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RESEARCH | NTO BEHAVI QUR, NUTRI TI ON AND HEALTH OF SHEEP DURING LI VE EXPORT
| NTRODUCTI ON
C. L. MDONALD

The export of live sheep from Australia to the Mddle East has devel oped
into a major industry over the past 10 to 15 years (Lightfoot and MDonald
1982), seven nillion sheep being exported in 1984 (Australian Meat and
Livestock Corporation pers. conm). Several reports on this industry have
highlighted an urgent need for research into husbandry at sales and during road
transport, assembly and shipping (Truscott and Woth 1976; Australian Bureau of
Animal Health 1981; Gandin 1983; Brennan 1984).

It is normal practice to use a feedlot to hold sheep while the
consignnent is being purchased and assenbled prior to shipnent. A mgjor
objective during assenbly is to introduce the sheep to the pelleted rations
used on board ship. Australian Bureau of Aninmal Health standards are a mini num
period of four to five days for this purpose (aBaH 1982), but it has been
suggested that in excess of one week would be nore appropriate because there is
a belief that sheep which eat consistently during assenbly tend to perform
better aboard ship (Grandin 1983). Problems of irregular feeding include
wei ght 1oss, digestive upsets and susceptibility to disease.

- Feedi ng behavi our of sheep during assenbly for |ive export nmay be
influenced by a host of conditions associated with the inmmediate and past
experiences of the animals on farnms and the sale, trucking, desiqgn and
management of animals in assenbly feedlots. Industry reports by Grandin (1983)
and by Brennan (1984) highlight the wide variability in conditions, facilities
and procedures used and show that there is little evidence from which to nmake
recomendations to the live sheep shipping industry.

Australian wethers are worth between $a60 and $A80 in the Mddl e East
(R J. Lightfoot pers. comm.). Therefore, as well as inproving animl welfare,
research to mninmse wastage by way of weight |oss, disease and nortality
during assenbly and shipping has the potential to bring large econom c benefits.

Research conducted independently by three State Departnents of
Agriculture (WA, S A, and Vic.) is outlined in this contract. Papers cover
factors affecting feeding behaviour of sheep during live export (WA.) causes
of ill-health and nortality (WA.), ration fornulation in regard to nutritive
value and durability of pellets (S.A), growh performance and rum nal changes
in sheep fed wheat based rations containing rice hulls, rice pollard and citrus
pulp (Vic.) and control of acidosis by chemical neans (WA.).

FEEDI NG BEHAVI OUR OF MERI NO WETHER SHEEP UNDER CONDI TI ONS
SIMLAR TO THOSE USED IN ASSEMBLY FOR LI VE EXPORT

C. L. McDONALD*

This paper reviews seven experinments which investigated the behaviour of
groups of Merino wethers under conditions sinmilar to those used in the assenbly
for live export. In these experiments the feeding behaviour of each wether was
nmoni tored by securing paint-soaked marker bars (T.P. Pollard pers. comm.) at
the edge of feed troughs containing shipping pellets so that aninals were
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required to either reach over the bar and mark their chins and |ower necks, or
to reach under the bar and mark the top of their heads or upper necks. The
availability of six colours, conbined with the two options for the position of
the bar, allowed twelve periods for measurements of when individuals fed.

The effect of source of sheep In two single factor experinments and two nulti
factorial experinments with mxed groups of Merino wethers (400, 400, 392 and
576 sheep, respectively) the feeding behaviour observed in the six to 12 day
assenmbly phases was highly variable (C. L. MDonald, RT. Norris, H Ridings and
J. Speijers, unpublished data). A large part of this variation was associated
with "source" of sheep, which was exanmined through the purchase of a nunber of
different lines from different localities. The proportion of sheep classified
as "satisfactory adapters" (sheep which were marked by the paint on at |east
three days of the third, fourth, fifth and sixth days of assenbly) varied from
three to 96% (nean 59% anongst the 11 sources of sheep from the four
experiments. In addition to this 23% of the sheep (range 1 to 78% failed to
be marked on any of the days of assembly. Current research is ainmed at
establishing factors which night be associated with these differences between
sources of sheep and enphasis is being placed on previous experience with
suppl ementary feeds.

Effect of fasting before assembly It is normal for sheep to be without feed
and water during nustering, sale and trucking to assenbly depots. Periods of
fasting up to 96 hours before assenbly produced significant effects on feedinqg
behavi our over a six day assenbly phase with a diet of hay and pellets (C L.
MDonald, RT. Norris, H Ridings and J. Speijers, unpublished data). G oups
fasted for 12 and 24 hours had simlar percentages of satisfactory adapters (62
and 79%. In conparison nore (98%, P < 0.01) of the wethers fasted for 48
hours were classified as satisfactory adapters, which was possibly associated
with conpensation for the extra period of fasting. However, the qgroups fasted
for 96 hours had only 71% of satisfactory adapters (P < 0.001 conpared with

48 hr fast). Consequently, adverse effects on feeding behaviour of fasting for
as long as four days in addition to weight |oss and possible increased
susceptibility to disease (Gau et al. 1969) are indicated.

Effect of diet type Pelleted diets nade principally of cereal grain and
roughage are normally fed during shipping. Hay is often fed in association
with the pellets during assenbly to sustain sheep which are slow to adapt to
pel lets, to encourage sheep to eat pellets and to provide extra roughage to
reduce the risk of acidosis.

In one seven day assembly experinent, daily proportions of sheep visiting
a trough containing hay/pellet nmix varied from 40 to 75% while those visiting
troughs containing only pellets varied from5 to 30% (C.L. MDonald, RT.
Norris, H Ridings, J. Speijers unpublished data). Mst Australian sheep are
not likely to have eaten pelleted diets prior to assenbly, and probably require
extra tinme to learn to recognise and accept pellets during assenbly.

To test the effect of attractants to encourage sheep to eat pellets, an
experiment was conducted to conpare the use of oaten and |ucerne hay versus
mol asses, butyric acid and aniseed added to pellets (C. L. MDonald, J.B. Rowe,
S.P. Gttins and J.AW Snith, unpublished data). The daily intake over 10
days of pooled treatnents of pellets without hay rose from 25 g/head on day one
to 770 g/head on day four and then dropped to about 650 g/head on day five
(P <0.05), increasing thereafter to nore than 1140 g/head by days nine and
10 (the mean intake for 10 days was 735 g/head). Addition of oaten or |ucerne
hay did not significantly affect this mean intake fiqure, however it appeared
to alter the pattern by preventing the drop in intake on days five and six
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observed for the groups offered pellets only. Possibly, this was related to a
| ower lactic acid build-up in the rumens of sheep fed hay together with
pellets. The nean daily intake of pellets plus butyrate was not significantly
different to the control daily intake of 840 g/head but nean daily intakes of
pellets treated with aniseed or nolasses were reduced to 624 and 725 g/ head
respectively (p < 0.01 and P < 0.05).

Effect of stocking rate, trough length and trough placement Assenbly feedlot
desi gn invol ves balancing construction costs agai nst sheep performance and ease
of management. Denser stocking rates and shorter lengths of troughing nean

| ower overhead costs per sheep; location of troughs al ong laneway fences makes
feeding out easier. However, when yard space and trough length per aninmal are
limted and when troughs are not centrally located, there is evidence that
performance of sheep is adversely affected. Sheep stocked in yards at 0.27,
0.62, 1.42, 3.38 and 7.56 m?/h were classified as requl ar feeders if they
were nmarked on every day of a 12 day assenbly (C.L. MDonald, S.P. Gttins,
JJAW Smith and J.B. Rowe, unpublished data). There was a significant
association of regularity of feeding with stocking rate (p < 0.001) with 38,
59, 73, 75 and 75% "regul ar feeders" at each of the above stocking rates.

In the sane experinent the association of trough length with per cent reqular
feeders (p < 0.001) was such that trough lengths of 0.5, 1.0, 2.0, 4.0 and
8.0 cmh resulted in 37, 47, 74, 79 and 81% requl ar feeders respectively. A
second experiment by the same workers using feed rationed to 1000 g/h/d also
showed an association of per cent reqular feeders with trough length (P <
0.001), trough lengths of 2, 4, 8 16 and 32 cmh resulting in 58, 77, 91, 81
and 95% regul ar feeders.

In an experinent where troughs were incorporated into boundary fences
conpared with being located in the centre of yards, 67 versus 79% satisfactory
adapters were observed respectively over a seven day assenbly (p < 0.001,

C.L. MDonald, RT. Norris, H R dings and J. Speijers, unpublished data).

Carryover affects from assenbly to shipping In two experinents time |apse

phot ography was used to successfully monitor the performance of the sheep after
assenbly when placed in pens of simlar size and shape to those aboard ship
(C.L. MDonal d, R.T. Norris, H Ridings and J. Speijers, unpublished data).
Sheep present at the feed troughs at every fifth mnute in the filnms were
identified for nine selected 24 hour periods and were allotted a filmng

score. Results for one experinent showed that the higher the animal's assenbly
marking scores, the higher their shipping filming scores (P < 0.001). The
results for the other experinment showed no significant relationship between
these two scores with very low marking scores during assenbly and a marked
inprovenent in performance in the shipping phase.

The effects of source of sheep were shown to carry-over from assenbly to
shipping. In both experinents it appeared that the higher the per cent
satisfactory adapters for particular sources during assenbly, the higher the
shipping filmng score, the greater the gain in liveweight and condition score.
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REASONS FOR | LL-HEALTH AND MORTALITY DURING LIVE SHEEP EXPORTS
R B. RICHARDS*, R T. NORRIS* and N C. MQUADE**

The initial phase of the project was to identify the diseases
contributing to ill-health and nortality during assembly at |ocal feedlots.
Several secondary objectives were involved including the establishment of
m nimum diagnostic criteria for the diseases encountered, devel opnent of ante-
and post-nortem protocols for future |and-based and shipboard disease
investigations, identification of minor diseases and assessnent of the degree
of stress in animals with disease.

Exanmination of 206 ternminally ill or recently dead sheep from comercial
feedlots reveal ed multiple causes of ill-health in the majority of sheep which
succunbed. The causes were divided into five categories: salnonellosis,
adaptational diseases, netabolic diseases, trauma and intercurrent diseases. A
| arge percentage of sheep examined had nore than one disease at the time of
necr opsy.

The conbined weight of both adrenal glands in each sheep was used to
indicate the degree of stress experienced prior to death. The mean adrenal
wei ght of feedlot sheep (6.1 + 0.1 g) was significantly higher (P < 0.001)
than 34 heal thy pen-housed sheep (3.1 + 0.7 g) on a sinmilar diet.

Septicaenmic and enteric salnmonellosis were encountered as the primary
cause of death in 38% of cases and Sal nonella typhi-mrium was the organism
mai nly responsible. The large number of animals with salmonellosis indicated
that sheep suddenly placed under intensive hushandry conditions were faced with
a substantial challenge from the heavily contam nated environnent.

The next largest group (23% were the intercurrent diseases, most of
whi ch were probably present prior to transport fromthe farmto the feedlot.
They included urolithiasis, |upinosis, caseous |ynphadenitis, foot abscess and
a number of others. The relative proportions of nost of these diseases are
likely to fluctuate markedly between seasons as many, for exanple |upinosis and
foot abscess have a strict seasonal incidence in \Western Australia.

Adaptational conditions (12% included lactic acidosis, enterotoxaema
and starvation and were related to feed intake. The netabolic diseases (5%
could be included in this group but the predisposing factors are probably
multiple and not related solely to feed intake.

Traumatic injury (12% was caused during |oading, transport, unloading
and drafting procedures for the nost part although occasional chronic injuries
were seen.

The remaining 10% of cases included acute septicaemic and toxic diseases
and those for which a final diagnosis could not be nmade.

Al though adaptational, netabolic and infectious diseases were clearly a
significant cause of nortality in this study, the role of nutritional, host and
environnental factors in the devel opment of these diseases nust be defined in
future investigations.

* Department of Agriculture, South Perth WA. 6151.
el Department of Agriculture, Al bany, W A 6330.
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Reduction of the proportion of intercurrent diseases is possible wth
more effective on-farm selection of sheep for export and traumatic injuries are
largely a reflection of the care taken during sheep handling procedures.

The information derived from studies of feedlot diseases will conplenent
future shipboard nortality investigations.

| NFLUENCE OF PELLET COMPCSI TI ON ON THE PERFORVMANCE COF EXPORT WETHERS
MH  ROUND*

Loss in live weight of export wethers may frequently equal or exceed
| osses due to nortality which are currently around two per cent. Low feed
intake is undoubtedly a major cause of live weight loss during sea transport.
Low intakes of pellets, the predoninant feed type used in the industry, have
been attributed to inadequate preparation of sheep, physical environnent and
the pelleted diets thenselves. Feed dust, in particular, is a readily observed
and maj or probl em (Grandin 1983).

A research program at Northfield Research Centre is examning the
influences of pellet conposition and feeding nmanagement on the perfornmance of
wethers hel d under yard and pen conditions sinulating export. In the program
sheep in groups of 14-18 are typically fed for five days in small outdoor yards
(4 m/head) followed by 16-21 days of intensive feeding (0.33 m2/head) in
indoor pens. In the initial experinents, sheep were restricted to a maximm
daily level of 900 g/head pellets. In nore recent experinents, daily
al l owances of up to 1200-1400 g/head pellets have been made. This has
general |y exceeded the appetite linmts of the sheep. |If export wethers are to
maintain live weight, they would generally need to eat nore than 1000 g/head
daily of pellets in the mddle and later stages of the voyage to make up for
low feed intakes that seem to commonly occur during the first week on board
ship. \While the group sizes he used were small by conparison with comercial
practice, Arnold (1976) has shown that stocking density and not group size is
an inportant stress factor in sheep and may significantly raise the maintenance
requi rements of sheep above generally accepted |evels.

Main areas examined in the project are suitable formulations for high
grain pellets, the types of grain and roughage used as well as alternative
feeds to pellets as shipboard diets. Current research is concerned wth
quantifying the effects of feed dust on export wethers.

Pell et fornulation Severe handling, often by pneumatic blowers during |oading
and feeding, is generally blamed for the feed dust problem However, nmany
pellets may have an inherently |ow durability because of their highly fibrous
nature. This may lead to dustiness.

The following data, recently obtained from the Australian Bureau of
Animal Health (ABAH, personal conmunication), show the neutral detergent fibre
(NDF), netabolizable energy (ME) and crude protein (CP) values of 50 pelleted
diets supplied to the export industry. These were (mean #+ st. dev., range and
number (n) of sanples): NDF (¢ DM 49.4 + 7.3, 31.3 - 61.4, n = 50;

ME (MJ/kg DM 8.1+ 1.0, 4.7 - 9.9, n=43; CP(¥ DV 87 + 2.0, 6.0 -
14.2, n =50. |If a 50 kg wether has a nini num mai nt enance requirement of 7.5
M3 of ME/d and is fed 1000 g/d pellets as reconmended in current industry
standards (ABAH 1982), then about half of the pellets contain less ME than

* Northfield Research Centre, Dept. of Agriculture, s.A. 5001
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requi red. Daily feed intakes around 600-700 g/ head on some voyages have been
reported and obviously fall well short of providing maintenance requirements.

The main considerations in pellet formulation are roughage to concentrate
ratio, choice of the types of grain and roughage to be used and costs. The
mej or constraints to pellet fornulation are the risk of acidosis from high
grain pellets and |owered durability of pellets consisting of low quality
roughages. Because of the nature of the industry, these constraints are
probably greater under export conditions than under normal farm practice,
particularly in relation to the risks of acidosis and feed dust on high and |ow
energy pellets respectively.

Costs are a factor contributing to the inclusion of grains in pellets.
The cost of grains and roughages must be conpared on the basis of their energy
contents as well as the reduced operating and transportation costs associated
with higher energy pellets. For this reason higher grain pellets my be a
cheaper alternative than finer grinding of roughages and the changeover to
smal ler pellet mll die sizes, a practice adopted by sone operators in an
attenpt to increase pellet durability. Inclusion of cereal grains in pellets,
particularly if they are gelatinized at high operating tenperatures during
pelleting, is one of the main ways of increasing the durability of pellets.
Cats are commonly used in pellets but barley and wheat could also be used if
adequately buffered (Round 1984, MH Round unpublished data).

One of the mjor advantages of low grain diets is the reduced risk of
acidosis and digestive upset. Mrtality rates of 1.2% and 0.7% respectively
have occurred in sheep fed high (60% wheat) and |low (30% oats) qrain pellets in
the Northfield program The probl emof feed dust often associated with |ow
grain pellets nust then be overcome. The main reason for pelleting is to make
the ground feed nore palatable and in this way feed intake may be increased by
up to 40%, the extent probably depending on the dustiness of the ground feed.
Gven this, the potential deleterious effect of dusty feed on the appetite of
sheep during sea shipment is easy to appreciate.

MIling offals such as oat hulls and rice hulls, hay and straw are the
most commonly used roughages in pellets. Wrk has shown no difference in the
voluntary consunption or |iveweight change of sheep fed pellets containing
either 45%oat hulls or 45%grass hay or a 50/50 mixture of these roughages
(MH Round, unpublished data). This was despite the fact that under free
choi ce feeding, sheep ate pellets containing higher levels of hay to the
virtual exclusion of pellets containing |ower |evels.

An industry standard for pellet quality The question arises whether governnent
guidelines or regulations should cover the fornulation of pellets supplied to
the live export industry. Standards could for exanple, cover both the chenical
conposition and the physical durability of pellets. A conbined standard would
have the advantage of directly attacking a major problemin the industry while
ensuring the nutritional adequacy of pellets supplied to the industry. It
remains to be demonstrated, for exanple, if feed dust is a factor contributing
to the level of nmortality and norbidity during sea. transport. Such a
dermonstration may be needed to deternmine whether any standards are introduced
as a regulation or a recommendation only. It seens |ikely, however, that only
by taking such neasures can society's increasing comitnent to aninmal welfare,
as well as the future viability of the industry, be secured.
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THE | NCORPORATION OF RICE HULLS, RICE PCLLARD AND
CITRUS PULP IN RATIONS FOR THE LIVE SHEEP TRADE

RW HODGE¥, MJ. WATSON*, B. BOGDANOVIC*, C. KAT* and K HUTTON**

Rations containing a high proportion of wheat require a |onger adaptation
period than is currently available to the live sheep trade (six-seven days).
Rice hulls would obviously act as a diluent and depending on particle size, as
a source of roughage influencing rumnation time, saliva flow and pH of the
rumen. QO her by-products which may influence these paraneters are rice Pollard
and citrus pulp.

MATERI ALS AND METHODS

One hundred and forty four four year old Merino wethers were transported by
road from Portland to the Animal Research Institute (322 knm). The animals were
wei ghed and allotted on the basis of l|iveweight (nmean 51.2 kg) to one of six
diets and to one of four replicates. Each replicate of six animals was
transferred to yards (56 m?) and offered hay and pellets at the rate of 1000
and 200 g/ head respectively (day one). The anount of hay or pellets fed was
progressively reduced or increased respectively so that by day seven no hay was
fed and the pellets were available ad |ib. for the next 20 days. The

conposi tion and organic matter digestibility of the pelleted rations is set out
in Table 1. The wheat, citrus pulp and rice hulls were ground through a 4.0 mm
screen before pelleting through a 9.5 nm die.

Table 1 Conposition and apparent digestibility of the six rations

Ration and per cent inclusion of ingredients

Inaredient 1 2 3 4 5 6
Wheat 74 64 54 34 24 14
Rice hulls 20 30 40 20 30 40
Rice pollard 20 20 20
Citrus pulp - - - 20 20 20
Minerals 6 6 6 6 6 6
Nitrogen (x 6.25) (% d.m.) 14.1 13.3 11.9 12.3 12.0 11.3
Acid detergent fibre (% d.m.) 15.7 21.8 27.4 21.8 26.8 33.1

Organic matter digestibility (%) 77.7 68.7 62.2 73.5 67.2 58.1

RESULTS AND DI SCUSSI ON

Intake The digestible organic matter intake of the rations is given in

Table 2. Increasing the percentage of rice hulls from 20 to 40% significantly
depressed intake only in the final week and then only when the ration also
contained rice pollard and citrus pulp. At all other times the aninmals were
able to conpensate for the lower digestibility by eating more of the pellets.
The intake of the sheep given rations containing rice pollard and citrus pulp
was significantly higher in the second week than the sheep offered rations
containing only wheat, rice hulls and nminerals. The mean difference in daily

* Animal Research Institute, Department of Agriculture and Rural Affairs,
Werribee, Vic. 3030
* Ricegrowers' Co-operative MIls Ltd, Leeton, NS W 2705
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intake of pellets (205 g/head) was substantial and was probably associated wth
the nore stable rumen fernentation of these rations (see follow ng paper).

Table 2 Mean daily digestible organic matter intake (g/head) of the
pelleted rations

Ration Ingredient % Week
Wheat Rice hulls 1 2%% 3 4*

1. 74 20 *157a 244a 510a 594a
2. 64 30 56a 257a 530a 800bc
3. 54 40 74a 278a 549a 756ac
4. 34 20 112a 525b 692a 863bd
5. 24 30 96a 420b 679%a 835bd
6. 14 40 94a 451b 605a 640ac

Different superscripts within columns denote significance
* (P < 0.05), ** (P < 0.01)

The qui cker adaptation of the sheep to the diets containing rice pollard and
citrus pulp had no apparent influence on the overall performance of the sheep
under the conditions of this experinment but nmay be inportant under the high
stocking rates and intense competition that exists on board ship.

Li vewei ght gain or loss The percentage of aninmals that gained or lost fasted
live weight over the 28 d period is given in Table 3.

Increasing the percentage of rice hulls from 20% to 30% or 40% in rations
one to three significantly decreased the percentage of aninals that |ost nore
than 5 kg of live weight. Athough these animals did not die it is perhaps
reasonable to assume that their survival would have been at risk under the
consi derably nore stressful conditions on board ship. The opposite trend was
evident with rations four, five and six: increasing the percentage of rice
hulls tended to increase the percentage of aninmals that |ost weight.

Table 3 Percentage of animals that gained or lost |ive weight
Ingredient % Per cent gain or loss
Final

Ration Wheat Rice hulls Gain - Loss liveweight

1-5 kg 6-12 kg (kqg)
1. 74 20 33.3a(2.1)# 45.8a(2.7) 20.9a(8.4) 48.6a
2. 64 30 62.5a(2.1) 33.3a(1.5) 4.2b(9.0) 51.4a
3. 54 40 75.0a(2.2) 25.0a(1.1) 0b 52.5a
4. 34 20 66.7a(3.2) 33.3a(2.8) Ob 51.5a
5. 24 30 45.8a(3.3) 54.2a(1.6) 0b 51.5a
6. 14 40 33.3a(1.9) 58.4a(2.1) 8.2b(6.8) 49.7a
* Different superscripts within columns denote significance (P < 0.05)
# Figures in parentheses equal mean liveweight gain or loss (kg)

These studies dempnstrate that significant quantities of rice hulls, rice
pollard and citrus pulp can be included in rations for the live sheep trade.
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RUMEN ADAPTATI ON BY SHEEP TO PELLETED RATIONS CONTAI NI NG WHEAT,
RICE HULLS, RICE POLLARD AND CI TRUS PULP

MJ. WATSON*, C. H BURGE*, C. RAT* and R W HODGE*
MATERI ALS AND METHODS

(i) Phase 1 Fifteen Merino wethers with rumen fistulae and previously
grazing were allocated to three rations (1, 2 and 3, see paper above) and
placed in individual metabolism stalls. Following an 18 hour fast the
sheep were introduced to the experimental rations with pellets replacing
hay over a six day period when sheep received daily 500 g/head of pellets
alone. Wen sheep consuned daily 500 g/head of pellets, feed offered was
increased daily by 50 g/head until daily intake of pellets was 700
g/ head. Feed offered daily remained at 700 g/head pellets until day 18
when intake was rapidly increased to ad lib.

(ii) Phase 2 Eighteen conparabl e wethers were allocated to three other
rations (4, 5 and 6, see paper above and a similar schedule followed.

Rumen fluid sanples were collected on days one, 15 and 30 from all sheep
at 0800 h prior to feeding at 0830 h and thereafter at 1130 h, 1430 h,
1730 h, 2030 h and at 0830 h the followi ng day. The pH of rumen fluid
was determined imediately after collection.

RESULTS

The changes in pH of rumen fluid during the feeding cycles are shown in
Fig. 1. Initially the changes in pH on the high wheat rations were erratic
(see Fig. la) but by day 15 a diurnal pattern emerged with a marked fall in pH
after feeding and a gradual increase to the pre-feeding value (Fig. 1lc). At
the highest level of feeding on day 30 (Fig. le) there was a lack of diurnal
variation and a uniformy low pH. In contrast, the changes in pH on the
rations containing citrus pulp and rice pollard were |ess variable (see Figs.
b, dand f).

Mean pH was |ower (P < 0.05) on day one and 30 with the high wheat
rations conmpared with the rations containing citrus pulp/rice pollard. The pH
range was greater (P < 0.05) on the high wheat rations on days one and 15 but
| ess (P < 0.05) on day 30 when conpared to the citrus pul p/rice pollard
rations. On day one, pH was |ower (P < 0.05) on the wheat 74%, rice hulls
20% ration than all others and on day 15 the pH was less (P < 0.05) on the
20% rice hull rations, while pH differences on day one and 15 were greater
conpared to rations containing rmore rice hulls.

* Animal Research Institute, Department of Agriculture and Rural Affairs,
Werribee, Vic. 3030
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WAEAT, RICE HULLS, CITRUS
7.0 PULP ANDTRICE POLLARD

RUMEN pH

5.0 (b)

s.0{ ¢ (@

7.0 J

| (e)

) 6 12 24 0 6 12 24
TIME AFTER FEEDING (h) TIME AFTER FEEDING (h)

Fig. 1. Mean rumen pH during the feeding cycle for pelleted rations containing
20% rice hulls o o; 30% rice hulls e e; 40% rice hulls A A; with wheat
replacing 20%rice pollard, 20% citrus pulp on LHS conpared with RHS and when

offered 500 g/head on day one (a and b); 700 g/head on day 15 (c and d); and
between 1120 and 1680 g/head on day 30 (e and f).

DI SCUSSI ON

The restricted intakes on the high wheat rations (see paper above) were
presumably related to the lower and nore erratic pH values as a high intake of
wheat is known to result in an unstable fernentation and depressed appetite
(Lee et al. 1982). Initially on these rations, the diluting effect of rice
hull's increased the stability of rumnal fernentation, and up to a noderate
daily feeding level (700 g/head) the inclusion of rice hulls at greater than
20% decreased the diurnal variation and increased mean rumen pH. There was
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less duirnal variation on the rations containing citrus pulp and ri ce pollard,
except at the highest level of feeding when the very | ow rumen pH throughout
the feeding cycle on the high wheat rations indicated potentially unstable
rumen fernentation.

Rations containing citrus pulp and rice pollard have a | ower nolar proportion
of rumen propionate (MJ. Watson, unpublished data). Ration conponents such as
these, which increase henicellul ose and pectin probably reduce the anylolytic
rumen nicrobes (Baldwin and Allison 1983) and stabilize the rumen environnent
in sheep fed pelleted rations containing readily fermentable substrates.

CONTROL OF LACTIC ACIDOSIS DURING LI'VE SHEEP EXPORTS
BY USE OF CHEM CAL ADDI Tl VES

J.B. ROAE* and E.M AITCHISON*

As has been discussed in previous papers in this contract the
sheep-shipping industry prefers the use of high density pellets with sufficient
physical strength to withstand the handling involved in loading the ship and
feeding out. To satisfy these requirenments relatively high levels of cereal
grain are often included in the diet and this gives rise to the danger of
lactic acidosis. Although acidosis is not a problem in sheep adequately
prepared for the shipboard diets in assenbly feedlots, all shipping conpanies
are aware of the significant |osses which can occur through errors in feed
fornulation or feeding management. The safety of high-starch feeds for sheep
accustoned to roughage diets can be significantly inproved by the use of
chemical additives. In this short review the biological action of the mgjor
groups of additives will be discussed together with the presentation of data
from our |aboratories.

Lactic acid is an inportant intermediate of carbohydrate fermentation of
grain-fed animals and is normally rapidly converted to acetic, propionic and
butyric acids. Rapid fernentation of starch results in a reduced pH and also
in increased lactate production. Some of the bacteria which fernent lactate
are inhibited by low pH (e.g. Veillonella al cal escens) and for others tolerant
to low pH (e.g. Megasphera elsdenii) the build up of sufficient nunbers
requires time (see Schwartz and Glchrist 1975). The build up of lactic acid
may be controlled either by reducing its production or increasing the rate at
which it is fernented in the rumen.

Reducing lactic acid production through (a) gram-positive antibiotics. The
main |actate producing Streptococcus bovis and Lactobacillus are gram

positive. A range of feed additives used in cattle feedlots in America and
Europe (e.g. nonensin, lasalocid and avoparcin) have selective activity against
these gram positive oragnisns and can significantly reduce the build up lactic
acid. Nagaraja et al. (1981) have reported work on nonensin and |asalocid and
prelimnary work in our |aboratories (see Table 1) has indicated that avoparcin
could significantly reduce lactic acid concentrations. There was also

consi derabl e between-animal variation in the concentration of lactic acid in
response to intra-ruminal administration of wheat. Nagaraja et al. (1981) in
showing lower levels of lactic acid in response to the ionophores (monensin and
| asalocid) also found substantial variation between aninals.
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Table 1  Effect of including avoparcin with a slurry of cracked wheat
introduced directly into the rumen of sheep, on lactic acid concentration in
rumen fluid (m mol/litre). The dose of cracked wheat was 14 g/kg live weight
(C. L. McDonald, E.M. Aitchison, and J.B. Rowe, unpublished-data)

Avoparcin No. of sheep Time after dosing (h)
mg/kg wheat per treatnent 0 4 8 12 24
0 11 0.04 0.70 29.6 13.8 29.5
30 3 0.01 1.63 20.7 51.3 53.6
60 3 0.21 0.25 9.3 30.4 20.9
90 3 0.04 1.42 3.2 11. 4 12.2
SED 0.11 0.86 19.4 20.2 15.5

It appears that while the ionophore conmpounds (mnensin and lasalocid)
need to be fed for at least three days before affording protection against the
production of lactic acid the effect of avoparcin may be inmmediate.

(b) Bentonite clays have been successfully used to decrease stock |osses
and inprove liveweight gain of animals introduced rapidly to high starch
diets. It appears that this may be through their ability to decrease lactic
aci d production through changing the pattern of rumen fermentation towards
acetate production (J.B. Rowe and E.M Aitchison, unpublished data).

Increasing lactic acid utilization through use of buffers. Buffers such as
sodi um bi carbonate can be effective in maintaining a stable rumen pH even when
high levels of starch are fed (Rogers and Davis 1982). This higher pH reduces
the rapid proliferation of lactic acid formng bacteria, while at the same tine
preventing the inhibition of lactate utilising bacteria. The accumul ation of
lactic acid in rumen fluid can therefore be reduced when buffers are included
in high concentrate diets (Prigge et al.1975).

Before the use of these chemicals becomes widespread in the industry nore
information is required on how quickly they become effective and at what |evel
they need to be included in the feed.

SUMVARY AND CONCLUSI ONS
C. L. McDONALD*

The live sheep export industry returns nore than $150 nmillion annually in
export income but has been threatened by industrial action from neat workers
and objections from Animal Welfare groups and communities surrounding assenbly
areas and ports (Lightfoot and MDonald, 1982). Recent research, which was set
agai nst a background of scant know edge, therefore has the potential to assist
the devel opment of a nore secure industry where animals are well cared for and
wastage by way of weight loss, ill health and nortality are minimzed.
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The work presented in this contract shows that feeding behaviour of the
sheep entering assenbly depots can be inproved by several factors which are
under the direct control of feedlot managers. Additionally there is sonme
support for the opinion that sheep which adapt well during assenbly perform
wel | aboard ship. Recent veterinary studies have shown that 12% of feedlot
di seases were closely related to feed intake (adaptive conditions). However,
problenms with feeding behaviour are also likely to be associated wth another
38% (samonellosis) and 5% (netabolic disorders) of cases studied.

The scope for inprovement of animal performance via ration fornulation
has been highlighted in this contract. Problems with insufficient
met abol i sabl e energy contents and dustiness of current rations have been
di scussed, optinumlevels of inclusion of rice hulls, rice pollard and citrus
pul p in wheat-based pellets have been defined and methods of controlling
acidosis by use of chenical additives have shown considerable potential.

Future research progranmes are aimed at deternining the effects of
previous experiences of sheep and feeding behaviour during assenbly on
Iivewei ght wastage, disease and nortality during export. Protocols involve
large scale investigations using commercial shipments with sheep histories
traced back to farms of origin together with experiments on research stations
involving applied nutritional treatments and intensive observations and
measur enent s.
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