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Dietary manipulations to improve
performance and reduce
atmospheric ammonia

Experiment 1: blood or urine assays to
estimate total urinary N excretion
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Experiment 2: influence of roughage
quality on liveweight gain and
N excretion
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Experiment 3: effect of pellet binders
on urinary pH
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Diet ME Crude protein Gain eTUN Costs Costs of LW gain
(n) MJ/kg DM % kg/day g/d $/tonne ($/kg)

1 (13) 8.61 9.72 1.53 56.94 164 0.74

2 (14) 8.61 12.54 1.68 81.27 170 0.71

3 (14) 8.48 12.44 1.37 61.39 215 1.11

4 (13) 8.61 12.85 1.77 55.72 194 0.77

5 (13)       10.44 15.67 2.06 75.51 200 0.70

6 (12)       10.30 15.53 2.22 58.85 245 0.80

7 (13) 9.80 18.80 1.60 99.92 390 1.77

Table 1 Energy and protein concentrations in diets, estimated total urinary nitrogen excretion, costs of the diets and cost of
liveweight gain in cattle fed the seven diets in Experiment 2. Values present are means of the number of animals (n)
in the group.
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Experiment 4: effect of pellet binders
and acid salts on urinary pH
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Experiment 5: effect of diet on
atmospheric ammonia production in
simulated export conditions
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Diet Urinary pH day 14

18% lupins/30% barley/52%oaten hay 7.99 ± 0.26a

18% lupins/30% barley/50%oaten hay/2% lime 8.40 ± 0.08b

18% lupins/30% barley/49%oaten hay/2% lime/1% gypsum 8.22 ± 0.11a

18% lupins/30% barley/51%oaten hay/1% gypsum 6.84 ± 0.28c

Table 2 Effect of pellet binders on urinary pH in heifers.

Means with different superscripts differ significantly (P<0.05). The results shown are means ± SEM for 10 animals per group

Diet (n) Hay (%) Barley (%) Lupins (%) Lime (%) Gypsum (%) CaCl2 (%) NH4Cl (%)

 1 (13) 49.5 30 18 2 0.5 0 0

 2 (15) 51.5 30 18 0 0.5 0 0

 3 (12) 48.1 30 18 2 0.5 1.4 0

 4 (14) 50.1 30 18 0 0.5 1.4 0

 5 (12) 48.5 30 18 2 0.5 0 1

 6 (13) 50.5 30 18 0 0.5 0 1

Table 3 Composition of diets for assessment of effects on urinary pH of lime as a pellet binder and either calcium chloride or
ammonium chloride as acidifying salts.

n = number of animals per diet
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Effects of heat stress on body
temperature and feed and water
intake of Bos indicus and Bos
taurus cattle
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Figure 1 Effect of dietary treatments on urinary pH. The results shown are means ± SEM
for animals per group indicated in Table 3.

Diet Straw Barley Lupins Lime CaCl2 Lucerne Bentonite

Lime 55.5 25 18 1.5

Lime + CaCl2    55 25 18     1 1

Lucerne 98 2

Table 4 Percent composition of diets for assessment of atmospheric ammonia under simulated conditions of live export.
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Figure 2 Effect of lucerne, or straw/barley/lupins diets with either 1.5% lime or
1% lime plus 1% calcium chloride on atmospheric ammonia under
simulated conditions of heat and humidity for live export. The results
shown are means ± SEM for 5 animals per lucerne diet and 4
animals per other 2 diets with either lime or lime plus calcium
chloride.

0

5

10

15

20

25

30

35

40

0.0 4.0 22.5 28.0 46.5 52.0 70.5 76.0 94.5

Time (h)

W
et

 B
ul

b 
(o

C
) 

0

5

10

15

20

25

30

A
tm

os
ph

er
ic

 A
m

m
on

ia
 (

pp
m

) 

Lucerne-NH3 Lime-NH3 Lime + CaCl2-NH3 Lucerne-WB Lime-WB Lime + CaCl2-WB

10

14

18

22

26

30

34

38

0 2 4 6 8 10 12 14 16

Day of trial

M
ea

su
re

d 
w

et
 b

ul
b 

(o C
)

Figure 3 Wet bulb temperatures for the climate controlled rooms for the three
heat experiments. Each value is the mean of three measurements in
the two rooms.

� Experiment 1 Bos taurus, � Experiment 2 Bos taurus,
� Experiment 3 Bos indicus

Day Wet bulb Dry bulb Relative humidity
(°C)  (°C) (%)

1–2 ambient

3–4 26 30 75

5 28 31 80

6 30 33 80

7–11 32 35 80

12 28 31 80

13 26 30 75

14–16 ambient

Table 5 Settings for climate control rooms.
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Figure 5 Mean water intake of cattle in the three heat experiments expressed as a percentage
of their liveweight at the start of the experiment.

� Experiment 1 Bos taurus, � Experiment 2 Bos taurus, � Experiment 3 Bos indicus

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Day of trial 

F
ee

d 
in

ta
ke

 (
%

 b
od

y 
w

ei
gh

t)

Figure 4 Mean feed intake of cattle in the three heat experiments, expressed as a percentage
of their liveweight at the start of the experiment.

� Experiment 1 Bos taurus, � Experiment 2 Bos taurus, � Experiment 3 Bos indicus
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Figure 6 Blood bicarbonate of cattle during and after the experimental period. The Bos taurus
cattle in Experiment 1 left the rooms at day 14, while the cattle in Experiments 2 and
3 left at day 16.

� Experiment 1 Bos taurus, � Experiment 2 Bos taurus, � Experiment 3
Bos indicus
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Figure 7 Liveweight of cattle during and after the experimental period, expressed as a
percentage of starting weight. The Bos taurus cattle in Experiment 1 left the rooms at
day 14, while the cattle in Experiments 2 and 3 left at day 16.
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