 
by decreasing meal size in summer.  On the other hand, the 
reduced milk yield in summer cows also may have lowered 
the nutrient requirements of these cows during summer.

In summer, irrespective to production level, choice fed 
cows decreased eating rate (P<0.01), meal size and meal 
length compared to winter (P<0.01) (Table 2).  The best 
known effect of heat stress is the reduced appetite (Silanik-
ove, 2000) as shown in our study.  Decrease in meal size in 
choice fed cow probably resulted from the diet selected with 
high energy content due to high preferences of barley and low 
preferences of alfalfa hay. These preferences may increase 
lactic acid production in rumen and low ruminal pH, besides 
causing energy satiety.  The choice fed cows had higher eat-
ing rate than single fed cows in both season however the dif-
ference is more prominent in winter (P<0.01). Eating rate was 
the highest in high yielding choice fed cows in winter but the 
highest in low yielding choice fed cows in summer. 

High yielding cows increased meal number in summer 
compared to winter (P<0.01), but low yielding cows did not 
change meal number according to season (P>0.05). Increased 
meal number in summer may be attributed to need to com-
pensate decrease in meal size and meal length. Meal lengths 
were similar for low yielding cows in both feeding meth-
ods but high yielding single fed cows increased meal length 
in winter. However, in summer, only low yielding cows in 
both feeding system increased meal length compared to high 
yielding cows since the latter cows were more sensitive to 
heat stress (Tapki and Sahin, 2006). 

Lactation performance
Cows markedly decreased feed intake and, consequently, 

consumed less nutrients (CP, ADF, NDF) in summer com-
pared to winter (P<0.01). The cows in summer had 34% less 
feed intake, 31% less milk yield compared to the cows in win-
ter.  Reduced nutrient intake was accounted for 35% (Rhodas 
et al., 2009) and 50% (Wheelock et al., 2010) of heat stress-
induced decrease in milk synthesis (Figure 2). In summer, 
the heart rate of experimental cows decreased in both feed-
ing systems, especially in choice fed cows. Decrease in heart 

rate is  a typical response of heat stress (Kadzere et al., 2002) 
whilst Serbester et al. (2005) did not observe any differences 
in heart rate due to heat stress in dairy cows. Summer season 
increased rectal temperature of cows about 1-1.9oC (P<0.01), 
irrespective to feeding methods and production levels. Heat 
stressed dairy cows generally had higher rectal temperature 
(Serbester et al., 2005; Kadzare et al., 2002). 

Experimental cows in both feeding methods increased res-
piration rate in summer compared to winter (P<0.01). It was 
expected an increase in respiration rate in summer for evapo-
rative cooling. Even though season and production level inter-
action on respiration rate was insignificant; this rate was tend-
ed to lower in high producing cows. This may be attributed to 
the lowered feed intake and the decreased metabolism of these 
cows evidenced by the usage of body nutrient reserves (Table 3),  
as a result of heat stress in summer (Figure 2).  

In hot environment, lactating cows reduce their metabo-
lism, feed intake and milk production but increase respiratory 
rate and body temperature that result in production losses in 
summer (Armstrong, 1994). Higher producing cows are more 
sensitive to heat stress than lower producing cows (Bianca, 
1965) since the upper critical temperature shifts downward 
milk production, feed intake and heat production (Barash et 
al., 2002). Summer season indirectly affects milk yield through 
an increase in body temperature and maintenance energy re-
quirements, in turn causing a depression of dry matter intake 
(Kim et al., 2010). It is obvious that the decrease in DM intake 
affects milk yield and feed efficiency, negatively. 

Choice-fed cows decreased feed intake compared to sin-
gle-fed cows in both season (P<0.01). When compared with 
single fed high producing cows, those choice fed cows ate 
less dry matter, protein, ADF and NDF in summer (P<0.01) 
since these cows decreased FCM yield about 2 kg as well 
(P<0.01, Table 3).  The decrease in feed intake as a percent-
age of body weight caused decrease in dry matter intake and, 
consequently, lower FCM yield. It can be expected that the 
changed nutrient requirements by lowered milk yield in sum-
mer, in turn, resulted in decrease in nutrient intakes as well 
since milk yield decreased about a 4-7 kg per cow from the 
beginning of study to the end during summer (Table 3). 

Choice fed cows decreased their FCM yield due to a lower 
feed intake and alfalfa hay intake in comparison to single fed 
cows. This was evidenced the lower milk fat content of choice 
fed cows in Table 3. On the literature, there has been a close 
relationship between dietary roughage and milk fat content. 
Low roughage intake decreases milk fat content (Storry and 
Sutton, 1969).  Also, it was mentioned that increasing the ra-
tio of forage to concentrate to prevent depression of milk fat 
(Palmquist and Jenkins, 1980) due to decline in hay intake 
and subsequent shift in the acetate-to-propionate ratio (Gal-
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loway et al., 1993). Milk lactose content is basic osmotic ma-
terial and determines milk volume (Mirzaei-Aghsaghali and 
Fathi, 2012).  This explains why high yielding cows had high 
lactose content in their milk in the current study. As expect-
ed, high feed intake of high yielding cows maintains high 
amount of glycogenic material to be used for lactose syn-
thesis in udder tissues. However, these cows produced milk 
containing less protein content in summer season (P<0.05), 
despite of being, more likely, dilution of milk to sustain a 
reasonable milk volume, ie. lactose. High producing cows in 
both feeding system decreased milk protein content in sum-
mer (P<0.01). Undegraded protein improves milk yield in 
hot climates (West, 1999). However, our experimental cows 
did not consume sufficient amount of undegradable protein 
source corn gluten meal in both feeding system in summer. 
This may explain why cows produced lower protein contained 
milk in summer. Both low and high yielding cows in choice 
feeding decreased milk urea content compared to single fed 
cows (P<0.05). This will be explained that the economic us-
age of blood urea, more likely, the penetration of urea from 
blood circulation to rumen to be used to ruminal microorgan-
ism to be used for microbial protein since the similar content 
of milk protein content were in both single and choice fed 
cows (Table 2). Also, the passage rate of ruminal digesta re-
duces in hot environment (in summer) (Christopherson and 
Kennedy, 1983). This may explain the economic usage of 
consumed nutrients on behalf of rumen microorganisms and 
host animal as well.

Conclusion 

Choice fed cows changed their diet selection according 
to the changed season and milk yield but this did not affect 
milk yield positively since the priority of dairy cows is, more 
likely, to maintain their physiological comfort rather than in-
creasing milk yield. 
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