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Abstract

Leucaena leucocephala perennial browse legume, represents one of the few nutritional options to
significantly improve beef productivity in northern Australi&is project used expert knowledge and
existing spatial data sets to map potential distribution in Queensland, the Norfhemitory,and
northern Western Australigestimating that up to 27.3M hectares of land in Northern Australia
could viably supporteucaenagrass pasturgrazing systems. This incluté.6M hectares in humid
coastal areas of Queensland that are suitable forghglidresistantRedlands cultivar, with

economic analysisf further adoptionsuggesting a total benefit of $&123M over the next 40 years
across northern Australia.

Tomaximise the benefits for cattle grazihgucaenathe cattle need rumerbacteria capable of
degradingthe toxins mimosine3,4 DHRand 2,3 DHP. This project investigated the effect of the
Redland<ultivaron the current DAF inoculum resulting in the development of a new mixed
bacterial inoculum (TriMixjadaptedfor better utilisation of thethree different Leucaena cultivars,
Redlands, Wondergraze and Cunninghamon-property surveyof the presence of d¢oxifying
bacteria in the rumerfiound that catle whichhad never been exposed to Leucaena did not possess
rumen bacteriaable to degrade the toxins 3,4 DHP and 2,3 B&lfRould benefit fronreceivingthe
Department of Agriculture and Fisheriesucaenanoculum if being moved to a Leucaegeass
pasture grazing system.
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Executivesummary

Background

Leucaendeucocephalaaperennial browse legumeepresents one of the few nutritional options to
significantly improve beef productivity in northern Australd®spite high establishment costs and

the risk of establishment failure, the popularity of Leucaena by graziers is driven by superior levels of
animal performance and the fact that once establishib crop can persist for many years. Bowen

et al, (2016) compared six annual and perennial forages grown under commercial conditions in
central Queensland. Their study revealed that a Leucagaas sgtem was the most profitable with

a gross margin of $181/halyear compared with the next best system of butterfhgpess

($140/halyear) or annual crops ($18 to $102/halyear). The superiority of Leucaena was attributed to
lower forage costs and higher amal performancelUnder more controlled experimental conditions
liveweight gains from Leucaefmass systems are typically around 1 kg/d (Quirk .e18B8

Harrison et al.2015) or approximately double that obtained from grass pastures in higher rainfall
areas of Queensland.

55aLIAGS SOARSYOS F2NJ [ SdzOl Sy I have feenyhable to &ridiver @ £ dzS
fundamental questions about its use and distribution. A single study used mail surveys to estimate
hectares under Leucaena in a small part of eastern Queen@lastbighter and Sheltoh986).

Another produced an estimate of the total potential cultivation areas across the state btgtesl

the psyllidresistantLeucaend dzt (i A @ Nbrdumre Bérile yuRiviaghat could allow Leucaena

to be grown in more humid, psyllid susceptible regions of Queensladdook no account of

legislative and code of practice guideli@sutel et al., 2018 However, there are quality public

spatial datasets that could be used along with expert advice to quantitatively answer questions
about where Leuaenais currently established how much there isyhere more coulde planted

and how much difference that would make to the beef industtyis is critical information for

industry and support agencies attempting to boost the beef indystmpugh informed use of

Leucaena

To be able to utilise Leucaena efficiently it is necessary to inoculate cattle with bacteria capable of
degrading thdoxic breakdown products3,4 DHR 2,3 DHIPof the toxic amino acid, mimosinthat

is prevalent within Leucaena cultiva¥hilstthe cultivarRedlands addresséise seriouspsyllidpest
issuethe characteristics that prevent psyllid predation of the plant may also affecefficacy of

the currentDepartment of Agriculture and Fisherid3AF Leucaenanoculumand Synergistes

jonesij the rumen bacteria that dgradesthe Leucaena toxm

The industry needs sciendmsed evidence of the curreand potential land areas suitable for
plantingLeucaenacross northern Australj@conomic benefit®f future adoption of Leucaena
grass grazing systertsuse inplanning for future extensionf beefgrazingenterprises in these
areas.Xiencebased evidencef the need to inoculate animal® provide toxinrdegrading rumen
bacteria andhe efficacy of thdDAH_eucaena inoculurfor animals grazingew cultivarsis needed
to enable producers to make informed decisions for their animal management praciieissproject
addresses these issues
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Objectives

The aims of this project were met through the following two objectives

1) Determine the efficacy of the current and modified Leucaena inoculum for cattle grazing the new
psyllid resistant and future sterile cultivaiend

2) Establish the range and extent of land that are suitable for the growth of Leucaena cultivars.
Both objectives were mdhrough:

1 the development of anew, TriMix Leucaena inoculum suitable for cattle grazing either
older cultivar or the new psyllid resistaRiedlands cultivarand

1 determination of the range and extent of land across northern Australia suitable for growing
Leucaena and analysis of potential economic benefits to the Australian beef indtistry
further adoption

Methodology

1. A series of 3@layin vitro fermentations were undertakertp determine the effects of thaew
psylid-resistantLeucaena cultivaRedlandsand psyllidtolerant cultivarWondergrazeon the

bacterial populations in the current Leucaena inoculdfriMix Leucaena inoculum was developed
in a30-dayin vitro fermentationusing three starter cultures (Redlands, Wondergraze and
Cunningharpandfed leaf from three different cultivar®aily population numbers @ynergistes
jonesiiwere determined using quantitative PCR assaysthaability to degrade toxinameasured in
Leucaena toxilegradation assayset upon days 1015, 20, 25and 30of each fermentation

2. Animal ethics approval was obtained to sample cattle for aproperty survey consisting of

properties with one of four grazing management treatments: Treatmenalerd which had never

been inoculated and were grazing Leucaena; Treatmeya Berdreceived the rumen fluid

Leucaena inoculum (pr&993), with between animal transfer managed and were grazing Leucaena;
Treatment 3- the herd received the DAF Leucaena inoculum, and were grazing Leucaena; Treatment
4 ¢ a herd which had never been inoculdtand never grazed Leucaena. Cattle on identified

properties were rumen sampled and toxin degradation assays used to determine if cattle possessed
toxin-degrading rumen bacteria.

3. Expert knowledge and existing spatial data setre usedo mapthe potential distributionof
cultivatedLeucaendlLeucaena leucocephatsp.glabrata) in Queensland, the Northerferritory,
and northern Western Australi@n economic analysiwas undertakerno estimate the economic
benefit of further adoption across the study area. The work incorporated separate analyske for
new cultivar Redlandsnd all other commercially cultivated cultivars.

Results/key findings

The key findings of the project were

Thepsyllid resistant Redlandsucaenaultivarwas found tonegativelyimpactthe DAF Leucaena
Ay 20dzZt dzyQa | 0 A f theitd@xing) 24 DR ahdl2, 3FDSfthin inifial i vitro
fermentations To address this loss of activityTeMix Leucaena inoculum has been developed
containing bacterial populations adapted effectivelyferment and detoxifyplant material fromall
three different Leucaena divars(CunninghamRedlands and Wondergraze)

The onproperty surveyresults have shown that populations of rumen bacteria able to completely
degrade the toxic compounds in Leucaena, are not naturally present in Australian cattle. The rumen
bacterial populations in cattle that have never been exposed to Leucaena were unablgréalde

the toxins 3,4 DHP or 2,3 DHP. Use of the DAF inoculum to introduce thelémxeding bacteria to
naive cattle, is recommended to ensure the maximum benefit from utilising Leuqzeestare
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grazing. The survey showed that these bacteria can be maintained by management practices to
ensure its spread to new animals being introduced to Leucgaséure grazing.

Mappingestimated up to 27.3M hectares of land in Northern Australia could viably support
Leucaenagrass pasture grazing systems. This includes 4.6M hectanesniial coastahreas of
Queensland that are suitable for the Redlands cultivar, and where other cultivars have previously
been nonviable due to predation from psyllid§he economic analysis suggests a total benefit of
$61-123M over the next 40 years across northern Australia. More than 90% of this will be generated
in Queensland including $36M fromcv Redlands cultivation.

Benefits to industry

The benefits for the industry will be

9 The production of the DAF TriMix inoculumnpaw mixed bacterial rumen inoculum capable
of degrading 3,4 DHP and 2,3 DHP efficiently and effectiwlgn used in animals grazing
different Leucaena cultivarincluding the psyllid resistant Redlands

1 <<ientific evidenceprovided by aron-farm survey,on which management practices enable
cattle to possessthe rumen bacteria able to completely degrade the toxic compounds
associated witfeedingLeucaena

1 Theidentification andmapping of land areais Northern Australiavhichcould viably support
Leucaenagrass pasture grazing systemsilable to enable future expansipand

1 Estimated economibenefits of future expansions to the industry modelled over the next 40
years.

Future research and recommendations

The workon the efficacy of the current DAF Leucaena inoculum resulted improvedmixed
bacterial rumenTriMix inoculum providing bacterial populations adapted to three cultivars which
quickly established detoxifying populations in fermentations. ld@mmendation from this project
is forproduction of the DAF Leucaena inocultorshift to the TriMix from the next production run.

Future research into the bacteria present in the rumen capable of degrading 3,4 DHP and 2,3 DHP
will include rumen microbiomeequencingf the72 animals sampled within the garoperty survey

and metagenome sequencing of rumen fluid from selected animakul® and ecommendations

to industryfrom on-property survewwill be communicated to industry through future planned
communication activities including an article in the FutureBeef Newsletter and a FutureBeef or
Leucaena Network webinar.

This project established the range and extent of land thatitable for the growth of Leucaena

cultivars and indicates broader areas of northern Australia where industry can scale up planning with
agronomic and economic advisofsr best results. This planning could focus on optimal placement

of Leucaena at property scale, appropriate weemlicaena control, and more targeted analysis of
potential financial outcomes.

This projecsuggess thebroader areas that would be useful starting points for finer scaled planning
involving agronomic and economic advisdfature projectswvith extensionbased activities

focussing on theptimal placement ofeucaena at property scale, appropriate weed control and
more targeted analysis of potential financial outcomeslemonstrate the benefits of Leucaena for
Northern Australian producers should be undertaken.
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1. Background

Leucaenal{eucaena leucocephdless a leguminous woody plant used for a number of purposes
globally. Leucaena leaves have potentially high nutritional value for cattle, and this has resitked in
wide use as a supplementary food for ruminanteluding cattle. Cultivation dfeucaena (primarily

L. leucocephalasp glabratg to augment pastures for beef cattle has seen a steady increase in
eastern Australia since the 1970s (Beutel et2018). Leucaena represents one of the few

nutritional options to significantly improve beef prodhivity in northern Australia. The benefits
include the potential for positive long term financial benefits for the grazing business (Bowen and
Chudleigh 2021ps well apotential reductions in cattle greenhouse emissions (Harristoa.,

2015) and nitrogen fixation (Shelton and Dalzell 2007). Leucaena offers the chance for producers to
achieve growth rates of over 1 kg/d from their existing land tesdresearch indicates that
Leucaenanayreduce methane emissions from grazing cattle. Under the emgrgambon economy,

it is estimated that.eucaena could generate over $1 million per year in carbon revenue across the
north. The superior animal performance, the potential suitable land area, development of psyllid
resistant varieties, and the carbon benefits when taken togettlemonstrate a massive potential

for Leucaena expansion and finishing systems based on this perennial browse legume.

ThepsylieNS aA &l yid OdzZ GADEN awSRfFyRaé Aa SELISOGSR
psyllid susceptible regions of Queensland #nid will accelerate additional plantings. Available area

is not a limiting factor for expanded adoptionlefucaenagrass systems in northern Australia.

Expansion will depend instead on multiple factors including local regulations around issues such as
vegetation management and wedgucaena control, competing land uses, and technical support to
ensure better placement, establishmemind productivity. This finding applies to all commercial

cultivars including cv Redlands.

Whilstthe development oRedlands addresses a serious pest issue, questions were posed regarding
the ability of Synergistes jonesihe rumen bacteria thatlegradesthe Leucaena toxins (3,4 DHP, 2,3
DHP) and the efficacy of the current DAF inoculum in relation to the Redlands cultivar. Releently
need for cattle grazing Leucaena to receive the DAF inoculum to prevent Leucaena toxicity and
maximise production potential has been raised. It has been suggested that Australiameaitialy
possess thefality to detoxify mimosine, 3,4 DHP and -DBIP (Shelton et aR019). The industry
therefore needs sciencdased evidence of the efficacy of the existing DAF inoculant with new
varieties and the distribution of cattle possessing rumen bacteria capable of detoxifying Leucaena
toxins.

For successful expansion and establishment of Leucaena pasture production the industry needs
accurate scientifically determined estimates of the current acreage under Leucaena pasture
production and identification of the potential distribution areas and economic benefits of further
adoption of cultivatedeucaena in northern Australidhis project addresskthese issues.
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2. Objectives

Objectives

1) Determine the efficacy of the current and modified Leucaena inoculum for cattle grazing the
new psyllid resistant and future sterile cultivars.

This objective has been met successfulhis projectdetermined that within initial in vitro
fermentations the new psyllid resistant cultivarsegatively impacted the current DAF Leucaena

Ay20df dzyQa FoAtAGe (2 RS3INI R Resbapig obtiprofedti6 (2 EAY &S

Januan2022 enablednew research investigatg potential improvements to the DAF inoculum
Bacterial populationsadaptedto the psyllid resistant cultivarahichsuccessflly degraded all toxins
in previous fermentations wereombined in a fermentation fed leaf froRedlands, Wondergraze
and Cunninghaneultivars with the resultinginoculum calledl'riMix It wasdemonstrated thathe
bacterial populations present e TriMixinoculum still established well antetained the abilityto
effectivelydegradetoxins in subsequent fermentationfed leaf from a singleultivar (Redlands,
Wondergraze and Cunningharithe TriMix Leucaena inoculum will replace the current DAF
inoculum.

2) Establish the range and extent of land that are suitable for the growth of Leucaena cultivars.

This objective has been met successfully with expert knowledge and existing spatial data sets used
to map current and potential distribution of cultivated Leucaena in Queensland, the Northern
Territory,and northern Western Australia. An economic analysis was undertaken to estimate the
economic benefit of further adoption across the study area. The work incorporated separate
analyses for the new cultivar Redlands, and all other commercially cultivaliaghcst

3. Methodology

3.1 Efficacyof the current and modified Leucaena inocutu

3.1.1 In vitro anaerobic fermentatiors

To assess the effectiveness of the current commercial Leucaena inoculum to detoxify the Leucaena
cultivar Redlands and compare it to the commercially available culi@ansinghanand

Wondergraze, a series of vitro anaerobic fermentations were conducted. Anaerobic fermentations
were conducted in a Labfors 3 benchtop fermentation system (Infors HT, Switzerland) @ding a
fermentation volume Thefermentervessel was maintained at 39 °C, continuously bubbled with a
mixture of CQH, (95:5 v/v) to ensur@naerobic conditions and maintained at pt¥. Total

fermentation time per experiment was 30 dagsd on the final day of the fermentation, 20 bottles

2F WYail NI SN @dukniedidndix@d withp50 mLYdf thexcAyopreserving medium

RF/Gly (Appendik2.1.1)) were harvested and stored &80 °C.

Fermentations were commenced using 3 L &éranenterstarter medium (Appendix21.2) to

GKAOK ¢Fa I RRSR | Wadl NIGISNI Odzf G dzNBThe 2 F mnn Y]
fermentations, starteiculturesand cultivar of Leucaena used as feaxk detailed in Table 3.For

sevenof the 17 fermentations the starter culture was derived from a commercial inoculum

production fermentation (for inoculation of beef cattle fed Leucaena under commercial conditions)
and stored at80 °CThe remaining fermentations had starter culturghich had beertollected on

the final day othe fermentation.

Initially 40 g of chopped leaf of the corresponding Leucaena cultivar was added as substrate at the
commencement of the fermentatiorz-rom the second day of fermentation onwartislf of the
fermenterliquid volume (i.e. 1.5 L) was removed into 3 x 500 mL Wheaton bottles on a daily basis
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and replaced with 1.5 L éérmentersalts solution (Appendix211.3) and 30 g of chopped leaf of the
appropriate Leucaena cultivar (Table 3.1) was added.

To develop a commercial inoculum adapted for the detoxification of a range of Leucaena cultivars
including Redlands, Wondergraze d@ddnninghamanin vitro anaerobic fermentation
(TriMix_Ferm12) was conducted using three statattures- Cunninghan{Ferm_9, 21/08/2019),
Redlandsadapted (Ferm_5, 27/02/2019) and Wondergraadapted (Ferm_6, 10/04/2019). The
fermentation had equal weights of leaf material of the three Leucaena culthMaumsningham

Redlands and Wondergraze, added daily dag

onz HAN

0 2 dulfufets 46 SNB WKl NINGI &SNS

and cryopreservedA further three separatén vitrofermentations weraundertakento determine
the ability of theTriMixinoculum to establish and detoxify when fed a single cultffable 3.1)A
finalin vitro fermentation washen conducted using the starter culture harvested from the

TriMix_Ferm12with equal weights of leaf material of the three Leucaena cultiv@snningham
Redlands and Wondergraze, added daily.

Table 31. Starter culture and feed Leucaena cultivar, for each of thed®y in vitro fermentations,

numbered 1 to 7.

Starter culture

Leucaena cultivar

Ferm_1 Commercial Cunningham Redlands
(Bottle #16, 10/12/15)
Ferm_2 Commerciat Cunningham Cunningham
(Bottle #5, 10/12/15)
Ferm_3 Commercial Cunningham Wondergraze
(Bottle #6, 10/12/15)
Ferm_4 Commercial Cunningham Redlands
(Bottle #7, 10/12/15)
Ferm_5 Redlandshased Redlands
(Redlands Ferm_1, Day 30)
Ferm_6 Wondergrazebased Wondergraze
(Wondergraze Ferm_2, Day 30)
Ferm_7 Commerciat Cunningham Cunningham
(Bottle #9, 10/12/15)
Ferm_8 Commercial Cunningham Wondergraze
(Bottle #12, 10/12/15)
Ferm_9 Commercial Cunningham Cunningham
(Bottle #45, 10/12/15)
Ferm_10 Wondergrazeadapted Wondergraze
(Wondergrazebased Ferm_6, Day 30
Ferm_11 Redlandsadapted Redlands
(Redlandshased Ferm_5 Day 30)
Ferm_12 Redlandsadapted Cunningham
(Ferm_5, 27/2/19) Wondergraze
Wondergrazeadapted Redlands
(Ferm_6, 10/04/19)
Cunningham
(Ferm_9, 21/8/19)
Ferm_13 TriMix_Ferm12 Wondergraze
(Bottle #2, 15/09/21)
Ferm_14 TriMix_Ferm12 Cunningham
(Bottle #3, 15/09/21)
Ferm_15 TriMix_Ferm12 Redlands

Pagellof 137



B.GBP.0026Feeding Leucaena to manadetrumen for maximum beef profit

(Bottle #4, 15/09/21)

Ferm_16 TriMix_Ferm12 Cunningham
(Bottle #5,15/09/21) Wondergraze

Redlands
Ferm_17 TriMix_Ferm12 Cunningham

(Bottle #6, 15/09/21)

3.1.2 Fermentation fluid samples for analysi

Samples were collected daily from each fermentation consisting of four 1.0 mL aliqdetmenter
fluid placed into 1.5 mL microcentrifuge tubes, centrifuged at 16X1.§@r 10 min, the resulting
supernatantwasremoved and the remaining cell pellet stored frozer24 °C for future gDNA
extraction andfor useas template irS. jonesifeal time PCR assays. Two 5.0 mL aliquots of
fermenterfluid were placed into yellow capped tubes and stored frozeng& °C for future gDNA
extraction and microbiomanalysis. Six aliquots of 10 mUfefmenter fluid were added to Hungate
tubes ondays 10, 15, 20, 25 and J0r Leucaena toxin degradation assays and two 1.0 mL aliquots
were placed in cryovials and flash frozen in lichilogen before being stored frozen &0 °C for
metagenomic or metatranscriptome analyses.

Each day a drop of fermentation fluid was placed enieroscopeslide and the bacterial diversity
present examineét 400 x magnification on a Nikd&rclipse 80i microscope (Nikon Instruments Inc,
Tokyo Japarand photographed as a reference of the progression of microbial community changes.

3.1.3 Leucaena toxin degradation assay

Leucaena toxin degradation assays were set udays 10, 15, 20, 25 and 3The assays foragh
fermentationwere set upwith six Hungate tubes each day, under anaerobic conditionsl@ndL
aliquots of fermentation fluid added inteachtube. The tubes were assigned in duplicate to one of
three treatment groupg; Mimosine (Mim1, Mim2) with 500puL of al0 mM mimosine §imga
Aldrich/Merck solution added to each tube3,4dihydroxypyridine (3,4 DHP, 3,4DHP2) with

500pL of a10mM 3,4 DHP (preparédh-housedrom mimosine(Acamovic et al. 1982, Hegarty et al.
1964) solution added to each tuber 2,3 dihydroxypyridine (2,3 DHP 2,3 DHR) with 500 L of a
10mM 2,3 DHPSgma Aldrich/Merck solution added to each tubéfter mixing by inverting the
Hungate tubessamples were taken immediately (Timeénpwith a 0.8 mL sample removersing a

1.0 mL syringe and plac&udo a 1.5 mL microcentrifuge tub&he sample was stored frozen at

-20 °C until analys. TheHungat tubes werdncubated at 39 °@ith further samplesremovedat

48 h and 16& and processed as described for Timedample.

Quantification ofmimosine, 3,4 DHP and 2,3 DHP was perforaredHigh Performance Liquid
Chromatography (HPL®strument (Waters, Milford MA USA) withitra-violet/visible detection

(280 nm) following the method described by Tangendjaja and Wills (1980). Briefly uh @0he

thawed sample was filtered through a 0.2@n syringefilter anda 10 uLvolume loaded onto the

HPLC andeparated on an Aqua C18 column (Particle size 5 um, Pore size 125A, 250 x 4.6 mm;
Phenomenex) using 0.1% phosphoric acid/ 1% methanol as mobile phase at a flow rate/ofit.
Quantification ofmimosine,2,3-DHP and 3@HPconcentratonswas determined from comparison

to standard curvesA detailed methodology of the toxin HPLC analysis is contained within Appendix
12.2.

3.14 Genomic DNA and PCR amplification forjonesidetection and enumeration

Genomic DNA was extracted frdire thawed, pelleted, fermentation fluid using the Repeated Bead
Beating and Column (RBB+C) method of Yu and Forster (Ab@guantity and quality of the
extracted gDNA was determined by 1% agarose gel electrophoresis in Tris Borate EDTA (TBE) buffer
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along with a 5.0 pyL aliquot of GeneRuler 1Kb DNA ladder (Thermo Fisher Scientific) and the DNA was

visualised using GelRed® stain (Biotium, USA). The extracted gDNA was diluted 1:10 and used as
template in twoS. jonesispecific assays, a conventional PCR and a quantitative PCR.

For the conventional PCR, tBejonesia LISOA FA O LINAYSNAE ay3ItdpcC oY p
FYR ayamnanmw 6pQ /! // ¢D¢ ¢/ ¢!,19935 wetetiged add each 250uL 0 a
reaction contained 10X PCR buffer + 20 mM MgCI2 (2.5 pL); 12.5 uM dNTP mix (0.5 pL); sng796F
primer 12.5 pmol/pL (0.5 pL); sng1001Rpmol/uL (0.5 uL); ultrapure® (15.4 pL); template DNA

(2 yL) and FastStart Taq DNA polymerase 5 U/uL (0.1 pL) (Roche International, Germany).
Conventional PCRs were carried out in a@DIDhermal Cycler PCR machine-{Baal Laboratories

Pty., USA) with the hot lid set to 105 °C. The amplification conditionsareirgtialdenaturation at

95°C for 5 min, followed by 30 cycles of ®8for 45 sec, 72 °C for 45 sec, and 95°C for 45 sec;
followed byafinal extension stepf 58 °C for 1 min and 72C for 10 min and then held at 12°C until
manually stopped. The presence of amplicarasdetermined by 2% agarose gel electrophoresis in
aTris Acetate EDTA (TAE) buffer at 95 V for 45%oesidea 5.0 pL aliquot of a 100 bp DNA

Hyperladder (Bioline, UKkandthe DNA was visualised using GelRed® stain.

TheS. jonesispecific quantitative PCR assay used primers and probe developed in the previous MLA
project, B.NBP.0720Leucaena Rumen Inoculugrcomposition and activity along the supply chain,

with their sequences listed ifable 3.2Bacterial cell number standards were prepared as described
by Ouwerkerk et al(2002) In brief, pure cultures ofS. jonesiwere grownin liquid cultureand cells
counted usinga PetroffHausser Chamber and diluted in rumen fluid to obtain standards ranging

from 10*to 10%° cells/mL. The gDNA was extracted from these standards using the RBB+C method
and stored frozen at80 °C.

Table 3.2S. jonesispecific quantitative PCR primer and probe sequences

{SljdzSy0S o6pQ (2 0QU
Sng061F primer CGAACGGGGATCATGTAGAA
Sngl76R primer ACCTCTCGGCTTATGGGGTA
SngP4 probe pQClca / ¢¢! D!/ 1 ¢D!'¢¢c¢cc¢c! DeHBD/ DD! /

*6-FAM¢ 6 caboxyfluorescein fluorescent dye; BH¢lack hole quencher 1

Q
Of

¢
%

CKS ljdzk yiAGHGADBS t/w NBFIOGAZYA 6up x[0 O2yilAySH

buffer (Primerdesign, UK), 200 nM of each primer, 100afildligonucleotide probe and 5 uL DNA
template (1:10 dilution of extracted gDNA). PCR was performed in a-Bette model RG000
(Corbett Life Science) using an initial denaturation at 95 °C for 60 sec, followed ystepvo
amplification profile constsg of 45 cycles of 95 °C for 15 sec and 60 °C for 30 sec.

3.15 Genomic DNA extraction for microbiome analysis

Selected 5.0 mL samples of fermentation fluid microbiome analysis were sent to the laboratory of
collaborator Dr Chris McSweeney for processing by his group to minimise variations in gDNA
extraction protocols. The initial set of selected samples from Fatat®ns 1 to 8 were taken across
in July 2019 and samples from Fermentation 9 were taken across in August 2019. The gDNA
extractions were undertaken by the techniciprocessinghe rumen samples taken from animals in
the CSIRO methane chamber animalltria

Briefly, the DNA extraction was carried out on rumen and fermenter samples using the
cetyltrimethyl ammonium bromide (CTAB) method of Brookman and Nicholson (2005). Minor
modifications as follows: (i) samples were centrifuged (13;09€r 5 min), and the supernatant

was removed before DNA extraction; (ii) cells were homogenized with 200mg afAibcaium

beads (1:1 mixture of 0.1 and 1.0 mm beads ; Biospec, Bartlesville, OK, USA) and 800 ml of CTAB
buffer in a MiniBeadbeatet8 (Bospec) on maximumpged for 2min, twice; (iii) samples were
incubated at 70C for 20 min and centrifuged at 10,00@for 10 min. The supernatant was then
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mixed with 500 ml of 25:24:1 phergahloroformcisoamylalcohol (Fluka BioChemika, Buchs,
Switzerland). The yield and purity of the extracted DNA were assessed with a NanoDrop8000
spectrophotometer (ThermoFisher Scientific, Wilmington, DE, USA).

3.16 CSIRO animal trial experimental design

The animal trial associated with this project was undertaken within the CSIRO component of this
project at the CSIRO Lansdown Research Statiotriahdesults will be reported by CSIRO

separately. The experimental design is summarisélhisle 3.3and provides information regarding

the animal numbers, animal diet and experimental grouping as well as the experimental timeline.
The labelling of microbiome samples, as usegeiction 41.2 of this report, are also included. This
labelling was intended to desbe the diet transitions experienced by animals throughout the

duration of the trial (e.g. if the diet of animal 67 was changed from 18% Redlands in periods 1 and 2,
to 18% Wondergraze in Periods 3 and 4, the samples were labelled 67_R.W.18).
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Table 3.3Summary of animal trial experimental design and labelling of samples for microbiome analysis, according to the diet trassitkperienced

throughout the trial.

Microbiome analysis
Animal |Roughageleucaena Baseline (BL Prel Postl Period 1 (P1) Period 2 (P2) Pre2 Post2 Period 3 (P3)| Period 4 (P4) diet transition grouping
Group 1: 67 0% 0% 67_Control
30 82% 18% Redlands Redlands Wondergrazel Wondergraze| 30 R.W.18
19 64% 36% Redlands Redlands Wondergrazel Wondergraze 19 R.W.36
57 52% 48% Wondergraze| Wondergraze Redlands Redlands 57 _W.R.48
Pre- Pre-
Group 2: 22 0% 0% inoculation inoculation 22_Control
48 82% 18% sampling Wondergrazel Wondergraze sampling Redlands Redlands 48_W.R.18
28 64% 36% Animals Post- Wondergrazel Wondergraze| Animals Post- Redlands Redlands 28 W.R.36
32 52% 48% | All animals or . inoculation Redlands Redlands | . inoculation | Wondergrazel Wondergraze 32_R.W.48
100% |r.10culated sampling |r.10culated sampling
with 500 mL with 500 mL
Group 3: 26 0% 0% roughage Leucaena ‘3hrs afFer Leucaena .3hrs afFer 26_Control
27 82% 18% cultivar- inoculation Redlands Redlands cultivar- inoculation | Wondergrazel Wondergraze 27 _R.W.18
18 64% 36% specific Redlands Redlands specific Wondergrazel Wondergraze| 18 R.W.36
1 52% 48% . Wondergrazel Wondergrazel . Redlands Redlands 1 W.R.48
inoclum inoclum

Group 4: 9 0% 0% 9_Control
65 82% 18% Wondergrazel Wondergraze Redlands Redlands 65 W.R.18
40 64% 36% Wondergrazel Wondergraze Redlands Redlands 40_W.R.36
29 52% 48% Redlands Redlands Wondergrazel Wondergraze| 29 R.W.48

Group 1| 3/04/2019 24/04/2019 1/05/2019 | 15/05/2019 22/05/2019 5/06/2019 | 19/06/2019

L . Group 2| 5/04/2019 24/04/2019 3/05/2019 | 17/05/2019 22/05/2019 7/06/2019 | 21/06/2019

Sample collection time line
Group 3| 10/04/2019 1/05/2019 8/05/2019 | 22/05/2019 5/06/2019 12/06/2019 | 26/06/2019
Group 4| 12/04/2019 1/05/2019 10/05/2019 | 24/05/2019 5/06/2019 14/06/2019 | 28/06/2019
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3.1.7 Microbiome amplicon preparation and sequencing

To enable the comparison of the fermentations and rumen microbiomes to be compatible for
analysis the preparation of the samples for Illumina sequencing was undertaken at the CSIRO
laboratory utilising their customised primer sets. The prepared samples sat to Macrogen Inc.
(Seoul, South Korea) in two separate submissions with the first submission containing the methane
chamber animal trial samples and the second submission containing the fermentation samples. This
resulted in the samples being nextrggration sequenced on two separate lllumina MiSeq plates

3.1.8 Microbiome analysis

To enable the comparison of the fermentations and rumen microle®no be compatible, raw
lllumina sequence data obtained from Macrogen Inc. (Seoul, South Korea) wepeopessed using
the same methodology. Briefly, sequence data was split on the basis of the target puiseerin

the initial amplicon preparatiofprimer sets to selectively amplify either bacteria and archaea,
archaea, fungi or protozoa) usiBtools(https://jgi.doe.gov/dataand-tools/software-
tools/bbtools/bb-tools-userguide/). Respective sequence datasets were thygrality filtered target
primers removedind sequences length trimmed (Cutadapt version 2.8; Marcel, 2011) and further
quality filtered using VseargRognest al.,, 2016) todereplicate, denoise and remove chimeras. The
original raw sequence data and the quality filtered data was supplied by CSIRO to DAF and sequence
data was archived on the DAF servers apgddtment ofEnvironment andsience (DESJigh
Performance Computers (Athena and Apollo).

Four sequence datasets were obtained: (1) fermenter: bacteria; (2) fermenter: archaea; (3) animal
trial: bacteria; and (4) animal trial: archaea. All datasets were initially analysedthsing

Quantitative Insights into Microbial Ecology (QIIME 2) software package (Version@0EBbkulich

et al, 2018;Boylenet al,, 2019).Sequence datasets were imported into QlIM&n@a the DADA2
software used for modelling and correcting Illumisequenced amplicon errors (Callahetral.,

2016) In this waythe inputsequences were further quality filtered, the forward and reverse reads
merged, unique sequences (sequence variants) grouped, and chimeras rerAdvedture table

(the equivalent of the QIIME 1 OTU or BIOM table) containing the counts (frequencies) of each
unique sequence (Featuran eachsample in the dataseta representative sequences fllep set)

and a FeatureData file which maps Feature identifiers in the Feature table to the sequences they
represent, was then createdhe Feature table was furthéitered to remove Features representing

< 5 sequences and to remove negative sequencing control sandplasltiple sequence alignment
using MAFFT v7 (Katoh and Standley, 2013) and a phylogenetic tree was created to relate Features
to one another and assign phylogenetic groups to the Feature tabk®nbdany wasassigned using a
pre-trained Naive Bayes classifier trained on the SILVA database (update 132, downloaded 20
February2019 from QIIME 2 Resources) (Yilmgal., 2014 https://www.arb-silva.de).

As merged read numbers were determined to be relatively low, only the forward mzedsed

from CSIR@t a later datg4/02/2020),were used for further analysis. The methods described

above were then applied to the singénd datasets to generate Feature tables, representative
sequence files, alignment and phylogenetic tree files and to assign taxonomy using the SILVA
database (132 pdate).For the €rmenter archaebdataset,taxonomy was assigned using the

specialist, archaeapecific RIM databas&érson 14 _07; Seedo#dt al., 2014). Fothe fermenter

archaea single end (forward read only) dataset, four samples were removed from the analysis due to
either the low sequences numbers obtained <2000 sequences (sample Leu2_81) or the irregular
taxonomic profiles obtained, resulting in thesargales being designated as unexplained outliers:
Leu2_87 (Wondergraze fermentation 2, day 30); Leu_78 (Wondergraze adapted fermentation 3, day
25); and Leu2_86 (Wondergraze adapted fermentation 3, day 30). For the anahal4 primer

single end (forward read only) sequence dataset, four samples with low sequence numbers were
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removed including: Leul 66; Leul 118; Leul 120 and Leul_ 119. Analysis of the animal trial dataset
was therefore conducted using sequences from the remaining 139 samples.

The taxonomy of specific samples was depicted using taxonomic bar plots generated using QIIME 2,
with samples ordered on the-axis on the basis of specific metadata categories of interest (e.g.
Fermentation cultivar and fermentation daylpha diversity analysis (microbial diversity within a
sample) was determined on the basis of three measures: (1) counts of observed species (Observed
Species); (Fraith phylogeneticidersity FaithPD); and (3) Shannon entropy of counts (Shannon).

The three alpha diversity measures were analysed in GenStat v19 (VSN International, 2018) using a
repeated measures residual maximum likelihood (REML) method. Day, Fermentation Cultivar and
their interaction were fitted as fixed effects with Day within feentation Run fitted as a random

effect, using a power model covariance structure, to account for the repeated measure over time.
Predicted means and standard errors were calculated as well as pairwise comparisons, where
significant, using Fishers Protedteeast Significant Difference (LSD) at a 5% significance level.

For determination of the differences in the microbial communities occurring between samples (Beta
diversity), the respective metadata files, as well as the table, representative sequence (rep set), and
unrooted phylogenetic tree (.tre) files generated usiQIIME 2, were imported into the R packages,
Phyloseq\ersion 1.30.0McMurdieand Holmes, 2013

https://joey711.qgithub.io/phyloseq/index.htmland MixOmicgversion 6.10.6Rohartet al.,, 2017;
http://mixomics.org/methods/plsda/). Statistical exploration and microbial community analysis

used a multivariate projectiobhased approach with repeated measures. For the identification of
indicator species and determination of microbial signatures, a spgRasial Least Squares

Discriminant Analysis (SPLSDA) was undertaken. This method was conducted using the MixOmics R
package.

Briefly, an unsupervised analysis with Principal Component Analysis (e{lifi¢,(200% was

conducted using the Feature table data generated using QIIME 2, transformed using the centred log
ratio (CLR). To determine the most discriminative Features or OTUs (Features being referred to as
OTUs within the MixOmics package), that best charasedrfactors of interest (e.g. days of each
fermentation or each sampling period within the animal trial), a supervised analysis and selection of
discriminative OTUwas undertaken with a multivariate analysis SPLSDA on three components (Shen
and Huang, 2008; Le Cabal, 2011). Contribution plots showing the most discriminative OTUs

were generated based on the coefficient derived from the component analysis. This indicated the
importance of the respective OTUs in determining the microbial signature, with the signtingica

the positive of negative correlations between the OTUs, relative to the proportions of the others. A
clustered image heatmap was generated to aeéphe microbial signatures (OTUs selected from

each SPLSDA component) for respective treatment groups (for example, fermentation days).

Core microbial communities were determined following taxonomic classification of Features

identified using QIIME 2. Features which were present in 100% of samples according to the

metadata category of interest (e.g. day of fermentation), were designatéd@2 NE¢ YA ONR O A | €
communities. Br comparison ofthe numbers of core and overatiicrobial communitie present in
fermentations maintained on different Leucaena cultivate ontline tool Vennywas used
(https://bicinfogp.cnb.csic.es/tools/venny/Oliveros, J.C., 202015. This method was used to

generate Venn diagrams and lists of microbial populations which were designated as either shared

or unique, according to the metadata category of interest (e.g. Leucaena cultivar supplied to the
fermenter).
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3.19 Analysis of Synergistetegpopulations (sequence alignment and phylogenetic
analysis)

For each of thedrmenter and animal trial bacterial representative sequence files generated above,
a subset of sequences taxonomically assigned to the phylum Synergistetes was created. These
sequences were then aligned using ClustalL¥fkinet al., 2007)within Geneious (version 11.1.2,
https://www.geneious.con to determine the presence of single nucleotide polymorphisms (SNPs)
and indicate whether representative sequences detected in either the fermenter or animal trial
sequence datasets were highly related.

A total of 29 reference 16S rRNA gene nucleotide sequences, representing the major genera found
within the phylum Synergistetes were downloaded from N@Bps$://www.ncbi.nim.nih.gov{
downloaded February, 2020). An unpublished 16S rRNA gene sequence representing the
Pyramidobactesp. strain YE332, isolated from the DAF Leucaena fermenter MIltheproject
B.NBP.072 (Davis, 2015) was also used as a reference sequence. All reference sequences were
aligned with the 15 Synergistetes representative (rep set) sequences obtained from both the
fermentations and animal trial datasets, using Clustal W. This alignment was used to trim the
reference sequences to the same length and retain only the cons&fedgion of the 16S rRNA

gene. The trimmed reference sequences andsepsequences were then aligned again using Clustal
W and this alignment used for all further phylogenetic analysis.

The method used for phylogenetic analysis was selected following a model test (Nei and Kumatr,
2000) of 24 different nucleotide substitution models using Mega (version 7; Keinady2016), with

the model with the lowest Bayesian Information Criterion (BIC) score considered to provide the best
substitution pattern. In this way, thKimura 2parametermodel (K2P) witha discrete Gamma
distribution (#G) with 5 rate categories and adopting the assumption the¢ain fraction of sites

are evolutionarily irvariable (+1), was selected for further phylogenetic analysis. A total of 236
nucleotide positionsvere considered in the final dataset and a Maximum Likelihood phylogenetic
tree was generated using the #2+ G + | model with 1000 replicate bootstrafise percentage of

trees in which the asstated taxa clustered together wahown next to thebranches andhe tree
wasdrawn to scale, with branch lengths measured in the number of substitutions per site

3.20n property survey for the prevalence of rumen detoxification of
Leucaena toxins

3.2.1 Animal Ethics Approval

Ananimal ethicsapplication was prepared to undertake survey work to determine the prevalence of
rumen organisms capable of degrading the toxins associated with feeding Leucaena, using Leucaena
toxin degradation assays. In summary, for the survey, a randomised experirdestgn was

developed with input from DAF Biometrici@m Daud Mayer, with four treatments consisting of

different production scenarios and the experimental unit being the property. The treatments

include:

1. Properties where cattle have never been inoculated with the DAF inoculum for Leucaena
detoxification but are grazed on Leucaena.
2. Properties where cattle either received rumen fluid from the original CSIRO cattle or the

fistulated cattle held at Brian Pastures Research Station1p83) and have not been
inoculated since with the DAF inoculum.

3. Properties where cattle that are grazing Leucaena have been inoculated with the DAF
inoculum.

4. Properties that do not have Leucaena and their cattle have never been exposed to
Leucaena.

Pagel8of 137


http://www.geneious.com/
https://www.ncbi.nlm.nih.gov/

B.GBP.0026Feeding Leucaena to manadetrumen for maximum beef profit

A minimum of three and maximum of five properties/research statiase visited for each

production scenario, with samples collected from up to five animals/property. The primary variable
wasconcentrations of the Leucaerassociated toxins mimosine, 2lHP and 34HP. These
degradation assays involdéncubating freshly collected rumen fluid with purified toxins to

determine the ability of the live rumen bacteria to degrade the three toxins, mimosine, 3,4 DHP and
2,3 DHP rather than just detecting thesgence of toxin in the urine or in blood.

3.2.2 On property rumensampling

Details of the animaléoreed, age, sex)he Leucaenaultivargrown (if applicable) anthanagement
practice were obtained frorthe owners.The cattleto be sampledvere selected by property
owners andmusteredto a cattle yard with a crush. The animal to be sampleaisrestrained in the
crush for rumen sampling via a stomach twki¢h full details ofthe procedure contained in
Appendix12.3. Samples of rumerluid were collectedor analysis of rumemicrobial populations
and toxin degradation assays. If possjladellection offaecalmaterial for theproportion of Leucaena
being consumed (via faecal NIRS analyss)obtained by observing thaattle in the yard, race and
crush for defecatin with collectedsamples assigned to the animal number and stdreden at 20C
until analysis.

The collected rumen fluid was filtered through nylon stocking and the following rumen fluid (RF)
samples takemnd immediately processed on site

W 6 x 10 mL RF for toxin degradation assays (detailed in s&H®);

w 4 x 1.0 mL RF, centrifuged at 14,000irdaMini Spin plus centrifugéEppendorfHamburg
Germany for 10 min the supernatantiscardedandthe pellet frozenat-18 °Cin a 12 V 50 L Kings
freezer(Adventure Kings, NSW)n off a 100 Vh lithium battery systefor transport back to the
laboratoryand then stored frozen aR0 °C until analysisThe samples will have DNA extracted for
use inS. jonesispecific conventional and quantitative PCR asaaydetailed irfection 3.1.4 and

() 2 x 1.0 mL RF, centrifuged at 14,000irdaMini Spin plus centrifugéor 10 min the
supernatantdiscardedand pellet resuspended with 250 ofRNA protect (Qiagen RNA Protect
Bacteria Reagent Cat. # 76506) drazenat -18°Cin al2 V 50 L Kings freezer run off a 100 Vh
lithium battery systemfor transport back to theéaboratoryand then stored frozen a0 °C until
analysis These samples will be used for reverse transcriptase quantitative PCR assays.

3.2.3 Toxin degradation assa

For the toxin degradation assays to be used for thepooperty survey a set of 20 mkdxin
standardsconsisting oMimosine, 3,4 DHP and 2,3 DKre prepared in the laboratongaliquoted
into 10 mLserumbottles, sealed and stored at C. Sufficient volumes of each toxin were prepared
to use across the anticipated 100 to 120 animals to be sampled.

For each animal sampled, six Hungate tubes (20 mL total volume size) weyassesl witta
customanaerobic gas mix (GO7% and kl3%)andsealedjust prior to the sampling event

On the day of sampling, as each animal was brought intshcthree sets of duplicate Hungate

tubes were labelled with the animal numbeiate,and the toxin to be assayed befordd mL

aliquot ofthe appropriatetoxin standard was added. The 0.5 mL aliquot wermovedfrom the toxin
standard serum bottleising a 1 mL syringe with a 21G needle added to a pregassed Hungate

tube throughbutyl rubber stopperFor each Hungate tubéhe lid andbutyl rubber stopper were
removed and 40 mLvolume of freshlcollected rumen fluid (RRjaspipettedin and then
immediatelyresealed. Thédungatetubes were inverted gently several tim mix thetoxin

standard throughout the RF and a fresh 1 mL syringe and needle was used to remove 0.8 mL of the
spiked RF into a 1.5 nnhicrocentrifugetube prelabelled with the site, animal numbd&rime (TOh)
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and toxin. This initial, duplicate sample represents the baseline time zero (TOh) of the toxin
degradation assay for that animal. The TOh samples were placed in a sealed plastzdagt-18

°Cin a 12 V 50 L Kings freezer run off a 100 Vh lithium battery syfstetnansport back to thdab

and then stored frozen aR0 °C until analysis. The set of six Hungate tubes for each animal were

then placed in a portable incubator (Labec portable incubator #DH2500ABB; power sources AC240V
/ DC 12V / 12V,40Ah Lithium battery) along with an air temperature data logger (Instrureeiced

USB Air Temperature data logger LCD screen, metlE) forincubation at 39 Cduring

transportation back to the labotary. Upon return to the laboratorythe Hungate tubes were

transferred to the laboratory 39C incubator

After 48 hof incubation the Hungate tubes were removed, 0.8 mL of the spiked RF sample (T48h)
was removed as described previously and stored frozeB@&IC until analysis. The Hungate tubes
were returned to the incubator and after 168 h incubation a final 0.8 mL sample (T168h) was taken
from each of the Hungate tubes and stored frozerZ2it°C until analysis.

For analysisf toxin levelsthe 0.8 mL samples were thawed and centrifugeen Eppendorf
benchtopcentrifuge Eppendorf, model 5415kt 16,000R fa 5 min at room temperature. The
resulting supernatant was removed and filtered through a 0.45 pum-gpiricrocentrifuge filter
(Costar Cat # 8170) prior HPLC analysis as describe@dntion 3.1.3

3.3 Potential distribution and economic benefits of cultivatetleucaena in
northern Australia

This work examined the potential extent and economic benefit of cultivated Leuchenagena
leucocephalasp.glabrata) in northern Australia. We used expert knowledge and existing spatial

data sets to map potential distribution in Queensland, the Northern Terrjinmg northern Western
Australia. An economic analysis was conducted to estimate the economic benefit of further adoption
across the study area. The work incorporated separate analyses for a new psyllid tolerant cultivar (cv
Redlands) and all other commaeadllyy cultivated cultivars. All methods are described in detail in the
accompanyig report, The potential distribution and economic benefits of cultivated Leucaena in
northern Australig Appendix12.6).
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4. Results

4.1 Efficacy of the current and modified Leucaena inoculum

4.1.1 In vitroinoculum studies

The current DAF inoculum is produced using teaffestedfrom the Leucaena cultivaZunningham
grown at Brian Pastures Research StationnvVestigatethe efficacy of the currenDAF inoculum in
detoxifyingmimosineand its toxiadegradationproducts(3,4 DHPand 2,3 DHR when fedthe new
LeucaenacultivarRedlandscompared to thecultivarsWondergraze an€unninghama series ofL1
in vitro fermentations of 36day duration weraundertaken

Sx of thellfermentations(Ferm_1 to Ferm_4, Ferri_to Ferm_9)were started usinghe
commercial Lecaena inoculum starter cultures and were then teslicaendeaf material froma
single Leucaena cultivag@nninghamRedlands or Wondergrazd hedaily microscopic
examination of a drop of fermentation fluid showsailardiversties of bacteriapresentin allsix
fermentations.An issue withthe temperature probe useah the Infors fermentation systerwas
detected during Ferm_DAF inoculum starteCunninghamleaf) resulting inthe actual
temperature in the vessddeingoutside of the temperature alarm parametenghilst the control
panel was displaying the appropriate temperatugibsequenanalyse®f data from Ferm_8JAF
inoculum starter Wondergrazdeaf) and Ferm_%howedseriousimpacts onS. jonesipopulations
sothe resultsfrom thesetwo fermentations were discarded

4.1.1.1Commercial DAF inoculum fermentations

In the two fermentations started witithe commercialDARnoculum and fed leaf from the Redlasd
cultivarand the fermentation fed leaf from the Wondergraze cultiihe S. jonesipopulations,
measured by quantitative PCR assagre comparedvith the average o€unninghanfed Ferm_2

and Ferm_'®ailyS. jonesipopulations(Fig 4.1 A, B). Using the average number 8f jonesicells
present in theCunninghanterm_2 and Ferm_7 as the reference poinfig. 41 C, D(100% black
line), the numbers present each day in the Redlzaamis \WWondergrazéermentations are visualised
as either under (lower cell numbers) or over (higher cell numbers) this line. This clearly shows the
negative effect of th&Redland cultivar onS. jonesicell numbers when the fermentations were
started with the commercidDAFnoculum starterculture and demonstrates the recovery 8t
jonesiipopulationsover the30 dayslInitially the S. jonesipopulationsdroppedto 10% of whatvas
present wren Cunninghanteafwasfed with populations iking5 to 10 days to return téevels

similar tothe Cunninghanied fermentations(Fig. 41 C). Thepopulations adapted anby the final

day of the fermentationsvere presentat levelshigher than theCunninghanied fermentations.

Starter cultures were harvestash the final day of the fermentatiorsnd used to commence

Ww S Rt IRY RIG S Q. C S NI

In the Wondergrazdermentationa similar, but less severe, impact 8njonesicell numbers was
seen. Initially theS. jonesipopulations dropped on day 3 of the fermentation to approximately 30%
of what was present on day 3 when Cunningham leaf wa¢Hied 41 D). TheS. jonesipopulations
recovered faster starting to increase on day 4 and by day 7 present at levels comparable to the
Cunninghanfed fermentations. This indicates the bacterial communities in the fermentation
adapted to the Wondergrazeaf as a feed substrate and by the final day of the fermentaBon
jonesiipopulations were present at levels higher than seen in the Cunningham fed fermentations.
Starter cultures were harvested on the final day of the fermentations and used to commence

Y2 2 yRSNBNLIISRQ CSNX¥Yyc YR CSNX¥YyYmMnod
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Figqure 4.1. Effect of feeding different Leucaena cultivars on the populationsSofjonesiin 30-day fermentations started with commercial Leucaena
inoculum. DailyS. jonesinumbers determined by quantitative PCR in fermentations fed either Redlansof WondergrazeH). The average o08.
jonesiinumbers in the Cunningham Fementation 2and Fernentation 7as 100% (black line), the numbers present each day in the other fermentations
are shown as a percentage compared to this, for fermentations fed either Redla@ler{ Wondergraze).
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Inthe three fermentations started wittommercial Leucaena inoculum and fed either Redlands or
Wondergraze leato track the microbial degradation of mimosine, 3,4 DHP and 2,3 Dddleaena
toxin degradation assays were set up every five days from day 10 to dAjl B0ee fermentations
contained bacterial populations thatere able to completely degrade mimosine and 2,3 DHP within
48 h fromday 10 onwards. However, neithef the Redlands federmentations were ableto
completely degrade 3,4 DHPdday 10 over 168 [Fig. 42 A, B) The Redlands Fermentation 4 did

not completely degrade 3,4 DHP by Time 168 h in any of the five degradation @sgayg B).

The bacterial populationgresent inthe Wondergraze fed fermentatiodid not completely degrade
3,4 DHP atlay 10 over 168 h, however by day 15 they had adaptatigestthe Wondergrazédeaf
material provided ang@ompletelydegraded3,4 DHP in all remaining toxin degradation asshigs (

4.20.

The bacterial populations present in the fermentatiomere able to adapt to compounds present in

the psyllidresistant Redlandsr psyllid tolerant Wondergraze and populations able to degrade the

toxin 3,4 DHP recovered over the 30 days of the fermentatiblowever, this initial drop in the

OF OGSNALFE LRLMzAFGA2ya 208SN) 6KS FTANRG aSgSy (2 GS
drenched into animaleating these cultivars.

To determine if the adapted bacterial populations would establish faster using starter cultures

harvested on the final deof cultivaradaptedfermentations a series of foufurther fermentations

were undertaken.
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Hgure 42. Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples taken at Times 0 h, 48 h and 168ih from to

degradation assays set up every five days fralay 10 today 30 forA. Redlands Ferentation 1 (Ferm_1pndB. Redlands Ferentation 4 (Ferm_4)and
C.for Wondergraze Fermentation 3 (Ferm 3).
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4.1.1.2lL eucaena cultivardapted fermentations

To evaluatehe toxin degradation activity dfacterial populations that appeardd haveadaptedto
the Redland®r Wondergrazdeaf as feed substraia fermentation (Ferm_5) ruwasstarted using
day 30 harvested starter cultures frorermentation 1 Ferm_J and fed Redlandeaf material In
Ferm_5 theS. jonesipopulations present on day 2 were lower than the average numbers in the
Cunninghaniermentations but the populations immediately started to incre#Sey 43 A, B).
Fermentation fluid was harvested froday 20 through to the end of the fermentation and

ONE 2 LINB & SNIZ 9 R IHLa1 SYRS Rifyl2yORIEE dzY @

A second Redlarseadapted fermentation (Ferm_11) was undertaken however oxygen
contamination in the anaerobic gas supply was detected during the fermentation. After the
completion of the 3eday fermentation, the gas issues were subsequently determined to have
adversely aficted the fermentation and the data was discarded.

Twofurther fermentations (Ferm_6, Ferm_10) waradertakento evaluate the bacterial

populations that had adapted to the Wondergraze cultivar and these were started dajng0

harvested starter cultures from Ferm_3 and both fed Wondergraze leafSTjmnesipopulations

present in the fermentations on day 2 were lower than the average numbers in the Cunningham
fermentations but immediately started to increadeiq 43 C, D. Fermentation fluid was harvested

from day 20 through to the end of the fermenti A 2y I YR ONE 2 LINE d RNILE B RIQA
inoculum.
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Figure 43. Effect of feeding different Leucaena cultivars on the populationsSofjonesiin 30-day fermentations started with starter culture harvested
from the final day of fermentations fed either Redlands or Wondergraze and designated as adapted fermentations.Dddgesinumbers determined
by quantitative PCR in adapted fermentations fed either Redland} ¢r WondergrazeB). The average db. jonesinumbers in the Cunningham

fermentations 2 and 7as 100% (black line), the numbers present eafdy in the other fermentations are shown as a percentage compared to this, for
adapted fermentations fed either Redland€)( or Wondergrazed).
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To track the ability of thRedlandsadapted Ferm_5 bacterial populations to degrade mimosine, 3,4

DHP and 2,3 DHP, Leucaena toxin degradation assays were set up every five days from day 10 to day
30. The bacterial populations present in the@mentation were able to completely degrade

mimosine and 2,3 DHP within 48 h fratay 10 onwardgFig. 44 A). In theday 10degradation assay

they were not completely degrading 3pHPover the 168 h of incubatigrhowever in the remaining
degradation assay fromay 15 onwards they were compldyedegrading 3,4 DH{FFig. 44 A).

For the Wondergrazeadapted bacterial populationgresent in Ferm_6 and Ferm_[L8ucaena toxin
degradation assays were set up every five days from day 10 to dayn8acterial populations
present in thefermentation were able to completely degrade mimosine and 2,3 DHP within 48 h
from day 10 onwarddfig. 44 A, B. Neither fermentationwasableto completely degrade 3,4 DHP at
day 10 over 168 fhowever, by day 15 onwardthe Ferm_6 bactedl populationsvere completely
degrading 3,4 DH@Fig. 44 A). The bacterial populations iRerm_10 didlegrade the majority of the
3,4 DHP in day 15 to 25 degradation assaysrbilite day30only 30% of the 3,®DHP was degraded
after 168 h of incubation (Fig.4B). Onepossibleexplanation for the decrease 84 DHP
degradationin Ferm_10maybe that the oxygen contamination of thanaerobic gas supply,
detected during the Redland&dapted Ferm_11 which adversely affected the fermentation resulting
GKS FSNX¥YSyYy(l (A 2y Qhay Ravelotigindligcauyfedl duRrig@erd | IR S R =
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Figure 44. Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples taken at Times 0 h, 48 h and 16&ih from to

degradation assays set up every five days fralay 10 today 30 forA. RedlandsAdapted Fermentation 5 Ferm_5; B. WondergrazeAdapted
Fermentation 6 Ferm_§; andC.for WondergrazeAdapted Fermentation 10 Ferm_10.
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4.1.1.3Cultivaradapted inoculum supply for animal trials

Ameeting with CSIRO collaborators Dr Ed Charmley and Dr Chris McSwiasrssidn January

2019 to discusghe supply of inoculum for theattle penfeeding trials to quantify the reduction in

methane emissions by cattle fed either Redlands or WondeegFadlowing this, he decision was

made to supply bottles of inoculum harvested fralay 20 through taday 30 oaWwS Rf | Y R&

' RFLIWSRQ FyR | W22y RS NRAMridtidwashade dithHh B@animal ar, Sy G I A 2
whereby the animalsvere moved onto the alternative Leucaewaltivarat the halfway point of the

experiment Following further discussioni# was decidedo re-inoculate the animals with the

cultivaradapted inoculum matching the Leucaena cultivar thveyld be moving onto at the change

over time point This resulted inlouble the amount of inoculunoriginallyrequired with 36 bottles
offrozenA y 2 Odzf dz¥x O2yaraitAy3da 2F my o0200GfSa 2F WwSRf |
I Rl LISeHtRCIBWNsVillE€SIR@ April 2019.

Ongoing la& of rain at the CSIRO Lansdown Resedsatins meant that the stands of Wondergraze

and Redlandleucaena cultivars had insufficient growth to support grazing by animals within the

CSIRO grazing triglanned to commence in lated29.Rainfallin January 2020 resulted in a flush of
growthand32bottles offrozeninoculum, 02 yaA aiAy3 2F wmy o02G0fSa 2F WYw!
o20GftSa 2F W2 2 ywerEinightdd ioT®wnsvilld ASIR6 Reridary 2020The grazing

trial was impacted by the start dhe COVIEL9 pandemicresulting in naumensamplesbeing

collected for microbiome workA replacementCSIRO grazing trial commenced in28ada further

24bottles of inoculumO2 Yy AA&4GAy3 2F wmu o02G0ftSa 2F WYwSRflyRa |
W2 2 vy RS NH NI iw&eproRded fii GSSHRR® January 202

For the DAF ruRedlands and Wondergraze comparison animal grazingundertaken at
PinnarendiStation 12 hottles offrozeninocuumO2y aA adAy 3 2F ¢ o200t Sa 2F
o200t Sa 27F W2 2 ywaréNa@Eidkkd DAF MadRdedalivarBh(20.

4.1.1.4TriMix inoculum development

To investigate potential improvements in the production of the DAF inoculum a fermentation
(TriMix_12, was undertakenThe 3@day fermentation hadhree starter cultures (DAF commercial
inoculum, Redlandadapted, Wondergraz&dapted) added oday 1 and was fed daily with equal
amounts of leaf material from Redlands, Wondergraze @aodninghanieucaena cultivarSarter
cultureswere collected on the final day of tHermentation,and these were used to staiour
subsequent fermentationghree ofwhichwere fed leaf material from a single cultivamd a fourth
fermentation fed equal amounts of the three cultivars

In the initial TriMix_12 fermentation thpopulations ofS. jonesipresent in daily samples collected
across the 30 days, determined usin§.gonesispecific quantitative PCR assay, shdan initial
dip in population numbers during the first five days of the fermentatlmnt by day 20 thes. jonesii
numbers were comparable to the other fermentatiofisg. 45 A, B)
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Figure 45. Effect of using three different starter cultures and feeding equal amoun®uahingham
Redlands and Wondergraze leaf on the populationS.gbnesiin a 30day fermentation. A. Dail$.
jonesiinumbers determined by quantitative PCR. B. Using the avera§ejohesinumbers in the
Cunninghantermentation® and 7(Ferm_2 and Ferm)as 100% (black line), the numbers present
each day in th@rimixFermentation12 (Trimix_12)are shown as a percentage compared to this
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The bacterial populationgresent inthe TriMix_12 fermentatiomdegradel mimosine and 2,3 DHP
completely in toxin degradation assays from day 10 onwéfds 46). In the day 1Gand 15,3,4 DHP
degradation assaythe toxin was completely degradetioweverjn the day 20 assay the 3,4 DHP
was not degrade@nd then degraded again in the day 25 and 30 asgdgs 46). This result was
unusual andnay have been gechnicalerror as on day 10 the populations $f jonesiwere only
present at approximately 30%sseen in theCunninghanfermentations.
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Figure 4.6Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times O h, 48 h and 168 h from toxin degradation assays set up every five dayayfriin
to day 30 forthe TriMix [ermentation 12 TriMix_12.
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The subsequentlriMix_Wondergraze_13 fermentatipmhichwas inoculated with atarter culture
collected on day 30 of the TriMix_12 fermentation added on day 1, was fed WondergraZzeh&eaf.
populations ofS.jonesiipresent in daily samples collected across the 30 days, determined uSing a
jonesiispecific quantitative PCR assay, increased from day 2 on{feigisi7 A) and hadhigher
population numbergresent throughout the ruwompared to the average of theunninghanfed
fermentations (Fig. 4 B).

The TriMix_Redlands_15 fermentatiomasalsoinoculated with astarter culture collected on day

30 of the TriMix_12 fermentation added on dayput wasthen fed Redlands leaf. The populations of
S. jonesipresentin the fermentationincreased from day 2 onwards (Figr €). @mpaiingthe S.
jonesiipopulations tothe average irCunningham fed fermentati@that had DAF inoculum starter
culturesadded on day 1numbers were higher onlgropping to lowelevelson the last two days of
the fermentation (Fig. Z.D).

The TriMix_Cunningham_Khdrepeat Trimix_Cunningham_17 fermentatiangere inoculated

with astarter culture collected on day 30 of the TriMix_12 fermentatiadded on day 1 and then
fed Cunningham leaf. The populationsSofonesiipresentin the fermentatiorsincreased from day 2
onwards (Fig. 8.A) and had higher population numbers compared to the average of the
Cunningham fed fermentations that had DAF inoculum starter cultures added on day 18E)yg. 4.

The final fermentation of the series, TriMix_TriMIx_16 was a fetboviermentation whichwas
inoculated with astarter culture collected on day 30 of the TriMix_12 fermentatiatided on day 1
and was fed equal amounts of leaf from all three cultivars. The populatioBsjohesipresent in
the fermentation increased from day 2 onwar@#&g. 48 B) and had higher population numbers
compared to the average of the Cunningham fed fermentations that had DAF inoculum starter
cultures added on day (Fig. 48 D).
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Figure 47. Effect of feeding different Leucaena cultivars on the populationsSofjonesiin 30-day fermentations started with starter culture harvested
from the final day of the Trimix fermentation. Dail§. jonesinumbers determined by quantitative PCR in TriMi#rmentations 13 and 15, fed either
Wondergrazeg(A) or RedlandsH), respectively. The average &. jonesinumbers in the Cunningharfermentations2 and 7(Ferm_2 and Ferm )&as
100% (black line), the numbers present each day in the other fermentations are shown as a percentage compared to thisydt@dai@rmentations fed
either Wondergraze @ or Redlands[D).
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Figure 48. Effect of feeding different Leucaena cultivars on the populationsSofjonesiin 30-day fermentations started with starter culture harvested
from the final day of the Trimix fermentation. Dail§. jonesinumbers determined by quantitative PCR in TriMix fermentations fed either Cunningham
(A) or TriMix leaf combination (B). The average®fjonesinumbers in the Cunningharfermentations2 and 7(Ferm_2 and Ferm )@&as 100% (black

line), the numbers present each day in the other fermentatioase shown as a percentage compared to this, for adapted fermentations fed either
Cunningham (C) or TriMix leaf combination (D).
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The bacterial populations presemt both the TriMix_Wondergraze l1&d TriMix_Redlands_15
fermentationswere capable of completelydegradng mimosine, 3,4 DHP arf)3 DHP in toxin
degradation assays from day 10 onwards (F@A4B.

In the TriMix Cunningham14 fermentation, the bacterial populations present were able to degrade
mimosine and 2,3 DHP completelytaxin degradatiorassays from da¥0 onwards (Fig. 4.C)

Results ofthe 3,4 DHP degradation assdypr this fermentatiorwere, however, inconsistentAssays

set up on day 1completely degraded the toxin but the remaining days rmmbmplete degradation
after 168 h incubatiomnd noexplanationwas foundfor why the 3,4 DHP level went up in tHay

15 assayl68 h sampler for the incomplete degradatioin the assays set ugays 20, 25 and 30.
Thefermentationparameters and anaerobic gappeared to be normallamples taken from th&,4
DHPassay tubes which had be left in the incubasirowedthat 73 to 93% of the 3,4 DHP had been
degraded.

In the follow-on fermentation TriMix_TriMix_16degradation assay results were more consistent
Bacterial populations preserghown to beable to degrade mimosine, 3,4 DHP and 2,3 DHP
completely inall toxin degradation assayexcept forthe 3,4 DHP ithe day 20 degradation assay
which was 80% degradedter 168 hincubation(Fig. 49 D).

A repeatTriMix_Cunningham_7fermentationwas undertaken, anthe bacterial populations

present were able to degrade mimosine and 2,3 DHP completely toxin degradation assays from
day 10 onwards (Fig. 4.9 E). Thé DHP degradation assafpr this fermentation showed

degradation of 3,4 DHP reaching complete degradation by day 30. One explanation may be related
to potential technical errors, identified after assays were completed. not certain why the 3,4

DHP degradation was incomplete as thepplation ofS. jonesiwas above 19cells/mL throughout

the fermentation (Fig. 4. A). One explanation may be related to potential technical errors, identified
after assays were completed. There is not a commercial source of 3,4 DHP available, therefore
commercially available mimosine is tmely used tosynthesise X n 5K 2 dz#W3 g ¢ KS (2EAY
difficult to dissolve in water and occasionally there may be undissolved crystals, which may have
inadvertently transferred into the degradation assay tubes, dissolving over time after theédtime
sample was taken.

The TriMix_12 fermentation demonstrated thatixedbacterial populationsble to digest leaf from
three different Leucana cultivarsand detoxify the mimaosine, 3,4 DHP and 2,3 DHP could be
established in a single fermentation. ®edlriMixbacterialpopulations were then able to
immediately start increasingnd effectively detoxifyingll three toxinswhen used in fermentations
fed leaf of a single cultivatt is planned to modify the production of the DAF Leucaena inoculum to
the TriMix inoculunfor usein cattle grazing different cultivars of Leucaena.
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Figure4.9. Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples taken at Times 0 h, 48 h and 16&ih from to
degradation assays set up every five days fralay 10 today 30 forA. TriMix Fermentation 13 Ferm_13; B. TriMix Redland$ermentation 15 Ferm 15;
C.TriMix Cunninghanfermentation 14 Ferm_14, D. TriMix TriMix Fermentation 16 Ferm_16) and TriMixCunningham Fermentation 17

A

TriMix_Wondergraze_13 B TriMix_Cunninghamii_14
09 08
08 A 08
\
07 . 07
\
g —
E 06 EE 06
g, 5
E 0s 7—4’; 0s
g o4 —— Day10 8 os
< —e— Day1s 3 bavio
£ c .
B 03 —+ - Day20 E o3 oavis
= —+ - Day20
~—&— Day25 o
02 Day30 02 —8— Day25
—4— Day30
01 01
0 - o P
48 168 ' 0 48 168 0 48 168 ag 168 o ag 168 0 a8 168
Mimosine 3,4 DHP 2,3 DHP Mimosine 3,4 DHP 2,3DHP
Sample Time (h)/Compound Sample Time (h)/Compound
C TriMix_Redlands_15 D TriMix_TriMix_16 E TriMix_Cunningham_17
12 18 10
16 09
1
14 o8
Sos s _ o7
£ g1 5
s 5 z 06
3 51 2
06 = g
§ S £ 0s
g gos g
] —%— Day 10 8 —%— Day_10 §
04
% 04 —&— Day15 % 06 —e—0ay_15 £ —a—pay_10
= ) — - Day20 = —e -03y.20 S os —e— Day_15
N —8— Day25 04 —8—Day_25 —=& =Day 20
02 —h— Day 30 —a— Day_30 02 —&— Day_25
02 Day_30
01
0 - ] = ) \
8 168 0 48 168 [ a8 168 0 48 168 168 oo B B i3 b
Mimosine 3,4 DHP 2,3DHP Mimosine o 48 168 o 48 168 o 48 168
Mimosine Ascay 3,4 DHP Assay 2,3 DHP Assay
Sample Time (h)/Compound

Sample Time (h)/Compound

Sample Time (h)/ Toxin Assay

Page35o0f 137



B.GBP.0026Feeding Leucaena to manadetrumen for maximum beef profit

4.1.2 Microbiome Analysis

Microbiome sequence datasets describing the bacterial and archaeal populations were obtained
from CSIRO (received 7/1/2020 and 4/2/2020) for subsamples collected from thereigtid
fermentations of30-dayduration. Microbiome sequence data was also obtained for rumen samples
collected throughout the animal trial conducted at CSIRO Lansdown Research Station (received
4/2/2020). Similarly to the microbiome sequence data obtained for the fermenter samples, bacterial
andarchaeal communities were amplifiédr the animal trial samples, however the sequence
numbers received for the archaeal communities were very low and the animal trial sequence
dataset, amplified using the 16S rRNA gene V4 region primers (Kozict2e1.3). was therefore also
used for the analysis of both the bacterial and archaeal populations.

As the DAF component of this project focuses mainly on the efficacy of the inoculum used to break
down the toxingresent in the different varieties of Leucaer@upninghamRedlands and
Wondergraze), this report will mainly focus on the microbial communities present in the fermenter
and only provides a preliminary analysis of the animal trial microbiome data. It also describes the
populations of the bacteria previously showo detoxify the derivative of bacterial mimosine
breakdown (3,4DHP), which are classified within the phylum Synergistetes, and includes the major
species implicated in 3;BHP breakdowrSynergites jonesii Organisms classified within the phylum
Synergistetes were detected in the microbiome sequence data from both the fermenter and animal
trial samples. The 16S rRNA gene sequences are compared in this report, in order to determine the
extent to which the repective fermenter and animal tri&lynergistepopulations are related.

4.1.2.1 FermenterBacteial and Archaeal Populations

Sequence data was obtained from samples collected over time from a total of 8@ytihy
fermentations. These fermentations were considered to be replicates if they were supplied leaf
material from the same Leucaena cultivar throughout 8fedayfermentation period. Two replicate
fermentations were supplied with leaf material from the Leucaena culBamninghamthree
fermentations were supplied with Wondergraze cultivar leaf material and a further three
fermentations were supplied witRedlands cultivaleaf material. The majority of the fermentations
were initially inoculated (started) with a microbial inoculum obtained from a previtwmingham
fermentation that had been stored a0°C. In addition, a single fermentation supplied with the
Wondergraze cultivar leaf material was initially inoculated with a microbial inoculum obtained from
a previous Wondergraze fermentation and is therefore referred to as a Wonderggated
fermentation. Similarly, a single Redlands fermentation was supplied willaRés leafmaterialand
was initially inoculated with a microbial inoculum obtathitom a previous Redlandsrmentation

This fermentatioristherefore referred to as a Redlandslapted fermentation The fermenter fluid
200FAYSR FNRY (GKSaS Gg2 4Gl RFLIISRE FSNYSyidldAazya
Metadata described in the analysis included experimental parameters such as the cultivar of leaf
material supplied to the fermenter (eith€ZunninghamRedlands or Wondergraze) and the
fermentation timeline (i.e. day of the fermentation). In addition, groupings from the HPLC data,
describing the breakdown of mimosine, D3P and 34DHP, were included. Results from a gPCR of
fermenter subsamples desigd to detect and enumerat8ynergistes jonegopulations were also
included in themicrobiomeanalysis.

Primers designed to amplify the conserved V4 region of the 16S rRNA gene é atj@013) were
used to amplify the bacterial populations present in samples obtained from the eight fermentations.
These primers can also amplify archaeal populations, therefore analysis of the sequence dataset
obtained using these primers also describestrtigjor archaeal populations present in each of the
fermentations. In total the single end sequence dataset, following initial quality filtering and length
trimming, inclded 4,446,521 reads, with a mean of 46,317 sequences per sahm@aelative
abundance of taxonomic groups was ascertained following clustering of the 16S rRNA gene
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sequences from each sample into highly related groups termed Features (sequence variants), and a
representative sequence for each Feature compared to a database of taxonomically defined
microbial groups (SILVA database update ¥3nazet al, 2014). Taxonomy was assigned on the

basis of 99% homology and if the Features did not match any of the reference sequences in the
database, then they were classified as either unassigned or classified to the highest taxonomic level
possible, for example, Kingoh Bacteria. When the negative control samples and low sequence
number samples were removed, a total of 1,277 Features were identified across the 88 fermenter
fluid samples analysed, representing a total of 1,997,419 16S rRNA gene sequences.

The microbial diversity (alpha diversity) of samples obtained during each fermentation was
determined using three diversity measurdsable 4.]. This analysis showed that each fermentation
resulted in the successful cultivation of a wide variety of bacteria and archaeal species, irrespective
of the cultivar of Leucaena leaf material supplied to the fermentaticab(e 4.2 The most

significant factor affecting the microbial diversity was the day of fermentation, with all diversity
measures examined shovgra significant effect (P < 0.001) on the bacterial and archaeal
populations determined from sequences obtained using the V4 primefTsdtl¢ 4.2. Microbial

diversity of samples collected throughout the duration of 8tedayfermentation period showed

that the growth conditions created in the fermenters enabled sustained cultivation of a highly
diverse microbial communityT@ble 4.). Statistical analysis of these diversity measures indicated
that fermentation time (day of fermentation) had a strong,rsfgcant effect on microbial diversity
(Table 4.2. For example, microbial diversity was lower during the early days of fermentation than
during the final days of the fermentation, when the population diversity was more stable. When
factors such as the Leucaena cultivar provided to the fermentation veden into consideration,

the effect on the microbial diversity of the fermenter was not so significant, with only one diversity
measure, Faith PD, showing a slightly significant effect (P = 0.31). Sjmiletythe day of

fermentation and cultivar effects were combined, only the Faith PD diversity measure indicated any
significant effects. These differences could be attributed to the slightly higher diversity seen in the
Wondergraze fermentations.

Table 4.1. Summary of microbial diversity (alpha diversity) measures across the entire sequence
dataset for 88 samples from 9 fermentations.

Alpha diversity measure Mean Standard deviation
Observed OTUs 148.534 22.71
Shannon 5.360 0.319
Faith PD 15.51 1.418

Table 4.2Results from a repeated measures residual maximum likelihood (REML) analysis of
microbial diversity within each sample (three alpha diversity measures). Statistically significant
results (F Pr < 0.05) are highlighted in green.

Alpha Diversity Measures (F Ralues)

Fixed effect - -
Faith PD Shannon Observed species
Day of Fermentation <0.001 <0.001 <0.001
Fermentation Cultivar 0.031 0.666 0.57
Day.Fermentation Cultivar 0.008 0.78 0.844

The microbial communities present in tfermentations also showed variation in relative

abundance, with certain taxonomic groups present throughout the duration of the fermentation
dominating at specific times of the fermentation. This effect was highly repeatable, particularly for
the more domnant bacterial taxonomic groups (Figl@d), such as those classified within the orders
Bacteroidales, Clostridiales and Selenomonadales. While using the V4 primers for amplification of
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archaeal communities was not as sensitive as using the arcbpeaific primers, the archaeal
communities identified using the V4 primers and taxonomically classified using the specialist RIM
database (version 14_07; Seedetfal, 2014), also showed distinct changes occurring with time of
fermentation (Fig. 4.1). The two major archaeal taxonomic groups identified, representing the
genusMethanosphaeraand the Family Methanomassiliicoccaceae (currently named in the SILVA
database as genus group 9) varia abundance with time, however the time at which respective
populations dominated, did not always show a consistent pattern of fluctuation, with differences
occurring between fermentations conducted using the same Leucaena cultivar. Interestingly for
most of the fermentationsMethanosphaergopulations appeared to peak in relative abundance on
day 8 of the fermentation.

Overall, at the later days of the fermentation (> 8 days), there was less variation in the types of
microbial communities and taxonomic groups present (FitR)4A previous study, (MLA project
B.NBP.072; Davis, 2015), established that as the Leucaena fermentation progresses, the ability of the
microbial populations to metabolise mimosine, I¥HP and 2;DHP increases. In the current
investigation toxin degradain assays and HPLC analysis was conducted for fermenter fluid samples
collected on days 10, 15, 20, 25 and 30. Only a small number of samples collected from the Redlands
fermentations returned an incomplete result for breakdown of the iatage toxin byproduct, 3,4

DHP. The major microbial populations detected in samples corresponding to thedimis within

relatively poor toxin breakdown, did not appear to vary greatly from the other fermentation days

when breakdown was complete (Figl2).

The SPLSDA analysis undertaken enabled the selection of the most predictive or discriminative
Features in the dataset (Lé Caipal, 2011). The SPLSDA plots of all the fermenter samples, showed
the distinct effect of fermentation time on microbial community composition, with this effect
observed for all of the Leucaena cultivars examined (Fi§).4This analysis also showed that there
was less variation occurring between the bacterial and archaeal communities present at the later
days of each fermentatio This was indicated by the spatial convergence of sample populations
represented in the SPLSDA plots (Figi3)4.This analysis was also used as the basis for determining
which microbial communities were contributing to the differences observed between samples, such
as those which changed in relative abundance according to the time (day) of fermentation (Fig.
4.14). The organisms contributing to the difference occurring between days of the fermentations
include those which declined in abundance over tieng. populations classified within the families
Veillonellaceae, Bacteroidaceae, Anaeroplasmataceae and some genera classified within the family
Lachnospiraceae. Families which increased in relative abundance with time include
Ruminococcaceae, Spirochaetae, Rikenellaceae, Prevotellaceae, Mollicutes and Synergistaceae
(Fig. 414 and Fig.415).

Given that the microbial communities were more stable and consistent at the later days of all eight
FSNXYSyGlrGA2yas GKS daO2NB¢ YAONROAILFET O2YYdzyAlGASa
defined as those which were present in 100% of fermenter fluidgas collected ax10 days (days

10, 15, 20, 25 and 30) of all fermentations and represented microbial populations of relatively high
abundance (Maximum 81,169 reads per Feature and Minimum 115 reads per Féqt8®d:t

12,320 mean reads per Featutestandard deviatioh Later day core communities are listed in
Appendix12.4(Tablel12.4), with a total of 41 microbial Features identified as being present in all

eight fermentations, with all of these communities being present at high numbers in the sequence
dataset.

Core communities were also determined for replicate fermentations maintained on the same
Leucaena cultivar. When core fermenter communities corresponding to each of the three Leucaena
cultivars were compared (Fig.14), a high proportion (70.7%) of the core community was present in
all of the fermentations and included taxonomic groups usually associated with rumen fibre
breakdown such as those classified in the phyla Bacteroidetes and Firmicutes, with highly abundant
genera includingPrevotella the Rikeerllaceae RC9 gut groufinaerovibrig Butyrivibrioand
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Desulfovibrio Core communities found in all cultivars included representatives of the phylum
Synergistetes, notably the genByramidobacterThe methanogenic archaeal genus
Methanosphaeravas the only core archaeal community found to be present in the later days of
fermentations with the three Leucaena cultivars. Several unique, culspecific core microbial
communities were identified (Table 4.3), however these communities representetatively small
proportion (15.4%) of the overall number of core communit@Entified. Interestingly, the archaeal
Family Methanomethylophilaceae, was identified as a core microbial community in only the
Cunningham and Wondergraze fermentations. The bacterial species known to be involved in DHP
breakdown,S. jonesiiwas found in a large proportion of fermenter fluid samples collected on the
later days (80% of fermenter fluid samples collected figgtay 10 of the Cunningham; Redlands and
Wondergraze fermentations), and although often detected, this species was not designated as a
GO2NBE YAONRBOALFE O2YYdzyAileo

Similarly when all the identified fermentation cultivespecific microbial communities (> 5

sequences per Feature) from the later daxsldy 10) were examined, a high proportion of bacteria

and archaea were found to be present in eight fermentations (127 Features, 73.4% of identified
Features). Bacterial communities found in all fermentations included representatives of organisms
belongingto the phylum Synergistetes, such&sjonesiiArchaeal communities found in all samples
included those belongingtthe generavlethanosphaeraPyramidobacteran uncultured
Methanomethylophilaceae anilethanobrevibactefTable 4.3). Interestingly, the methanogen

species which usually dominates rumen microbial communilfethanobrevibacter ruminantium

was only present in the fermenter fluid samples collected on the later days of replicate Wondergraze
fermentations.

Theanalysis ofll the microbiome sequence datasetbtained, showed that the bacterial and

archaeal communities of eight fermentations, irrespective of the Leucaena cultivar supplied,
fluctuated in diversity and community structure according to the time (day) of fermentation. The

first 2 to 8 days of the ferment&tiy 8 a4 K2 gSR (GKS Y2ald OFNAIFGBRY>X A0
dayfermentation being more stable in regards to diversity and microbial community structure. This
indicates that the microblacommunities of the fermenter may undergo competition and selection

for those microbial populations which can best survive in the physical and chemical conditions of the
fermentation vessel. Given that all fermentations are first supplied with the samemuluidbased
growth medium, the chemical and nutrient conditions within the fermentations are determined by
the leaf material supplied and the microbial communities contained within the fermenter, including
the waste products of microbial fermentation.

These timerelated changes in microbial diversity and community structure were more apparent in

the bacterial than the archaeal communities of the fermenter. While the Leucaena cultivar provided

to respective fermentations did encourage the growth of saranétivarspecific bacterial

populations, many bacterial genera were found in all fermentations, particularly during the later

RFeda 2F GKS FSNXYSyGlr A2y ox mn RIFI@aA0®d ¢KAa AYRAC
supplied to the fermentation,aMB S G O2NB¢ YAONROALFf O2YYdzyAGe GAf
YIEGSNAFE LINPOARSR® ¢KAAa aO2NB¢é¢ YAONRBOALFE O2YYdzyA
and complex plant sugars (e.g. the family Lachnospiraceae including the @#astiadium

Eubacteriumand Ruminococcysand metabolically diverse populations such as those known to

degrade plant proteins (e.g. the family Prevotellaceae). The latter populations may usually be found

in higher concentrations within fermenters supplied with Leucaelaatmmaterial than would

normally be expected in cattle rumen samples, as Leucaena plant material contains relatively high
concentrations of protein (AlboreSlorenoet al., 2019). Further analysis of other chemical

compounds contained in the different cultivars of Leucaena (e.g. plant tannins) may indicate

whether the cultivardependant microbial populations identified in this study were being selected

and their growth encoraged due to their tolerance or ability to break down cultkgpecific plant

compounds.

Page39of 137



B.GBP.0026Feeding Leucaena toanage he rumen for maximum beef profit

Figure 4.10. Changes in the bacterial and archaeal populations of all replicate Leucaena cultivar fermentations, ordered according {@ldiynef
fermentation). Populations are classified to the taxonomic level of order, using the SILVA database (132 update).
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Figure 4.11. Changes in the archaeal populations of all replicate Leucaena cultivar fermentations, ordered according to the time (caynehtation).
Archaeal populations determined by V4 primer dataset and classified to the taxonomic level of species, using thedaRibase (version 14_07).

100%

R i
E T

il

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ i §§§§§§ i %gg%ﬁg g

.
M0

) =T D WD O O W N"’Q N o O W ) T AD D O WO D O NM T AN WD O W
P PR %‘3‘3‘%’““.’«&«:“

T DD OO FUOTLo®OWw

T DD DO W

Fermentation Cultivar: Day of Fermentation o«

B - p__Eury c_| o_| 11 g > 9 _sp._ISO3-F5

B «_Archacaip__Eury e o_| -y 9__Groupd:s__Groupd_sp_ISO4-G1

N - p__Eury | o_| 1| g_| 5| X _clade
k__ p__Eury c__| o__| = 9. | 1 _Clace

I «_Archaeap_ Eury ¢ | o_| ¢ g ol _clade

Paged4lof 137



B.GBP.0026Feeding Leucaena to manadestrumen for maximum beef profit

Figure 4.12. Changes in the bacterial and archaeal populations of all replicate Leucaena cultivar fermentations at the later days SISy G F G A 2y 6 x
day 10), ordered according to the time of fermentation (day), with the HPLC determination ofC8;#P breakdown notedTaxonomy reported at genus
level classification (SILVA 132 database).
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Figure 4.13. Partial Least Squares Discriminant Analysis (sparse) (sSPLSDA, Components 1 vs 2 and Componentstiaese8aband archaeal
populations in replicated fermentations indicating separation of sample populations of the basis of the time (day) of tmedfetation. The Leucaena
cultivars provided to respective fermentations are depicted using symbol shape.
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Figure 4.14. Contribution plots generated from théartial Least Squares Discriminant Analysis (sparse) components 1 to 3, showing which microbial
families contributed to the difference®ccurringthroughout the duration (days) of eight Leucaena Fermentations. Microbial families are represented on
bar plots, with the negative or positive correlation indicated by the direction of the bars in relation to the scale beloghgdot. Bars are coloured
according to the day on which they contributed the most effewithin the SPLSDA.
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Figure 4.15. Clustered image map of all families identified as contributing to differences occurring between sample days of eight baucae

Fermentations. Differences were determined from theartial Least Squaresiarse) matrix of microbial families also used to generate the figures

above. The matrix is graphically represented with each entry of the matrix coloured on the basis of contribution (see é¢@gurThe rows and columns

are ordered according to a hierahical clustering. Dendrograms resulting from the staring are on left and to the top of the image, with a bar

indicating the day included.
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Figure 4.16. Comparison of bacterial and archaeal populations (Features classified at species level)
present at the later days of fermentations10 days), according to the Leucaena cultivar provided
to the fermentation, visualised in Venn diagrams. The proportions of bacterial and archaeal
communities that were either sharé or unique, are presented as the actual number of Features
and as a percentage of the overall population. Bacterial and archaeal populations were designated
as core microbial populations if they were present in all the samples collected on days 10, 15, 20,
25 and 30, from replicate fermentations maintained on each Leucaena cultivar (either two
Cunninghanfermentations, three Redlands fermentations or three Wondergraze fermentations).

All Populations Core Populations

Cunninghamii Redlands Cunninghamii Redlands

A\ £

Wondergraze Wondergraze
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Table 4.3Listing of core microbial communities from the later fermentation daygl0 days), found to be cultivadependant or unique. Features
classified according to SILVA database (version 132) taxonomic classification levels of D_0, Domain; D_1, Kingdom; Dn2PPRylGlass; D_4, Order;
D_5, Family; D_6, Genus; D_7, Species.

Unique Features, tw&CunninghamFermentations

D_0_ Bacteria;D_1__ Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4__Family XIII;D_5__Family XIll AD3011 group; DmbAD@t&riu
D_0_Bacteria;D_1 Bacteroidetes;D_2 Bacteroidia;D_3__Bacteroidales;D_4 Rikenellaceae;D_5 Rikenellaceae RC9 guthgmtapiin @nrichment
culture clone RB2a

D_0_Bacteria;D_1_ Proteobacteria;D_2 Gammaproteobacteria;D_3 Pasteurellales;D_4 Pasteurellaceae;D_5 Basfia

D_0_Bacteria;D_1_Bacteroidetes;D_2 Bacteroidia;D_3__Bacteroidales;D_4 Bacteroidaceae;D_5 Bacteroides

D_0_ Bacteria;D_1_Firmicutes;D_2 Clostridia;D_3 Clostridiales;D_4 Ruminococcaceaalackerium coprostanoligengsoup

D_0_ Bacteria;D_1__ Firmicutes;D_2__ Erysipelotrichia;D_3__Erysipelotrichales;D_4 _Erysipelotrichaceae;D_5 _Catenisphaera

Unique Feature, three Redlands Fermentations

D_0_ Bacteria;D_1__ Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4___Family XIII;D_5 __Family XIlIl AD3011 group

Unique Features, three Wondergraze Fermentations

D_0_ Bacteria;D_1_Bacteroidetes;D_2 Bacteroidia;D_3__Bacteroidales;D_4 Rikenellaceae;D_5 Rikenellaceae RC9 gutugmufpyfederumen
bacterium

D_0_Bacteria;D_1__Spirochaetes;D_2 Spirochaetia;D_3 _Spirochaetales;D_4 Spirochaetaceae;D 5 Treponema 2;D_6__Radt2rium MD
Common Features, Cunningham and Wondergraze Fermentations

D_0_Bacteria;D_1__ Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4 _Lachnospiraceae;D_5 Lachnospiraceae ND3007 group
D_0_Bacteria;D_1_ Firmicutes;D_2 Clostridia;D_3__Clostridiales;D_4 Lachnospiraceae;D_5 Lachnospiraceae NK4A13thgatapiin EPB1013
D_0_ Archaea;D_1 Euryarchaeota;D_2__Thermoplasmata;D_3__Methanomassiliicoccales;D_4 Methanomethylophilaceae

D_0_Bacteria;D_1_Firmicutes;D 2 Clostridia;D_3 Clostridiales;D_4 Ruminococcaceae;D_5 Ruminococédd®ae UCG

D_0_Bacteria;D_1__ Spirochaetes;D_2 _Spirochaetia;D_3 Spirochaetales;D 4 _Spirochaetaceae;D 5 Treponema 2;D_6__E8fi@66um WC
Common Features, Cunningham and Redlands Fermentations

D_0_ Bacteria;D_1__ Firmicutes;D_2__ Clostridia;D_3__Clostridiales;D_4 _Christensenellaceae;D_5__Christensergtacgae R

D_0_Bacteria;D_1_ Firmicutes;D_2 Clostridia;D_3 _Clostridiales;D_4 Lachnospiraceae;D_5 [Eubacterium] hallii groapltDregl Laohnospiraceae
bacterium

Common Feature, Redlands and Wondergraze Fermentations

D_0_ Bacteria;D_1__ Firmicutes;D_2__ Clostridia;D_3 _Clostridiales;D_4 _Ruminococcaceae;D 5 Ruminococ&usriifiocéccus flavefaciens
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Archaeabopulation of the fermentations were further examined using a sequence dataset
generated using archaespecific primers and resulted in sufficient sequence read numbers to
enable determination of the archaeal community structure within the fermentationsitre 88
fermenter fluid samples examined, 75 Features were identified representing 2,676,236 16s rRNA
gene sequences, following all quality filtering steps and removal of any erroneous bacterial
sequences. Even with the use of archapecific primers,tie number of archaeal Features
identified within the sequence dataset was loWaple 4.4. For eight fermentations, the archaeal
communities were dominated by two archaeal populations, taxonomically assigned to the genus
Methanosphaeraand family Methanomassiliicoccaceae (group 9). While other species of
Methanobrevibactemwere observed, includinyl. gottschalkii, M. arboriphilus, M. ruminantium, M.
smithiiand M. boviskoreanithese were usually found at very low levels (less than 0.5% relative
abundance¢(Fig. 4.7).

As established with the V4 primers, archaeal populations were less stable during the later days of
eachfermentation (Fig. 4.8), with the proportions of the two dominant microbial populations
fluctuating throughout the duration of each of the fermentations. For some fermentations, for
example, two of the Redlands fermentations, the archaeal gétethanosphaeralominated

(> 69.9% relative abundance from day3®. The effect of th€unninghanand Wondergraze
cultivars on archaeal populations of replicdgementations was variable. For exampie
Cunninghanfermentation 1,Methanospheargopulations accounted for up to 98.7% of total
archaeal populations whereas @unninghanfermentation 2, the family Methanomassiliicoccaceae
was generally more abundant (relative abundance up to 77.4%). Fermentédidtise

Wondergraze cultivar were also very variable, with fermenter fluid samples from the first
Wondergraze fermentation showingethanosphaeraabundance up to 87%. The second
Wondergraze fermentation hower, was completely dominated by populationshdéthanosphaera
(> 99.04% after day 3). In contrast, the fermentation started with a microbial inoculum obtained
from a previous Wondergraze fermentation, had very high levels of the family
Methanomassiliicoccaceae (up to 99.7% relative abundance).

Determination of archaeal population diversity within fermenter fluid samples (alpha diversity
measuresTable 4.4 indicated that although there was some significant effect (£ @05)

associated with the time (day) of the fermentations, this effect was not seen for all the alpha
diversity measures determined (Shannon and Observed speciesTablg, 4.5). Theffect of the
Leucaena cultivar provided to the fermentations was not strongly supported bseffeated

measures residual maximum likelihood (REML) analyitis only one of the diversity measures,
which takes into account the phylogenetic diversity of samples (Faith PD), indicating a significant
effect of cultivar. Wherboth the effects of day and cultivar were examined together, there were no
significant effects seen for any of the diversity measures.

The sPLSDA helped to provide a mordapth picture of how the archaeal populations of the
fermenter varied with timgFig. 4.9). This analysis confirmed that although archaeal population
diversity showed some significant changes in diversity with time of fermentation, overall, the
fermenter archaeal populations did not fluctuate to the same extent as the bacterial populations,
with far less spatial separation of samples visualised in the SPLSDA-go# D). The only
exception to this was that theefmenter fluid collected on the final days of the fermentation (day
30) appeared to have different microbial populations to those found on earlier days of the
fermentation, particularly to those present on the initial days of the fermentation (for exandple,
2).

The archaeal populations contributing to the differences seen between the early and late days of the
fermentations included low abundance populations classified within the ghtatkanobrevibacter

and additional, lower abundance speciesMdthanosphaerawhich were found to be present in
samples collected on the late days of the fermentations (e.g. days 25 aif@i§0320). The

dominance oMethanosphaergopulations during the migtages of the fermentations (e.g. days 8
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and 10), also contributed to the spatial separation of overall archaeal populations on the basis of
time in the SPLSDAI@. 421).

These results indicated thalé¢ archaeal populations present in the fermentations were not as
diverse as those normally seen in the rumen, with all fermentations being dominated by two
archaeal populations classified as the geMethanosphaeraand family Methanomassiliicoccaceae
(group 9). While other genera, suchMsthanobrevibactewere detected, for all the Leucaena
fermentations,thosewere present at very low concentrations. Interestingly, both of the archaeal
populations which survived and prolitged throughout the duration of the Leucaena
fermentations, are methanogens which are known to utilise hydrogen to reduce methanol to
methane. In contrast, the methanogens which are often highly abundant in the rumen of cattle are
those classified withithe genudMethanobrevibacterwhich us€ormate to reduce carbon dioxide
in the presence of hydrogen, and generally produce higher concentrations of methane than the
methanogens which utilise methanol.

Table 4.4. Summary of microbial diversity (alpdéaversity) measures across the entire archaeal
sequence dataset of 84 samples from 9 fermentations.

Alpha diversity measure Mean Standard deviation
Observed OTUs 7.69 1.79
Shannon 1.24 0.63
Faith PD 1.35 0.02

Table 4.5. Results from a repeated measures residual maximum likelihood (REML) analysis of
archaeal population diversity within each sample (three alpha diversity measures). Statistically
significant results (F Pr < 0.05) are highlighted in green.

Alpha Diversity Measures (F Ralues)

Fixed effect . :
Faith PD Shannon Observed species
Day of Fermentation 0.773 0.004 0.002
Fermentation Cultivar 0.011 0.187 0.3
Day.Fermentation Cultivar 0.902 0.425 0.29
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Figure 4.17. Changes in the archaeal populations of all replicate Leucaena cultivar fermentations, ordered according to time (day ohfatioe).
Populations are classified to the taxonomic level of species, using the RIM database (version 14_07).
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Figure 4.18. Changes in the archaeal populations of all replicate Leucaena cultivar fermentations at the later days of the fermentatipn on
(xfermentation day 8), ordered according to the time of fermentation (day). Archaeal populations determined by specific artpaegers and
classified to the taxonomic level of species, using the RIM database (Version 14_07).
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Figure 4.19. Partial Least Squares Discriminant Analysis (sparse) (SPLSDA, Components 1 vs 2 and Components 1 vs 3) of archaeakpapulation
replicated fermentations. The Leucaena cultivars provided to respective fermentations are depicted using symbolshape

’ Archaea all Fermentations, SPLSDA Comp 1 vs 2 | Archaea all Fermentations, SPLSDA Comp 1vs 3 |
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Figure 4.20. Contribution plots generated from the Partial Least Squares Discriminant Analysis (sparse) components 1 to 3, showing nehidah
families contributed to the differences observed throughout the duration (days) of eight Leucaena fermentations. Micrébigilies are represented on
bar plots, with the negative or positive correlation indicated by the direction of the bars in relation to the scale beloghgdot. Bars are also coloured
according to the day on which they contributed the most effect. The nafn Methanomassilic is a truncation of the full family name,
Methanomassiliicoccaceae
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Figure 4.21. Clustered image map of all archaeal families identified as contributing to differences occurring between sample days of eiglaiena
fermentations. Differences were determined from the Partial Least Squares (sparse) matrix of microbial families alsdougederate the SPLSDAots
above. The matrix is graphically represented with each entry of the matrix coloured on the basis of contribution (see é@purThe rows and columns
are ordered according to a hierarchical clustering. Dendragsaresulting from the clustering are on left and to the top of the image, with a bar
indicating the day included.

Color key [ Day
m 02
| 04
588 -2.94 0 294 588 B 05
’:I,:I_I o 06
0o 08
I s T I IS S = ———_ 8%
—= ’ — L o
= | — | 20
= ¥
— m 30
f
. .
e |
— o
ety
—_—
=]
o]
—
& g 8 B & & & S & 8 8 8
8 8 g 3 8 8 g § g 8 8 8 g 8 g g g 8 g
ol i 0§ § ¢ : ¢ £ £ : : 3 i & &£ : ¢
§ § § § § § § § § § § ¥ § & s § 8§ & +1
i 3§ 3 3 & &8 g ¢ 8 g &8 8 g 7§ g 8 7 3
e © ] ] ® © -] -] o ] o
5 § 5 § § § § § 3§ £ £ 5§ g s § € 5 £
s g g s 2 2 - - 2 2 b 2 $ g 2 2 g 2
£ £ = £ X J g | J A | #l | | J J £ 21 3] £ Al
2 2 2 2 2 2

f

Pageb4 of 137



B.GBP.0026Feeding Leucaena to manadetrumen for maximum beef profit

4.1.2.2 Animal Trial Bacterial andrchaealpopulations

Rumen samples were collected from 16 animals on nine different occasions throughout the duration
of the animal trial. The dataset describing both the bacterial and archaeal populations based on
amplification of the V4 region of the 16S rRNA gene encompassatal 3,877,567 sequences

(mean of 27,115 sequences per rumen fluid sammpyesenting 13,811 Featurgwllowing all

quality filtering steps, removal of Features represented by < 5 reads and removal of all sequencing
controls.The sequence dataset obtained using archapacific primers following all quality filtering

(not including the filter to remové&eatures represented by <5 reads) generated only 37, 036
sequences representing 1%@atures, with a mean of 250 sequences per rumen fluid sample
therefore analysis of this relatively small dataset is not described in this report.

The microbiome sequence dataset of the rumen fluid samples indicated that, overall, the rumen
fluid had a higher microbial diversity than that found in the Leucaena fermentatiaidd 4.1and

Table 4.6)For example, the mean Observed OTUs for the fermentations was 1#22%31 (mean

+ SD) and the mean Observed OTUs of rumen fluid samples, was approximately 1.5 times higher at
224+ 86.15 (meart SD). The sequence depth obtained for the 88 fermenter samples however, was
greater than that obtained for th animal trial rumen samples, therefore the microbial populations

of the fermenter could be more comprehensively described. These differences in sequencing depth
may also have impacted on the ability to detect specific minor microbial populations ofstitere

such asS. jonesiand those classified within the phylum Synergistetes (further desciitb&ection

4.1.2.3 below).

Table 4.6 Summary of microbial diversity (alpha diversity) measures across the entire archaeal
sequence dataset of 189 rumen fluid samples.

Alphadiversity measure Mean Standard deviation
Observed OTUs 224 86.15456
Shannon 6.693485 0.718572
Faith PD 27.3931 6.550577

Analysis of the animal trial sequence dataset (F@R)dshowed that there were few differences
between the microbial populations during the feeding trial itself. The major differences in microbial
populations appeared at the start of the trial, occurring between the initial baseline sampling and
the first digary period. The drenching of animals with cultiguecific inoculums, collected and
cryopreserved from fermentations supplied with either Redlands or Wondergraze cultivar leaf
material, appeared to have little effect on the microbial populations of afsreapplied either of

these cultivars in their diet.

Other than the initial changes in microbial populations which occurred as cattle transitioned into the
feeding trial, rumen samples collected during sample collection period three appeared to differ from
those collected at the end of this dietary testirngge (sample collection period 4) (Mg22 andFig.

4.23). The reason for these changes remains unexplained. It can be presumed that these changes
would be unrelated to any microbial changes resulting from cuksgeacific microbial inoculation,

given hat these changes were seen for all animals at this time, including animals provided with the
control diet. When the preand postinoculation sample collections were removed from the

analysis, the same effects were observed.#&y andFig.4.25), with differences between the

baseline sampling and all dietary periods, and differences occuatitige third sample collection

period. These changes were largely driven by populations such as those classified within many
families such as Bacteroidales andritubcoccaceae, present in the baseline rumen samples and
populations of the family Prevotellaceae present in samples from period three.

The animal trial conducted by CSIRO was designed to test the effects of feeding cattle three different
concentrations (18, 36 and 48% Leucaena) of two different Leucaena cultivars (Redlands and
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Wondergraze) on enteric methane production and rumen microbial populations including
methanogens. The microbial inoculum collected and cryopreserved from the Wondeiaptapéed
fermentation and the Redlanesdapted fermentations were administered (via dod gun) to the

cattle prior to their transition to diet treatment groups for each respective Leucaena cultivar. On the
day of inoculation, a rumen sample was taken immediately prior to drenching with inoculum and
three hours after drenching.

The results reported represent an overview of the sequence dataset obtained for the animal trial
however this clearly showed that the main difference in microbial populations occurred following
the transition of animals into the trial (i.e. from the baselisampling to the first prénoculation
sampling). There were also some changes occurring at the third dietary sampling period. These
changes did not appear to be related to any effects which may have occurred as a result of
administering the Leucaena tivar-specific mixed microbial inoculum. Indeed, sPLSDA plots showed
that there was very little difference in the rumen microbiome of cattle-@ned postinoculation. In
addition, as the animal trial samples (148 samples in total) were all sequenced Iiiupnina lane,

the sequence depth per sample was relatively low. While the sequencing depth was sufficient for
determination of the major, most abundant rumen microbial communities, minor microbial
populations such as those classified in the phylum Syiststes were detected in very low numbers
in a low number of rumen samples. For examflejonesiwas detected in microbiome sequence
data from one control animal at one collection tirpeint. In this regard, the microbiome sequence
data obtained for the animal trial was nobnsidered to beadequate for determining whether the
microbes contained in the cultivapecific mixed microbial inoculums were surviving and
establishing within the rumen of cattle being fed either the Redlands or Wondergrazeacstlti
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Figure 4.22. Partial Least Squares Discriminant Analysis (sparse) (SPLSDA, Components 1 vs 2 and Components 1 vs 3) of bacteriaé@nd archa
populations from all rumen samples from the animal trial. Labelling of samples is on the basis of animal number_Dietl.Diet&&ena. The nine
sample collection sessions are coloured accordingly (1 BL= Baseline; 2 PrednoBuation sampling 1; 3 Post23h postinoculation sampling 1; 4 P1 =
Feeding period 1, first collection; 5 P2 = Feeding period 1, second collection; 6 Pre2irouation sampling 2; 7 Post2 = Peisioculation sampling 2; 8
P3 = Feeding period 2, first collection; 9 P4 = Feediagaal 2, second collection.
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Figure 4.23. Clustered image map of all microbial families identified as contributing to differences occurring between sampling peridgtisebces were
determined from the Partial Least Squares (sparse) matrix of microbial families also used to generate the SPh&D¥atrix is graphically represented
with each entry of the matrix coloured on the basis of contribution (see colour key). The rows and columns are ordered mcctoc hierarchical
clustering. Dendrograms resulting from the clustering are on left andhe top of the image, with a bar indicating the dayjhe nine sample collection
sessions are coloured accordingly (1 BL= Baseline; 2 Pretin@talation sampling 1; 3 Post2= 3h peaistoculation sampling 1; 4 P1 = Feeding period 1,
first collection; 5 P2 = Feeding period 1, second collection; 6 Pre2 srf@ulation sampling 2; 7 Post2 = Pegbculation sampling 2; 8 P3 = Feeding
period 2, first collection; 9 P4 = Feeding period 2, second collection.
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Figure 4.24. Partial Least Squares Discriminant Analysis (sparse) (SPLSDA, Components 1 vs 2 and Components 1 vs 3) of bactdnedand arc
populations of rumen samples from the animal trial, with the rumen samples collected-@ned postinoculation excluded. Laléng of samples is on the
basis of animal number_Dietl.Diet2.%Leucaena. Samples from the nine sample collection sessions are coloured accordirBdgéiie; P1 = Feeding
period 1, first collection; P2 = Feeding period 1, second collect® = Feeding period 2, first collection; P4 = Feeding period 2, second collection.
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Figure 4.25. Contribution plots generated from the Partial Least Squares Discriminant Analysis (sparse) components 2 and 3, showinghighotial
families contributed to the differences occuring between sampiellection periods of the animal trial. Families are represented on bar plots, with the
negative or positive correlation indicated by the direction of the bars in relation to the scale below each plot. Bars swecaloured according to the
period to which they contributed the most effect. Longer family names are truncated and where the family name was not designated, theisrgieen.
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4.1.2.3Fermenter and Animal Trial Synergistpspulations

A subset of sequences representing fermenter bacterial populations classified within the phylum
Synergistetes was created from the bacterial and archaeal sequence dataset generated using the V4
16S rRNA gene primers. Similarly, a subset of phylum Sym¢egitom the corresponding dataset

from the animal trail was created. These subsets were used to determine if any changes occurred in
the Synergistetes populations throughout the duration of 8@&dayfermentations (Fig. 26), and
throughout the animatrial (Fig. 4.2). This approach also gave an indication of how well the
microbiome sequence dataset captured the presence and relative abundance of these bacterial
communities. While the fermenter sequence dataset was able to detect and classify Synergistetes
populationswithin every fermenter fluid sample, the animal trial sequence dataset only detected
Synergistetes populations in 17 of the 139 rumen fluid samples included in the analysis. This
indicated that either the phylum Synergistetes was at omlgy\low concentrations within the rumen

of the trial animals, or the animal trial sequence dataset was of insufficient sequence depth to
enable detection of this phylum. The latter is not unlikely as microbial populations classified as the
phylum Synergigttes are usually relatively minor, low abundance microbial populations within the
rumen.

The sequence dataset generated for the Leucaena fermentations indicated that of the microbial
populations classified within the overall phylum Synergistetes, populations of the genus
Pyramidobacter were the most highly abundant. At the later days of mifidatations, populations

of Cloacibacilluand SynergistesincludingS. jonesjiwere also detected. When the microbiome
sequence results were compared to the qPCR assays specifically designed for the detection and
enumeration ofS. jonesipopulations, here were differences in the results obtained. The gPCR
assays appeared to be more sensitive, detec8ngpnesipopulations in samples which the
sequence analysis determined to be negative for the presen& joesii

Despite the discrepancy in the results obtained for the two methods, sequences representing the
phylum Synergistetes from fermenter fluid samples and animal trial rumen samples were compared.
A sequence alignment of all the representative sequences ireticdat the dominant
Pyramidobactepopulations from the fermenter, found in 87 of the 88 fermenter fluid samples
examined, were not the same as those detected in the animal trial rumen samples, with several
point mutations occurring in the 16S rRNA geaguences (Fig. 48. Similarly, the majority of the
Cloacibacilluand Synergistesequences detected in either the fermenter or anirtvadl rumen fluid
samples also showed sequence variation. The exception was a Sirgleesipopulation, which was
detected in one animal at one rumen fluid collection thpeint. The representative 16S rRNA gene
sequence for this population showed 100#4cleotide(nt) homology to theS. jonesipopulation
detected in 22 of the fermenter fluid sampleEhe genug-retibacterium which was detected in a
single animal trial sample, was nattédcted in any of the fermenter fluid samples.

Further sequence analysis of the Synergist@®sulations involved a phylogenetic comparison
based on the 16S rRNA gene V4 region. This analysis included reference sequences from known
bacterial isolates classified within the phylum Synergistetes. This showed that the Synergistetes
populations of thefermenter and animal trial were most like those previously isolated from gut
environments, including the rumen. Interestingly, two reference 16S rRNA gene sequences from
bacteria isolated from previous Leucaena fermentatidPgrémidobactestrain YE332rad S. jonesii
strain YE330), were included in the phylogenetic analysis and were found to be highly (2|88
homology) toPyramidobacteandS. jonesiiepresentative sequences obtained from fermenter fluid
samplesftig. 4.9).

This comparisoralsoindicated thatalthoughthe most abundant Synergistetes populations found in
the Leucaena fermentation®yramidobacteandS. jonesjiwere closely relateghhylogenetically

they were not exactly the same as those detected in the rumen of cattle during the animal trial. As
the animal trial dataset may have underestimated the overall abundance of Synergistetes
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populations, further work would be required to determine whether the microbial populations of the
Leucaena inoculums could actually establish and proliferate in the rumen, and consequently
enhance the breakdown of the Leucaena cultivar plant material Beaddxins associated with the

feeding Leucaena.
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Figure 4.26. Changes in populations of the phylum Synergistetes for all replicate Leucaena cultivar fermentations, with samples ordetteel oaxis
according to the fermentation cultivar supplied to each fermentation and the fermentation day. Results ofShgnesigPCR are also indicated (High =
S. jonesiconcentration > 10cells/mL; Medium =S. jonesiconcentration < 10and > 16 cells/mL; Low =S. jonesiconcentration < 10cells/mL).
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Figure 4.27. Populations of the phylum Synergistetedetected in all available animal trial samples.
Rumen samples are ordered on theaxis according to the animal trial sample collection period,
the fermentation cultivar supplied in the diet, the percentage of the respective Leucaena cultivars
added to the diet and the animal from which the rumen sample was collected.
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Figure 4.28. Alignment of 16S rRNA gene representative sequences taxonomically assigned as
belonging to the phylum Synergistetes using the SILVA database (version 132). The 15 sequences
are labelled and coloured according to whether they came from either the fermar(te, gold), or
animal trial (AT, green) sequence datasets; the sequencing variant they represent (a truncation of
the name assigned using QIIME 2); genus and species level taxonomy assigned using the SILVA
database; and the number of samples which this sequence variant was observed (number

shown in square brackets). The nucleotide alignment was generated using ClustalW (version 2.1)
within Geneious (version 11.1.2) and differences in nt sequence are highlighted and a consensus
sequence indicdng the percentage of identity is included above the nt sequence alignment (

100%; >30%; <30% identity).
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Figure 4.29. Maximum likelihood phylogeny of the 16S rRNA gene representative sequences from
fermenter and animal trial samples found to belong to the phylum Synergistetés sequences,

236 nucleotide positions included)he tree with the highest log likelihood2230.01) based on

the Kimura 2parameter model and a gamma distribution with 5 categories is shown. A rate
variation model allowed for some sites to be evolutionarily invariable ([+1], 34.70% sites). The
percentage of replicate trees in which the associatedxa clustered together in the bootstrap test
(1000 replicates) are shown next to the branches, percentages <8@8fot shown. The 16S rRNA
genesequence ofSynergistetes speciedonquetella anthropwas used to root the tree.
Representativesequences are coloured and labelled according to whether they came from either
the fermenter (F, gold), or animal trial (AT, green) sequence datasets; the sequencing variant they
represent (a truncation of the name assigned using QIIME 2); genus andepésrel taxonomy
assigned using the SILM&2database; and the number of samples in which this sequence variant
was observed (hnumber shown in square brackets). The additional 16S rRNA sequences represent
the major genera classified within the phylum Syrgistetes NCBlaccessiomumbers are provided

in parentheses. An unpublished 16S rRNA gene sequdéac@yramidobactersp. strain YE332
previously isolated from a DAF Leucaena fermentation, is also included.
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4.2 Onproperty survey for the prevalence of rumen detoxification of
Leucaena toxins

Following discussions with MLA in December 2021 the final six months of the prejeaterscoped
to includeresearchwith the aim todetermine if populations of rumen bacteria able to completely
degrade the toxic compounds in Leucaena are already present in Australian Tatedress this,
an an-property surveyto determine theprevalence ohaturallyoccurringdetoxification of Leucaena
toxinsin the rumen of cattle was developedith four treatments consisting of different production
scenarios and the experimental unit being the propdrgm which cattle were surveyed he four
treatments were 1 ¢ Properties where cattle have never been inoculated with the DAF inoculum but
are grazed on Leucaenag, Properties where cattle either received rumen fluid from the original
CSIRO cattle or the fistulated cattle held at Brian Pastures Research §ie#td893) and have not
been inoculated sincwith the DAF inoculurandare grazed on Leucaen®¢ Properties where
cattle have been inoculated with the DAF inoculum and are grazing Leucaenag &rdpkrties

that do not have Leucaena and their cattle have never been exposed to Leucaena (Nave).
primary variablevasthe concentrations of the Leucaesassociated toxingnimosine, 2,3DHP and
3,4-DHP.

TheDAF Animal Ethics Committee assessed and approved the application at their August 2021
meeting and the approval notification, SA 2021/08/796, is containedbpendix 2.5. The Leucaena
Network email to members and Future Beef bulletin artrelsulted in 24 producers registering their
interest in participating in the oproperty survey with five properties from Soulast Qld (SEQ); 14
from Central QIld (CQ) and five from North Queensland (NQ). There were no respareesdfrom
producers whose catl fitted into Treatment 2Atotal of 14 properties (Sitesyvere visited three in
southweg QId, four in southreastQld, sixin central Qd and onen north Qd with rumensamples
collected froma total of 72 animals(Fig 4.30). Details of the sites areummarised ifmable4.7.
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Table4.7. Summary ofon-property surveysites visited Treatment groups1 (Never inoculated, grazing Leucaena); 3 (DAF inoculum used or used
previously and animals managed, grazing Leucaena) and 4 (Naive ca#ler grazing Leucaeha

Site Treatment Location Cattle class Leucaena Pasture arasspecies
ID Group (No. sampled) variety g P
A 4 Southeast Qld  Steers (4) None Kikuyu grass_P(ennlsetum clandestinumPaspalumRaspalum notaturj
RyegrassLlium perenng cereal hay
B 1 Southeast Qld (Slévgr(giielfer (1) Old, unknown  Buffel GrassQ. ciliari¥
3 Southeast Qld Heifer (3), Steer (2) Cunningham Green Panid\egathyrsus maximuin
Angleton bluegrass Floren (Dichanthium aristatum) Buffel Gésdiéris
D 4 North Qld Steer (1) None Bambatsi panicRanicum coloratum sub. Makarikariense
. Green Panid\|. maximur), Bambatsi Panid( coloratum sub.
E 3 Central Qld Steer (4) Cunningham Makarikariens@ Rhodes gras€hloris gayanpa
F 3 Central QId E:Jelle(r(a,)Cow 3), Wondergraze  Green Panid{.maximur), Rhodes gras€( gayana
G 3 Central QId Heifer (1), Steer (1) Wondergraze  Seca StyldStylosanthes scabya
H 4 Central QId Cow (4) None Buffel GrassQ. ciliariy
Redlands Green Panid\|. maximum), Bambatsi Panid( coloratum sub.
I 3 Central QlId Heifer (3), Steer (2) ! Makarikariensg, Rhodes gras€( gayany Creeping BluegrasBdthriochloa
Wondergraze . .
insculptad, Angleton bluegrass FloreD.(aristatumn)
3 3 Central Qld Steer (4) Cunningham Green Panidy. maximun), Buffel Gras<J. ciliari} Rhodes gras€(
gayang
K 1 Southeast Qld (S:?e vér(a’) Heifer (2), Cunningham Spear grasHeteropogon contortys Rhodes gras€( gayana
. Green Panic\|. maximun), Buffel GrasgJ. ciliariy Bambatsi Panid(
L 4 Southwest Qld - Heifer (5) None coloratum sub. Makarikarieny&€reeping BluegrasB.(insculpta
. Bambatsi Panid™( coloratum sub. Makarikariens@uffel GrasgJ. ciliarig,
M ! Southwest Qld - Cow (5) Cunningham Rhodegrass C. gayany Creeping BluegrasB.(insculpta
_ Cunningham,  Green Panic\. maximun), Buffel Gras<J. ciliariy, Bambatsi Panid>(
N 3 Southwest Qld  Heifer (2), Steer (3) Wondergraze  Ccoloratum sub. Makarikarieny€reeping Bluegras.{nsculptg
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Figure 4.30. Map showing location of animals that have been sampled for th@mperty survey
to determine if cattle naturally possess Leucaena toxdegrading rumen bacteria.
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To test the most appropriate method for addition of the toxins to the rumen fluid samples, the
performance of the 100 Ah lithium battery and portable incubators in the field, an initial rumen fluid
sample was obtained from Site A whiglasclassed a3reatment 4 Thisproperty doesnot have
Leucaena and the cattle have never been exposed to Leucasiitawas a rumen fistulated dairy

steer located at the DAF Dairy Gatton. The three methods of addition of the toxins resulted in similar
levels of toxin beinglelivered and the decision was made to use the injection method for future
sampleanalysis The rumen bacteria from theairy steer were able to degrade the two toxins
mimosine and 2,3 DHP but were unable to degrade the third toxirDBIR Fig. 431 A). To confirm

this, the breakdown products produced within the mimosine degradation assay were analysed by
HPLCshowing that as the mimosine was degrad@d DHP accumulated in the assalges,but was

not broken dowrfurther into 2,3 DHPHjg. 431 B).
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Figure 4.3. Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times 0 h, 48 h and 168althin toxin degradation assays testing different methods of
introducing the toxin (njected, Preloadedor Pipetted)to the rumen fluid sampled from the single

Site Asteer. A. Results oftoxin degradation assayset up using different methods for addition of

the toxins intothe rumen fluid. B. Results of he three toxins within themimosine degradation
assayshowing the degradation of mimosinegesulting an increase in the toxic metabolite 3,4 DHP
detected in the 48 h and 168 h samples.

Site A
0.6
0.5
& = 2
— - . -
= T—‘_!—i
€ 04
[ =
o]
S
fu
€ 03
a
Q
=
5]
(o]
c
= 0.2
Q
hss
—B— Injected \
0.1 Preloaded )
—#— Pipetted
0 )
0 48 168 0 a8 168 0 48 168 |
Mimosine 3,4 DHP 2,3 DHP
Sample time (h)/Compound
B HPLC analysis of toxins within the
Mimosine degradation assay
0.600
0.500
=
E 0400
c
il
=
°
£ 0.300
Q
Q
c
8 —f— Injected
c 0.200
= Loaded
L
—4— Pipetted
0.100

0.000 %
0 48 168 | 0 48 168 | 0 48 168

Sample Time (h)/Coumpound

Pager0of 137



B.GBP.0026Feeding Leucaena to manadetrumen for maximum beef profit

42.1 Treatment 1l

Three poperties Sites B, K and M, were visited aradtle that had never been inoculated with the
DAHR_eucaenanoculumandgraing Leucaenawere rumen sampled

The Site Bproperty, located insouth-eastQld, had an older stand of Leucaena (cultivar unknown)
with Buffel Grass €Cenchrus ciliarjpasture betweerthe approx. 1 m rowsTheproducerwasin the
process of removing every second row of Leucaeralow better pasture growthSite B had a
smallherd of animalgonsisting o mix of breed compositionith the majority ofanimals
purchasedand a fewbred on property.TheLeucaenatand was predominately used fatten
animalsfor feedlot entry.Four animals, ae cow, one heiferand two steersyere rumen sampled
andin thetoxin degradation assaysndertaken,all four were able to detoxifywo of the toxing
mimosine and 2,3 DHRithin 48 h of incubationin the 3,4 DHBoxin degradation assaiwo
animals degradd all of the 3,4 DHP within 48 h and the remaining three animals completely
degraced the 3,4 DHRvithin 168 h of incubatiorfFig. 432).

Figure 432. Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times 0 h, 48 h and 16&dr toxin degradation assays set up using rumen fluid fréour
animals, two cows and two steers, sampled at the Site B
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The Site K propertyocated insouth-eastQld, hada block of the Leucaena cultivar Cunningham
planted at six to eight metre rowsith mixed native oear grasgHeteropogon contortysand
Rhodes gras&Chloris gayangpasture.Cattlehadfree access to the Leucaeffilmm pasture
paddocksandwhilst animalswere occasionally kepiut of the Leucaendlock forsixto eightweeks
to allow the Leucaena to recover aadhievegood regrowth animals werenever blocked in with
the Leucaenakve animals, twaows(Brahman crossCharolais crosswo heifers(Charolais cross,
Droughtmaster crosgnd one steef(Charolais crossyvere rumen sampledThe degradation assay
showed theypossessedumen bacteriavhich were capablef completely degrading mimosine
within 48 h.Therumen bacteria wer@nly partially degramg 3,4 DHP after 48 h of incubatitt it
wascompletely degrade after one week of incubation. Four of the five animals were able to
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completely degrade 2,3 DHP within 48 h whilst one anongl completelydegracedthe 2,3 DHP
after 168 hof incubation(Fig. 433).

Figure4.33. Concentrations of mimosing3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times 0 h, 48 h and 16&dr toxin degradation assays set up using rumen fluid fréive
animals, two cows, two heifers and one steesampled at SiteK.
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The propertySite M located in southwest Qld, had blocks of the Leucaena cultivar Cunningham
planted at eight metre rowswith inter-row mixed pasture consistingf BambatsiPanic Panicum
coloratum sub. MakarikarienyeBuffel Grass Cenchrus ciliarjsRhodes grasChloris gayangand
QeepingBluegrass Bothriochloainsculptg. Animals had access to the Leucaena blocks at all times
from pasture only paddocks. The producer had previously used the DAF Leucaena inoculum but de
stocked during the droughfThe property has been restocked wghrchasedcattle which have not
been inoculated. Five Angus cows were rumen samplediaride degradation assayall five

animals possessed rumen bacteaiale to detoxify two of the toxins, mimosirand 2,3 DHP, within

48 h of incubation. In the 3,4 DHP toxin degradation aisayumen bacteria did not completely
degradeall the 3,4 DHP within 48lbut it wasable tocompletely degraddé within 168 h of

incubation (Fig. 448.
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Figure4.34. Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times 0 h, 48 h and 168rtoxin degradation assays set up using rumen fluid frdive
cows,rumen sampled at Sité.
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4.2.2 Treatment 2

Thistreatment includel properties where cattle either received rumen fluid from the original CSIRO
cattle or the fistulated cattle held at Brian Pastures Research Statiorl§@®8) andwere not

inoculated since with the DAF inoculuMo properties fitting intadhe specifications fothis

treatment were identified.

4.2.3 Treatment 3

Seven poperties Sites C, E, F, G, I, J and N, were vigitede the cattle had either beennoculated
with the DAH_eucaenanoculumor animals had been inoculated previously and the herd managed
to maintain the presence of the detoxifying rumen bacteria. The animals saraptedse

properties weregrazing Leucaena

The property Sit€, located in soutkeast Qld, had blocks of the Leucaena culti€anningham,
planted atthree metre rows, withthe inter-row mixed pasture consisting &Gfreen Panic
(Megathyrsus maximui The producers uska rotational grazing system ainéd inoculated

animals previously ansubsequentlynanaged the passage of the toxdlegrading bacteridy mixing
animals. Thdive animals sampled canieom the Cunningham block where they had been on and
off Leucaendor eight to ten months. Three AngWagu F1 heifers and two AngUWéagu steers

were rumen samplednd, in the degradation assayall five animals possessed rumen bacteria able
to detoxify two of the toxins, mimosine and 2,3 DHP, within 48 h of incubafio®.rumen bacteria
were so efficient most of the mimosine (0.45 mM) added to the assay was degraded before the O h
samples were able to be taken with a resulting peak of 3,4 DHP seen in the HPLC analysis of the
mimosine time 0 h sampldn the 3,4 DHP toxin degradation assiaree animals wre able to
completely degrade the 3,4 DHP within 48 h incubatidme rumen bacteria into of the animals, a
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heifer and a steethaddegradal 65 % and 7660f the 3,4 DHRespectivelywithin 48 hand
completely degraded within 168 h of incubatiorFig 4.35).

Figure4.35. Concentrations of mimosing3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times 0 h, 48 h and 168 h file toxin degradation assays set up using rumen fluid from
five animals three heifers andtwo steers, rumen sampled at Site€.
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The property SiteE located in central Qldyad blocks of the Leucaena cultivars Cunninghaih
Wondergrazeplanted atsixmetre rows with the intefrow mixed pasture consistingredominantly
of Green Panidegathyrsus maximujwith someBambatsiPanic Panicum coloratum sub.
Makarikariens¢ andRhodes grashloris gayanga At SiteEanimals samplechcludedfour
Droughtmasteisteers whichhad beernboxed in Leucaenaunninghanior approximatelyfour to

five weekstogetherwith severalcull cows from a herd thathad previouslybeen inoculated with the
DAF rumen inoculunn the rumen fluid samples collected frortt fBour animalsvisible Leucaena
plant materialwaspresent The degradation assaglemonstrated that all animalspossessed rumen
bacteriacapable ottompletely degraihgthe toxins mimosine and 2,3 DHP within 48fh
incubation.In the time 0 h samples taken froall the degradation assayblPLC analysis revealed
that all animals hadrery highlevels of 3,4 DHPresent,up to seven times higher thatihe amount of
toxin addedinto the 3,4 DHP degradatiamssay Thisindicatedthat whilstthe animals were
consuming Leucaerenddegrading the mimosinthey were not detoxifying themimosine
breakdown producB,4 DHPwhich was then accumulating in the ruménly one animal
completely degrade®,4 DHRafter 168 h of incubation the otherthree were showing incomplete
degradation(Fig.4.36). The lack of3,4 DHRlegradationindicates thatthe steers may not have been
sufficientlyinteracting with theinoculatedcull cowsto enablebetweenanimaltransfer of thetoxin-
degrading rumen bacteriand could be at risk gfoisoning We recommended that the animals be
drenched with the DAF inoculum to ensure they could effectively detoxify 3,4 DHP.
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Figure4.36. Concentrationsof mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times 0 h, 48 h and 168 h fike toxin degradation assays set up using rumen fluid from
four steers rumen sampled at Sité.
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Property Site F, located in central Qhéhd blocks of the Leucaena cultiw&iondergrazeplanted at
sixmetre rows, with interrow pasture consisting giredominately Green PanidMegathyrsus

maximun) with some Rhodes grassShloris gayanp Two groups of animals were sampled at Site F,
animals 1 to 4 were three cull cows and one sttt had beermanageahroughtransfer from ce

grazing with previously inoculated animal$ie second group @ixanimals were Droughtmaster
bullsgrazing Leucaena wittD % of thebullshavingreceived the DAF Leucaena inoculum

approximately two weeks prior to our vigind were actively grazing Leucaeifiie toxin

degradation assays demonstratétht all 10 animalssampled possessed rumen bacteria capable of
completely degrading the toxins mimosine and 2,3 DHP within @&g».37). Animal 10 had

measurable 2,3 DHP in the 168 h sample of the 2,3 DHP degradation assay which was unexpected as
the 48 h sample indicated that it had been completely consumed. In the 3,4 DHP degradation assays
all 10 animals degraded the majority of the BH#P (76 % to 86 %) and did not completely degrade

the 3,4 DHP after 168 h of incubation.
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Figure4.37. Concentrations of mimosine, 3,4 DHP and 2,3 DHP, as determined by HPLC, in samples
taken at Times 0 h, 48 h and 168 h fike toxin degradation assays set up using rumen fluid from
A. three cows and one steer and B. six bulklsmen sampled at Sité-.
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Property, Site G, located in central Qhéhd blocks of the Leucaena cultiv&iondergraze planted at
12 m row spacing with inter-row pasture consisting giredominatelySeca StyloStylosanthes

scabrg. Cattle haveaccess tdeucaena yearound (hedgedand supplemented with phosphorus

lick blocks. The producer inoculatdte herdwith the DAR_eucaenanoculum approximately eight
years ago and has managed the transfer between groupsofninganimalssince.The five cattle
sampled wereif’e steers (two Santa crosses, a Murray grey cross@ndingus) and one pure

Angus heifer. The toxin degradation assays demonstrated thiweatiattle sampledpossessed

rumen bacteria capable of completely degrading the toxins mimosine and 2,3 DHP within 48 h. In
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