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SUMMARY

Twenty four suckling Friesian calves were used to study thelr physiological
responses as affected by housing in asbestos roofed stable during winter and
summer seasons in the Nile Delta, Egypt. The calves average age and weight
were ranged between 4 to 5 weeks and 39 to 46 Kg, respectively. The studied
parameters were, climatic conditions indeors and outdoors, thermal properties
of building components (roof, walls and floor) alongside with physiological
responses; rectal temperature, both white and black skin and hair
temperatures, respiration rate, hemoglobin and hematocrit values, leukocyte
types and plasma T, and T, concentrations. Climatic conditions, thermal and
respiratory responses were recorded, simultaneously, two times a day at
08:00 h and 14:00 h during two days at weekly intervals. While blood samples
were taken at 08:00 h and 14:00 h a day at weekly intervals, moreover, the
ohysical thermal properties of building components were tested at four times
(06:00, 12:00, 15:00 and 22:00 hs) on the same day. The housing
compenents of the stable showed seasonal and diurnal effects on all the
physiological responses of calves. There were highly significant correlations
between the calves thermal reactions parameters and respiration rate with air
temperature and relative humidity and between each other.

It is concluded that the asbestos roofed stable is characterized by a wider
diurnal rhythm. Thus, it could be suggested that the colder walls and roof at
night and early morning (22:00 and 06:00 hs) act as heat sinks, which
facilitates heat dissipation from animals’ body that was accumulated at midday
time. This suggestion needs further studies and consideration within designed
housing maodels. :

Keywords: Friesian suckling calves, housing, physiological performance,
seasonal and diurnal effects
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INTRODUCTION

The thermal environment in animal houses Is important because of its
direct thermal effects on the metabolic rate and consequently the efficiency of
production by the livestock, and its indirect effects on animal's health and
welfare. It is, therefore, important to understand the thermal interactions
between livestock and their building microclimates, also between the building
microclimate and the weather outside, whether the livestock are housed for
climatic . or management reasons. Poor building design and unsuitable
microclimates can result in thermal stress on the livestock, with consequent
productive losses and risks to welfare. Pocr ventilation may also increase the
risks to the livestock for disease and damaging concentrations of atmospheric
contaminants, particularly ammonia (Charles, 1981 and Clark and Ceng,
1981). The Iinteraction between the physical thermal exchange and the
physiology of the animals is a complex, but must be understood to a
reasonable degree in order to fulfill proper environments in which animals can
be housed to meet both production and welfare requirements (Clark and
McArthur, 1994).

Any calf housing and management system must provide certain basic
requirements to ensure the health, comfort and good growth of the calves
confined therein. The most imporiant basic requirements are, fresh air, a dry
bed and freedom from stress (Milne, 1983 and Webster, 1984}. Calf housing
should meet the health and behavioural needs of the animals, the major
requirements can be lranslated into specifications for climate, space,
allowances, ventilation and sheiter or pen design (Lawrence, 1994). Hahn
(1985) stated that the aspects of partially or fully enclosed livestock structures
must be considered in reduction of thermal radiation, proper natural air
velocity as well as sanitation. There are no guidelines for evaluating the
benefits to animal performance of open-walled vs. partially or fully closed
shelters. With the optimum thermal capacity, the inside temperature will not
only be moderated and relatively constant but will reach its minimum during
midday. Floor type is critical to thermal controi, physical comfort, health and
security. Webster (1981) reported that calves tend to spend a large time laying
down on straw than on other surfaces, thus conserve energy by reducing
contact with the active thermal conductivity in the other surfaces. Thermo-
respiratory responses and hematological changes in reaction to environmental
conditions are the most sensitive indices and indicators of comfortable case of
animals.

The present work is a preliminary trial executed to study the effects of
diurnal and seasonal changes on physiological responses of suckling Friesian
calves as affected by physical thermo-condition in a closed stable roofed by
asbestos sheets, |t also aimed to assess the physical properties of the
building and its impacts on the calves' response. Thermal balance between
the stable inside microclimate and the outdoors climate was also considered.
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MATERIALS AND METHODS

This study was carred out at the Animal Production Research institute
farm at Sakha Experimental Station, located in the northern part of the Nile
Delta region. This work was executed in a closed stable during winter season
{January and February) and summer season (July and August).

Experimental animals

Twenty four healthy suckling Friesian calves were selected randomly and
used in this study. Fourteen sucklings averaged 4 weeks of age and 3% Kg
body welght were used in winter, another, ten sucklings averged 5 weeks of
age and 46 Kg body weight were used in summer.

Housing and feeding

The calves were individually housed in cubicles within the stable as shown
in Figure {1) The stable walls and cubicle partitions were built of bricks and
cement. The roof was made of corrugated asbestos sheets at the height of 5m
in the middle and 3.5 m at both sides and the floor was made of concrete.
Ventilation is acguired by 1 m horizontal apenings throughout the walls at 2.0
to 3.0 m above the ground. The experimental area in the stable was separated
by a complete wall-like rice straw stacks. Milk was offered to the calves twice
a day, at07:00 h and 17,00 h, supplemented with concentrate ration and hay
according to the calves age and to the farm routine.,

Fig. 1. Housing type (close - stable) far suckling calves
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Technical procedure

Air temperature and relative humidity were recorded indoors and outdoors
two times a day, at 08:00h and 14:00h, in two days at weekly intervals
simultaneously with measuring the physiological responses. Meanwhile, biood
samples were taken at 08:00h and 14:00h in one day at weekly intervals,
Internal and external temperatures of walls and roof alongside that of the floor
were determined by using infrared thermometer four times a day at 06:00h,
12:00h, 15:00h and 22:00h. Rectal temperature, both white and black skin and
hair temperatures were obtained by clinical and digital thermometers,
respectively. Respiratory rate was determined by counting the flank's
movements/min. Blood samples were collected from the Jugular vein in tubes
provided with EDTA as an anticoagulant from 6 calves in winter and 5 calves
in summer. Fresh blood samples were used to determine each of hemoglobin
concentration (g/dl) by kits of Egyptian American Company, hematocrit
value(%) by a microhematocrit centrifuge, 12000 r.p.m. for 3 min. and
differential leukocytes count by using stained blood films by Leishman’s stain.
Clear plasma was separated to determine the concentration of Tgand Ty
hormones by using RIA techniques of Diagonestic Product Corporation (DPC,
USA). The physiological responses were carried out during two days at weekly
intervals. The hematological tests as well as blood sampling for T5 and Ty
assay were carried out during a day at weekly infervals.

Relevant statistical analysis of data was carried out applying SAS package
(1990). Correlation coefficients among the variables were estimated according
to Sendecor (1982). Also, Duncan test (1955) was done to determine the
degree of significance in differences between the means.

RESULTS AND DISCUSSION

1- Climatic conditions
There were great seasonal and diurnal variations in the environmental
conditions indoors and outdoors (Table 1).

Table 1. Seasonal and diurnal outdoors and indoors climatic conditions in
asbestos roofed stable during winter and summer seasons

Items Winter Summer
08:00h 14:00h 08:00h 14:00h
Climatic conditions:
OAT °C 11.8° 18.9° 24.3" 34.4°
IAT °C 12.3¢ 19.9° 25.0° 33.8°
ORH % 80.2° 60.2%° 85.4° 55.3%
IRH % 82.4° 63.0% 89.0%° 59.9%

Mean values with the same superscript letters are not significantly different.
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Summer afternoon showed the highest air temperature (AT) and the lowest
relative humidity (RH). Summer morning showed the highest RH, while the
winter morning showed the lowest AT. The averages of both indoors air
temperature (IAT) and indoors reiative humidity (IRH) were higher than those
of outdoors (OAT and ORH) except only at summer afternoon, where the IAT
was lower than OAT. However, the differences between indoors and outdoars
in both AT and RH were insignificant when compared at their respective times.

2- Physical properties of the building

Winter and summer data revealed that the lowest values of internal and
external temperatures of walls and roof, floor and IAT were at 06:00 h,
followed by great increase at 12:00 h and 15:00 h, with a clear drop at 22:00 h.
This trend of fluctuation was more apparent in roof temperature, especially in
summer, than in IAT, being the least in floor and wall temperatures (Table 2).
Wall temperatures showed the highest values at 15:00h while the roof
temperature showed the highest values at 12:00 h in both winter and summer
seasons. These data indicate that asbestos rocf was affected by radiant heat
carlier than walls followed by floor and IAT. Concerning walls sides, the
southern wall showed higher external temperature, at 12:00 h and 15:00 h,
both in winter (20°C and 23°C) and in summer (47°C and 46°C), respectively
than the other sides, this is due to exposure of this wall to direct solar radiation
at these day times. However, this was not reflected directly on the Internal
temperature of this wall, which was almost similar to those of the other walls.

Table 2. Seasonal end diurnal temperatures (°C) of walls, roof, floor
(internal, Int and external ,Ext surfaces) and internal air temperature
(IAT) in asbestos roofed stable

ltems Winter Summer
06:00n 12:00h 15:00h 22:00h 06:00h 12:00h  15:00h  22:00h

int. 9.8 12.5 135 11.5 225 s 27.5 24.5
Walls

Ext. 6.3 16.0 17.5 9.0 19.5 34.3 38.3 23.0

Int. 5.0 23.0 20.0 7.0 16.0 51.0 35,0 19.0
Roof

Ext. 3.0 27.0 23.0 4.0 13.0 58.0 37.0 15.0
Floor 11 15 17 12 22 25 23 23
1AT 12 21 22 12 21 32 32 24

The seasonal variations in building components temperature were more
pronounced at 12:00 h and 15:00 h, but were less at 06:00 h and 22:00 h.
The seasonal differences were the highest at 12:00 h in roof temperature
being 29.5 °C and in wall temperature being 16.6°C. The highest differences
in floor and IAT were observed at 22:00 h being 11.0 and 12.0°C, respectively.
The temperatures of the building cemponents decreased greatly at 22:00 h,
and this diurnal change was more clear in roof temperature in both winter and
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summer. These decreases in roof temperature from the average of noon plus
afternoon (12:00 h + 15:00 h/2) to that at 22:00 hin internal and external
temperatures were 14.5 and 21.0°C in winter and 24.0 and 32.5°C in summer,
respectively. The corresponding values in wall temperatures were 1.5 and
7.8°C in winter and 2.8 and 12.3°C in summer, respectively. Meanwhile, the
diurnal changes values were only 4.0 and 1.0°C in floor temperature in winter
and summer, respectively.  The indoors air temperature (IAT) showed slight
diurnal changes being 9.5 and 8.0°C in winter and summer, respectively
(Table 2).

3- Thermal responses of animals

Rectal temperature (RT) of the calves was the highest (P < 0.01) at 14:00 h
in summer, while it was the lowest at 08:00 h in winter (Table 3). The diurnal
changes in RT were more obvious than the seascnal changes, although the
differences were very slight, did not exceed 0.4°C. The present diurnal and
seasonal changes in RT are in agreement with results by Badreldin et al.
(1951), Shafie and El-Sheikh Aly (1970) and Kobeisy (1983).

Table 3. Physiological responses of suckling Friesian calves in asbestos
roofed stable during winter and summer seasons

ltems Winter Summer
08:00h 14:00h 08:00h 14:00h
Thermal responses:
RT °C 38.7°+0.1 39.1%9:0.1  39.0t0.1  39.3°:0.1
BST °C 34.4'40.1 35.2940.1 36.0°%0.1  36.8%0.1
WST °C 33.6°+0.1 34.6°40.1 35.7°:01  36.5°0.1
BHT °C 31.3%40.1 32.1%+0.1 23.3°01  35.0%+0.1
WHT °C 30.9°+0.1 31.8540.1 33.2°:0.1  34.8%:0.1
Respiratory response:
RR (breath/min.) 31.3"+0.8 38.8%+1.1 52.8%1.4  66.0%15
Hematological responses:
Hb (g/dl) ©12.3%40.2 12.6%40.1 104°:0.3  10.3°:0.3
Ht (%) 34.8°40.3 34,8704 32.2%410  29.9%0.7
Lymophocytes (%) 67.620.9 68.3%°+0.6 57.9#1.4  59.0%:1.3
Neutrophils (%) 27.1+0.6 25.6%+0.6 32.7°+1.1  31.9%+1.2
Eosinophils (%) 2.7%:0.2 3.15%40.2 46%+04  5.0°t0.4
Basophils (%) 0.1%£0.1 0.2°°+0.1 0.2°°:0.1  0.1%°20.1
Monocytes (%) 287402 2.8°%740 2 4.6°+0.3 4.2%+0.3
Thyroid hormones
T, (Hafdh) 3.8%0.4 4.2%40.4 45902  46%:0.3
T4 (ng/di) 108.2°+16.0  1226%+17.3  106.9°47.5 112.9%:5.9
T./T5 ratio 36.0 34.3 42.1 40.7

\ean values with the same superscript letters are not significantly different.

There were highty significant diurnal and seasonal variations in black and
white skin temperatures (BST,WST) and in black and white hair temperatures
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4, Respiratory response .

It can be seen from Table (3) that the greatly affected and most sensitive
reaction to both diurnal and seasonal changes in AT was respiration rate (RR).
It was highly associated with AT, and there were highly significant diurnal and
seasonal variations in RR being higher in summer particularly in the afternoon.
The climatic seasonal changes in AT (summer - winter) produced greater
change in RR than the diurnal changes (14:00-08:00hs). The calves showed
faster breathing in summer than in winter by 21.5 and 27.2/min at 08:00 and
14:00 hs, respectively. The diurnal changes caused 7.5 and 13.2 breath/min
more at 14:00h than that at 08:00h. The greater RR confirmed that calves at
this age depend mainly in maintaining their heat balance on the evaporative
cooling through the respiratory surface rather than from skin surface. Since,
the heat loss under hot conditions by physical means (conduction, convection
and radiation) were not sufficient or negative. This respiratory mishap seems
to be, mainily, a product of the negative temperature gradient from the roof to
the calves surfaces, as reported above. A cool inner roof surface is apt to
prevent, or at least reduce, this bad result. Reofing material, structure,
establishment, insulation...etc are of great significance and need extensive
studies.

The correlation coefficients of thermal and respiratory responses were
positive and highly significant with AT, but were negative and highly significant
with RH. Also, there were positive correlations among the physiological
responses (Table 5).

Table 5. Correlation coefficients of air temperature (AT) and relative humidity
(RH) in winter and summer with physiological performance of suckling
Friesian calves in asbestos roofed stable and among physiological
thermal and respiration responses

ltems AT RH RR RT WST BST WHT

RH' - 0.46™

RR 0.76*  -0.26™

RT 0.39*  -0.32% 0.14*

WST 0.2g*  -0.40™ 0.22* 019"

BST 0.82** -0.8¢™ 068"  043™ 019"

WHT 0.35* -0.24* 0.26% 021 099"  0.24*

BHT 0.90**  -0.36* 0.72** 039%™ 024" 0857 032"
* P<0.01

5- Hematological responses

There were negative relationships between both the hemoglobin (Hb)
concentration and hematocrit value (Ht) with AT as evidenced by both
seasonal and diurnal variations (Table 3). Winter values of Hb were greater
than summer values by 1.9 and 2.3g/dl at 08:00 and 14:00 hs, respectively,
the corresponding values of Ht were 2.6 and 4.9%, respectively. Summer
afternoon values of Hb and Ht were lower than morning values, but the
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difference was insignificant, There was no difference in Ht between day times
in winter and the difference in Hb values was very minor. These findings are in
agreement with those of Kotby et al. (1987) in Friesian cows kept under
asbestos and linen textile sheds and with those of Ashour (1990) in outdoors
studies. '

The lower value of Hb and Ht observed in this study under high AT could
be attributed to the added heat stress by heat radiation from the roof and walls
onto the animal body. Hemodilution may be another factor reducing both Hb
and Ht concentrations.

6- Leukocyte types

The percentages of neutrophils, eosinophils and monocytes were lower
and the percentage of lymphocytes was higher (P <0.01)in winter than in
summer (Table 3). The diurnal changes were very slight, neutrophils
decreased while lymphocytes increased at 14:00 h than at 08:00 h. The
percentage of eosinophils was higher and that of lymphocytes was lower in
sucklings than in weanlings as reported by Ashour et al. (1998). Holman
(1956) reported that the lymphocyte (%) in calves and heifers was 33% at the
day of birth and then increased rapidly to about 71% at the third month. The
increase In eosinophils with the advance of age has been recorded by Hoiman
(1956) and Greatorex (1957). Few basophils were observed in both winter
and summer (Table 3). Holman (1956) reported that basophils increased in
number at about 8 months of age and then was maintained at a level of about
0.7%. The monocytes percentages showed great augmentation in summer to
increase, in average, by 50-60% of the value in winter (4.4 vs. 2.8), but
showed a clear diurnal stability all the day in both seasons. This increase in
monocytes is a clear sign of stress.

7- Thyroid hormones

Plasma T, levels were slightly higher under high environmental
temperature (JAT plus temperatures of housing elements) as shown by the
higher values in summer than in winter and in afternoon than in morning
values in both seasons (Table 3). The seasonal changes were greater than
the diurnal changes. These seasonal and diurnal changeg in Ty
concentrations due to high environmental temperature ranged between 0.4 to
0.6 ugl/dl and between 0.1 fo 0.3 pg/dl, respectively. These resuits are in
agreement with those of Collier et al. (1982) and Mohamed (1884). The last
author showed a significant increase in T, in animals exposed to 30°C than
animals exposed to 20°C. :

There were seasonal changes in Ty concentration causing reductions in
summer of 1.3 and 9.7 ng/di at 08.00 h and 14.00 h, respectively. The diurnal
changes indicated an increase by 14.4 and 6.0 ng/dl at 14:00 h than those at
08:00 h in winter and summer, respectively (Table 3).
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The conversion of T4 to T5 seems to has been slowly in summer than
winter as indicated by the higher Ty/T4 ratio in the summer season (Table 3).
The thyroid index (T,4/Tj ratio) was lower at afternoon than in the morning in
both seasons. The Ty is some 3-5 times more active than T4 and about 30%
of daily T, production is diverted to produce 80% of daily T4 hormone (Reece,
1991).

it could be concluded that the roof characteristics of a closed stable have
clear effect on all the physiclogical responses of suckling calves especially RR
(Tabie 3) which is considered the best indicator of heat stress or heat
tolerance. Anyhow such asbestos roofed stable is characterized by a wider
diurnal rhythm, in differences of the temperatures of its components (roof,
walls and internal air) at the highest level (12:00 and 15:00 hs) and the lowest
level (06:00 h or22:00 h). It could be suggested that the colder walls and roof
at night (22:00h) and early morning (06:00h) act as heat sinks as stated by
Esmay (1976) based on experimentally studied sinks. Such heat sinks
facilitate heat dissipation periodically through radiative heat transportation from
the animal body, thus relieving the animal from the excess of stored body heat
during the hot midday time. Animals had better comfort conditions during
these times (06:00h and 22:00n) especially in summer as evidenced by lower
RT and RR, while they increased greatly at the midday time which is
considered a sign of distress.

The concept of heat sinks needs further studies and consideration of the
thermal properties of the building. Attempts of heat stress alleviation must be
taken in consideration, especially that most calf houses in Egypt are similar to
that in the present study. This preliminary study in already estabiished stable
call for further studies in housing models with different designs and materials
to find out the best model under the prevailing climatic conditions in different
areas in Egypt. :
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