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Abstract. Loose mineral mix (LMM) supplements based on ingredients such as salt, urea and minerals offered
ad libitum are widely used to provide additional nutrients to grazing cattle, but it is often difficult to achieve target
intakes. An experiment with heifers grazingmature tropical pasture examined the effects of substituting 80, 160 or 320 g/kg
of the salt in a LMM supplement with cottonseedmeal on the voluntary intake of the LMM supplements by paddock groups
of heifers over 10 weeks. Average voluntary intake of a LMM containing (g/kg) 640 salt, 300 urea and 60 ammonium
sulfate (40.2 g DM and 6.14 g total nitrogen/day) was increased linearly (P < 0.001) to 50.8 g DM and 8.88 g total nitrogen/
day when up to 320 g/kg cottonseed meal was substituted for salt in the LMM. This increase in intake of nitrogen in LMM
was due to the increase in voluntary intake of the supplement rather than the increased nitrogen concentration of
supplement. The distribution of daily intake of supplement within paddock groups of heifers was estimated during
Weeks 5 and 10 using supplements labelled with lithium sulfate. Neither the coefficient of variation within paddock groups
of heifers in supplement intake (mean 96%), nor the proportion of non-consumers of supplement (mean 17%), was
changed (P > 0.05) by substitution of salt with cottonseed meal. In conclusion, the inclusion of a palatable protein meal
into LMM increased the voluntary intake of this type of supplement.
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Introduction

Production of grazing ruminants is often constrained by low
concentrations of essential nutrients in pastures. In seasonally dry
tropical rangelands, such as inAustralia, theAmericas andAfrica,
pastures are often deficient in nitrogen (N) during the dry season,
and inminerals such as phosphorus, sulfur and sodium during the
wet season (Little 1982; Winks 1984; McDowell 1996). Loose
mineral mix (LMM) supplements containing ingredients such
as salt, urea, calcium phosphate and other minerals are widely
used to deliver non-protein N and minerals to ruminants grazing
in extensive rangelands. However, in regions where ruminants
do not have a strong intrinsic attraction to salt, voluntary intakes
of LMM are often insufficient to provide the amounts of
supplementary nutrients needed by grazing ruminants to meet
their expected nutritional requirements. Farm managers usually
have to depend primarily on regional experience to choose LMM
supplements which achieve appropriate supply of supplementary
nutrients.

In animals with experience of supplements, the voluntary
intake of a LMM supplement is likely to be determined by a
combination of its palatability relative to pasture (Heady 1964;
Pamp et al. 1976) and by post-ingestive feedback mechanisms,

which may be positive or negative (Provenza 1995, 1996;
Arsenos and Kyriazakis 1999; Dixon et al. 2003b). However,
because most feedstuffs potentially cause post-ingestive feedback
responses it is often difficult to conclude whether a change in
voluntary intake of LMM supplement is due to a change in the
intrinsic attractiveness of the supplement, to post-ingestive
feedback mechanisms, or a combination of these effects. To
improve the management options to deliver target intakes of
supplementary nutrients in a LMM to grazing cattle a better
understanding of the factors influencing voluntary intakes of
LMM supplements is needed. Inclusion into LMM of feedstuffs
such as protein meals, grain or molasses has been reported
to increase voluntary intake of LMM supplements (McDowell
1996; Dixon 1998). Further considerations for the efficacy and
cost-effectiveness of LMM supplement delivery systems are
that there is usually wide variation in voluntary intake of such
supplements among individuals in a herd, and a substantial
proportion of a herd may not consume any supplement (Dixon
et al. 2000, 2001). The present experiment examined the
effect of varying the proportions of cottonseed meal in LMM
supplements on the voluntary intake and distribution of intake
of supplement by heifers.
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Materials and methods
The experiment was carried out at the Swan’s Lagoon Research
Station situated 100 km SSE of Townsville in the summer-
rainfall, seasonally dry, tropics of northern Australia. The
annual cycles of pasture and cattle growth at this site have
been described by Winks (1984). The pastures comprised
tropical grasses native or naturalised to the open eucalyptus
woodlands of the speargrass (Heterpogon spp.) pasture region
of coastal north-eastern Australia.

The Bos indicus · Bos taurus heifers used in the experiment
were from the research station herd, and were generally of docile
temperament and accustomed to mustering and handling. The
heifers (n = 120) were initially 8–10 months of age, liveweight
(LW) mean 171 (s.d. = 13) kg and body condition score mean
5.1 (s.d. = 0.32) (on a 9-point scale; National Research Council
1996), and were allocated by stratified randomisation based
on LW to 12 groups. These groups (each n = 10) were then
allocated to 12 15-ha paddocks of native pasture in a completely
randomised design. The pasture available was senesced and was
visually estimated to exceed 2 t DM/ha. Four supplementation
treatmentswere imposed. For 10weeks during the late dry season
(25 September–6 December 1994) the heifers were offered
ad libitum one of four types of LMM supplements. LMM-1
consisted of (g/kg air-dry) 640 salt (sodium chloride), 300
urea and 60 ammonium sulfate. For the LMM-2, LMM-3 and
LMM-4 supplements 80, 160 and 320 g/kg, respectively, of
the salt in LMM-1 was replaced with the same amount of
solvent-extracted cottonseed meal. Supplements LMM-1 to
LMM-4 contained 153, 158, 164 and 175 g total N/kg DM,
respectively, and each contained 153 g non-protein N from urea
and ammonium sulfate. Supplements were offered in a 2.4-m
trough near the water trough in each paddock. Fresh LMM
supplements were offered twice weekly, and on each occasion
the residues were removed, weighed and subsampled for DM
content; these data were used to calculate the voluntary intake
of supplement DM on a weekly basis by each of the paddock
groups of heifers.

Following the procedures described by Suharyono (1992)
and Dixon et al. (2003a) lithium was used as a marker on two
occasions to estimate the distribution of ingested supplement
among individual heifers in each paddock group. Lithium-
labelled LMM supplements were prepared by mixing lithium
sulfate monohydrate (6–12 g lithium/kg supplement) with the
ingredients during preparation; the amount of lithium sulfate
added was intended to provide ~1.5 mg lithium/kg LW.
Lithium-labelled supplement was offered between 0700 hours
and 1630 hours on 1 day during Weeks 5 and 10; on the
following day the heifers were mustered commencing at
0700 hours and before access to water, weighed, and then
blood sampled from the jugular vein using vacutainers
containing potassium EDTA as an anti-coagulant. Samples
were immediately chilled in iced water, centrifuged (3000g for
10 min at room temperature) to separate plasma and the plasma
was stored frozen.

Dry matter content of supplements offered and refused
was determined by oven drying at 70�C. Plasma proteins
were precipitated by addition of 1 mL plasma to 5 mL 2%
trichloroacetic acid and the supernatant was separated by
centrifugation (3000g for 10 min at room temperature).

Lithium concentration in the supernatant was determined
using an inductively coupled plasma mass spectrometer. Net
concentrations of lithium in plasma were calculated by
subtraction of background lithium concentrations in plasma
obtained from representative animals before lithium-labelled
supplements were offered. The net concentrations of lithium in
plasma, the LW of the individual heifers, and the total intake
of lithium-labelled supplement by each paddock group, were
used to calculate the distribution of supplement intakes among
the heifers in each paddock on the day on which the lithium-
labelled supplement was fed. Non-consumer animals were
defined as those consuming less than 1 g of lithium-labelled
supplement during the interval during which it was provided
(Dixon et al. 2003a).

A repeated-measures ANOVA was used to examine the
interaction between time (i.e. week of supplementation) and
the LMM treatment on voluntary intake of supplement. The
paddock group was considered as the experimental unit and
thus there were three replications per treatment. The
differences in the mean voluntary intake of supplement
(g DM/day and g N/day), averaged over the 10-week period,
between the four types of LMM supplement treatments were
investigated using ANOVA. Where the F-test was significant
(P < 0.05), pair-wise comparisons between treatment means
were made using the least significant difference (l.s.d.) test.
Linear regression was used to examine the significance of the
relationship between the average voluntary intake of supplement
as g DM/day and g N/day, and the increasing proportion of
cottonseed meal in the LMM supplement.

The coefficient of variation (CV) of supplement DM intake
and the proportion of non-consumers of supplement DM were
calculated from the individual animal data within paddock
groups for each treatment and replicate group combination for
both Weeks 5 and 10, and were then analysed for treatment
differences using ANOVA. Also the relationships between the
CV of supplement intake, or the proportion of non-consumers
of the supplement, with the amount of voluntary intake of
supplement were investigated for each of Week 5 and Week
10 using linear regression.

Results

The heifers were in good health throughout the experiment.
The DM content of the LMM supplements ranged from 907 to
927 g/kg. During the 10-week supplementation interval the
average LW gain of the heifers was 0.37 kg/day but there were
no differences (P > 0.05) among treatments.

There were three rain events 6–8weeks before the experiment
commenced, which provided in total 108 mm. During the
experiment there was 33 mm in Week 4, 34 mm in Week 5,
and 110 mm in Week 10. Voluntary intake of the LMM
supplement was decreased for 1–2 weeks following each of
these rainfall events (Fig. 1). Despite these variations the
linear regression between voluntary intake of supplement
and week of the experiment indicated that there was, on
average across all the supplements, an increase (P < 0.01) in
thevoluntary intakeof supplementDMby2.9 (s.e. =1.09)g/week
during the 10 weeks of the experiment. The repeated-measures
ANOVA showed that there was no interaction (P > 0.05)
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between the week of supplementation and the proportion of
cottonseed meal in the LMM supplement on the voluntary
intake of supplement DM. On average over the experiment the
voluntary intake of supplement DM and non-protein N was
increased (P < 0.05) by 26%, and of supplement total N by
45% (P < 0.05), by the increase in cottonseed meal content of the
LMM from nil to 320 g/kg (Table 1). Thus, the increase in intake
of supplementNas cottonseedmeal replaced salt in theLMMwas
due more to the increase in voluntary intake of the supplement
than to the increase in N concentration in the supplement.
Voluntary intake of supplement DM and of total N increased
linearly with increasing proportion of cottonseed meal in the
supplement as follows:

Y1 ¼ 40:0 ðs:e:1:18Þ þ 0:0350 ðs:e: 0:00645ÞX
ðn ¼ 12;P < 0:001;R2 ¼ 0:72; r:s:d: ¼ 2:65Þ;

Y2 ¼ 6:1 ðs:e: 0:197Þ þ 0:00889 ðs:e: 0:000107ÞX
ðn ¼ 12;P < 0:001;R2 ¼ 0:86; r:s:d: ¼ 0:440Þ;

where Y1 was the average voluntary intake of supplement DM
(g/head.day), Y2 was the average voluntary intake of supplement

total N (g/head.day), and X was the cottonseed meal content
(g/kg) of the supplement.

Rain events on the days when lithium-labelled supplement
were fed during Weeks 5 and 10 caused difficulties
with measurement of the distribution of intake of the
supplements by individual heifers. On the measurement day
during Week 5 the lithium-labelled supplements were offered
at 0700 hours, and rain (total 34 mm) commenced at 1300
hours. As observations indicated that the heifers would not
have consumed any supplement after the rain commenced,
the heifers had only 6 h rather than the planned 9 h to ingest
the lithium-labelled LMM. The amount of lithium-labelled
supplement consumed was, on average across paddocks,
58% of that consumed during the previous 3 days. Similar
difficulties occurred when lithium-labelled LMM supplements
were offered during Week 10. There was 31 mm rain on the
day before the lithium-labelled supplements were offered. The
lithium-labelled supplements were again offered at 0700
hours, but rain (total 27 mm) commenced at 1220 hours so
that intake of the lithium-labelled supplement was lower than
during the preceding days.

The distribution of voluntary intake of lithium-labelled
supplement, measured as the CV within paddock groups, did
not differ among treatments (P > 0.05); the CV averaged 96%
in Week 5 and 97% in Week 10 (Table 1). The proportion of
non-consumer heifers was not affected (P > 0.05) by the
increasing proportion of cottonseed meal in the LMM, and
averaged 19% in Week 5 and 15% in Week 10. No
relationships (P > 0.05) were observed between either the CV
of supplement intake, nor the proportion of non-consumers
of supplement, with the voluntary intake of supplement.

Discussion

Voluntary intake of supplements offered ad libitum to grazing
cattle is, as for any component of the diet, likely to be a
consequence of both innate factors (Heady 1964; Arnold et al.
1980) and conditioned responses in the animal (Provenza 1995,
1996; Arsenos and Kyriazakis 1999). The general attraction of
cattle to consume cottonseed meal suggests that this feedstuff
is innately attractive. Thus, it may be thought that in the present
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Fig. 1. Average voluntary intakes (g DM/head.day) in each week of loose
mineral mix (LMM) supplements containing nil (LMM-1) (o), 80 (LMM-2)
(*), 160 (LMM-3) (D) or 320 (LMM-4) (~) g cottonseed meal/kg of
supplement. Supplements were offered to groups of heifers grazing late
dry-season pasture. Bars indicate rainfall events during the experiment.

Table 1. Voluntary intakes over 10 weeks of DM and total nitrogen (N) (g/heifer.day) of four types of loose mineral mix
(LMM) supplement where up to 320 g/kg of salt in the LMM was replaced by the equivalent weight of cottonseed meal
In addition the coefficient of variation (CV%) of intake of lithium-labelled supplement among individual heifers within paddock
groups, and the percent of heifers in paddock groups which did not consume any supplement (non-consumers) when lithium-
labelled LMM supplements were offered on 1 day during Week 5 and Week 10 are given. Means within each row followed by
the same letter are not significantly different at P = 0.05. s.e.d., standard error of the difference; P, probability; n.s, not significant;

**, P < 0.01; ***, P < 0.001

Measurement Cottonseed meal in LMM (g/kg) s.e.d. P
0 80 160 320

Supplement intake (g DM/day) 40.2a 41.7a 46.9b 50.8b 2.24 **
Supplement intake (g N/day) 6.14a 6.59a 7.68b 8.88c 0.377 ***
Variability of supplement intake (CV%) Week 5 82 135 87 78 49 n.s.

Week 10 87 110 96 95 26 n.s.
Non-consumers of supplement (%) Week 5 17 30 12 17 20 n.s.

Week 10 10 23 13 13 15 n.s.
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study the heifers increased their voluntary intake of the LMM
supplements simply as a consequence of the relative changes
in the proportions of the palatable (cottonseed meal) and the
unpalatable (urea and ammonium sulfate) components of the
LMM supplements. However, there is considerable evidence
that the reduction in voluntary intake often observed when urea is
included in a diet is associated primarily with the development
of conditioned feed aversions to an excess of absorbed ammonia
derived from the urea rather than to the taste of urea (Wilson
et al. 1975; Chalupa et al. 1979; Kyriazakis and Oldham 1993).
Such a conditioned feed aversion to LMM or molasses-urea
supplements containing non-protein N has apparently developed
in previous studies with similar heifers (Dixon et al. 2003b;
Dixon 2013). Furthermore, sheep consuming low protein diets
will acquire a conditioned feed preference to low amounts, and
a conditioned feed aversion to high amounts, of urea or casein
(Villalba and Provenza 1997; Arsenos and Kyriazakis 1999).
Thus, LMM supplements containing high concentrations of
non-protein N can be expected to cause either a conditioned
feed preference or a conditioned feed aversion depending on
the supply of rumen-degradable N from both pasture and
supplement relative to fermentable metabolisable energy
intake. It appears likely that in the present study both innate
attraction to cottonseed meal and conditioned preferences
for non-protein N in the LMM supplements influenced the
voluntary intakes of the various LMM.

The high variation in the distribution among heifers of
intakes of LMM supplements, and the substantial proportion
of non-consumers of the LMM supplement on the day on which
the lithium-labelled supplements were fed, observed in the
present study are in agreement with previous reports of large
variation among individuals and high proportions of non-
consumers in groups of cattle fed LMM (Dixon et al. 2000,
2001) or feed block supplements (Murray et al. 1978; Eggington
et al. 1990; Dixon et al. 2003b). The procedure using lithium-
labelled supplements to estimate the distribution in supplement
intake among animals in herds has been validated, including
for circumstances similar to the present study where animals
were blood sampled ~24 h after ingestion of lithium-labelled
supplements (Dixon et al. 2003a); larger errors may occur if
there is a shorter interval between ingestion of the lithium-
labelled supplement and blood sampling (McLennan 1999). In
addition, as the paddock groups of heifers in the present study
were observed to behave as a single group, ingestion of the
lithium-labelled supplement would have been over an interval
much shorter than the 6 h during which the labelled supplement
was offered. High variability appears to be unavoidable where
voluntary intakes of supplement are comparable with the
amounts consumed during the present experiment; it appears
the variability can only be reduced with supplements associated
with much higher voluntary intakes (Dixon et al. 2003b).

In conclusion, the experiment showed that inclusion of a
palatable feedstuff such as cottonseed meal into LMM
supplements increased the voluntary intake of this class of
supplements by grazing cattle. The increase in voluntary intake
of supplement N provided by the LMM was associated with
both an increase in the concentration of N in the supplement
and an increase in voluntary intake of supplement DM.
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