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Physiological Responses of Saanen, Anglo Nubian and Toggenburg 
Goats at Different Body Weights and Feed Intake

I Wayan Kasa
Department of Biology, Udayana University, Denpasar, Bali, Indonesia

ABSTRACT : An experiment has been carried-out on 
physiological responses in Saanen, Anglo Nubian and 
Toggenburg goats at different body weights and feed 
intakes during treadmill exercise at 30 °C environmental 
temperature (ET). The results showed that respiration rate 
(RR) was significant between time X breed interaction 
(p v 0.01), with values for the An이o Nubian being least, 
while the Saanen was intermediate. With time, RR 
differed significantly, and after 1 h the respective RR 
were 238, 221 and 303/min in the Saanen, Anglo Nubian 
and Toggenburg. With time the rectal temperature (Tr) 

increased gradually and after 1 h exercise mean values 
were 40.8, 41.3 and 40.7°C in the Saanen, Anglo Nubian 
and Toggenburg respectively. Rump skin temperature 
(RTs) values differed significantly between Anglo 
Nubians and Toggenburgs, with the differences averaging 
0.3, 0.6, 0.4 and 0.4after 15, 30, 45 and 60 min 
exercise respectively. With breed, highest loin skin 
temperature (LTs) values were in the Anglo Nubian, with 
an overall mean of 37.9X? (p < 0.05).
(Key Words: Breeds, Goats, Themoregulation, Feed, 
Exercise)

INTRODUCTION

A preliminary field experiment on swamp buffalo of 
different coat colour (normal and albino) clearly revealed 
that the two types had different physiological reactions to 
work; the black were more stressed than the albino 
during work in hot/dry season (RR 72 and 65/minute 
respectively; (p < 0.05). With regards to different breeds 
of goats, Arruda and Pant (1987) reported that Bhuj and 
Caninde animals recovered their normal body temperature 
within 45 minutes after completing the exercise while 
An미o Nubians required more than 60 minutes to recover 
(p v 0.05), but that the former had significantly higher 
RR during exercise than the later (p < 0.05). Such results 
suggested that these were breed differences in the 
thermoregulatory reactions during exercise or work at 
higher environmental temperatures. To test this general 
hypothesis, a series of laboratory experiments were under
taken (treadmill exercise at 30 °C environmental tempera
ture) with Saanen, Toggenburg and Anglo Nubian goats 
which differed in body weight and feed intake.

MATERIALS AND METHODS

Animals
Six mature female goats of three equal breeds of
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different body weight were used. They were of two 
Saanen (LW of 5.10 ± ].O kg), two An이o Nubian (LW 
of 46.8 ± 6.3 kg) and two Toggenburg (LW of 41.5 ± 
4.5 kg), with a similar condition score of 2.5.

Feed and feeding
All goats were fed a pelleted ration (75% lucerne 

chaff; 24.5% cracked grain; 0.5% mineral premix) and 
water was available ad libitum. In order to maintain the 
condition score of 2.5 tl)e goats were individually fed a 
basal diet (maintenance diet) at the rate of 1.5% of their 
body weight.

Equipments
Rectal temperatures (Tr) were measured by qsing 

copper - constantan (38 S. W. G.) thermocouple, mounted 
in a 12 cm long plastic probe and inserted 10 cm into the 
rectum and continously monitored at 10-sec intervals pn a 
multi-channel potentiometric recorder.

Respiration rate (RR) were measured by pneumograph
belt, tambour and chart recorder. Skin temperatures (Ts) 
while walking in the climatic room were continously 
measured at three different positions (rump, loin and ear), 
using 38 S. W. G. copper-constantan thermocouples and a 
multi-channel potentiometric recorder.

Exercise
Initially, the goats were unaccustomed to handling or
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walking on the treadmill. Firstly, they were trained to 
handling, the use of a halter, and the experimental area 
(about 2 weeks). Then, fbr about 3 weeks they were 
introduced to walking on the treadmill for a total of about 
2 hours/day/animal (1 hour in the morning and another 1 
hour in the afternoon). Any animal showing signs of 
distress was rested untill the next day.

Statistical procedure
A5x3x3x2 factorial design was used in this 

experiment, the factors being 5 times of measurement 
(every 15 minutes; TO = measurement before exercise 
and T4 = after 60 minutes of exercise), 3 days with 1 day 
resting in between, 3 different breeds and 2 animals in 
each breed.

RESULTS

Respiration rate (RR)
RR for all the goats increased with the exercise period. 

There was a significant tiem x breed interaction (p < 
0.01), with values for the Anglo Nubian being lowest 
(figure 1). Between Anglo Nubian and Toggenburg, RR 
differed significantly after 30, 45 and 60 min of exercise 
with magnitudes of 92, 115 and 81/min respectively, 
while the Saanen was intermediate and values for it did 
not differ significantly from the other 2 breeds. With time, 
RR increased gradually in all breeds and differed 
significantly, and after 1 h the respective RR were 238, 
221 and 303/min in the Saanen, Anglo Nubian and 

Toggenburg. Between days, RR did not differ signifi
cantly (p > 0.05).

Rectal temperature (Tr)
For Tr there was also a significant tiem x breed 

interaction (p < 0.01), with values for the Anglo Nubian 
being highest (figure 2). Significant differences between 
the 3 breeds were found after each of 30, 45 and 60 min 
exercise, with values in Anglo Nubian averaging 40.5, 
41.0 and 41.3C respectively. With time, the RT increased 
gradually in all breeds, and after 1 h exercise mean values 
were 40.8, 41.3 and 40.7°C in the Saanen, Anglo Nubian 
and Toggenburg respctively.
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Figure 1. Mean respiration rate of Saanen, A. Nubian 
and Toggenburg goats at diflferept body weights and feed 
intakes during treadmill exercise of 3.8 km/h speed and 
30°C.
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Figure 2. Mean rectal temperature of Saanen, A. Nubian 
and Toggenburg goats of different body weights and feed 
intakes during treadmill exercise at 3.8 km/h speed and 
30°C.

Skin temperature (Ts)
For each of rump and ear Ts there was a significant 

time x breed interaction (p < 0.01), with v지ues for 
An이o Nubian being generally highest in each case 
(figures 3 and 4). For example, mean rump Ts v힌ues 
differed significantly between Anglo Nubians and 
Toggenburgs, with the differences averaging 0.3, 0.6, 0.4 
and 0.4 °C after 15, 30, 45 and 60 min exercise 
respectively. With time, rump Ts increased gradually in 
each of the Saanen, An이o Nubian and Toggenburg 
breeds, with mean values of 38.4, 39.0 and 38.6Q 
respectively after 1 h exercise. Between days, loin Ts did 
not differ significantly (p > 0.05), however, rump and ear 
Ts differed significantly between days (p < 0.05 and p < 
0.01 respectively). The highest rump Ts was recorded on



262 I WAYAN KASA

day 2 (37.9笆)；the values then decreased to 37.712 on 
day 3, while ear Ts decreased gradually (36.1, 35.4 and 
34.81C) on days 1, 2, 3 respectively (p < 0.01). With 

regards to breed, the highest loin Ts values were in the 
An이。Nubian, with an overall mean of 37.9C (p < 0.05; 
table 1).

exercise (minutes)
■ Saanen 口 A. Nubian ^Toggenburg

Figure 4. Mean ear skin temperature of Saanen, A. 
Nubian and Toggenburg goats of different body weight 
and feed intakes during treadmill exercise at 3.8 km/h 
speed and 30C.

Saanen ［二| A. Nubian ^^Toggenburg

Figure 3. Mean rump skin temperature of Saanen, A. 
Nubian and Toggenburg goats of different body weights 
and feed intakes during treadmill exercise at 3.8 km/h 
speed and 30°C.

Table 1. Mean LST of female Saanen, Anglo Nubian and Toggenburg goats during exercise at 3.8 km/h on a treadmill 
at 30°C

Breed: Saanen A. Nubian Toggenburg SEM
Level of 

significance

LST: 37.7a 37.9b 37.6， 0.03 *

Day: DI D2 D3 SEM
Level of 
significance

LST: 379 37.7a 37.5a 0.03 ns

Times: 
(min) 0 15 30 45 60 SEM

Level of 
significance

LST: 36.7a 37.6b 37.9bc 38.F 38.4d 0.03 **

Valuse within lines with dissimilar superscripts differ significantly (ns = non significant; * p < 0.05, ** p < 0.01).

DISCUSSION

Overall, the current investigations revealed the same 
pattern of responses as reported previously; namely, RR, 
Tr and Ts each Ts each rose significantly with increasing 
time during exercise. These findings are thus in accor
dance with Murray and Yeates (1967), who found in 
cattle that RR and Tr increased with time during both fast 
and slow walking. Apart from thermoregulation (respira

tory evaporative cooling), such increases in RR could in 
part be due to increased oxygen consumption for meta
bolic processes, which produce more heat which in turn 
would contribute to the increase in Tr. That suggestion is 
in general agreement with Bird et al. (1981), who repor
ted that exercise increased oxygen uptake by the hind 
limb by 6-7 fold, and with Judson et al. (1976), who 
found that the total entry rate of blood glucose when 
sheep were at rest was 0.44 ±0.03 mmol/min, while 
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during exercise it increased to 0.84 ± 0.004 mmol/min. 
A similar pattern was also reported by Harman and 
Pethick (1994).

From the results it can also be concluded that during 
exercise there was a definite effect of breed on the 
physiological responses during exercise. Of those tested, 
the Toggenburg had the highest RR, then followed by the 
Saanen and Anglo Nubian of 303, 238 and 221 breaths/ 
minute respectively. Clearly, these breeds differed 
physiologicaly; the Toggenburg reacted most to exercise 
and can thus be classed as the most intolerant breed. This 
finding is in general agreement with Bianca and Kunz 
(1978), who found significant differences between the 
Swiss, Saanen and Toggenburg breeds, with correspond
ing increases in RR of 237, 246 and 222/minute 
respectively when animals were exposed to high 
environmental temperature. However, the conflicting 
results between the current experiments and that of 
Bianca and Kunz (Saanen and Toggenburg mean values 
of 246 and 222/min; ie. the reverse) could be due to 
differences in either age or sex (Brody, 1945), or that 
exercise was the stressor here compared to high 
environmental temperature in the work of Bianca and 
Kunz.

The facts recorded were also in general agreement 
with Brody (1945), who suggested that basal metab이ism 
differed between breeds; and who quoted heat production 
relationships fbr Toggenburg and Saanen goats of Y = 
155X0710 and Y = 192X0596 respectively (Y = heat produ
ction and X = body weight). These equations indicate that 
the Toggenburg produces more heat than the Saanen, and 
is thus likely to experience greater heat stress at high 
temperature or during exercise.

Despite their relatively low RR, the Anglo Nubians 
still had the highest Tr among breeds in the current 
experiment, a fact which clearly indicates that total heat 
dissipation was not sufficient to remove from the body all 
the heat produced during exercise. In other words, heat 
was stored in the body and caused an increase in Tr, but 
the Anglo Nubian as a breed was apparently able to 
tolerate this higher Tr without corresponding increases in 
RR. The Toggenburg, on the contrary, had the lowest Tr 
and thus the lowest amount of heat stored amongst those 3 
breeds; the increased RR in Toggenburgs is an indication 
that most heat was dissipated through panting.

Saanens, on the other hand, can be classified as an 
“intermediate" breed in terms of heat storage ability. 
They maintained both RR and Tr at levels between the 
Toggenburg and Anglo Nubian. It can thus be concluded 
that the Anglo Nubian has not developed evaporative 
cooling mechanisms sufficient fbr maintaining a constant 

body temperature during exercise and insted stores heat 
(“heat storer"), while the Saanen and Toggenburg breeds 
have developed the opposite strategy. For the Anglo 
Nubian, this strategy to store heat and minimize evapor
ation is consistent with their evolution (the Nubian) in a 
desert environment (Devendra and McLeroy, 1982).

The current results are also in general agreement with 
Johnson (1971), who reported that neither the sheep nor 
goats studied by him exhibited passive body temperature 
lability as an adaptation to thermal stress. Taylor and 
Rowntree (1973) subsequently concluded that animals of 
different breeds and species have different ways to main
tain heat balance, and that these vary to a considerable 
degree with body size, environmental conditions and 
sweat gland output.

Differences in stride lengh could also explain part of 
the differences in response observed between the different 
breeds. For example, the mean stride lengths of the Anglo 
Nubian, Saanen and Toggenburg animals used in this 
study were 65, 61 and 58 cm respectively. Their 
corresponding leg lengths were 54 ± 1.2, 53 ± 2.3 and 
48 ± 1.5 cm and step numbers/minute were 77 ± 2.9, 82 
± 0.2 and 86 ± 1.1 respectively when walking at 3 km/ 
h. The longer the step, the lower the number of steps 
taken per minute, and presumably the lower the heat 
production and thus the lower the level of heat stress 
experienced. In this regard the current findings support 
the suggestion of Yeates and Murray (1996) that Santa 
Gertrudis cattle responded less than Herefbrds during 
walking at least partly because the Santa Gertrudis had 
longer legs in proportion to body size, and therefore a 
longer stride. The length and depth of the hair coat could 
also contribute to differences in heat tolerance between 
animals. Measurements of hair length and depth of the 
Toggenburg, Saanen and Anglo Nubian animals used here 
revealed values (mean ± sd) of 6.4 ± 1.7, 2.3 ± 0.4 
and 2.2 ± 0.6 cm and 2.8 ± 0.3, 1.8 ± 0.5 and 1.9 ± 
0.6 cm respectively. In the indoor environment used in 
the current experiments (no solar radiation), a long, deep 
coat could be expected to reduce the efficiency of 
evaporation of sweat and to thus increase (as in 
Toggenburg) the stress experience. In ca비e, such effects 
of a long furry coat are well known (eg. Bonsma, 1949; 
Yeates and Partridge, 1975). The above explanations fbr 
the differences observed between the breeds appear likely 
to be genetically determined, since, in ca비e at least, the 
heritability of Tr has been shown to be as high as 0.5- 
0.6 °C (Knapp and Clark, 1951; Garcia and Rodriguez, 
1976).

The overall conclusion to be reached from the work 
reported in this experiments is that of the 3 breeds studied, 
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the Toggenburg was the most stressed (highest RR), the 
Saanen was "intermediate" and the Anglo Nubian was 
least stressed and behaved as a "heat・storer” during 
exercise. Animals at the highest feeding level were more 
stressed than those fed at a lower rate.
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