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ABSTRACT

Two studies were conducted to evaluate 1. the effectiveness of sprinkler+fan (SF) and fish meal 
(FM) and 2. SF and protected fat (PF) in alleviation of heat stress in dairy cows in mid lactation. 
The studies were carried out in 2 × 2 factorial arrangement, in a 4 × 4 Latin square design on four 
multiparous lactating dairy cows. The treatments in the first trial were 1. no SF and no FM, 2. no SF 
and 3.67% FM in the diet (on DM basis), 3. SF and no FM and 4. SF and 3.67% FM. The treatments 
in the second trial were 1. no SF and no PF, 2. no SF and 2.54% PF in the diet (on DM basis), 3. 
SF and no PF and 4. SF and 2.54% PF. Cows were fed with isoenergetic and isonitrogenic TMR, 
containing 2.52 Mcal ME/kg DM and 180 g CP/kg DM. The cows received mild heat stress for 9 h 
(from 07.00 to 10.00 and from 17.00 to 23.00) and moderate heat stress for 7 h (from 10.00 to 17.00) 
daily for the entire experimental period. 

SF decreased (P<0.05) rectal and skin temperature and respiration rate. SF improved milk yield 
for 2.21 kg in the first trial (P<0.07, 19.24 vs 21.45 kg d-1) and 1.22 kg in the second one (P=0.15, 
19.47 vs 20.69 kg d-1). FM had no effect on milk yield of neither cooled nor no cooled cows, 
but tended to increase (P=0.12) milk protein, independently from SF application. Additionally, PF 
increased FCM and fat yield (P<0.05) and tended to increase (P=0.07) milk fat content independently 
from SF application. 
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The results of both studies suggest that applying sprinklers plus fan can improve milk yield better 
than nutritional manipulation using either FM or PF. The results also suggested that PF could be more 
beneficial than FM under heat stress condition when the dietary protein level is high.
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INTRODUCTION

High temperature and humidity during summer months in Cukurova Region, 
Southern Turkey, owing a subtropical climatic condition, may reduce milk 
production of dairy cows. Evaporative cooling is one of the most effective ways 
for reducing heat stress in livestock. This process is accomplished by directly 
wetting skin surface and fur layer followed by convective cooling by means of 
fan (Gebremedhin and Wu, 2002). The effectiveness of evaporative cooling also 
depends on air humidity and airy velocity. It has been reported that providing 
sprinkler in the feeding line, holding pen and exit lane (Armstrong, 1993) increased 
milk yield in lactating dairy cows. 

In order to alleviate heat stress by decreasing heat increment in the body, dietary 
manipulation could also be employed by using energy-dense diets and/or the 
nutrients which have less metabolic heat production per unit of energy ingested by 
the animal (White et al., 1992). Feeding diets supplemented with fat under normal 
(Madison-Anderson et al., 1997) and heat stress condition (Chan et al., 1997) or 
rumen undegradable high quality protein sources under normal (Overton et al., 1998) 
and heat stress conditions (Higginbotham et al., 1989) seemed to have potential to 
alleviate the negative influences of heat stress and increased milk yield.

The present literature has limited information on the effect of protected fat or 
fish meal and sprinkler+fan interactions in heat stressed dairy cows (Chan et al., 
1997) in mid lactation. Heat stress generally decreases feed intake and evaporative 
cooling alleviates reduction in feed intake. Some interactions are, therefore, 
expected when animal environment and nutritional status are improved. Hence, 
two studies were carried out to determine the effect of sprinkler+fan and dietary 
fat, and sprinkler+fan and fish meal and/or their associative effects on milk yield 
and milk composition in mid lactation of dairy cows.

MATERIAL AND METHODS

Two studies were conducted to determine whether 1. sprinkler+fan (SF) 
plus feeding with fish meal (FM) and 2. sprinkler+fan (SF) plus feeding with 
protected fat (Ca salt of long chain fatty acid, RTA-LAC trade mark (Novakim, 
Kocaeli, Turkey) containing, %: dry matter, 95; fatty acids, 84; and ash 11 would 
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have potentials in alleviation of heat stress in dairy cows in mid lactation. The 
studies were carried out simultaneously at the Experimental Farm of the Faculty 
of Agriculture, the University of Cukurova, Adana-Southern Turkey. Minimum, 
maximum and average values for temperature, relative humidity, and temperature 
humidity index (THI) during experiment were determined as 21.5, 32.8, 26.6°C, 
and 39.7, 82.5, 61.7%, and 68.9, 80.6 and 74.4, respectively. 

Animals, feeding and maintenance

Eight multiparous Holstein dairy cows, averaging 500±22.7 kg liveweight, 
150±9.8 DIM, yielding 23.0±1.1 kg d-1 milk, were assigned to the studies. After 
a week preliminary period for the adaptation to the experimental unit, each cow 

TABLE 1
Ingredients and chemical compositions of the diets, g/kg, DM basis

Indices Control TMR
no fish meal, no fat

TMR with 
fish meal

TMR with 
protected fat

Ingredients
maize 11.13 11.13 11.16
barley 27.19 24.38 6.82
wheat bran 0.87 7.41 20.79
cottonseed cake (34%)  9.02 9.02 9.05
soyabean meal (44%) 9.71 2.84 8.22
lucerne hay 40.01 40.02 40.14
fish meal (66%)1 - 3.67 -
protected fat2 - - 2.54
vitamin mineral mixture3 0.06 0.06 0.06
limestone 1.69 1.15 0.90
salt 0.32 0.32 0.32

Chemical composition,%
dry matter 90.27 90.26 89.98
crude protein 18.06 18.03 18.27
ether extract 2.43 2.71 4.97
ADF 18.36 18.49 19.88
NDF 27.95 29.13 32.03
crude ash 6.66 7.12 7.63
Ca4 1.31 1.24 1.33
P4 0.43 0.55 0.58
ME, Mcal/kg4 2.52 2.52 2.52
RUP, %CP4,5 37.17 39.64 36.04

1 fish meal (% 66 CP) was imported from Peru
2 protected fat was RTA-LAC trade mark containing 95% dry matter, 84% fatty acids, and 11% ash 

(9% Ca)
3 each kg vitamin-mineral mixture provides; IU: 8.000.000 vit. A, vit. D3 1.000.000; mg: vit. E 
   30.000, Mn 50.000, Zn 50.000, Fe 50.000, Cu 10.000, Co 150, I 800 and Se 150
4  RUP - rumen undegradable protein
5  values were calculated from NRC (2001)
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was fed ad libitum with its own dietary treatments. Daily feed refusals were 
given to the animal on following day, and on the final day of data collection 
period cows were allowed to consume all feed offered. The TMRs, each 
containing 60% concentrate and 40% lucerne hay chopped in 1.5-2 cm length, were 
formulated as isocaloric and isonitrogenic (Table 1). Fresh water was available 
freely during the entire experimental period. 

The cows were housed in free-stall individual paddocks, sized 2.5 m × 3 m 
concrete feeding alley and 2.5 m × 3 m compressed soil area for resting. Feeding 
alley was covered with roof for shade. Two parallel pipelines with sprinkler were 
mounted 1 m above from cows in feeding line and two fans having 50 cm diameter 
with the 30º slope were connected 2.5 m far from the nearest paddock above the 
feeding line. The sprinklers in the pipeline were spaced 40 cm far from each other 
above the cows and each paddock had total 6 sprinkler heads supplying 3 L water/
min. Sprinklers and fans were switched on by an electricity timer from 10.00 to 
17.00 for 15 min every h and fans were also turned on 22.00 to 05.00 for 15 min 
per h to avoid high humidity at night.

Measurements and analytical procedures

Dry matter, crude protein, ether extract and crude ash of experimental diets 
were determined according to the AOAC procedures (1998). NDF and ADF 
contents of the diets were determined in ANKOM Fiber Analyser using Van Soest 
et al. procedure (1991). Metabolizable energy, rumen undegradable protein, Ca 
and P content of the diets were calculated based on the table values published by 
NRC (2001).

The cows were milked at 06.00 and 16.00 h daily using a central computerized 
milking system. A representative milk sample from each cow was collected from 
morning milk to analyse milk composition. Milk fat was determined by Gerber 
method. Milk samples were also analysed for dry matter, ash, milk protein, NPN, 
casein nitrogen according to AOAC (1998). Protein nitrogen, whey nitrogen, protein 
nitrogen to total nitrogen ratio, casein nitrogen to total nitrogen ratio, were calculated. 
Lactose was calculated by subtracting fat plus protein from milk organic matter. Milk 
yield and feed intake were determined daily.

Rectal temperature was recorded using a digital thermometer by inserting 6-8 
cm into the rectum. Skin temperatures were measured on right fossa paralumbalis 
using a portable infrared thermometer (Raytek MT4, Minitemp) with 10 cm away 
from the skin. Respiration rate was determined visually by counting number of 
breaths per min. Heart rate below left elbow was also recorded by a stethoscope. 
Body temperature, heart and respiration rates were taken at 2 h intervals from 
11.00 to 15.00 during the 10th day of adaptation, and on 3rd and 5th days of the data 
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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 was calculated by the equation: 

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

Experimental design and statistics

Each study was carried out in 2 × 2 factorial arrangements in a 4 × 4 Latin 
square design, having 21 days (14 days for adaptation, 7 days for data collection) 
for each period. The treatments in the first trial were 1. no SF and no FM, 
2. no SF and 3.67% FM in the diet (on DM basis), 3. SF and no FM and 4. SF 
and 3.67% FM. The treatments in the second trial were 1. no SF and no PF, 
2. no SF and 2.54% PF in the diet (on DM basis), 3. SF and no PF and 4. SF and 
2.54% PF. 

Data obtained in each trial were analysed by GLM procedure of SAS (1985) 
using following model:

Yijklm=M + Ci + Pj + SFk + Dl + SFDkl + Eijklm
where: 
M  = overall mean 
Ci  = cow effect 
Pj  = period effect 
SFk = sprinkler+fan effect 
Dl      = fish meal or protected fat effect 
SFDkl  = sprinkler+fan and fish meal or protected fat interaction effect 
Eijklm = random error.

Duncan’s Multiple Range Test was performed for the separation of the means. 

RESULTS

Because of the climatic condition under which the both trials were performed, 
it was observed that all cows were suffered mild heat stress for 9 h (from 07.00 
to 10.00 and from 17.00 to 23.00) and moderate heat stress for 7 h (from 10.00 
to 17.00) daily. The cows having sprinkler and fan system over the feeding 
line tended to have a higher milk yield (2.21 kg d-1 more milk in the FM study; 
P=0.07), 19.24 vs 21.45 kg d-1 and 1.22 kg d-1 in the PF study, 19.47 vs 20.69 
kg d-1; P=0.17) than the non-cooled cows (Tables 2 and 4). The cooled cows had 
also higher milk protein yield (P<0.05) in the FM meal study and tended to have 
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higher milk protein yield (P=0.12) in the PF study due to slightly higher milk 
yield than the non-cooled cows.  SF application in the both studies decreased 
(P<0.01) rectal temperature (except at 11.30 in the first study), skin temperature 
and respiration rate (Tables 3 and 5), however, DMI, CPI, MEI were not affected 
by SF (P>0.05).

FM had no effect on milk yield of neither cooled nor non-cooled cows, but 
tended to increase (P=0.12) milk protein, independently from SF application. 
FM did not affect (P>0.05; Table 2) milk yield, milk composition and nitrogen 

TABLE 2
The effects of sprinkler+fan (SF) and fish meal (FM) on milk yield, DM and nutrient intakes and 
milk composition

Sprinkler+Fan No Yes
SE

Effects (P<)
Fish meal No Yes No Yes SF FM SF×FM
Milk yield, kg/day 18.98 19.50 21.79 21.10 0.98 0.07 0.94 0.56
FCM, kg/day 16.90 16.82 18.80 17.89 0.86 0.13 0.58 0.65
DMI, kg/day 19.15 19.27 19.74 20.66 0.69 0.20 0.48 0.59
RUP intake, kg/day  1.21b 1.32ab  1.26ab    1.43a 0.06 0.20 0.06 0.61
ME intake, Mcal/day 48.25 48.57 49.75 51.95 1.75 0.21 0.50 0.61
CP intake, kg/day   3.46   3.47  3.57  3.72 0.13 0.21 0.54 0.61
NDF intake, kg/day   5.35   5.62  5.52   6.01 0.20 0.20 0.10 0.59
ADF intake, kg/day   3.52   3.56  3.63   3.81 0.13 0.22 0.40 0.61
MPE, milk yield/DMI   1.01   1.03  1.10   1.03 0.05 0.33 0.58 0.38
Fat yield, kg/day   0.62   0.60  0.67   0.63 0.04 0.39 0.51 0.80
Protein yield, kg/day   0.65   0.67  0.74   0.76 0.04 0.05 0.66 0.90

Milk composition, %
    fat   3.32   3.13   3.11   2.94 0.18 0.30 0.35 0.95
    protein   3.48   3.52   3.40   3.55 0.05 0.62 0.12 0.33
    lactose   4.00   3.97   3.96   4.13 0.37 0.87 0.86 0.80
    dry matter 11.50 11.28 11.23 11.27 0.22 0.55 0.69 0.57

Nitrogen fractions
    total N, g/L   5.46   5.52  5.34   5.57 0.08 0.65 0.12 0.31
    protein, g/L   4.92   4.95   4.76   4.98 0.09 0.49 0.22 0.32
    casein, g/L   3.68   3.81   3.69   3.70 0.07 0.50 0.36 0.41
    whey N, g/L   1.25   1.14   1.07   1.28 0.14 0.90 0.71 0.30
    NPN, g/L   0.54   0.57   0.58   0.58 0.04 0.50 0.62 0.71

protein N/total N, % 90.35 90.18 89.28 89.82 0.88 0.45 0.84 0.70
casein N/total N, % 67.81 68.92 69.24 67.16 1.70 0.93 0.78 0.39

FCM - 4% fat corrected milk, RUP intake - rumen undegradable protein intake, SE - standard error 
of the least square means
a,b,c means with different superscript letter are significantly different (P<0.05) 
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TABLE 4
The effects of sprinkler+fan (SF) and protected fat (PF) on milk yield, DM and nutrient intakes, and 
milk composition

Sprinkler+Fan No Yes
SE

Effects (P<)
Protected Fat No Yes No Yes SF PF SF×FM
Milk yield, kg/day 18.73 20.20 20.15 21.23 0.78 0.17 0.15 0.81
FCM, kg/day 18.03 20.70 18.60 20.82 0.88 0.70 0.03 0.81
DMI, kg/day 19.70 19.65 19.54 20.44 0.41 0.48 0.34 0.30
RUP intake, kg/day   1.25   1.22   1.24   1.29 0.03 0.39 0.73 0.23
ME intake, Mcal/day 49.64 49.52 49.24 51.50 1.04 0.48 0.34 0.29
CP intake, kg/day   3.56   3.59   3.53  3.74 0.08 0.47 0.16 0.30
NDF intake, kg/day    5.51b   6.29a 5.46b   6.55a 0.12 0.42 0.01 0.26
ADF intake, kg/day    3.62b   3.91a 3.59b  4.06a 0.08 0.44 0.01 0.28
MPE, milk yield/DMI   0.96   1.03  1.04 1.04 0.03 0.15 0.20 0.25
Fat yield, kg/day   0.70   0.84  0.71 0.82 0.04 0.87 0.03 0.83
Protein yield, kg/day   0.70   0.71  0.72 0.77 0.02 0.12 0.25 0.39

Milk composition, %
fat  3.81ab 4.24a 3.52b 3.92ab 0.19 0.16 0.07 0.94
protein   3.78   3.55   3.66  3.68 0.11 0.95 0.42 0.31
lactose   3.57   3.55   4.50  3.34 0.33 0.32 0.13 0.14
dry matter 11.90 12.09 12.37 11.71 0.26 0.87 0.41 0.15

TABLE 3
Physiologic response of the cows to sprinkler+fan (SF) and fish meal (FM)

Sprinkler+Fan No Yes
SE

Effects (P<)
Fish Meal Time  No Yes  No  Yes SF FM SF×FM

Rectal temperature, 
ºC

11.30 38.8 38.8 38.4 38.6 0.15 0.15 0.60 0.50
13.30 39.2a 38.8b 38.5c 38.4c 0.04 0.01 0.01 0.03
15.30 39.2a 38.9a 38.3b 38.1b 0.12 0.01 0.10 0.84

Skin temperature, ºC
11.30 35.5a 35.5a 33.5b 33.6b 0.46 0.01 1.00 0.88
13.30 35.1a 34.6ab 34.2ab 33.7b 0.28 0.02 0.13 0.93
15.30 34.6a 34.8a 33.3b 33.2b 0.36 0.01 1.00 0.64

Respiration rate, 
number/min

11.30 82.0a 76.0a 51.5b 46.5b 5.00 0.01 0.31 0.92
13.30 87.5a 83.0a 60.0b 53.5b 2.78 0.01 0.10 0.73
15.30 89.0a 82.5a 48.5b 48.5b 3.61 0.01 0.40 0.40

Heart rate, 
number/min

11.30 74.0 76.5 71.5 71.8 3.23 0.31 0.69 0.74
13.30 75.5 80.5 77.0 76.5 4.10 0.77 0.60 0.53
15.30 76.5 79.0 73.0 76.5 2.74 0.32 0.32 0.86

SE - standard error of the least square means
a,b,c means with different superscript letter are significantly different (P<0.05)

continue on the next page
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fractions of milk. However, calculated rumen undegradable protein intake
(RUPI; P=0.06), NDF intake (NDFI; P=0.10) and milk protein content (P=0.12) 
of the cows fed with the diet containing FM were tended to be higher than 
those of the cows fed diet without FM. FM decreased rectal temperature at 13.30 

(P<0.01) and also tended to decrease rectal temperature at 15.30 (P=0.10) and 
respiration rate at 13.30 (P=0.10; Table 3). During the experiment no significant
interaction (P>0.05) between cooling and protein quality was observed for any 

Nitrogen fractions
total N, g/L   5.92   5.57   5.73   5.77 0.18 0.97 0.41 0.31
protein, g/L   5.40   5.03   5.16   5.22 0.21 0.92 0.49 0.35
casein, g/L   3.90   3.88   3.92   3.88 0.07 0.93 0.68 0.93
whey N, g/L   1.50   1.15   1.25   1.35 0.16 0.87 0.46 0.21
NPN, g/L   0.52   0.54   0.58   0.56 0.05 0.53 1.00 0.70
protein N/total N, % 91.44 90.58 90.03 90.69 1.15 0.59 0.93 0.53
casein N/total N, % 65.99 69.67 69.09 67.46 1.17 0.71 0.41 0.06

FCM - 4% fat corrected milk, RUP - rumen undegradable protein, SE - standard error of the least 
square means, a,b,c means with different superscript letter are significantly different (P<0.05)

TABLE 5
Physiological response of the cows to sprinkler+fan (SF) and protected fat (PF)

Sprinkler+Fan (SF) No Yes
SE

Effects (P<)
Protected fat (PF) Time  No Yes  No Yes SF PF SF×PF

Rectal 
temperature, oC

11.30 39.0a 39.1a 38.5b 38.5b 0.03 0.01 0.37 0.37
13.30 39.4a 39.3b 38.4d 38.6c 0.03 0.01 0.32 0.01
15.30 39.5a 39.0ab 38.3c 38.4bc 0.19 0.01 0.34 0.19

Skin 
temperature, oC

11.30 36.5a 35.8a 32.6b 32.5b 0.51 0.01 0.47 0.66
13.30 35.6a 35.2ab 33.7ab 33.6b 0.54 0.02 0.62 0.81
15.30 34.7ab 35.1a 33.8ab 33.0b 0.51 0.02 0.71 0.28

Respiration rate, 
number/min

11.30 82.5a 85.0a 60.0b 63.5ab 7.72 0.03 0.71 0.95
13.30 90.0a 84.0a 56.5b 59.0b 4.27 0.01 0.70 0.36
15.30 93.3a 85.3a 59.0b 59.0b 4.11 0.01 0.40 0.40

Heart rate, 
number/min

11.30 77.0 84.3 78.0 75.5 3.34 0.29 0.50 0.20
13.30 80.0 81.5 78.5 81.5 3.76 0.85 0.57 0.85
15.30 80.5 83.0 82.0 71.0 4.06 0.24 0.34 0.15

SE - standard error of the least square means
a,b,c means with different superscript letter are significantly different (P<0.05)

TABLE 4 continued

Sprinkler+Fan No Yes
SE

Effects (P<)
Protected Fat No Yes No Yes SF PF SF×FM
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parameters examined, except rectal temperature, which was decreased at 13.30 
(P<0.05) by FM in the non-cooled cows but not in the cooled cows.

PF increased FCM and fat yield (P<0.05) and also tended to increase 
(P=0.07) milk fat content independently from SF application (Table 4). Rectal,
skin temperature, respiration rate and heart rate were not affected (P>0.05; Table 
5) by PF and SF × PF interaction, except rectal temperature at 13.30 (P<0.01). 
Rectal temperature was lower for the non-cooled cows fed with PF compared to 
the cows fed the diet without PF. This effect was reversed for the cooled cow and 
rectal temperature was higher for the cows fed the diet with PF than those fed the 
diet without PF. 

DISCUSSION

The results obtained in the present study showed that providing sprinkler and 
fan system as a cooling agent could have the potential to improve milk yield under 
high temperature condition. The results also showed that the cooled cows had 
also higher milk protein yield in the FM meal study and tended to have higher 
milk protein yield in the PF study due to slightly higher milk yield than the non-
cooled cows. The positive lactational response of the cows to evaporative cooling 
during hot summer months were obtained in the previous studies (e.g., Igono et 
al., 1987). Similarly, Flamenbaum et al. (1995) observed 1.9 kg d-1 milk yield 
increase by cooling, although it was not significant. 

The increases in milk yields of the cooled cows observed in the present study 
could be associated with their physiological responses to the SF. SF application 
decreased rectal temperature (except at 11.30), skin temperature and respiration 
rate. Depending on these physiological responses, the cooled cows maintained 
rectal temperature below 38.6°C, skin temperature below 34.2°C and respiration 
rate below 64 breaths min-1 in the both experiments. The hourly values of THI 
calculated during the experiment (Figure 1) showed that our animals experienced 
mild stress from 07.00 to 10.00 and from 17.00 to 23.00 and moderate stress 
from 10.00 to 17.00. The hourly average values of THI were ranged between 69 
and 80 throughout a day during the entire experimental period. Armstrong (1994) 
classified thermal stress according to THI; values from 72-79 is stated as mild 
stress, values from 80 to 89 is medium stress, and the values over 90 is severe 
stress. On the other hand, our findings with respect to milk yield and physiological 
responses supported the results of Berman et al. (1985). They reported that ambient 
temperature above 27°C and rectal temperature above 39°C caused a reduction 
of milk yield. In our experiments, the environmental temperature from 08.00 to 
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18.00 and rectal temperature of the noncooled cow during the experimental period 
were higher than the threshold values reported above by Berman et al. (1985). 

The results also showed that the cows marginally responded to SF with respect 
to milk yield and milk composition. This could be attributed to their relatively low 
milk yield (Armstrong, 1994). Additionally, it was revealed that increases in milk 
yield with evaporative cooling were associated with an increase in DMI besides a 
decrease in rectal temperature and respiration rate (Taylor et al., 1991; Armstrong, 
1994). SF decreased rectal temperature and respiration rate in the present studies, 
but DMI, CPI, MEI were not improved by SF. Depending on the decrease in rectal 
temperature and respiration rate by SF, the reduced maintenance cost (Huber et 
al., 1994) of the cooled cows could be responsible from the limited improvement 
in milk yield. Similarly, DMI and nutrient supply for cooled and non-cooled cows 
may be, therefore, related to the ability of the cows suffering mild heat stress to 
compensate the decrease in feed intake by consuming more feed during cool time 
of the day. The present literature (e.g., Tarazon-Herrera et al., 1999) also revealed 
that milk fat depression of heat stressed cows due to sorting of concentrate and 
forage in the feed bunk may be avoided by assigning evaporative cooling. In the 
present studies, SF had no significant effect on milk fat test. This finding supported 
the previous finding of Tarazon-Herrera et al. (1999) and it may also be attributed 
to TMR preventing a shift forage-to-concentrate ratio due to sorting by the cows, 
since lucerne hay having 1.5-2 cm particle size and concentrate were mixed well 
in the present study. 

Figure 1. Average diurnal changes of relative humidity (RH, %), ambient temperature (Ta, °C) and 
temperature-humidity index (THI) during entire experiment

Tem
p., °C
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FM was found to be no effects on milk yield, milk composition and nitrogen 
fractions of milk. However, calculated rumen undegradable protein intake, NDF 
intake and milk protein content of the cows fed with the diet containing FM were 
tended to be higher than those obtained from the diet without FM. The inclusion 
of FM to diets tended to increased RUPI and milk protein content, but did not 
improve milk yield and milk composition of the cows. No interaction between 
SF and FM was observed for the lactational performance. FM decreased rectal 
temperature at 13.30 and tended to decrease rectal temperature at 15.30 and 
respiration rate at 13.30. Decreases in rectal temperature and respiration rate could 
be attributed to improvement in nutrient utilization due to the balanced amino 
acid supply to tissues. Furthermore, highly degradable protein sources such as 
soyabean meal may increase heat load to animal body due to inefficient use of 
excess ammonia nitrogen in the rumen and the high energy cost for the conversion 
of the excess ammonia into urea at liver (Huber et al., 1994). Hence the decreasing 
such a heat load to animal may alleviate heat stress when the fish meal is used as 
rumen escape and high quality protein for dairy cows during heat stress (Taylor 
et al., 1991).

FM did not improve milk yield and milk composition markedly in the present 
study. However, there was only a slight increase in milk protein content (3.44 
vs 3.54%) by FM. The results reported in the literature with regard to the effect 
of FM on milk yield were inconsistent. Some studies (e.g., Chen et al., 1993) 
showed that FM improved milk yield due to supplying high amount of essential 
amino acids to the small intestine, but others (e.g., Santos et al., 1998) showed no 
positive effects. Furthermore, all diets used in the present studies were formulated 
with higher CP content than the requirements of the cows in mid lactation to 
alleviate the potential decrease in DMI during heat stress (Hassan and Roussel, 
1975). However, Arieli et al. (2004) reported that there is no obvious reason to 
increase the dietary crude protein and rumen undegradable protein concentration 
under heat stress conditions. The limited and/or no improvement in milk yield and 
milk nitrogen fractions with FM in the present study might have been resulted 
from enough supply of essential amino acids by all diets.

The results obtained in the present study also showed no significant interaction 
between cooling and protein quality. However, Taylor et al. (1991) reported that 
the cooled cows fed on low degradable protein produced more milk than the non-
cooled cows on high degradable protein or than either the cooled or the non-cooled 
cows on high degradable protein when thermal stress was high. Similar trend was 
also reported by Chen et al. (1993). The relatively high protein content in the diets 
and enough rumen undegradable protein supply from all diets may have masked 
probable FM effect and protein sources × SF interaction on milk yield and DMI 
in the present study. 
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The results obtained in the second study showed that PF increased FCM yield 
and fat yield. Rectal and skin temperatures, respiration and heart rates were not 
affected by PF. Supplemental fat generally increases milk yield under thermoneutral 
environment (Maiga and Schingoethe, 1997) or heat stressed condition (Chan et 
al., 1997; Drackley et al., 2003). However feeding fat in isocaloric diets increased 
milk yield in some (e.g., Vazquez-Anon et al., 1997), but not in all studies (e.g., 
Drackley et al., 2003). The diets used in the present study were isocaloric and 
the effect of fat was not depending on SF (no SF × PF interaction) for lactational 
performance. These findings are in agreement with the results of Knapp and 
Grummer (1991) and Chan et al. (1997) who reported that there was no interaction 
between evaporative cooling and dietary fat. 

The higher FCM, slightly higher milk yield and milk fat test of the cows fed with 
PF in the present study may be a reflection of increasing energetic efficiency in the 
rumen due to reduction in methane production (Drackley et al., 2003) and by directing 
energy usage from fat deposition to milk production (Grum et al., 1996) by dietary 
protected fat. Furthermore, using dietary long chain fatty acids could be energetically 
more efficient than acetate for milk fat and body fat synthesis (Baldwin et al., 1980). 
Increase in milk fat percentage (Holter et al., 1993) or yield (Christensen et al., 1994) 
by dietary fat was also reported. Another contributing factor for high milk fat test for 
the PF diet is high ADF and NDF intakes of the cows fed PF. This high intake was 
resulted from the higher ADF and NDF content of PF diet due to high level of wheat 
bran than control diet (8.8% for control diet and 20.8% for PF diet). However Vazquez-
Anon et al. (1997) reported that isocaloric high grain and high fat diets differing in 
NDF content had similar milk fat test and milk fat yield.

Low protein content of milk is often associated with supplemental fat in the diet 
of dairy cows (DePeters and Cant, 1992). However, there was no effect of PF on milk 
protein content in the present study. This result could be explained by the fat source, 
level and dietary protein level assigned in the present study. Calcium salt of long chain 
fatty acids used in the study has no effect on rumen microorganism (Schauff et al., 
1992) and the level of total fat in the diet are within the tolerable level for rumen 
microorganism (Palmquist and Jenkins, 1980). Furthermore, there is no limitation in 
respect to amino acid supply to small intestine, since the diets used in the study were 
formulated with relatively high crude protein as reported in the FM study. 

CONCLUSIONS

The results obtained in the present studies indicate that SF decreased rectal and 
skin temperatures and respiration rate as indices of the alleviation of heat stress. 
Accordingly, supplying sprinkler+fan (SF) improved milk yield 2.21 and 1.22 kg 
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daily in the fish meal (FM) and protected fat (PF) studies, respectively. FM had no 
positive effect on milk yield in cooled or non-cooled cows, but tended to increase 
milk protein (3.44 vs 3.54%) independently from SF application. Additionally, PF 
increased FCM, milk fat yield and tended to increase percentage independently 
from SF application.

The results of the both trials suggest that management manipulation such as applying 
sprinklers plus fan can improve milk yield better than nutritional manipulation using 
either FM or PF. The results also suggest that PF is more beneficial than FM under 
heat stress condition when the dietary protein level is high.
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STRESZCZENIE

Wpływ zraszania i wentylacji oraz dodatku mączki rybnej lub tłuszczu do diety na wydajność 
i skład mleka krów w połowie laktacji w okresie letnim

Przeprowadzono dwa doświadczenia, których celem była ocena 1. efektywności 
zraszania+wentylowania (SF) oraz dodatku mączki rybnej (FM) do dawki oraz 2. dodatku tłuszczu 
chronionego (PF) na złagodzenie stresu cieplnego u krów mlecznych w połowie laktacji. Badania 
przeprowadzono w 2 × 2 układzie czynnikowym i 4 × 4 układzie kwadratu łacińskiego. W pierwszym 
doświadczeniu skarmiano dawki: 1. bez SF i bez FM, 2. bez SF i z dodatkiem 3,67% FM w s.m. 
dawki, 3. SF i bez FM, 4. SF i 3,67% FM. W drugim doświadczeniu układ był następujący: 1. bez 
SF i bez PF, 2. bez SF i dodatek 2,54% PF w s.m. dawki, 3. SF i bez PF, 4. SF i dodatek 2,54% 
PF. Krowy otrzymywały izoenergetyczne i izoazotowe pasze TMR, zawierające 2,52 Mcal/EM/
kg s.m. i 180 g białka og./kg s.m. Krowy poddawane był łagodnemu stresowi od 7,00 do 10,00 
i od 7,00 do 23,00 i umiarkowanemu stresowi od 17,00 do 23,00 każdego dnia, przez cały okres 
doświadczalny.

Stosowanie SF obniżyło (P<0,05) temperaturę mierzoną w odbytnicy i temperaturę skóry, oraz 
częstotliwość oddechów, a także poprawiło wydajność mleka o 2,21 kg w pierwszym (P<0,07; 
19,24 vs 21,45 kg.d-1) i o 1,22 kg w drugim doświadczeniu (P=0,15; 19,47 vs 20,69 kg.d-1). Dodatek 
FM nie miał wpływu na wydajność mleka, tak u ochładzanych jak i nie ochładzanych krów, lecz 
wystąpiła tendencja do zwiększenia (P=0,12) zawartość białka w mleku, niezależnie od sposobu 
postępowania z krowami. Dodatek PF spowodował zwiększenie wydajności FCM i tłuszczu 
(P<0,05) oraz wystąpiła tendencja do zwiększenia (P=0,07) zawartości tłuszczu, niezależnie od 
sposobu postępowania z krowami.

Wyniki obydwóch doświadczeń wskazują, że zastosowanie zraszania i wentylowania może 
wpłynąć na poprawą wydajności mleka w większym stopniu niż dodatek FM i PF. Otrzymane wyniki 
sugerują także, że dodatek PF może być skuteczniejszy niż FM w warunkach stresu cieplnego przy 
wysokim poziomie białka w dawce.


