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ABSTRACTS: Sixteen Holstein heifers were employed to 
study the effect of thermal stress on rectal temperature 
and mineral status of heifers around parturition during hot 
and cool weather. During the hot weather, rectal 
temperatures of the heifers measured at 08:30 and 15:30 h 
from 7 d prepartum to parturition were higher than those 
during the cool weather. Blood hematocrit and 
hemoglobin were not significantly different between the 
hot and cool weather, but at 2 and 1 wk prepartum, those 
during the hot weather were higher. Plasma Ca, inorganic 

P and Fe of the heifers during the hot weather were higher 
than those during the cool weather, but plasma Mg and Zn 
and serum alkaline phosphatase during the hot weather 
were lower. Colostral protein and Mg of heifers at 
parturition during the hot weather were lower than those 
during the cool weather, but colostral Ca, P, Fe and Zn 
were not affected by the weather.
(Key Words: Hot Weather, Cool Weather, Mineral, 
Heifers)

INTRODUCTION

Parity of dams is a factor responsible for the changes 
in the mineral status of cows and their newborn calves. 
Concentrations of plasma Ca, inorganic P, and Zn of 
dairy cows decreased around parturition because of their 
large transfer to colostrum, and older cows had a greather 
risk of developing milk fever (Kume and Tanabe, 1993). 
The shift of plasma Fe to blood Hb was accelerated in 
heifers due to the high Fe demand for growth, because 
blood hematocrit (Het) and hemoglobin (Hb) in heifers 
were higher than those in mature cows (Kume, 1996). 
Kume and Tanabe (1993, 1994 and 1996) reported that 
calves bom from primiparous cows developed low blood 
Het and Hb at 1 d of age.

Environmental effects on the health status of cattle 
involved the complex interaction between environmental 
and cattle fectors (Collier et al., 1982). Heat stress in 
summer reduced feed intake and milk yield of dairy cows 
and altered mineral needs in ruminants (Beede and 
Collier, 1986; Collier et al., 1982; Kume, 1991; Sanchez 
et al., 1994). Blood Het and Hb of cows decreased under 
the hot environment, and the depression of blood Het and 
Hb was related to the reduction in cellular oxygen 
resquirements to compensate for elevated environmental 
heat load (Shaffer et aL, 1981). Blood Het and Hb of the 

periparturient multiparous cows showed greater levels and 
their rectal temperatures were higher during the hot 
weather compared to the cool weather (Kume, 1996; 
Toharmat and Kume, 1996). However, it was not clear 
whether heat stress adversely affected mineral status and 
thermoregulation of periparturient heifers.

The objective of this study was to clarify the effect of 
thermal stress on thermoregulation and mineral status of 
Holstein heifers around parturition during hot and cool 
weather.

MATERIALS AND METHODS

Data from 16 Holstein heifers were collected at 
National Institute of Animal Industry (Tsukuba, Japan) 
during hot and cool weather from June 1995 to March 
1996. Eight heifers which calved from June 6 to August 
22 were termed as the hot group; 8 heifers which calved 
from November 16 to March 20 were termed as the cool 
group. The heifers were managed in individual tie stalls 
and in a paddock during the periparturient period. The 
heifers were fed 3 to 4 kg/d of concentrate and 
appropriate amounts of Italian ryegrass silage (table 1) in 
individual tie stalls to meet recommendations (AFFRCS, 
1994) for TDN, protein and minerals before parturition.

Blood was sampled at 08:30 h at 2 wk, 1 wk and 2 d 
before expected calving date, assuming that the gestation 
length to be 280 d, and at parturition and 1 and 6 d after 
parturition. At parturition, blood samples were taken
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within 12 h after birth, blood was collected via jugular 
vein puncture into heparinized and unheparinized vacuum 
tubes. Samples of colostrum were collected at parturition 
and 96 h after parturition. Blood and colostrum 
compositions were determined as previously described 
(Kume and Tanabe, 1993 and 1996; Toharmat and Kume, 
1996).

Table 1. Chemical composition of feedstuff during hot 
and cool weather

Hot Cool

Concen- kalian
ryegrass

Bate sihge

Concen- kalian
ryegrass g sil^e

(%)

DM 86.9 40.9 88.1 41.6
CP 16.7 12.6 16.6 13.0
NDF 16.0 63.4 17.1 62.9
ADF 9.3 40.0 10.0 39.0
Ca 0.81 0.49 0.82 0.45
P 0.62 0.28 0.61 0.34
Mg 0.29 0.22 0.30 0.32

(PPm)...........

Fe 250 1,819 156 1,038
Zn 82.3 30.3 83.8 27.2

*A11 values expressed on a DM basis except for DM.

Daily temperature and relative humidity were recorded 

at the Division of Agrometeorology, National Institute of 
Agro-environmental Sciences (Tsukuba, Japan), which 
was located approximately 1 km from the experimental 
bam. Rectal temperature was measured by a clinical 
thermometer and recorded daily at 08:30 and 15:30 h 
from 7 d before expected calving date until parturition.

The general linear models procedure of SAS (SAS, 
1988) was used to analyze the effect of weather on 
gestation length, calf birth weight, colostrum yield, and 
colostrum composition.

Data of rectal temperature and blood components 
were analyzed by least squares ANOVA using the general 
linear models procedure of SAS (SAS, 1988), and the 
differences were tested by least significant difference. 
Significance was declared at p < 0.05 unless otherwise 
noted.

RESULTS AND DISCUSSION

The upper critical temperature fbr dry and pregnant 
cows has been defined as 25 °C and relative humidity 
higher than 80% indirectly affected the upper critical 
temperature (Collier et al., 1982; NRC, 1981). Significant 
changes in various physiological processes of cows will 
not usually occur within the range of 5 to 25°C (Collier et 
al., 1982). The mean temperature and relative humidity in 
August were above 25 °C and 80%, and those in July 
were relatively high. The monthly mean temperatures 
during the cool weather ranged from 2.8 to 9A°C and 
those from December to February were 이ightly lower 
than 5 °C (table 2).

Table 2. Monthly temperatures and relative humidities during hot and cool weather

Hot Cool

Jun. Jul. Aug. Nov. Dec. Jan. Feb. Mar.

Maximum temperature (°C) 22.5 28.7 32.9 15.8 10.9 9.2 8.6 12.2
Mean temperature (*0) 18.8 24.5 27.2 9.1 4.0 33 2.8 7.0
Minimum temperature (*0) 16.1 21.4 23.2 2.7 -2.1 -2.4 -2.3 2.2
Mean relative humidity (%) 89.0 89.4 82.9 69.5 59.2 61.7 65.0 66.2
Minimum relative humidity (%) 74.1 74.4 59.6 41.6 31.5 38.3 38.3 40.2

Body weight of the heifers during the hot weather 
tended to be lower (p < 0.10) than that of the heifers 
during the cool weather, but birth weight of their calves 
was not significantly different between the weather groups. 
Rectal temperatures at 08:30 h (p < 0.01) and 15:30 h (p 
v 0.01) from 7 d perpaitum to parturition in the heifers 
during the hot weather were higher than those of heifers 
during the cool weather (figure 1.) The result agreed with 

the previous experiments (Kume, 1996), which had 
showed that rectal temperatures of periparturient 
multiparous cows and heifers were higher during the hot 
weather than those during the cool weather.

For periparturient cows, prediction of parturition time 
was important to prevent the dystocia, and rectal 
temperatures were often utilized for estimating the onset 
of parturition (Fujimoto et al., 1988; Kume, 1996;
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Toharmat and Kume, 1996). Rectal temperature below 
39C or the depression of the rectal temperature by 0.5°C 
in the evening within 2 d before parturition were useful 
fbr the prediction of parturition time (Fujimoto et al., 
1988). The rectal temperatures of cows fed at 
maintenance level of TON in both hot and cool weather 
were not suitable for the prediction of parturition time, 
although the rectal temperatures during hot weather were 
higher than those during cool weather (Kume, 1996). In 
the present experiment, the rectal temperatures of the 
heifers during hot weather may not be available fbr the 
perdiction of parturition time, because the declines in 
rectal temperature at 15:30 h during 2 d prepartum 
were 0.3 and 0.8 C, respectively during the hot and cool 
weather. These results suggested that thennoregulation of 
periparturient heifers might be adversely affected by the 
heat stress, although similar feed was offered to the 
heifers throughout the experimental period.

rectal temperatures of penparturient cows and heifers in a 
hot environment may be partly due to the imbalance of 
erythropoiesis.
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Figure 1. Rectal temperature of heifers at 08:30 h (•) 
and 15:30 h (o) during hot weather, and rectal 
temperature of heifers at 08:30 h (■) and 15:30 h ( □) 
during cool weather.
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Blood Het and Hb were not significantly different 
between the weather groups (table 3), but blood Het and 
Hb at 2 wk and 1 wk perpartum during the hot weather 
were higher than those during the cool weather (figures 2 
and 3). Plasma Fe was significantly higher during the hot 
weather than that during the cool weather.

Shaffer et al. (1981) reported that blood Het and Hb 
of cows decreased under the hot weather to compensate 
fbr elevated environmental heat load. However, blood Het 
and Hb as well as rectal temperature of periparturient 
multiparous cows were higher during hot weather than 
those during cool weather (Kume, 1996). Thus, the higher
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Figure 2. Blood hematocrit (Het) of heifers calving 
during hot weather (•) and heifers calving during cool 
weather (■).
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Figure 3. Blood hemoglobin (Hb) of heifers calving 
during hot weather (•) and heifers calving during cool 
weather (■).
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Table 3. Least squares means of age, gestation length, 
body weight (BW), blood hematocrit (Het) and 
hemoglobin (Hb), plasma mineral, and serum alkaline 
phosphatase (AP) concentrations in heifers calving during 
hot and copl weather

Hot Cool SEM

n 8 8
Age1 (mo) 28.5 27.6 0.9
Gestation length (d) 279 281 2
Calf BW1 (kg) 39.5 37.6 1.5
BW1 (kg) 487b 518a 11
Blood Het2 (%) 32.9 33.3 0.2
Blood Hb2 (g/dl) 11.1 11.2 0.1
Plasma2

Ca (mg/dl) 9.8e 9.6f 0.1
R (mg/dl) 5.6e 5.0f 0.1
Mg (mg/dl) 1.95f 2.20e 0.02
Fe (ppm) 1.20c 1.05d 0.05
Zn (ppm) 0.7 ld 0.76c 0.02

Serum2
AP (IU) 43.5f 56.1e 1.4
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periparturient heifers increased during hot weather, 
although plasma Mg, Zn, and serum alkaline phosphatase 
decreased. Zinc and alkaline phosphatase, an enzyme that 
contains Zn, can effectively stimulate bone growth and 
mineralization (Yamaguchi and Matsui, 1989). Thus, heat 
stress might adversely affect Mg and Zn metabolism in

10.5 r

significant at p < 0.001.
1 At parturition.
2 Means from 2 wk prepartum to 6 d postpartum.

山 Means within same row with different superscript are
significant at p < 0.10. 

c,d Means within same row with different superscript are
significant at p < 0.05. 

e,f Means within same row with different superscript are

The hot group heifers around parturition showed 
higher level of plasma Ca (p < 0.001) and P (p < 0.001) 
than those of the cool group ones, but lower level of 
plasma Mg (p < 0.001), Zn (p < 0.05) and serum alkaline 
phosphatase (p < 0.001) (figures 4 to 9). Colostral 
specific gravity, protein and Mg of heifers at parturition 
were lower during the hot weather than those during the 
cool weather (table 4), but there was no significant 
difference in colostral Ca, P, Fe and Zn between the hot 
and cool weather.

Kume (1996) reported that plasma Ca, Mg, and 
alkaline phosphatase of periparturient cows and heifers 
decreased during hot weather, but high plasma Ca, R, and 
alkaline phosphatase were observed in heifers. Heat stress 
in a hot environment also reduced Ca, P and Mg 
concentration in milk and serum of lactating cows (Kume, 
1996). These results indicated that the adaptation for bone 
to meet Ca and P needs in heifers is active during 
gestation, and heat stress might have adversely altered Ca, 
P and Mg metab이ism in periparturient and lactating cows. 
However, in the present study, plasma Ca and R of the
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Figure 4. Plasma Ca of heifers calving during hot 
weather (e) and heifers calving during cool weather (■).
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Figure 5. Plasma inorganic phosphorus (Pt) of heifers 
calving during hot weather (•) and heifers calving during 
cool weather (■).
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Figure 6. Plasma Mg of heifers calving during hot 
weather (•) and heifers calving during cool weather (■).

Figure 8. Plasma Zn of heifers calving during hot 
weather (•) and heifers calving during cool weather (■).
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Figure 9. Serum alkaline phosphatase (AP) of heifers 
calving during hot weather (•) and heifers calving during 
cool weather (■).

Figure 7. Plasma Fe of heifers calving during hot 
weather (•) and heifers calving during cool weather (.).

periparturient heifers because of the retarded bone 
adaptation in the present experiment, but the reason fbr 
the increased plasma Ca and PL during hot weather was 
not clear.

It was reported that blood Het and Hb as well as 
plasma Ca and R in lactating cows decreased during hot 

weather (Kume, 1996; Shaffer et al., 1981), but the 
reverse relationships were observed in the periparturient 
cows (Kume, 1996) and heifers in the present experiment. 
Further study is needed to clarify optima mineral status 
of periparturient heifers during hot and cool weather, 



BLOOD AND COLOSTRUM MINERALS OF HEIFERS 303

because limited research has focused on the relationship 
between heat stress and mineral metabolism of the 
periparturient heifers.

Tables 4. Least squares means of colostrum yield and 
composition at parturition and 96 hours postpartum in 
heifers calving in hot and cool weather

Hours 
postpartum

Weather
SEM

Hot Co 이

n 8 8
Yield (kg) 0 1.4 1.3 0.2

96 9.9 10.8 0.7
Specific gravity 0 1.053d 1.064c 0.003

96 1.031 1.030 0.001

Composition:
Protein (%) 0 13.4b 16.2a 1.0

96 3.9 3.9 0.2
Ca (mg/dl) 0 193 227 15

96 127 124 3
P (mg/dl) 0 177 206 14

96 117 114 4
Mg (mg/dl) 0 29.2d 39.4C 3.3

96 10.6 10.9 0.3
Fe (ppm) 0 2.0 1.6 0.2

96 0.7 0.8 0.1
Zn (ppm) 0 20.5 21.7 2.8

96 5.5 4.8 0.3

여" Means within same row with different superscript are 
significant at p < 0.10.

c,d Means within same row with different superscript are 
significant at p < 0.05.
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