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INTRODUCTION	
	

Sheep	are	promoted	and	used	globally	as	a	reliable	 form	of	 fireweed	control	…	

but	what	if	they	spread	this	toxic,	noxious	plant	instead?	What	if	fireweed	seed	is	

capable	 of	 germinating	 after	 passing	 through	 a	 sheep’s	 digestive	 system?	

Considering	 fireweed’s	 toxicity,	what	 if	using	 the	 sheep	 to	 control	 this	noxious	

plant	is	actually	harmful	to	the	sheep?	More	importantly,	what	if	the	sheep	tissue	

is	becoming	contaminated	with	this	toxin,	consequently	poisoning	humans	when	

it	enters	the	food	chain?	

	

At	 the	 conclusion	of	my	 last	 trial	 “The	Spread	Of	Seeds	Through	Cattle”,	 I	 felt	 it	

necessary	 to	 continue	 my	 research,	 based	 on	 the	 unexpected	 finding	 that	

fireweed	 (Senecio	 madagascariensis,	 hereinafter	 referred	 to	 as	 S.	

madagascariensis)	 germinated	 after	 passing	 through	 the	 digestive	 system	 of	 a	

bovine	animal.	Sheep	have	a	similar	digestive	system	to	cattle	and	readily	graze	

S.	madagascariensis;	 thereby,	challenging	 the	 theory	 that	sheep	are	an	effective	

form	of	S.	madagascariensis	control.	Therefore,	I	decided	to	investigate	whether	

the	seed	of	S.	madagascariensis	can	germinate	after	passing	through	the	digestive	

system	of	sheep.	

	

I	 live	 on	 a	 306-hectare	 dry-land	 beef	 and	 sheep	 farm	 in	 the	Bega	Valley	 (New	

South	Wales,	Australia	–	hereinafter	referred	to	as	“Milton	Park”),	where	vealer	

production	 from	 300	 head	 of	 cattle	 is	 the	 main	 enterprise.	 350	 sheep	 are	

rotationally	 grazed	behind	 the	3	mobs	of	 cattle	 to	 assist	 in	 the	 control	 of	 both	

internal	 parasites	 and	weeds,	 primarily	 S.	madagascariensis.	 The	merino	 ewes	

and	wethers	are	separated	 into	 two	different	 flocks	and	are	used	primarily	 for	

wool	production.	An	additional	small	flock	of	crossbreds	are	also	run,	which	are	

used	to	breed	and	grow	lambs	for	the	fat	lamb	market.		

	

Established	 pastures	 on	 “Milton	 Park”	 predominantly	 consist	 of	 kikuyu	

(pennisetum	 clandestinum),	 clover	 (trifolium	 species),	 ryegrass	 (lolium	 species),	

cocksfoot	 (dactylis	 species),	 phalaris	 (phalaris	 species),	 prairie	 grass	 (bromus	

wildenowie),	 various	 summer	 grass	 species	 and	 other	 naturalised	 and	 local	

species	 such	 as	 kangaroo	 grass	 (themeda	 species)	 and	 paddock	 lovegrass	

(eragrostis	species).	The	only	problematic	noxious	weed	present	 is	 fireweed	 (S.	

madagascariensis).	

	

The	 following	 observations	 have	 been	 noted	 on	 “Milton	 Park”;	 thereby	

challenging	 the	 notion	 that	 sheep	 are	 an	 effective	 form	 of	 S.	madagascariensis	

control:		

	

1. Within	 each	 paddock,	S.	madagascariensis	 is	most	 prominent	where	 the	
sheep	camp	in	concentrated	numbers.	

2. Across	 “Milton	 Park”,	 S.	 madagascariensis	 is	 spreading	 into	 paddocks	
grazed	by	sheep,	becoming	established	in	areas	that	once	contained	little	

or	no	infestation.	

3. S.	madagascariensis	 is	 not	 establishing	 itself	 in	 paddocks	 not	 grazed	 by	
sheep.	
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Determining	 if	 the	 S.	madagascariensis	 seeds	 are	 capable	 of	 germinating	 after	

passing	 through	 the	 sheep’s	 digestive	 tract	 is	 of	 particular	 significance,	 as	 not	

only	 would	 it	 be	 beneficial	 to	 weed	 management	 strategies	 implemented	 on	

“Milton	 Park”,	 but	 also	 to	 the	 control	 and	management	 of	 S.	madagascariensis	

throughout	 the	 Bega	 Valley,	 East	 Coast	 of	 Australia	 and	 other	 global	 farming	

communities.	 It	 will	 assist	 farmers	 in	 implementing	 grazing	 management	

systems	 that	 will	 more	 effectively	 aid	 in	 the	 control	 of	 this	 weed,	 whilst	

preventing	its	introduction	and	spread.	

	

Considering	 S.	 madagascariensis	 contains	 Pyrrolizidine	 Alkaloids	 (PAs),	 is	 it	

possible	that	the	sheep’s	health	is	being	compromised	through	grazing	this	toxic	

plant?	 Investigating	 the	 effect	 of	 PAs	 on	 sheep	would	 assist	 in	 identifying	 any	

damage	 that	 S.	 madagascariensis	 may	 inflict	 on	 their	 health,	 as	 well	 as	

determining	the	extent	of	damage	based	on	the	sheep’s	exposure	to	the	noxious	

weed.	This	understanding	would	be	useful	in	establishing	guidelines	in	the	care	

of	sheep	used	 to	graze	PA	producing	plants,	particularly	 if	PAs	are	 found	to	be	

harmful.	Grazing	systems	would	vary	depending	on	the	extent	of	damage	found	

and	whether	this	damage	is	related	to	the	length	of	time	the	animals	are	exposed	

to	grazing	PA	producing	plants.	

	

Humans	are	also	susceptible	to	the	effects	of	PAs	and	can	become	inadvertently	

exposed	 through	 the	 consumption	 of	 contaminated	 food,	 resulting	 in	 health	

issues	or	even	death,	depending	on	the	 level	of	exposure.	 Is	 it	possible	that	the	

meat,	 from	 sheep	 used	 to	 graze	 S.	 madagascariensis,	 is	 a	 potential	 source	 of	

contamination?	Identifying	whether	PAs	accumulate	in	the	muscle	or	liver	tissue	

of	 sheep,	as	a	 result	of	 consuming	S.	madagascariensis,	will	determine	whether	

the	deadly	chemicals	are	entering	the	human	food	chain.	If	this	were	found	to	be	

the	case,	the	significance	of	such	a	finding	would	be	influential	in	Food	Standards	

across	the	world,	resulting	in	global	changes	to	agricultural	grazing	management	

practices	where	PA	producing	plants	are	found.		

	

The	NSW	Department	of	Primary	Industries	(DPI)	and	NSW	Local	Land	Services	

(LLS)	 are	 interested	 in	 the	 outcome	 of	 my	 research,	 as	 it	 affects	 a	 significant	

agricultural	 industry	within	Australia	 and	 a	 common	 food	 source	 globally.	 For	

this	 reason	 the	DPI	has	very	generously	offered	 to	 fund	$6,000	worth	of	blood	

and	 tissue	 sample	 testing.	 The	 LLS,	 working	 in	 collaboration	 with	 the	 DPI,	 is	

providing	guidance	regarding	 the	direction	of	 this	 research	and	overseeing	 the	

more	 complicated	 sampling	 procedures.	 This	 assistance	 will	 allow	 these	

government	departments	to	develop	an	understanding	of	the	sheep	environment	

on	“Milton	Park”	and	how	this	may	relate	 to	 the	overall	 findings,	 thus	allowing	

any	significant	outcomes	 to	be	 immediately	 incorporated	within	 the	 field	 in	an	

effort	 to	 overcome	 the	 ever-increasing	 S.	 madagascariensis	 problem.	 Their	

financial	assistance	and	endless	support	is	much	appreciated.	
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HOW	MY	INVESTIGATION	EVOLVED	
	 	

1.	Fireweed	
seed	survives	

the	digestive	

system	of	a	cow	

2.	Sheep	readily	
consume	

fireweed	and	are	

therefore	used	in	

its	control	

3.	Can	fireweed	
seed	survive	the	

digestive	system	

of	a	sheep	too?	

4.	Fireweed	kills	
horses	and	cows,	

yet	sheep	are	20	

times	more	

resilient	to	the	

toxins	

6.	Do	the	toxins	
accumulate	in		

the	sheep’s	tissue,		

potentially	poisoning	

humans	when		

consumed?	

5.	Do	the	
fireweed	toxins	

harm	sheep	even	

though	no	clinical	

signs	are	shown?	
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AIM	

	

The	overall	 purpose	of	 this	 scientific	 investigation	 is	 to	 assess	 the	 relationship	

between	sheep	and	S.	madagascariensis	under	agricultural	conditions;	however,	

there	 is	 more	 than	 one	 outcome	 being	 investigated.	 For	 this	 reason,	 I	 have	

broken	the	research	down	into	3	different	aims:	

	

1. To	 determine	 whether	 Senecio	 madagascariensis	 seed	 is	 capable	 of	
germinating	after	passing	through	a	sheep’s	digestive	system.		

	

2. To	investigate	if	using	sheep	as	a	form	of	Senecio	madagascariensis	control	is	
impacting	 their	 health,	 through	 the	 consumption	 of	 pyrrolizidine	 alkaloids	

contained	 in	 the	 plant,	 as	 well	 as	 determining	 whether	 such	 damage	 is	

related	to	the	extent	of	the	sheep’s	exposure.	

	

3. To	ascertain	whether	the	pyrrolizidine	alkaloids	contained	within	the	Senecio	
madagascariensis	plant	accumulate	 in	 the	muscle	and/or	 liver	of	 sheep	and	

are	then	potentially	entering	the	human	food	chain	through	the	consumption	

of	this	contaminated	food	source.	

	

In	order	to	improve	the	flow	of	this	report,	the	scientific	procedure	behind	each	

of	the	above	aims	has	been	documented	as	a	separate	section	as	follows:	

	

• Section	1	determines	whether	sheep	are	capable	of	spreading	fireweed	

• Section	2	examines	the	effect	of	fireweed	toxins	on	sheep	health	

• Section	 3	 investigates	 whether	 poisoned	meat	 is	 entering	 the	 human	 food	

chain	

	

It	should	be	noted	that	although	these	sections	have	been	separated,	each	section	is	

related	 to	 and	 follows	 on	 from	 the	 previous	 section.	 Also,	 certain	 parts	 of	 the	

experimental	design	are	relevant	to	more	than	one	section,	resulting	in	an	overlap	

in	 some	 areas.	 Therefore,	 please	 be	 mindful	 when	 reading	 this	 report	 that	 the	

purpose	of	each	section	is	to	provide	the	necessary	information	pertaining	to	that	

area	 of	 study,	 but	 it	 is	 the	 overall	 relationship	 between	 sheep	 and	 S.	

madagascariensis	that	is	of	most	importance.	The	outcomes	from	each	Section	are	

combined	 in	 the	 Final	 Summation,	 to	 ensure	 such	 relationships	 do	 not	 go	

unnoticed.	
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AIM:	To	determine	whether	Senecio	madagascariensis	seed	is	

capable	of	germinating	after	passing	through	a	sheep’s	digestive	system.	
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BACKGROUND	RESEARCH	
	

My	 recent	 research	 into	 “The	 Spread	 of	 Seeds	 Through	 Cattle”	 revealed	 that	 S.	

madagascariensis	 is	 capable	 of	 germinating	 after	passing	 through	 the	digestive	

system	of	 a	 bovine	 animal.	With	more	 than	3,000	 Senecio	 species	 being	 found	

throughout	 the	 world,	 approximately	 30	 of	 these	 are	 reported	 as	 having	

produced	livestock	and	human	poisoning,	with	S.	madagascariensis	being	one	of	

these.	

	

S.	madagascariensis	is	native	to	the	KwaZulu-Natal	region	of	South	Africa,	but	has	

become	naturalised	in	parts	of	South	America,	Australia,	Japan	and	Hawaii.	After	

first	 being	 recorded	 in	 the	Hunter	Valley	 in	1918,	 it	 has	 expanded	 its	 range	 in	

Australia.	Having	established	itself	along	the	entire	New	South	Wales	coast,	it	has	

also	 spread	 south	 into	 Victoria	 and	 as	 far	 north	 as	 Central	 Queensland.	

S.madagascariensis	 can	be	 found	as	 isolated	 infestations	 in	parts	of	 inland	New	

South	Wales;	however,	it	is	less	likely	to	become	invasive	in	these	areas.		

	

	

Figure	1	–	Global	Distribution	of	S.	madagascariensis	
	

	

Figure	2	–	Distribution	of	S.	madagascariensis	in	the	Sourthen	Hemisphere	
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Figure	3	–	Distribution	of	S.	madagascariensis	in	Australia	according	to	
Australia’s	Virtual	Herbarium	records	

	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

Figure	4	–	Distribution	of	S.	madagascariensis	according	to	the	NSW		
Department	Of	Primary	Industries	
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SENECIO	MADAGASCARIENSIS’	SIGNIFICANCE	
Not	only	is	S.	madagascariensis	a	Weed	of	National	Significance,	it	is	considered	

to	be	one	of	the	worst	weeds	of	coastal	pastures	in	South-Eastern	Australia,	due	

to	its:	

1. Rapid	Spreading	Ability	
2. Productive	and	Economic	Impacts	
3. Toxicity	

	

1. Rapid	Spreading	Ability	
S.	madagascariensis	is	opportunistic	and	able	to	take	advantage	of	changes	in	the	

environment.	The	population	of	S.	madagascariensis	in	infested	areas	depends	on	

seasonal	conditions	and	varies	from	year	to	year.	Although	the	majority	of	plants	

only	 live	 for	 one	 season,	 it	 may	 behave	 as	 a	 short-lived	 perennial,	 with	 some	

plants	surviving	for	3	years	under	favourable	conditions.	

	

The	 points	 below	 clearly	 demonstrate	 that	 S.	madagascariensis	 can	 produce	 a	

substantial	soil	seed-bank	that	is	capable	of	rapid	germination	when	conditions	

are	favourable:	

• On	 the	 coast	 of	 New	 South	 Wales,	 S.	 madagascariensis	 is	 capable	 of	

germinating,	 growing,	 flowering	 and	 reproducing	 throughout	 most	 of	 the	

year.	 The	 majority	 of	 seeds	 geminate	 in	 Autumn	 and	 flower	 in	 Spring;	

however,	all	stages	of	the	plant	can	be	seen	at	almost	any	time	of	the	year.	

• Seeds	are	most	 likely	 to	germinate	 if	 they	are	 less	 than	2cm	below	 the	 soil	

surface;	 however,	 buried	 seed	 may	 remain	 viable	 in	 the	 soil	 for	 up	 to	 10	

years.	

• Germination	 is	 dependent	 on	 a	 combination	 of	 temperature,	 light	 and	

precipitation.	Rainfall,	when	the	temperature	is	15–27°C,	will	produce	flushes	

of	new	seedlings.	

• Most	 seed	 dispersal	 is	 due	 to	 wind,	 but	 some	 seeds	 may	 be	 spread	 by	

vehicles,	 animals	 and	 in	 agricultural	 produce	 (Navie	 and	 Adkins	 2008).	 A	

survey	 of	 graziers	 in	 New	 South	 Wales	 discovered	 that	 24%	 had	 S.	

madagascariensis	infestations	in	pasture	and/or	crops	used	for	hay	or	silage.	

Considering	 the	 distance	 in	which	 such	 products	 are	 sold	 and	 transported,	

this	is	quite	possibly	the	leading	cause	of	long-distance	spread.	

• About	80%	of	seeds	have	either	no	dormancy	or	a	very	low	level	of	dormancy	

and	once	released	from	the	flower	head,	can	either	germinate	immediately	or	

when	conditions	are	suitable.	This	results	in	several	germinations	occurring	

in	a	single	season	depending	on	the	conditions.	

• Approximately	 42%	 of	 seedlings	 survive	 to	 maturity,	 with	 plants	 growing	

rapidly	when	compared	with	most	other	pasture	species.	

• Plants	 can	 produce	 flowers	 6–10	 weeks	 after	 they	 emerge,	 with	 50%	

flowering	within	3	months.	

• S.	madagascariensis	profusely	seeds,	with	each	 flower	head	producing	up	to	

120	seeds	of	high	viability.	A	single	plant	 is	capable	of	producing	25,000	to	

30,000	seeds	in	one	season,	if	conditions	are	favourable.		

• S.	madagascariensis	flowers	turn	to	seed,	even	after	removal	from	the	plant.		

• S.	madagascariensis	usually	begins	to	die	off	in	the	Spring;	however,	in	certain	

plants,	only	 the	 top	of	 the	plant	dies,	 leaving	 the	base	and	roots	 intact	over	

Summer.	The	plant	may	then	regrow	from	the	crown	the	following	Autumn.	
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	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	

Germination	 	 	 	 	 	 	 	 	 	 	 	 	

Seedling	 	 	 	 	 	 	 	 	 	 	 	 	

Flowering	
and	seed	

	 	 	 	 	 	 	 	 	 	 	 	

Senescence	 	 	 	 	 	 	 	 	 	 	 	 	

General	pattern	of	growth	

Growth	pattern	in	suitable	conditions	

	

Figure	5	–	Growth	Calendar:	A	General	Indication	to	the	Timing	of		
S.	madagascariensis’	Growth	Stages	

	

S.	madagascariensis	is	highly	aggressive	and	outcompetes	other	species	allowing	

it	to	flower	and	set	seed	without	interference.	Considering	it	seeds	profusely	and	

grows	 to	maturity	 rapidly	 it	 can	quickly	establish	 itself,	particularly	where	dry	

conditions	(drought)	or	farming	practices	(cultivation,	excessive	grazing)	reduce	

existing	pasture	or	create	bare	ground.	Once	established,	S.	madagascariensis	can	

cause	immense	productive	and	economic	losses.	

	

2.	Productive	and	Economic	Impact	
Data	 from	New	South	Wales,	where	S.	madagascariensis	has	been	abundant	 for	

decades,	 provides	 a	 useful	 insight	 into	 the	 species’	 impact.	 A	 survey	 of	 581	

graziers	in	coastal	New	South	Wales	(of	which	64%	were	dairy	farmers	and	35%	

were	beef	cattle	graziers),	Sindel	(1989)	revealed	the	following:	

	

• S.	madagascariensis	was	present	on	90%	of	graziers’	properties	and	less	than	

10%	 of	 these	 considered	 it	 to	 be	 under	 control.	 In	 areas	 where	 S.	

madagascariensis	was	 concentrated,	 46%	of	 respondents	 claimed	 it	 to	 be	 a	

moderate	problem	whilst	51%	stated	it	was	a	major	problem.	

• S.	 madagascariensis’	 principal	 effect	 is	 on	 pasture	 production.	 57%	 of	

respondents	claimed	the	main	issue	associated	with	S.	madagascariensis	was	

its	tendency	to	compete	with	crops	and/or	pasture.		

o This	is	supported	by	experiments,	which	note	that	S.	madagascariensis	

causes	 a	 decline	 in	 pasture	 yield	 by	 up	 to	 70%,	 reducing	 available	

grazing	pasture	by	over	50%.		

o Field	observations	in	New	South	Wales	state	that	S.	madagascariensis	

can	achieve	densities	of	up	to	5,000	plants	per	square	metre.	(Sindel	

1989)	

• 30%	 of	 respondents	 stated	 that	 the	 primary	 impact	 of	 S.	madagascariensis	

was	 preventing	 stock	 from	 grazing	 amongst	 it,	 and	 24%	 claimed	 it	

contaminates	crops	or	pastures	used	for	hay	or	silage.	
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S.	madagascariensis	infestations	may	also	result	in:	

• Stock	losses	as	a	result	of	pyrrolizidine	alkaloid	(PA)	consumption	

o S.	madagascariensis	contains	 toxic	 PAs	 that,	 if	 consumed,	 cause	 liver	

damage	and	occasionally	death	in	livestock.	

• A	reduced	carrying	capacity	as	a	result	of	high	S.	madagascariensis	densities	

• A	decrease	in	livestock	growth	rates	

• Financial	costs	

o Controlling	 S.	 madagascariensis,	 as	 well	 as	 a	 combination	 of	

productive	and	economic	losses,	costs	New	South	Wales	farmers	up	to	

$5.4	million	per	annum.	

	

CONTROL	METHODS	AND	COSTS	
Due	 to	 the	 substantial	 productive	 and	 financial	 impacts	 of	S.	madagascariensis,	

along	with	potential	 legal	 responsibilities,	different	methods	are	recommended	

in	 the	 control	 of	 this	 noxious	 weed.	 According	 to	 the	 Department	 Of	 Primary	

Industries,	“All	possible	measures	should	be	undertaken	 to	manage	and	control	

the	 infestation	 and	 potential	 spread	 of	 fireweed	 in	 Australia.”	 However,	 all	

control	methods	come	at	a	cost!		

	

“A	recent	survey	of	fireweed-affected	farmers	by	the	University	of	New	England	

indicated	 that	 nearly	 half	 spend	 more	 than	 50	 hours	 and	 $1,000	 annually	

controlling	 fireweed.	 This	 included	 farmers	 who	 felt	 they	 had	 fireweed	 under	

control.”	(B.	Sindel).		

	

Costs	 are	 also	 inflicted	 upon	 local	 government	 and	 ratepayers	 regarding	 the	

construction	 and	 enforcement	 of	 management	 plans,	 control	 of	 S.	

madagascariensis	 on	 public	 land	 and	 roadsides,	 and	 the	 application	 of	 other	

control	activities.		

	

In	 agricultural	 terms,	 the	 following	 management	 strategies	 are	 utilised	 in	 the	

control	of	S.	madagascariensis:	

	

Herbicide	
Although	herbicides	are	only	short-term	solutions,	they	have	played	a	significant	

role	in	some	successful	S.	madagascariensis	control	programs.	

Costs	

• In	 New	 South	 Wales,	 it	 is	 estimated	 that	 herbicide	 costs	 amount	 to	 $18	

million	per	annum	(assuming	a	single	herbicide	treatment	at	a	cost	of	$30	per	

hectare).	

• Herbicides	do	not	kill	S.	madagascariensis	seeds	if	applied	after	flowering.	

• Herbicide	 resistance	 in	 weeds	 is	 a	 potential	 issue	 arising	 from	 repeated	

applications	of	a	particular	herbicide	group.	

• Large	costs	associated	with	equipment,	as	well	as	time	and	labour.	

• Farmers	 are	 required	 to	 adhere	 to	 livestock	 and	 hay/silage	 withholding	

periods	after	applying	a	herbicide	treatment,	which	may	affect	productivity.	
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Slashing	
Two	cuts	over	a	two-month	period	can	decrease	fireweed	survival	by	up	to	70%.	

Costs	

• Slashing	may	 further	 disperse	 S.	madagascariensis	 if	 cut	 plants	 have	 begun	

flowering	

• Flowering	 may	 only	 be	 delayed	 until	 later	 in	 the	 season	 and	 promote	

regrowth	of	plants	in	the	following	season	

• Slashing	 may	 be	 detrimental	 when	 pasture	 is	 growing	 poorly,	 as	 S.	

madagascariensis	 plants	 may	 recover	 and	 establish	 themselves	 at	 a	 more	

rapid	pace	than	pasture	species	

• The	 chance	 of	 stock	 poisoning	 may	 be	 increased,	 as	 S.	 madagascariensis	

plants	 become	 more	 attractive,	 palatable	 and	 difficult	 to	 differentiate	 for	

livestock	

• The	 cost	 of	 time	 and	 labour	 may	 add	 to	 the	 already	 large	 expenditure	

associated	with	the	machinery	and	equipment	that	is	required	

	
Cultivating	
Cultivation	 is	not	 recommended	as	 it	often	stimulates	S.	madagascariensis	seed	

germination,	 resulting	 in	 an	 increase	 in	 fireweed	 density.	 Cultivation	 reduces	

existing	 pasture	 species	 whilst	 creating	 poor	 ground	 cover,	 allowing	 S.	

madagascariensis	 to	 establish	 itself	 rapidly	 due	 to	 a	 lack	 of	 competition	 from	

other	species.	

	

Hand	Pulling	
Hand	weeding	is	suitable	as	a	secondary	form	of	control	where	infestations	are	

limited	and	isolated.	After	being	removed	from	the	ground,	S.	madagascariensis	

remains	 toxic	 and	 is	 also	 capable	 of	 seeding.	 It	 is	 therefore	 necessary	 that	

removed	 plants	 are	 immediately	 bagged	 and	 destroyed.	 It	 is	 suggested	 that	

gloves	 are	 worn	 when	 hand	 pulling,	 to	 limit	 exposure	 to	 S.	 madagascariensis	

alkaloids.		

Costs	

• Time	and	labour	costs		

	
Sheep	and	Goats	
Grazing	 S.	 madagascariensis	 with	 sheep	 and	 goats	 is	 a	 preferred	 control	

technique	by	many	farmers	as	it	is	appears	to	be	effective	and	is	not	as	costly	as	

other	 methods.	 Multiple	 sources	 recommend	 the	 implementation	 of	 sheep	

grazing	management	systems.		

	

According	 to	Brian	 Sindel	 “Experience	 shows	 that	 grazing	with	 sheep	 or	 goats	

may	 be	 of	 some	 use	 in	 fireweed	 control	 (where	 it	 is	 practical	 to	 run	 these	

animals	on	your	land),	since	they	readily	eat	fireweed	and	are	some	10-20	times	

less	susceptible	to	poisoning	than	cattle	and	horses.	A	recent	survey	of	farmers	

found	this	to	be	the	most	successful	fireweed	control	method.	Farmers	who	used	

the	method	suggested	that	sheep	or	goats	will	control	most	but	not	all	fireweed	

plants.”		
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However,	my	recent	project	“The	Spread	Of	Seeds	Through	Cattle”	suggests	that	S.	

madagascariensis	may	be	capable	of	surviving	the	digestive	tract	of	a	ruminant,	

challenging	 the	validity	of	 the	above	statement.	Whether	 farmers	believe	 the	S.	

madagascariensis	on	their	properties	is	decreasing	simply	due	to	the	misleading	

reduction	 in	 visible	 S.	 madagascariensis	 flowers,	 or	 whether	 the	 sheep	 are	

successfully	controlling	the	plant,	remains	in	question.	

Costs	

• Reduced	 productivity	 for	 dairy	 and	 beef	 producers	 associated	 with	 using	

sheep	 or	 goats	 to	 control	 S.	 madagascariensis,	 destocking,	 or	 using	 less	

efficient	paddock	rotations	

• Infrastructure	 costs	 (fencing,	 shearing	 equipment,	 stock	 yards)	 associated	

with	introducing	sheep	and/or	goats	onto	cattle	based	property	

• Animal	management	labour,	being	different	to	the	main	enterprise	

• Potential	poisoning	

o “Although	relatively	tolerant,	sheep	and	goats	are	not	totally	resistant	

to	 the	 effects	 of	 PAs,	 and	will	 eventually	 show	 signs	 of	 poisoning	 if	

over-grazed	on	fireweed	affected	paddocks.”	(B.	Sindel)	
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HYPOTHESIS	
	

From	my	observations	and	research	I	am	of	the	opinion	that	S.	madagascariensis	

seeds	are	capable	of	germinating	after	passing	 through	 the	digestive	 system	of	

sheep,	 which	 challenges	 the	 concept	 that	 sheep	 are	 an	 effective	 form	 of	 S.	

madagascariensis	control.	

	

	

RISK	ASSESSMENT	
	

Two	risks	have	been	identified	as	potential	hazards	in	the	running	of	this	section	

of	the	investigation.	These,	along	with	the	techniques	to	overcome	the	risks,	are	

listed	below:	

	

1. Potting	Mix	–	The	collected	manure	samples	are	being	combined	with	potting	
mix	 in	 order	 to	 establish	 a	 suitable	 seedbed	 that	 is	 considered	 sterile.	 The	

hazards	associated	with	Potting	Mix	are	clearly	labelled	on	the	bag:	

	

“Inhalations	 of	 dust	 and/or	 liquid	 mists,	 produced	 by	 potting	

mix	may	irritate,	inflame	or	sensitise	the	nose,	throat	and	lungs	

resulting	 in	 illnesses	 ranging	 from	 Hay	 Fever	 or	 Asthma,	 to	

Pneumonia	 (eg:	 Legionnaire’s	 Disease)	 or	 Pneumonia	 like	

illnesses.	Direct	contact	with	the	potting	mix	or	its	dust	and/or	

liquid	mists	(bioaerosis)	may	cause	skin	irritation	(dermatitis).”	

	

To	prevent	these	risks,	the	potting	mix	bag	states:	

	

“Avoid	contact	with	eyes	and	skin.	Avoid	breathing	dust	and/or	

liquid	mists	 (bioaerosis).	Wear	suitable	protective	clothing	and	

standard	duty	gloves.	If	exposed	to	dust	and/or	liquid	mists	also	

wear	 dust	 resistant	 eye	 protection	 and	 particulate	 respirator.	

Wash	 thoroughly	 immediately	 after	 handling.	 wash	 work	

clothes	regularly.	Clean	up	by	wet	sweeping	or	vacuuming.”	

	

I	have	furthered	these	safety	precautions	by	ensuring	I	combine	the	potting	

mix	with	the	manure	in	a	well-ventilated	area.	

	

2. There	are	known	zoonotic	diseases	that	are	capable	of	spreading	from	sheep	
to	humans.	Therefore,	disposable	gloves	and	protective	clothing	will	be	worn	

at	 all	 times	whilst	 handling	 animal	 products,	 and	 hands	will	 be	 thoroughly	

cleansed	with	a	disinfectant	soap	at	the	completion	of	these	procedures.	
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EXPERIMENTAL	DESIGN	
	

Considering	the	scope	of	this	investigation,	a	number	of	logical	processes	will	be	

followed	in	progression.	Steps	1	&	2	are	relevant	to	Section	1	of	my	research.	

	

	 	

	

Collect	fireweed	specimens	for	identification.	Assess	

fireweed	and	pasture	density,	plant	species	present,	

pasture	protein	content	and	absence	of	other	PA	

containing	plants	(with	assistance	from	agronomist).	

	

Collect	manure	samples	from	sheep	grazing	fireweed	

and	germinate,	to	determine	whether	sheep	may	be	

spreading	the	noxious	plant.	

	

Collect	50	blood	samples	from	10	randomly	selected	

sheep	across	5	different	age	groups,	for	specific	liver	

enzyme	screening	to	identify	sheep	with	impaired	

liver	function	(as	recommended	by	pathologist).	

	

During	slaughter,	liver	and	muscle	samples	will	be	

collected	from	the	10	sheep	with	the	most	impaired	

liver	function	tests.	Samples	from	2	sheep	with	the	

best	tests	will	also	be	collected	and	used	as	a	control.	

	

With	the	assistance	of	a	veterinarian,	visually	assess	

the	liver	to	determine	signs	of	potential	damage.	

	

Collect	and	prepare	both	liver	and	muscle	samples	

for	laboratory	testing.	

	

Liver	histopathology	and	copper	level	tests	are	to	be	

undertaken	on	liver	samples.		

	

Qualitative	PA	tests	are	to	be	performed	on	liver	and	

muscle	samples.		

	

	

2.	Manure	

Collection	

	

1.	Fireweed	and	

Pasture	

Analysis	

	

3.	Blood	Tests	

	

4.	Slaughter	

5.	Visual	

Analysis	Of	

Liver	

6.	Liver	And	

Muscle	Sample	

Collection	

7.	Pathology	

Testing	Of	

Samples	

8.	PA	Testing	Of	

Samples	
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STEP	1	–	FIREWEED	AND	PASTURE	ANALYSIS	
~	Collect	fireweed	specimens	for	identification.	Assess	fireweed	and	pasture	density,	

plant	species	present,	pasture	protein	content	and	absence	of	other	PA	containing	

plants	(with	assistance	from	agronomist)	~	

	
S.	Madagascariensis	is	the	significant	factor	in	all	three	sections	of	this	scientific	

investigation;	 therefore,	 it	 was	 considered	 of	 utmost	 importance	 that	 the	 first	

area	of	 study	be	 the	 correct	 identification	of	 this	plant	on	 “Milton	Park”,	 along	

with	 it’s	abundance,	 to	ensure	 the	validity	of	 this	research.	For	 this	reason,	 the	

services	of	 the	 local	 agronomist	were	 engaged.	The	 information	obtained	 from	

Step	1	is	relevant	to	each	of	the	3	Sections	within	this	scientific	investigation	for	

various	reasons.	The	relevance	of	Step	1	is	explained	below:	

	

Collect	Fireweed	specimens	for	identification	

As	 already	 mentioned,	 correct	 identification	 of	 S.	 madagascarienesis	 is	

paramount	 to	 this	 scientific	 investigation;	 therefore,	 fireweed	 specimens	were	

collected	from	“Milton	Park”	and	sent	to	the	Queensland	Herbarium	for	specific	

identification.		

	

The	chemical	makeup	of	the	PAs	within	the	S.	madagascariensis	plants	specific	to	

“Milton	Park”	also	require	identification	to	ensure	accurate	testing	of	the	tissue	

samples	 in	 Section	 3	 of	 this	 scientific	 investigation.	 Therefore,	 the	 correctly	

identified	specimens	of	S.	madagascariensis	were	then	sent	to	Dr.	Mary	Fletcher	

(University	of	QLD),	where	the	PA	testing	of	tissue	samples	would	be	conducted,	

allowing	 them	 to	 break	 down	 the	 specimen	 and	 determine	 which	 PAs	 are	

present.	

	

Assess	fireweed	and	pasture	densities	along	with	other	plant	species	present	

The	pasture	and	S.	madagascariensis	densities,	along	with	other	species	present,	

is	 important	 information	 when	 drawing	 conclusions	 and	 determining	

correlations	from	the	results	in	all	three	sections	of	this	scientific	investigation.	

An	assessment	of	2	paddocks	was	required:	

	

1) where	the	sheep	were	grazing	at	the	time	of	manure	collection		
2) where	the	sheep	were	grazing	at	the	time	of	blood	collection		

	

Assess	pasture	protein	content	and	absence	of	other	PA	containing	plants	

The	protein	content	of	the	pasture	and	absence	of	other	PA	containing	plants	is	

vital,	 as	 these	can	 influence	 the	 test	 results	 in	Section	2	and	3	of	 this	 scientific	

investigation	 and	 need	 to	 be	 identified	 to	 ensure	 unbiased	 results	 in	 each	 of	

these	sections.		

	

Randomisation	
When	 analysing	 the	 pasture,	 a	 transect-and-quadrat	 technique	will	 be	 used	 to	

record	 pasture	 species,	 S.	 madagascariensis	 density	 and	 ground	 cover.	 The	

0.25m2	quadrat	was	thrown	at	unsystematic	intervals,	in	a	manner	causing	it	to	

fall	 randomly	 and	 select	 an	 unbiased	 portion	 of	 the	 pasture.	 This	 ensured	 the	

most	accurate	and	impartial,	yet	practical,	method	of	assessing	the	pasture.	
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Replication	
In	order	to	increase	reliability,	a	total	of	8	quadrats	will	be	selected	within	each	

paddock	to	ensure	a	broad	and	fair	representation	of	the	pasture	conditions.	

	

Variables	
In	order	to	ensure	that	no	factors	influence	the	data:		

• the	same	quadrat	will	be	used	for	all	testing	

• all	 pasture	 analysing	will	 be	 undertaken	 on	 the	 same	 day	 and	within	 a	

short	 time	 period	 following	 the	 blood	 sample	 collection	 in	 Section	 2	 of	

this	scientific	investigation	

	
MATERIALS	
• 0.25m2	quadrat	

	
METHOD	
• Fireweed	specimen	collection	–	

a. Four	 fireweed	 plants	 were	 collected	 and	 sent	 for	 identification	 and	
alkaloid	testing.	The	process	in	which	these	samples	were	prepared	is	

detailed	in	Appendix	1.	
	

• Determine	fireweed	density,	pasture	density	and	plant	species	present	–		

a. In	 the	 paddock	 in	 which	 the	 sheep	 to	 be	 tested	 reside,	 select	 an	
approximate	 transect	 that	 gives	 a	 broad	 representation	 of	 the	

paddock	conditions	

b. Randomly	toss	a	0.25m2	quadrat	in	line	with	the	selected	transect	and	

identify	 and	 record	 plant	 species	 and	 their	 abundance	 within	 the	

quadrat.	Repeat	this	step	8	times	within	each	paddock.	

	

• Determine	pasture	protein	content	and	absence	of	PA	plants	–		

a. Consult	with	agronomist	to	conclude	on	the	protein	content	of	pasture	
by	referring	to	“Prograze”	

b. Confer	 with	 agronomist	 regarding	 the	 confirmation	 of	 PA	 plant	
absence,	excluding	S.	madagascariensis	
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STEP	2	-	MANURE	COLLECTION	
~	Collect	manure	samples	from	sheep	grazing	fireweed	and	germinate,	to	

determine	whether	sheep	may	be	spreading	the	noxious	plant	~	

	

The	purpose	of	this	investigation	is	to	determine	whether	S.	madagascariensis	is	

capable	 of	 germinating	 after	 passing	 through	 a	 sheep’s	 digestive	 system;	

therefore,	 an	 independent	variable	 is	not	 required.	This	 scientific	 investigation	

will	be	undertaken	similarly	 to	 that	of	my	previous	study,	 “The	Spread	Of	Seeds	

Through	Cattle”,	as	the	growing	conditions	provided	within	that	trial	allowed	S.	

madagascariensis	to	germinate.		

	

Control	
Control	plots	will	be	prepared	to	ensure	the	growing	medium	that	is	mixed	with	

the	 manure	 in	 no	 way	 contributes	 to	 seed	 germination	 through	 its	 own	

contamination.	 To	 achieve	 this,	 two	 plots	 containing	 only	 potting	 mix	 will	 be	

prepared	and	treated	identically	to	the	rest	of	the	trial	plots,	which	contain	the	

manure	samples.	Should	any	weeds	germinate	 in	the	control	plots,	 they	will	be	

excluded	from	the	experimental	findings.	

	

Replication	
In	 order	 to	 ensure	 maximum	 reliability,	 each	 trial	 will	 be	 replicated	 the	

maximum	number	 of	 times	 that	 the	 collected	manure	 samples	will	 allow.	 This	

will	 assist	 in	 identifying	 any	 sources	 of	 variation	 or	 experimental	 errors,	

ensuring	the	results	of	the	investigation	remain	unbiased.	

	

The	 control	 plot	 is	 also	 to	 be	 replicated,	 as	 this	 will	 identify	 any	 plot	

contamination,	ensuring	the	feasibility	of	the	final	results.		

	
Experimental	Variables	
Unfortunately,	 this	 experiment	 is	 not	 being	 run	 under	 laboratory	 conditions;	

therefore,	in	order	to	prevent	biased	data,	outside	factors	and	variables	require	

monitoring	and	control.	The	most	important	of	these	being	the	introduction	of	S.	

madagascariensis	 seed	 into	 the	plots	 from	a	source	other	 than	the	manure.	For	

this	reason,	it	was	decided	that	2	different	manure	collection	methods	would	be	

used	 to	 assist	with	 the	 identification	 of	 possible	 contamination	 of	 the	manure	

from	outside	sources.		

	

1)	The	first	manure	collection	method	will	be	taken	from	underneath	the	slatted	

floor	of	the	shearing	shed;	however,	there	is	a	small	risk	that	some	plant	material	

may	also	be	dropped	from	the	sheeps’	hooves	during	the	collection	process.		

	

2)	 The	 second	manure	 collection	 will	 be	 taken	 straight	 from	 the	 paddock.	 To	

reduce	possible	contamination,	only	fresh	manure	pellets	that	have	not	come	in	

contact	with	the	ground	will	be	collected;	however,	there	is	still	a	small	risk	that	

seed	may	have	contaminated	these	samples	prior	to	collection.	

	

The	running	of	both	collection	methods	as	2	separate	trials	will	help	 identify	 if	

there	 has	 been	 any	 form	of	 outside	 contamination	 from	 a	 particular	 collection	

method.	However,	it	is	felt	that	numbers	will	be	at	a	minimum	if	this	is	the	case.	
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The	majority	of	the	other	variables	can	be	controlled	through	the	management	of	

each	plot;	therefore,	the	following	management	strategies	were	implemented:		

	

1) To	 ensure	 established	 plants	 do	 not	 impact	 the	 ability	 of	 other	 seeds	 to	
germinate,	 all	 plants	 will	 be	 removed	 once	 they	 have	 been	 identified,	

avoiding	unnecessary	plant	competition.	

	

2) To	 ensure	 plots	 are	 not	 contaminated	 from	 either	 seeds	 or	 plants	 from	
sources	other	than	the	manure,	the	following	measures	will	be	implemented:	

- Ensure	the	plots	are	watered	with	rainwater	and	not	creek	water,	as	there	

is	no	guarantee	the	creek	water	does	not	contain	seed.	

- Keep	 the	 plots	 raised	 off	 the	 ground	 to	 ensure	 invasive	 plants,	 such	 as	

kikuyu	and	couch	grass,	do	not	enter	and	grow	up	through	the	plots	from	

underneath.	 All	 plots	 will	 therefore	 be	 placed	 on	 top	 of	 a	 large	 farm	

trailer.	

- Keep	 the	 plots	 in	 a	 protected	 area	 so	 as	 to	 avoid	 contamination	 from	

windborne	 seed.	 The	 trailer	 will	 be	 kept	 within	 “Milton	 Park’s”	 large	

machinery	 shed,	 which	 is	 covered	 and	 enclosed	 3	 sides,	 with	 the	 open	

side	facing	east.	Most	of	the	wind	on	“Milton	Park”	comes	from	the	west	

or	 south;	 therefore,	 it	 is	 hoped	 that	 the	 easterly	 aspect	will	 protect	 the	

plots	from	outside	contamination.	

- Ensure	the	manure	is	being	mixed	with	good	quality,	sterile	potting	mix.	

The	control	plot	will	 identify	any	plants	that	germinate	from	the	potting	

mix,	 or	 any	 other	 outside	 contamination	 sources.	 Should	 this	 occur,	 the	

germinated	plant	species	will	be	excluded	from	the	results.	

	

3) It	 is	 also	 important	 to	 protect	 the	 plots	 from	 the	 “natural”	 hazards	 found	
within	the	farm	environment.	Placing	the	plots	on	the	trailer	and	in	the	shed	

will	 help	 control	 potential	 impacts	 from	 some	 of	 these	 hazards,	 which	

include:	

- Being	damaged	by	 livestock	–	the	shed	is	 in	an	area	where	 livestock	are	

excluded.	

- Damage	from	pests	and	vermin	–	being	raised	off	the	ground	will	prevent	

rabbits	 and	 other	 pests	 from	 consuming	 any	 of	 the	 germinated	 plants.	

Should	any	insect	pests	be	found	within	the	plots,	they	will	be	controlled	

as	necessary.	

- Damage	from	the	elements	–	considering	the	trials	are	being	grown	for	a	

period	of	close	to	6	months,	the	experiment	will	be	subjected	to	all	sorts	

of	potential	damage	from	the	elements.	The	shed	will	ensure	the	plots	are	

protected	 from	damage	 associated	with	wind,	 rain,	 storms,	 hail,	 intense	

heat	 and	 frost.	 All	 these	 forces	 have	 the	 potential	 to	 either	 remove	 the	

seed	 from	 the	 plot	 or	 damage	 seedlings	 and	 more	 established	 plants	

before	they	have	been	identified.	

- Soil	 temperature	 changes	 –	 The	 shed	 and	 polystyrene	 boxes	 will	 help	

insulate	the	manure	mix	from	rapidly	changing	soil	temperatures,	which	

could	impact	the	germination	of	certain	plants.		
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MATERIALS	
• Gloves	

• Tarp	–	3x	strips	(3m	x	10m)	

• 2x	20	L	bucket	

• 10	L	buckets	–	number	will	depend	on	quantity	of	manure	collected	

• Trowel	

• Fabric	for	drying	manure	

• Wooden	spoon	

• Polystyrene	boxes	(57cm	x	38cm	x	8cm)	-	number	will	depend	on	quantity	of	

manure	collected	

• Knife	

• 4	bags	sterile	potting	mix	

• Utensils	–	Permanent	marker,	ruler	

• Watering	can	

	
METHOD	
The	 experiment	 had	 to	 be	 carefully	 prepared	 to	 guarantee	 the	 accuracy	 of	 the	

final	results.	The	process	followed	is	detailed	below:		

	

• TRIAL	1	-	Manure	Collection	
a. Lay	tarp	strips	beneath	slatted	shearing	shed	floor	
b. Place	112	merino	sheep	in	shearing	shed	and	leave	for	1	hour	
c. Remove	sheep	from	shed	
d. Using	gloves,	carefully	remove	tarps	containing	dropped	manure	from	

beneath	shed	floor	

e. Tip	manure	from	tarps	into	20L	bucket	
	

• TRIAL	2	-	Manure	Collection	
a. Contain	sheep	in	a	corner	of	the	paddock	for	10	minutes	
b. Release	sheep	and	locate	fresh	manure	
c. Whilst	wearing	gloves,	use	 the	 trowel	 to	collect	only	 the	 top	of	 fresh	

manure	samples,	ensuring	any	manure	that	has	been	 in	contact	with	

the	ground	is	not	collected	

d. Place	collections	in	2nd	20L	bucket.	
	

• Prepare	the	manure	–		

a. Whilst	wearing	gloves,	break	apart	the	manure	pellets.	
b. Add	potting	mix	to	manure	at	ratio	2:3,	respectively.	
c. Separate	 the	 manure/potting	 mix	 mixture	 into	 even	 samples	 of	

approximately	1.5kg	each,	by	placing	in	individual	10L	buckets	

	

• Prepare	polystyrene	boxes	–		

a. Using	a	small	knife,	cut	three	small	wedge-shaped	holes	in	the	bottom	
of	 2	 polystyrene	 boxes,	 approximately	 10cm	 apart,	 to	 allow	 for	

drainage	and	prevent	water-logging	of	the	plots.	These	2	boxes	will	be	

used	for	the	controls.	

b. Repeat	 step	 (a)	 and	 equal	 the	 number	 of	 boxes	with	 the	 number	 of	
manure	mixture	samples	previously	prepared.	
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c. Fill	each	of	the	boxes	with	approximately	6cm	of	sterile	potting	mix.	
d. Label	the	first	2	boxes	as	“Control	A”	and	“Control	B”.	
e. Individually	 spread	 each	 of	 the	 prepared	 manure	 samples	 over	 the	

remaining	 boxes,	 ensuring	 the	 individual	 samples	 remain	 separate	

and	no	manure	comes	in	contact	with	the	controls.	

f. Appropriately	 label	 the	plots,	 to	 individually	 identify	 the	sample	and	

the	trial	it	belongs	to	(ie	1A,	1B,	2A,	2B	etc).	

g. Water	all	plots	evenly.	
	

• Water	–		

a. Water	 all	 plots	 evenly	 every	 2	 to	 4	 days	 depending	 on	 weather	
conditions,	 obviously	 more	 frequently	 in	 hot	 weather	 and	 less	

frequently	in	cooler	weather.	

	

RESULT	COLLECTION	
Once	 old	 enough	 to	 be	 identified,	 each	 plant	 type	will	 be	 tallied	 and	 tabled	 as	

either	 “Fireweed”,	 “Clover”,	 “Pasture	 Grass”	 or	 “Broadleaf	Weed”	 before	 being	

removed	from	the	plot	in	order	to	prevent	overcrowding	and	inaccuracies	with	

future	 counts.	 Photos	 are	 to	 be	 taken	 of	 the	 different	 plant	 types	 identified	 in	

each	 trial.	Maintain	 the	 trials	 for	a	minimum	of	5	months	and	 repeat	 the	plant	

identification	and	removal	process	as	often	as	necessary.		
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RESULTS	
	
FIREWEED	ANALYSIS	
The	 plant	 specimens	 that	 were	 sent	 to	 the	 Queensland	 Herbarium	 were	

confirmed	 to	 be	 S.	 madagascariesnis.	 Figure	 6	 below	 shows	 the	 pressed	
specimen	sent	for	identification.	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
	
	
	
	
	

Figure	6	–	Pressed	Fireweed	Sample	
	

The	following	notification	was	received	from	the	Herbarium:	

	

	“A	 voucher	 specimen	 was	 pressed	 and	 sent	 to	 the	 Queensland	

herbarium	 which	 confirmed	 species	 identification	 as	Senecio	

madagascariensis.	 The	 voucher	 specimen	 has	 been	 lodged	 in	 the	

herbarium	collection	as	BRI	AQ522132.”	

	

Dr.	Mary	Fletcher	was	then	able	to	tentatively	identify	11	pyrrolizidine	alkaloids	

from	 this	 specimen	 through	 the	 utilization	 of	 high-resolution	 electrospray	

ionization	(ESI)	mass	spectra	(MS)	and	MS/MS	(Orbitrap)	protocol,	based	on	the	

theoretical	 molecular	 formula	 and	 the	 observed	 high-resolution	mass	 spectral	

ion	 measurement.	 The five major alkaloids were identified as florosenine, 
senkirkine, otosenine, desacetyldorinine and doronine - with florosenine (m/z 424) 
having the highest level, as shown in Figure 7. 
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Figure	7	-	Chromatogram	of	the	major	pyrrolizidine	alkaloids	from	a	S.	
madagascariensis	extract	with	individual	ion	traces		

listed	in	order	of	molecular	ion	(m/z).	
	

The	 successful	 identification	 and	 analysis	 of	 the	 specimen	 confirms	 that	 the	

results	 in	 all	 sections	 of	 this	 trial	 are	 valid	 and	 applicable.	 For	 full	 laboratory	

reports,	refer	to	Appendix	2.	
	

Observation:	 It	 is	 interesting	 to	 note	 that	 although	 the	 fireweed	 samples	were	

collected	and	removed	from	the	ground	whilst	in	full	flower,	the	flower	heads	of	

the	 air-dried	 specimens	 had	 almost	 entirely	 transformed	 to	 seed	 during	 the	

relatively	 short	 drying	 process.	 The	 flower	 heads	 of	 the	 pressed	 specimens	

demonstrated	no	change.	
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PASTURE	ANALYSIS	
The	 pasture	 predominately	 consists	 of	 grazing	 species,	 as	 shown	 in	 Figure	 8	
below;	 however,	 S.	 madagascariensis	 can	 be	 identified	 in	 all	 images.	 These	

images	are	 typical	of	 the	pasture	at	 the	 time	of	manure	collection,	with	 limited	

visible	presence	of	weed	species	other	than	S.	madagascariensis.	A	sheep	grazing	

a	 S.	 madagascariensis	 plant	 can	 be	 observed	 in	 Figure	 8a,	 whilst	 S.	
madagascariensis	flowers	and	seeds	are	clearly	shown	in	Figure	8e.	
	

	

	 	

Figure	8a	

Figure	8b	
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Figure	8c	

Figure	8d	
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Figure	8	–	Pasture	Grazed	By	Sheep	at	the	Time	of	Manure	Collection	
Photos	taken	-	18th	February	2016	

	

The	 full	 set	 of	 data	 collected	 in	 consultation	with	 the	 agronomist	 is	 shown	 in	

Appendix	3.	In	summary,	the	relevant	data	regarding	the	pasture	conditions	of	
the	2	paddocks	assessed	is	as	follows:	

	

PADDOCK	1	–	Grazed	prior	to	collection	of	manure	

• 7.9	hectares	

• Paddock	DSE	of	~7.5	average	for	the	year	(Cattle	~5.5/ha	&	Sheep	~2/ha)		

• 8	different	plant	species,	predominately	kikuyu	

• Average	ground	cover	of	93%	

• Protein	content	of	~12%	

• S.	madagascariensis	density	of	6.5	plants/m2	or	65,000	plants/hectare		

	

PADDOCK	2	–	Grazed	prior	to	collection	of	blood	

• 18.8	hectares	

• Paddock	DSE	of	~7.5	average	for	the	year	(Cattle	~5.5/ha	&	Sheep	~2/ha)		

• 9	different	plant	species,	predominately	kikuyu	

• Average	ground	cover	of	92%	

• Protein	content	of	~9-10%	

• S.	madagascariensis	density	of	12	plants/m2	or	120,000	plants/hectare		

	

Applying	 the	average	density	 from	the	2	assessed	paddocks	(92,500	plants	per	

hectare)	 to	 “Milton	 Park”,	 gives	 a	 rather	 crude	 estimate	 of	 28.3	million	 plants	

across	 the	 306	 ha.	 With	 plants	 capable	 of	 seeding	 at	 up	 to	 30,000	 seeds	 per	

season,	this	equates	to	a	massive	seed	population	potentially	reaching	over	849	

billion	seeds	per	year.	

Figure	8e	



	 28	

MANURE	COLLECTION	
The	 2	 different	 manure	 collection	 methods	 resulted	 in	 different	 quantities	 of	

manure	being	used	in	each	of	the	2	trials.	Collection	of	manure	from	beneath	the	

shearing	 shed	 allowed	 for	 a	 total	 of	 4	 plots,	 whereas	 collection	 of	 manure	

directly	from	the	paddock,	which	was	significantly	smaller	in	volume,	resulted	in	

only	2	plots	being	established.	Figure	9	below	clearly	displays	the	plant	 tallies	
for	each	plot	conducted	under	the	2	separate	collection	methods.		

	

The	 plants	 were	 tallied	 under	 broad	 groups,	 as	 the	 purpose	 of	 this	 area	 of	

research	 was	 to	 determine	 whether	 S.	 madagascariensis	 was	 capable	 of	

germinating.	 Therefore,	 the	 identification	 of	 individual	 species	 was	 not	

considered	necessary,	as	the	plant	species	are	only	specific	to	“Milton	Park”.	This	

categorised	 identification	 process	 also	 allowed	 an	 efficient	 method	 of	 data	

collection,	 as	 the	 plant	 type	 could	 be	 identified	 much	 earlier	 than	 that	 of	

individual	species.	The	plants	were	grouped	as	follows:	

	

1. Clover	(any	trifolium	species)	–	desirable	
2. Pasture	grasses	–	desirable	
3. Broadleaf	weeds	–	undesirable	
4. Fireweed	–	undesirable	and	noxious		
	

It	can	be	quite	clearly	seen	from	Figure	9	that	sheep	are	capable	of	spreading	S.	
madagascariensis	(Fireweed	group)	in	their	manure,	along	with	other	desirable	

and	non-desirable	plant	 types,	with	a	 total	of	749	plants	germinating.	No	plant	

species	required	removal	from	the	trial,	as	germination	did	not	occur	in	either	of	

the	control	plots.		

	
Figure	9	–	Germination	Totals	For	Each	Plot	

Trial	 Plot	
Name	 Clover	 Pasture	

Grasses	
Broadleaf	
Weeds	 Fireweed	 TOTAL	

Control	
Control	A	 0	 0	 0	 0	 0	
Control	B	 0	 0	 0	 0	 0	

	 	 	 	 	 	

Trial	One	

Trial	1A	 22	 50	 9	 25	 106	
Trial	1B	 28	 53	 7	 10	 98	
Trial	1C	 31	 48	 5	 13	 97	
Trial	1D	 41	 59	 10	 16	 126	
TOTAL	1	 122	 210	 31	 64	 427	

	 	 	 	 	 	

Trial	Two	
Trial	2A	 5	 41	 38	 64	 148	
Trial	2B	 14	 53	 22	 85	 174	
TOTAL	2	 19	 94	 60	 149	 322	

	

TOTAL	OVERALL	 141	 304	 91	 213	 749	
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Photos	taken	2nd	May	2016	

	

Observation:	 It	was	 interesting	 to	 note	 that	 fireweed	was	 the	 first	 of	 the	 plant	

types	to	establish	itself	and	initially	germinated	in	abundance	when	compared	to	

the	other	plants,	which	took	a	considerably	longer	period	to	emerge.	By	the	time	

the	other	plants	germinated,	 the	 fireweed	plants	had	developed	 into	 seedlings.	

This	can	be	quite	clearly	seen	in	Figure	10	below,	which	shows	each	plant	type.	
	

	
	
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
	 10a	-	Fireweed	quickly	established	itself		 10b	-	Pasture	&	broadleaf,	with	some	fireweed	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
	 10c	-	Clover	&	broadleaf	species,	with	grasses	in		 10d	-	Fireweed	&	grasses,	with	clover	in		

	 the	background	 the	foreground	 	
	

Figure	10	–	Images	of	Plant	Types	to	Germinate	Within	Plots		
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The	total	germination	numbers	for	each	plant	group	is	clearly	demonstrated	and	

easily	compared	in	Figure	11	below.		
	

	

Figure	11	–	Comparison	of	Plant	Groups	
	
Overall,	 it	can	be	seen	that	Pasture	Grasses	was	the	most	abundant	of	 the	plant	

groups,	contributing	a	total	of	40.59%	to	the	total	germination	number.	Fireweed	

made	 up	 28.44%	 of	 the	 total,	 whilst	 Clover	 contributed	 to	 18.83%.	 Broadleaf	

Weeds	was	 the	 least	prominent	 to	germinate,	making	up	12.15%	of	 the	overall	

results.		

	

When	 combining	 the	 desirable	 groups	 of	 Clover	 and	 Pasture	 Grasses	 together,	

these	2	groups	accounted	for	59.41%	of	the	total	plants	germinated,	whereas	the	

2	undesirable	groups	of	Fireweed	and	Broadleaf	Weeds	accounted	for	40.59%	of	

overall	germination	numbers.	

	

Figure	 9	 also	 shows	 a	 difference	 in	 germination	numbers	 of	 each	plant	 group	
between	each	plot.	Considering	the	focus	of	this	experiment	is	predominately	on	

S.	 madagascariensis,	 Figure	 12	 shows	 the	 germination	 numbers	 of	 Fireweed	
compared	to	all	other	plant	group	germinations	within	each	plot.	

	

	

	

	

	

Total	Germination	Numbers	Of	Plant	Types	

Fireweed	

Broadleaf	

Clover	

Pasture	grasses	
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Figure	12	–	Comparison	of	Fireweed	and	All	Other	Species		
	
Figure	 9	 clearly	 highlights	 significant	 differences	 regarding	 Fireweed’s	
germination	numbers	when	Trials	1	and	2	are	compared.	The	highest	recorded	

number	of	Fireweed	plants	in	Trial	1	was	25	in	Plot	1A,	which	accounted	for	only	

23.58%	of	the	total	plants	which	germinated	within	this	plot.	When	compared	to	

Trial	2,	the	highest	number	of	Fireweed	plants	germinated	in	plot	2B,	accounting	

for	85	plants	or	a	massive	48.85%	of	germination	numbers	within	this	plot.		
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When	the	germination	numbers	are	averaged	across	each	trial	it	was	found	that	

Trial	 1	 averaged	107	plants	per	plot,	whereas	Trial	2	 averaged	161	plants	per	

plot.	 This	 is	 a	 germination	 increase	 of	 50.47%.	 The	 average	 germination	

numbers	between	the	specific	plant	types	also	varied	to	a	large	extent	between	

the	trials.	This	can	be	seen	in	Figure	13.	
	
	
These	increases	differences	can	be	seen	in	Graph	2,	below.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure	13	–	Comparison	of	Average	Germination	Numbers		
for	Each	Group	in	Each	Trial	

	
Figure	13	also	shows	that	in	Trial	2:	
• Fireweed	germination	increased	by	365.63%	
• Broadleaf	germination	increased	by	287.10%	
• Pasture	Grasses	germination	decreased	by	10.48%	
• Clover	germination	decreased	by	68.85%	
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DISCUSSION	
	

From	the	data	shown	in	the	above	results,	it	can	be	seen	that	S.	madagascariensis	

is	 undoubtedly	 capable	 of	 surviving	 the	 digestive	 system	of	 sheep,	 challenging	

the	 widely	 practiced	 and	 recommended	 concept	 of	 sheep	 being	 a	 successful	

method	in	the	control	of	S.	madagascariensis.	The	results	support	the	hypothesis,	

suggesting	 that	 sheep	 may	 be	 spreading	 S.	 madagascariensis	 through	 their	

manure,	instead	of	controlling	this	noxious	weed.		

	

The	results	of	this	area	of	research	were	unexpected,	although	supportive	of	the	

hypothesis,	due	to	 the	extensive	percentage	of	Fireweed	 that	germinated	 in	 the	

experiment	(28.44%),	especially	considering	the	relatively	small	proportion	of	S.	

madagascariensis	 plants	 within	 the	 pasture.	 The	 pasture	 analysis	 on	 “Milton	

Park”	 showed	 an	 average	 of	 only	 6.5	 S.	 madagascariensis	 plants/m2	 in	 the	

manure	collection	paddock.	Considering	some	properties	in	NSW	have	numbers	

as	high	as	5,000	fireweed	plants/m2,	the	potential	spread	of	seed	through	sheep	

may	be	significantly	greater	when	used	to	control	such	dense	infestations.	

	

It	 is	 also	 interesting	 that	 40%	 of	 the	 total	 plants	 that	 germinated	 were	

considered	to	be	non-desirable,	in	that	they	inflict	a	negative	impact	on	pasture	

conditions.	The	paddock	in	which	the	sheep	were	grazed,	at	the	time	of	manure	

collection,	 consisted	 of	 over	 95%	desirable	 species,	which	 is	 inconsistent	with	

the	germination	ratios	that	occurred	within	the	experiment.	

	

Fireweed	and	other	non-desirable	plants,	may	have	been	high	in	percentage	due	

to	the	following	reasons:	

	

1. The	seed	of	 the	other	plant	 types	may	have	had	a	 lower	survival	rate	 in	
the	sheep’s	digestive	system	

2. The	 sheep	may	 consume	Fireweed	 and	 other	 non-desirable	 plants	more	
readily	 than	 the	 desirable	 plant	 types	 –	 possibly	 instigating	 the	 notion	

that	sheep	are	an	effective	form	of	weed	control	

3. The	 time	 in	which	 the	samples	were	collected	and	/	or	germinated	may	
not	have	suited	the	reproductive	cycle	of	the	other	plant	types	

	

Having	said	this,	 the	manure	collections	were	not	obtained	at	the	 ideal	seeding	

time	for	Fireweed	either.	Had	this	occurred,	the	quantity	of	viable	Fireweed	seeds	

might	be	greater	in	reality	than	in	the	representation	of	this	experiment.		

	

It	is	also	concerning	that	213	Fireweed	plants	were	capable	of	germinating	from	

2	 single	 collections,	 much	 less	 than	 what	 sheep	 would	 normally	 excrete	 in	 a	

typical	day.	If	this	were	expanded	to	cover	the	manure	deposited	in	a	day	during	

peak	 Fireweed	 seeding,	 the	 number	 of	 germinated	 Fireweed	 seeds	 would	

potentially	be	much	higher.		

	

Another	point	of	interest	is	the	large	variation	in	the	germination	numbers	of	the	

different	plant	 types	between	Trials	1	and	2,	as	demonstrated	 in	Figure	 13.	 In	
the	second	trial,	both	plant	types	that	were	considered	to	be	desirable	decreased	

to	a	small	extent,	whereas	the	non-desirable	types	increased	significantly.		
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Fireweed’s	 germination	 rate	 increased	 by	 366%	 in	 Trial	 2,	 when	 compared	 to	

Trial	1.	This	suggests	that	the	different	collection	methods	between	the	two	trials	

influenced	 the	 germination	 of	 each	 plant	 group	 differently.	 This	 may	 have	

occurred	for	any	of	the	following	reasons:	

	

1. Possible	contamination	
2. Urine	content	
3. Crusting	of	manure	

	

1.	Possible	contamination	-	Seeds	contained	within	the	wool	and/or	hooves	of	
the	 sheep	 from	which	 the	 first	manure	 sample	was	 collected,	may	 have	 fallen	

through	the	slatted	flooring	and	contaminated	the	manure.	It	is	also	possible	that	

some	windborne	seed	may	have	contaminated	the	manure	samples	collected	in	

the	second	trial.	However,	it	is	felt	that	contamination	is	not	the	principal	reason	

behind	the	variation	in	plant	germination	between	the	two	trials,	as	the	extent	of	

these	possible	contaminations	would	be	considerably	small	when	the	abundance	

of	germinated	seed	in	each	trial	is	taken	into	account.		

	

2.	Urine	 content	 -	Using	a	tarp	for	manure	collection	in	Trial	1	resulted	in	the	
sample	 being	 saturated	 in	 urine,	 as	 the	 tarp	 did	 not	 allow	 the	 urine	 to	 drain	

away,	 as	 would	 have	 normally	 occurred	 in	 a	 paddock	 situation.	 It	 is	 quite	

possible	that	the	urine	may	have	impacted	the	final	germination	data;	however,	

this	was	not	tested	and	conclusions	can	therefore	not	be	drawn	as	to	the	effect	of	

this	factor	on	the	experiment.	

	

3.	 Crusting	 of	 manure	 –	Within	 the	 first	 few	weeks	 of	 planting,	 the	manure	
sample	 in	Trial	1	 formed	a	 solid	 crust,	which	was	most	 likely	due	 to	 the	urine	

content	affecting	 the	 texture	of	 the	manure	within	 this	 trial.	This	 crusting	may	

have	prevented	seeds	from	germinating	within	the	solid	crust,	as	well	as	affected	

the	moisture	content	of	this	trial,	due	to	less	moisture	being	able	to	penetrate	the	

hard	surface.			

	

Based	on	the	above,	it	is	felt	that	Trial	2	is	more	representative	of	the	conditions	

that	would	occur	within	a	natural	 farm	environment.	 If	 this	 is	 the	 case,	 then	 it	

further	 challenges	 the	 concept	 of	 sheep	 being	 an	 effective	 form	 of	 S.	

madagascariensis	 control.	 The	 germination	 rates	 of	 S.	 madagascariensis	 were	

significantly	higher	in	Trial	2,	accounting	for	a	massive	46.27%	of	all	plants	that	

germinated	within	this	trial.	

	

Nevertheless,	 it	would	be	premature	to	draw	conclusions	 from	this	experiment	

as	 to	 the	 effectiveness	 of	 sheep	 in	 the	 control	 of	 S.	 madagascariensis,	 as	 it	 is	

highly	likely	that	the	number	of	viable	seeds	found	in	the	sheep	manure	is	much	

less	than	the	number	of	seeds	initially	consumed	by	the	sheep.	If	a	portion	of	S.	

madagascariensis	seed	is	unable	to	germinate	after	passing	through	the	sheep’s	

digestive	 system,	 then	 this	 may	 still	 be	 a	 better	 alternative	 than	 allowing	 S.	

madagascariensis	plants	to	set	seed	with	no	intervention	at	all.	Therefore,	further	

research	regarding	the	output	of	seeds	capable	of	germinating,	compared	to	the	

quantity	 of	 seed	 consumed,	 would	 confirm	 whether	 sheep	 are	 in	 fact	 an	

“effective”	form	of	S.	madagascariensis	control.		
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The	 transformation	 of	 fireweed	 flowers	 into	 seed,	 whilst	 being	 dried	 in	

preparation	 for	 identification,	 emphasises	 the	 need	 to	 undertake	 control	

measures	prior	 to	 the	 flowering	of	 the	plant,	as	 it	 is	capable	of	producing	seed	

subsequent	 to	 its	 removal	 from	 the	 ground.	 Sheep	 selectively	 graze	 S.	

madagascariensis	 flower	heads	and	it	 is	therefore	understandable	why	they	are	

preferred	over	other	control	methods	such	as	herbicide,	cultivation	and	slashing.	

This	again	suggests	that	sheep	may	be	an	“effective”	form	of	control.	

	

It	was	also	interesting	to	observe	that	Fireweed	plants	were	the	first	to	emerge,	

they	 germinated	 prolifically	 and	 the	 seedlings	 became	 established	well	 before	

any	other	species	in	the	experiment.	This	further	emphasises	that	cultivation	is	

not	 an	 ideal	 control	method,	 as	 not	 only	 are	 the	 cultivated	 flowers	 able	 to	 set	

seed,	but	the	seed	will	germinate	and	establish	itself	well	before	other	plants	can	

provide	any	form	of	competition.	The	local	agronomist,	Hayden	Kingston,	whilst	

viewing	 the	 experiment,	 commented	 that	 he	 was	 not	 surprised	 by	 this	

observation.	

	

From	 the	 data	 and	 observations	 recorded	 in	 this	 area	 of	 research,	 it	 is	

recommended	that	farmers	reassess	their	sheep	grazing	management	strategies	

to	 ensure	 they	are	not	 spreading	S.	madagascariensis	 unintentionally.	Knowing	

that	 sheep	 spread	 S.	 madagascariensis	 can	 assist	 with	 the	 implementation	 of	

suitable	 grazing	 management	 strategies,	 aimed	 at	 minimising	 the	 potential	

impacts	 from	 this	 plant.	 Management	 systems	 can	 be	 altered,	 to	 prevent	 and	

control	the	spread	of	S.	madagascariensis	and	other	non-desirable	species,	by:	

	

1. Quarantining	 new	 sheep	 brought	 onto	 the	 property	 in	 a	 “sacrifice”	
paddock	 before	 introducing	 them	 into	 the	 grazing	management	 system.	

This	allows	sheep	to	excrete	seeds	in	an	area	where	weeds	can	be	more	

easily	 contained	 and	 controlled.	 Ideally,	 sheep	 should	 be	 quarantined	

before	coming	onto	the	property;	however,	this	is	not	always	practical.	

2. Controlling	 movement	 of	 sheep	 within	 a	 property	 to	 ensure	 S.	
madagascariensis	 is	 not	 spread	 from	 an	 infested	 paddock	 to	 a	 non-

infested	paddock.	

3. Set	stocking	may	be	more	beneficial	than	rotational	grazing.	Sheep	will	be	
of	benefit	in	the	control	of	S.	madagascariensis	whilst	ever	they	inhibit	the	

plants	ability	to	flower.	Set	stocking	with	appropriate	sheep	numbers	will	

reduce	 the	 plants	 ability	 to	 produce	 flowers,	 as	 it	 will	 be	 constantly	

grazed.	 However,	 set	 stocking	 may	 be	 difficult	 in	 mixed	 farming	

enterprises,	 as	 rotational	 grazing	 systems	 are	 known	 to	 increase	 farm	

productivity	 and	profitability.	 Therefore,	 further	 research	 into	 the	 costs	

associated	 with	 set	 stocking	 systems	 and	 S.	 madagascariensis	 control	

would	 help	 individual	 farmers	 assess	 the	 implications	 of	 changing	 from	

their	 current	 S.	 madagascariensis	 control	 methods	 and	 grazing	

management	practices.		

	

Clearly	there	is	a	need	to	control	S.	madagascariensis,	particularly	considering	its	

potential	to	contaminate	the	world’s	food	supply.	Correctly	managed	sheep	may	

certainly	be	an	effective	method;	however,	sheep	are	just	as	capable	of	spreading	

S.	madagascariensis	when	allowed	to	graze	it	whilst	seeding.	
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AIM:	To	investigate	if	using	sheep	as	a	form	of	Senecio	madagascariensis	

control	is	impacting	their	health,	through	the	consumption	of	pyrrolizidine	

alkaloids	contained	in	the	plant,	as	well	as	determining	whether	such	damage	

is	related	to	the	extent	of	the	sheep’s	exposure.	
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BACKGROUND	RESEARCH	
	

Pyrrolizidine	 Alkaloids	 (PA’s)	 are	 secondary	metabolites	 that	 are	 produced	 by	

certain	plants.	There	are	more	than	500	different	PA’s,	which	are	found	in	over	

6,000	 plant	 species	 around	 the	 world.	 The	 basic	 structural	 differences	 of	 the	

alkaloids	 include	monoesters,	 open	 chain	 diesters	 and	macrocyclic	 diesters	 of	

the	 free	 base	 and	 corresponding	 N-oxide	 forms	 of	 dehydropyrrolizidine-based	

and	otonecine-based	alkaloids.	PA	containing	plants	are	the	most	expensive	and	

widespread	 toxic	 plant	 problem	 that	 affects	 insects,	 animals	 and	 humans.	

Reports	of	new	PA	plant	toxicities	from	various	parts	of	the	world	continue	to	be	

documented	 in	 veterinary	 and	 scientific	 literature,	 with	 S.	 madagascariensis	

being	responsible	for	a	number	of	these.	

	

Toxic	dehydroPA’s	(DHPAs)	were	detected	at	levels	of	up	to	~220	μg/g	of	plant	

in	samples	of	S.	madagascariensis	collected	from	the	Bega	Valley	in	the	spring	of	

2006	and	2008.	On	average,	PA	content	in	S.	madagascariensis	plants	is	between	

217	μg/g	 to	 1990	μg/g	 (dry	weight	 basis).	 All	 parts	 of	 the	 S.	madagascariensis	

plant,	 at	 all	 stages	 in	 the	 plant’s	 growth	 contain	 DHPA’s,	 creating	 potential	

toxicity	issues	for	both	livestock	and	humans.	

	

Pyrrolizidine	Alkaloid	Chemistry	
Several	hundred	PAs	have	now	been	described	(Bull	et	al,	1968;	Mattocks,	1986)	

and	 the	 list	 continues	 to	 grow.	 The	 complex	 PA	 molecule	 is	 named	 for	 its	

inclusion	 of	 a	 pyrrolizidine	 nucleus,	 made	 up	 of	 two	 five	 membered	 rings,	

inclined	towards	each	other	and	which	share	a	common	nitrogen	at	position	4.	

	

Most	 naturally	 occurring	 PAs	 are	 derivatives	 of	 1-methyl	 pyrrolizidine	 while	

hepatotoxic	PAs	are	esters	of	1-hydroxymethyl	pyrrolizidine	unsaturated	in	the	

1,2	bond,	namely	esters	of	1-hydroxymethyl	1,2-	dehydropyrrolizidine.	The	basic	

structure	of	hepatotoxic	pyrrolizidine	alkaloids	is	shown	in	Figure	14.		
	

	
Figure	14	–	Basic	Structure	of	Hepatotoxic	PA’s	

	

“Pyrroles	 are	 incorporated	 into	 the	 chlorophyll	 molecule.	 There	 exists	 a	 high	

level	 of	 variation	 in	 the	 suite	 of	 DHPAs	 found	 in	 different	 plant	 genera	 and	

different	species.	There	can	even	be	variation	in	the	DHPA	complement	between	

different	populations	of	the	same	species”	(Colegate	2008).	The	biological	role	of	

PAs	 in	 plants	 remains	 unknown;	 however,	 it	 has	 been	 suggested	 that	 some	

species	produce	PA’s	to	deter	herbivores.	
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The	minimum	structural	requirements	for	toxicity	are:	

1. an	unsaturated	3-pyrroline	ring	
2. one	 or	 preferably	 two	 hydroxyl	 groups,	 each	 attached	 to	 the	 pyrroline	

ring	via	one	carbon	atom	

3. at	least	one	of	the	hydroxyls	is	esterified;	and	
4. the	acid	moiety	has	a	branched	chain	(Mattocks	1986)	

	

As	 identified	 by	 Gas	 Chromatography	 Mass	 Spectrometry,	 S.	 madagascariensis	

contains	 the	 following	alkaloids	 above	 the	 ground	 (stems,	 leaves	 and	 flowers):	

florosenine,	 senecivernine,	 senecionine,	 integerrimine,	 senkirkine,	

mucronatinine,	 retrorsine,	 usaramine,	 otosenine,	 acetylsenkirkine,	

desacetyldoronine	and	doronine.	

	

PAs	themselves	are	not	poisonous;	however,	following	absorption	into	the	blood	

stream,	 the	 DHPA	 esters	 are	 rapidly	 metabolized	 by	 the	 liver	 to	 form	 the	

didehydropyrrolizidine	 alkaloid	 form	 commonly	 referred	 to	 as	 the	 “pyrrolic”	

form.	 It	 is	 this	 pyrrolic	 form	 that	 then	 reacts	with	macromolecules	within	 the	

liver	 (eg.	 proteins	 and	DNA)	 to	 initiate	 the	 chain	 of	 events	 resulting	 in	 clinical	

disease	 (Stegelmeier	 et	 al.,	 1999).	 The	 DHPAs	 are	 primarily	 liver	 toxins	

(hepatotoxic)	 but	 can	 also	 damage	 the	 lungs	 (pnuemotoxic).	 In	 some	 animals,	

DHPAs	 have	 been	 shown	 to	 cause	 cancers	 (carcinogenic)	 and	 damage	 genes	

(mutagenic).	PAs	are	the	leading	plant	toxins	associated	with	disease	in	animals	

and	humans.	(Prakash	et	al.,1999).		

	

Toxicity	To	Livestock	
S.	madagascariensis	contains	PAs	that	are	toxic	to	livestock	and	when	consumed,	

accumulate	 and	 result	 in	 irreversible	 liver	 damage	 or	 hepatic	 failure.	 Chronic	

poisoning,	 (or	 pyrrolizidine	 alkaloidosis)	 from	 S.	 madagascariensis	 and	 other	

plants	 containing	 1,2-dehydropyrrolizidine	 ester	 alkaloids	 (DHPAs),	 and	 the	

corresponding	N-oxides,	 is	 a	 relatively	 common	 occurrence	 worldwide.	 The	

consequential	 liver	 damage	 caused	 by	 PAs	 can	 result	 in	 a	 variety	 of	 clinical	

syndromes	in	livestock;	however,	it	is	difficult	to	positively	identify	PA	poisoning	

as	other	conditions	such	as	mineral	deficiency	and	 internal	parasites	can	cause	

similar	symptoms.	There	is	no	antidote	for	toxic	PAs.		

	

Cattle	and	horses	are	most	susceptible	to	pyrrolizidine	alkaloid	poisoning	and	a	

number	of	factors	may	put	these	stock	at	risk:	

	

1. The	stock	are	young	and/or	inexperienced	with	the	weed	
2. S.	madagascariensis	 makes	 up	 a	 high	 proportion	 of	 the	 pasture	 and/or	

there	is	insufficient	other	pasture	available	

3. Hay,	 silage	 or	 grain	 is	 contaminated	 with	 S.	 madagascariensis	 plants	
and/or	seeds	

	

Once	cattle	and	horses	are	familiar	with	the	weed,	they	tend	to	avoid	it,	reducing	

intake	and	incidences	of	poisoning.		
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On	 the	 contrary,	 sheep	and	goats	 readily	 consume	S.	madagascariensis	 and	are	

up	to	20	 times	more	tolerant	of	 the	PAs	than	other	 livestock,	hence	 the	reason	

why	 they	 are	 promoted	 as	 a	 form	 of	 control.	 This	 is	 due	 to	 ruminal	microbes	

found	 in	 the	 sheep’s	 digestive	 system,	 which	 are	 capable	 of	 breaking	 down	

certain	PA’s.		(Hovermale	&	Craig	2002)	

	

Using	 sheep	 as	 grazing	 control	 agents	 for	 the	 DHPA-producing	 plants	 is	 not	

without	risk	to	the	sheep	since,	although	relatively	resistant	to	the	effects	of	the	

DHPAs,	they	are	not	entirely	tolerant.	The	use	of	sheep	as	bio	control	agents	may,	

therefore,	be	unacceptable	on	animal	welfare	grounds.	For	this	reason,	the	NSW	

Department	of	Primary	Industries	(DPI)	recommends	that	sheep	graze	fireweed	

for	no	more	than	2	consecutive	seasons.		

	

Merino	sheep	are	more	resistant	than	British	breeds	or	crossbred	sheep	because	

they	restrict	their	daily	intake	of	the	plant,	whereas	other	breeds	will	consume	it	

to	excess.	If	sheep	excessively	consume	PA’s,	the	following	may	occur:	

	
• Sheep	are	very	susceptible	to	copper	poisoning	and	exposure	to	DHPAs	can	

exacerbate	the	accumulation	of	copper	in	the	liver	of	the	sheep.	Eventually	an	

acute,	 copper-induced	 haemolytic	 crisis	 occurs,	 as	 the	 red	 blood	 cells	 are	

disrupted,	causing	the	death	of	the	animal.	
• If	a	group	of	sheep	are	forced	to	eat	fireweed	over	two	or	more	consecutive	

years,	 they	may	experience	 chronic	 ill-thrift	 or	 sudden	death.	The	 resulting	

signs	of	exposure	and	hepatic	insufficiency	(for	all	livestock,	including	sheep)	

may	involve:	

o Rough	appearance,	dullness	

o Weakness,	lethargy	

o Loss	of	appetite		

o Poor	growth	rates		

o Loss	of	condition,	weight	loss,	wasting	

o Abdominal	straining	

o Chronic	scouring	

o Prolapsed	rectum	

o Oedema	 of	 gastro-intestinal	 tract	 (accumulation	 of	 fluid	 in	 digestive	

tract)	

o Ascites	(fluid	filled	body	cavities	i.e.	the	peritoneal	cavity)	

o Photosensitisation	-	affecting	unpigmented	areas	of	skin		

o Behavioural	 abnormalities	 (although	 frequency	 tends	 to	 vary	 in	

different	species)	

o As	the	liver	disease	progresses	then	jaundice	will	be	observed	

o Anti-mitotic	activity	leading	to:	

Ø Extensive	fibrosis	
Ø Nodular	regeneration	
Ø Cancer		

o Eventual	death		
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• Liver	 damage	 in	 sheep	 and	 goats	 does	 not	 usually	 result	 in	 nervous	 signs;	

however,	in	cattle	and	horses	specifically,	neurological	signs	may	develop	due	

to	brain	damage,	which	will	result	in	signs	of:	

o Dullness	

o Aimless	wandering	

o Uncoordinated	gait	

o Pressing	up	against	fences,	gates	or	trees	

o Reduced	awareness	

o Possible	blindness	

• On	post-mortem	inspection,	the	livers	in	most	species	are	shrunken,	stiff	and	

fibrotic	 in	 nature	 following	 prolonged	 exposure	 to	 the	 DHPAs.	 In	 sheep;	

however,	 the	 livers	 can	 be	 soft	 and	 mushy	 rather	 than	 firm.	 Microscopic	

indicators	of	exposure	to	the	DHPAs	include	the	observation	of	enlarged	liver	

cells	(hepatocytes)	referred	to	as	megalocytosis.	

	

To	further	complicate	the	identification	of	PA	poisoning,	it	has	also	been	shown	

that	 the	 fatal	 effects	 can	 be	 delayed	with	 no	 immediate	 signs	 of	 liver	 damage	

following	 the	 initial	 exposure.	Some	PA	adducts	are	persistent	 in	animal	 tissue	

and	 the	metabolites	may	be	re-released	and	cause	damage	or	death	 in	animals	

that	 have	 not	 grazed	 fireweed-infested	 pasture	 for	 a	 duration	 greater	 than	 3	

months.	 This	 alkaloid	 persistence	 suggests	 bio	 control	 animals,	 such	 as	 sheep,	

may	 accumulate	 toxic	 metabolites	 of	 the	 DHPAs	 in	 meat	 destined	 for	 human	

consumption.	
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HYPOTHESIS	
	

I	 believe	 the	 sheep‘s	health	will	 be	 affected	by	PAs,	with	damage	 increasing	 in	

severity	 in	 direct	 correlation	with	 the	 length	 of	 time	 the	 animal	 is	 allowed	 to	

graze	the	plant.		

	

RISK	ASSESSMENT	
	

Three	 risks	 have	 been	 identified	 as	 potential	 hazards	 in	 the	 running	 of	 this	

section	 of	 the	 scientific	 investigation.	 These,	 along	 with	 the	 techniques	 to	

overcome	the	risks,	are	listed	below:	

	

1. Consideration	 of	 animal	 ethics	 was	 required;	 therefore,	 a	 submission	 was	
lodged	with	the	Schools	Animal	Care	and	Ethics	Committee,	along	with	NSW	

Department	 Of	 Primary	 Industries	 -	 Orange	 Animal	 Ethics	 Committee,	 (for	

approval	 of	 the	 district	 veterinarian),	 with	 both	 applications	 being	 fully	

approved.	Refer	to	Appendix	4.		
	

2. Injury	 in	 the	 sheep	yards	 -	There	 is	 always	 the	 risk	of	 injury	when	moving	
within	 and	 around	 livestock,	 particularly	 when	 the	 stock	 are	 subjected	 to	

stressful	conditions	such	as	that	in	the	yards.	Therefore,	all	stock	work	will	be	

conducted	in	a	sensible	manner	under	the	supervision	of	a	responsible	adult	

or	veterinarian.	

	

3. There	are	known	zoonotic	diseases	that	are	capable	of	spreading	from	sheep	
to	humans.	Therefore,	disposable	gloves	and	protective	clothing	will	be	worn	

at	 all	 times	whilst	 handling	 animal	 products	 and	 hands	will	 be	 thoroughly	

cleansed	with	a	disinfectant	soap	at	the	completion	of	these	procedures.	
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EXPERIMENTAL	DESIGN	
	

Steps	3	to	7	are	relevant	to	Section	2	of	my	research.	

	

	 	

	

Collect	fireweed	specimens	for	identification.	Assess	

fireweed	and	pasture	density,	plant	species	present,	

pasture	protein	content	and	absence	of	other	PA	

containing	plants	(with	assistance	from	agronomist).	

	

Collect	manure	samples	from	sheep	grazing	fireweed	

and	germinate,	to	determine	whether	sheep	may	be	

spreading	the	noxious	plant.	

	

Collect	50	blood	samples	from	10	randomly	selected	

sheep	across	5	different	age	groups,	for	specific	liver	

enzyme	screening	to	identify	sheep	with	impaired	

liver	function	(as	recommended	by	pathologist).	

	

During	slaughter,	liver	and	muscle	samples	will	be	

collected	from	the	10	sheep	with	the	most	impaired	

liver	function	tests.	Samples	from	2	sheep	with	the	

best	tests	will	also	be	collected	and	used	as	a	control.	

	

With	the	assistance	of	a	veterinarian,	visually	assess	

the	liver	to	determine	signs	of	potential	damage.	

	

Collect	and	prepare	both	liver	and	muscle	samples	

for	laboratory	testing.	

	

Liver	histopathology	and	copper	level	tests	are	to	be	

undertaken	on	liver	samples.		

	

Qualitative	PA	tests	are	to	be	performed	on	liver	and	

muscle	samples.		

	

	

2.	Manure	

Collection	

	

1.	Fireweed	and	

Pasture	

Analysis	

	

3.	Blood	Tests	

	

4.	Slaughter	

5.	Visual	

Analysis	Of	

Liver	

6.	Liver	And	

Muscle	Sample	

Collection	

7.	Pathology	

Testing	Of	

Samples	

8.	PA	Testing	Of	

Samples	
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STEP	3	–	BLOOD	TESTS	
~	Collect	50	blood	samples	from	10	randomly	selected	sheep	across	5	different	age	

groups,	for	specific	liver	enzyme	screening	to	identify	sheep	with	impaired	liver	

function	(as	recommended	by	pathologist)	~	

	
Randomisation	
In	order	 to	ensure	 reliable	 results,	 and	prevent	potential	biased	or	 judgmental	

data,	10	sheep	from	5	different	age	groups	will	be	randomly	selected	to	form	the	

50	animals	to	be	tested.	In	order	to	achieve	this,	the	first	10	sheep	to	enter	the	

sheep	 handling-race	 for	 each	 age	 group	will	 be	 included	 in	 the	 trial.	 This	will	

ensure	a	random	sample	group	from	which	blood	collections	will	be	obtained.	

	
Replication	
This	 trial	 will	 be	 replicated	 across	 5	 different	 age	 groups	 and	 will	 consist	 of	

sheep	 born	 in	 2015,	 2014,	 2013,	 2012	 and	 2010.	 Each	 age	 group	will	 also	 be	

replicated	with	 samples	 taken	 from	10	 randomly	 selected	 animals	within	 each	

age	group.		

	

Variables	
The	 following	 variables	 were	 considered	 to	 ensure	 viable	 and	 applicable	 trial	

results:	

• Sex	of	the	sheep	–	all	sheep	in	this	trial	will	be	wethers	

• Exposure	to	S.	madagascariensis	–	all	sheep	in	this	trial	were	born	on	“Milton	

Park”	and	have	been	used	for	S.	madagascariensis	control	since	birth	

• Breed	of	 sheep	–	all	 sheep	 in	 this	 trial	will	be	merinos.	Unfortunately,	 I	did	

not	have	access	to	merino	wethers	born	on	“Milton	Park”	in	2015;	therefore,	

crossbred	lambs	were	instead	used	for	the	2015	age	group.	This	variable	will	

need	to	be	taken	into	consideration	when	analyzing	the	results.	

• Blood	sample	collection	-	Blood	tests	will	be	taken	by	a	qualified	veterinarian	

from	all	sheep	in	the	trial	on	the	same	day	
	

MATERIALS	
• Gloves	

• 50x	numbered	ear	tags	

• Ear	tag	applicators	

• 50x	vacutainers	and	holder	(supplied	by	veterinarian)	

• 50x	needles	(supplied	by	veterinarian)	

• Sharps	disposable	container	

• Appropriate	sheep	handing	facilities	

• Utensils	–	pen,	permanent	marker	

	

METHOD	
• Preparation	and	sheep	selection	–		

a. Prior	 to	 blood	 testing,	wethers	 born	 in	 2010,	 2012,	 2013,	 2014	 and	
2015	will	be	run	into	the	sheep	handling-race	

b. The	first	10	sheep	to	enter	the	race	from	each	of	the	above	age	groups	
will	 be	 individually	marked	with	 a	numbered	ear	 tag,	 as	detailed	on	

the	next	page:	
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Year	Born	 Ear	Tag	Numbers	
2015	 1	to	10	

2014	 11	to	20	

2013	 21	to	30	

2012	 31	to	40	

2010	 41	to	50	

	

• Blood	sampling	–	

a. With	 veterinarian	 assistance,	 collect	 blood	 samples	 from	 the	 50	
wethers	that	have	been	marked	

b. Individually	label	blood	vacutainers	
c. Vacutainers	to	be	sent	away	for	testing	of	GGT,	GLDH,	AST	and	CK	as	

recommended	 by	 pathologist	 (refer	 to	 Appendix	 5	 for	 blood	 test	
explanations).	

• Blood	Testing	–		

a. The	 blood	 tests	 will	 be	 carried	 out	 under	 laboratory	 conditions	 at	
NSW	 Department	 of	 Primary	 Industries	 State	 Diagnostic	 Veterinary	

Laboratory	 -	 Elizabeth	 Macarthur	 Agricultural	 Institute,	 Menangle	

(SDVL)	and	assessed	by	Veterinary	Pathologist,	Patrick	Staples.		

	
	

STEP	4	–	SLAUGHTER	
~	During	slaughter,	liver	and	muscle	samples	will	be	collected	from	the	10	sheep	

with	the	most	impaired	liver	function	tests.	Samples	from	2	sheep	with	the	best	

tests	will	also	be	collected	and	used	as	a	control	~	

	
I	was	 not	 involved	 in	 the	 slaughter	 of	 the	 sheep,	 as	 a	 registered	 butcher	
carried	out	this	process.	The	vet	and	I	were	present	at	the	time	of	slaughter	
to	collect	liver	and	muscle	samples	from	12	sheep	(selected	from	the	blood	
test	results)	once	they	were	slaughtered.	
	
Replication	–	applicable	to	Steps	4	through	7	
Once	the	sheep	have	been	slaughtered,	liver	and	muscle	samples	will	be	obtained	

from	12	individually	selected	animals.	Unfortunately,	not	all	sheep	will	be	tested	

following	slaughter,	due	to	the	cost	of	the	tests.		

	

Randomisation	–	applicable	to	Steps	4	through	7	
At	 this	 point	 in	 the	 trial,	 I	 will	 no	 longer	 be	 randomly	 selecting	 samples,	 but	

rather	 focusing	 on	 the	 10	 individual	 animals	 whose	 blood	 tested	 highest	

regarding	 reduced	 liver	 function	 across	 the	 different	 ages,	 as	 well	 as	 the	 2	

animals	 that	 tested	 lowest.	 This	 will	 provide	 the	 best	 opportunity	 for	

determining	 the	 impact	 on	 sheep	 health	 and	 possible	 contamination	 of	 meat	

destined	for	human	consumption.	

	

If	 no	 blood	 tests	 show	 compromised	 liver	 function,	 10	 randomly	 selected	

slaughtered	 sheep	will	 instead	 be	 used	 for	 liver	 and	muscle	 sample	 collection,	

again	 covering	 the	 different	 ages,	 to	 determine	 whether	 there	 is	 any	 damage	

evident	in	general.	
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Control	–	applicable	to	Steps	4	through	7	
Two	 control	 animals	 with	 blood	 results	 showing	 the	 lowest	 levels	 of	 liver	

damage	will	 also	be	 included	 in	 the	muscle	 and	 liver	 sampling	process,	 as	 this	

will	provide	a	comparison	for	the	tests	conducted	on	the	liver	impaired	animals.	

One	 control	will	 be	 selected	 from	 the	 crossbred	 lambs	 born	 in	 2015,	with	 the	

other	control	being	selected	from	the	merino	mob	of	sheep,	which	were	all	born	

before	 2015.	 The	 combination	 of	 the	 2	 breeds	 in	 the	 control	will	 help	 identify	

possible	result	anomalies	associated	with	the	use	of	the	crossbred	lambs	instead	

of	merinos	in	the	2015	group.	

	

METHOD	
• Selecting	sheep	to	obtain	samples	from,	once	slaughtered	–	

a. Identify	the	10	sheep	with	the	highest	combination	of	GGT	and	GLDH,	
as	muscle	and	liver	samples	will	need	to	be	collected	for	testing	from	

these	animals.	

b. Identify	 the	 lowest	 combined	 GGT	 and	 GLDH	 testing	 merino	 and	
crossbred	lamb,	as	muscle	and	liver	samples	will	also	be	collected	for	

testing	from	each	of	these	animals	as	the	control.	

c. Consult	with	veterinarian	to	confirm	selection.	
d. Provide	butcher	with	 the	 individual	 sheep	numbers	 that	 require	 the	

obtaining	of	samples.		

	
STEP	5	–	VISUAL	ANALYSIS	OF	LIVER	

~	With	the	assistance	of	a	veterinarian,	visually	assess	the	liver	to	determine	signs	

of	potential	damage	~	

	
MATERIALS	
• Nitrile	gloves	and	protective	clothing	

• Protective	cover	sheet	

• 12x	liver	samples	

• Cutting	board	

• Scalpel	blades	and	handle	

• Forceps	

	

METHOD	
• Visual	liver	assessment	–	

a. Whilst	wearing	gloves	and	protective	clothing,	collect	whole	liver	from	
butcher	and	place	on	cutting	board.	

b. Under	 veterinarian	 guidance,	 examine	 liver	 for	 signs	 of	 damage	
including:	 mottled	 appearance,	 irregular	 shape,	 inconsistent	 or	

unusual	texture,	fibrosis.	

c. Carefully	slice	liver	to	examine	the	condition	of	the	bile	ducts.	
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STEP	6	–	LIVER	AND	MUSCLE	SAMPLE	COLLECTION	
~	Collect	and	prepare	both	liver	and	muscle	samples	for	laboratory	testing	~	

	

MATERIALS	
• Nitrile	gloves	and	protective	clothing	

• Protective	cover	sheet	

• 12x	liver	samples	

• 12x	muscle	samples	

• Cutting	board	

• Scalpel	blades	and	handle	

• Forceps	

• 12x	plastic	bags	

• 48x	120	sterile	collection	jars	

• Ice	bricks	

• Esky	

• Polystyrene	box	

• 10%	neutral	buffered	formalin	

• Disposable	container	

• Utensils	–	permantent	marker	

	

	

METHOD	
• Prepare	liver	samples	–	(all	obtained	via	scalpel	dissection)	

a. Dissect	3x	50g	liver	samples	and:	
Ø Place	one	in	specimen	jar	(to	be	tested	for	copper	levels)	
Ø Place	one	in	specimen	jar	fresh	to	be	frozen	(to	be	qualitatively	

tested	for	PA’s)	

Ø Place	the	final	sample	in	a	snap	lock	bag	fresh	to	be	frozen	(to	
be	 quantitatively	 tested	 for	 PA’s	 in	 the	 future,	 should	 the	

qualitative	results	test	positive)	

b. Obtain	a	fourth	liver	sample	<1	cm	thick	and	place	in	a	specimen	jar.	
Fill	 the	 specimen	 jar	 with	 10%	 neutral	 buffered	 formalin	 (4%	

formaldehyde)	aiming	 for	a	1:10	ratio	of	 tissue:fixative,	as	requested	

by	laboratory.	This	sample	will	undergo	histopathology	examination.	

	

• Prepare	muscle	samples	–	(all	obtained	via	scalpel	dissection)	

a.	Dissect	2x	50g	tissue	samples	and:	

Ø Place	 the	 first	 in	 specimen	 jar	 fresh	 to	 be	 frozen	 (to	 be	
qualitatively	tested	for	PA’s)	

Ø Place	 the	 second	 in	 snap	 lock	 bag	 fresh	 to	 be	 frozen	 (to	 be	
quantitatively	 tested	 for	 PA’s	 in	 the	 future,	 should	 the	

qualitative	results	test	positive)	

	

• Transport	–		
a. Fixed	 samples	 are	 to	 remain	 at	 an	 ambient	 temperature	 and	 be	
transported	to	the	LLS	immediately	after	collection	

b. All	remaining	samples	are	to	be	placed	in	an	esky	with	 ice	bricks	and	
transported	to	the	LLS	immediately	following	collection	
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c. Fresh	samples	are	to	be	placed	in	refrigerator	and	samples	to	be	frozen	
will	be	placed	in	deep	freezer	until	further	transport.	

d. The	 transport	 of	 fresh	 and	 fixed	 samples	 to	 SDVL,	 as	 well	 as	 the	
transport	of	the	frozen	samples	to	Uni	of	QLD,	is	to	occur	via	overnight	

courier	with	samples	being	placed	in	an	esky	with	ice	bricks.	

	

STEP	7	–	PATHOLOGY	TESTING	OF	SAMPLES	
~	Liver	histopathology	and	copper	level	tests	are	to	be	undertaken	on	liver		

samples	~	

	
METHOD	
The	 histopathology	 and	 copper	 tests	 were	 carried	 out	 under	 laboratory	

conditions	at	SDVL	and	assessed	by	Veterinary	Pathologist,	Erika	Bunker.		
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RESULTS	
	

BLOOD	TESTS	
In	 the	 2	months	 prior	 to	 blood	 collection	 (April	 and	May	 2016)	 “Milton	 Park”	

received	30.5mm	of	rain,	over	9	separate	days,	with	precipitation	not	exceeding	

7mm	at	any	one	time.	Considering	the	approach	of	winter	and	minimal	ground	

moisture,	 the	 pastures	 were	 relatively	 high	 in	 dry	 matter	 and	 low	 in	 protein	

content.	Based	on	the	pasture	assessment	conducted	in	Section	1	of	this	scientific	

investigaton	(refer	Appendix	3),	it	is	felt	the	pasture	conditions	did	not	influence	
the	 blood	 test	 results;	 therefore,	 all	 data	 obtained	 from	 the	 blood	 tests	 is	

considered	to	be	viable.	The	raw	data	obtained	from	the	blood	tests	can	be	found	

in	Appendix	6.	The	sheep	included	in	the	blood	testing	process	appear	to	be	in	
good	health,	as	shown	in	Figure	15	below.	
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

15a	-	40	Merino	Wethers	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

15b	-	10	Crossbred	Lambs	

	
Figure	15	–	The	50	Sheep	Used	For	Blood	Testing	
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Figures	 16	 through	 19	 clearly	 show	 the	 trends	 for	 each	 of	 the	 blood	 tests	
conducted.	There	appears	to	be	an	increase	in	GGT,	GLDH	and	CK	levels	in	direct	

correlation	with	the	aging	of	the	sheep;	however,	the	results	are	reasonably	well	

dispersed	 across	 the	 different	 ages.	 The	 AST	 test	was	 the	 only	 test	where	 the	

levels	 appear	 to	 decline	 with	 age,	 but	 again	 the	 individual	 sheep	 results	 are	

reasonably	well	distributed.	When	comparing	 the	crossbred	 lambs	(#1	to	#10)	

with	the	remaining	merino	wethers,	there	does	not	appear	to	be	any	significant	

relationship	or	difference	in	the	results.	

Figure	16	–	Individual	GGT	Levels	
	

	

	Figure	17	–	Individual	GLDH	Levels	

30	

35	

40	

45	

50	

55	

60	

65	

70	

75	

80	

0	 5	 10	 15	 20	 25	 30	 35	 40	 45	 50	

G
G
T
	le
ve
ls
	(U
/
L
)	

Sheep	Number	

GGT	and	Sheep	Number	

0	

20	

40	

60	

80	

100	

120	

140	

160	

180	

200	

220	

0	 5	 10	 15	 20	 25	 30	 35	 40	 45	 50	

G
LD
H
	le
ve
ls
	(U
/
L
)	

Sheep	Number	

GLDH	and	Sheep	Number	



	 50	

70	

90	

110	

130	

150	

170	

190	

210	

230	

250	

270	

0	 5	 10	 15	 20	 25	 30	 35	 40	 45	 50	

A
ST
	le
ve
ls
	(
U
/
L
)	

Sheep	Number	

AST	and	Sheep	Number	

	

Figure	18	–	Individual	AST	Levels	
	

Figure	19	–	Individual	CK	Levels	
	
In	summary:		

	

• GGT	–	18	sheep	above	normal	range,	highest	reading	77	U/L	-	sheep	#42	

• GLDH	–	20	sheep	above	normal	range,	highest	reading	202	U/L	-	sheep	#47	

• AST	–	18	sheep	above	normal	range,	highest	reading	262	U/L	-	sheep	#41	

• CK	–	30	sheep	above	normal	range,	highest	reading	20,785	U/L	-	sheep	#41	
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The	 average	blood	 test	 results	within	 each	 age	 group	 are	 shown	 in	Figure	 20	
below.	

	

Sheep	
Born	

Tag	#	
GGT		

Normal	Range	
	(0-55)	

GLDH		
Normal	Range	

	(0-30)	

AST		
Normal	Range	
(0	to	130)	

CK		
Normal	Range	
(0	to	300)	

2015	 1	to	10	 43.9	 36	 132.5	 1323.8	

2014	 11	to	20	 50.1	 21.7	 131.1	 3192.4	

2013	 21	to	30	 45.5	 30.2	 121	 2703.2	

2012	 31	to	40	 58.9	 27.1	 126.8	 4573.9	

2010	 41	to	50	 60.7	 45.8	 125.6	 3549.8	

	

Figure	20	-	Blood	Test	Averages	for	Each	Age	Group	
	

From	the	data	above,	it	can	be	seen	that	the	average	results	for	the	various	age	

groups	exceeded	the	“normal”	test	range	for	different	tests,	as	indicated	in	red.		

	

Even	 though	 some	 of	 the	 averages	 are	 elevated,	 they	 are	 only	 slightly	 above	

normal,	 with	 the	 exception	 of	 CK.	 The	 CK	 averages	 range	 between	 341%	 to	

1425%	above	the	“normal”	maximum,	with	26	sheep	(over	50%	of	those	tested)	

having	 CK	 levels	 greater	 than	 triple	 the	 test	 maximum.	 The	 opinion	 of	 the	

veterinary	pathologist,	Patrick	Staples,	regarding	the	test	results	is	as	follows:	

	

“A	number	of	 sheep	have	 elevated	muscle	 enzymes	–	mostly	mild	but	

some	quite	high	–	not	 sure	what	 the	cause(s)	would	be.	Appear	 to	be	

only	mild	liver	enzyme	elevation	in	some	sheep.	Bile	acids	are	normal”	

	

As	quoted	by	Helen	Schaefer,	the	veterinarian	in	attendance:	

	

“Our	main	interest	is	GGT	levels,	then	GLDH	–	these	tend	to	be	the	liver	

specific	 enzymes.	AST	 can	 come	 from	 liver	or	muscle;	CK	 comes	 from	

muscle.	 If	 both	 AST	 and	 CK	 are	 elevated,	 then	 the	 source	 of	 the	 AST	

elevation	will	most	likely	be	from	muscle;	where	AST	is	elevated	on	its	

own,	the	most	likely	source	is	liver”	

	

Based	on	the	 importance	of	the	GGT	and	GLDH	levels,	a	statistical	analysis	was	

conducted	 on	 these	 two	 blood	 test	 results	 to	 determine	 whether	 a	 significant	

difference	existed	between	the	sheep	of	different	ages.	For	a	full	analysis	of	the	

following	 statistical	 graphs,	 refer	 to	 Appendix	 7.	 Figure	 21	 below	 suggests	
there	is	strong	evidence	that	the	GGT	levels	in	the	sheep	increased	with	age	and,	

at	 a	 95%	 Confidence	 Interval	 (CI),	 both	 the	 4	 and	 6	 year	 old	 sheep	 had	

significantly	greater	levels	than	the	1	year	old	sheep.	

	

Considering	the	1	year	old	sheep	were	the	crossbreds,	it	raises	the	question	as	to	

whether	this	difference	is	related	to	the	breed;	however,	Figure	21	also	shows	a	
similar	difference	between	the	3	year	old	sheep,	when	compared	with	the	4	and	

6	year	old	sheep,	which	are	all	of	the	same	breed.	This	suggests	that	the	variation	

in	 results	 in	 the	 1	 year	 old	 sheep	may	 not	 be	 attributable	 to	 the	 difference	 in	

breed.	
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Figure	21	–	GGT	Analysis	of	Sheep	Compared	With	Age	
	

Figure	 22	 below	 suggests	 that	 there	 is	 no	 significant	 variance	 in	 GLDH	 levels	
when	compared	to	the	age	of	the	sheep.	

	

	

	
	

Figure	22	–	GLDH	Analysis	of	Sheep	Compared	With	Age	
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SLAUGHTER	
Of	the	50	sheep	tested,	10	had	 inflated	 levels	of	both	GGT	and	GLDH.	These	10	

sheep	were	therefore	selected	for	tissue	sampling	along	with	2	control	animals,	

which	portrayed	low	enzyme	levels.	These	12	sheep	are	shown	in	Figure	23.	

	

Figure	23	–	Sheep	Selected	for	Tissue	Sampling	
	

The	individual	blood	test	results	for	the	12	animals	that	were	selected	for	tissue	

sampling	 are	 shown	 in	 Figure	 24	 below,	 in	 order	 of	 highest	 GGT	 levels.	 The	
figures	shown	in	red	are	those	that	exceed	the	“normal”	test	range.	

	

	
Figure	24	–	Blood	Results	of	12	Sheep	Chosen	For	Tissue	Collection		

	

Sheep	#	 GGT	 GLDH	 AST	 CK	
39	 76	 32	 114	 164	

47	 69	 202	 138	 135	

33	 67	 43	 163	 10423	

37	 65	 37	 105	 2180	

43	 65	 34	 95	 135	

12	 63	 52	 181	 5234	

31	 62	 43	 235	 18978	

48	 62	 45	 164	 10276	

36	 60	 32	 94	 1680	

8	 56	 46	 120	 210	

38	(control)	 46	 15	 101	 156	

1	(control)	 43	 16	 128	 171	
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The	sheep	in	Figure	24	fall	into	the	following	age	groups:	
• Born	2015	–	1	sample	plus	1	control	

• Born	2014	–	1	sample	

• Born	2013	–	0	samples	

• Born	2012	–	5	samples	plus	1	control	

• Born	2010	–	3	samples		

	

VISUAL	ANALYSIS	OF	LIVER	
Once	slaughtered,	the	visual	liver	observations	of	the	12	selected	sheep	found	no	

evidence	of	significant	liver	damage.	All	livers	appeared	to	be	relatively	standard	

with	minimal	defects,	which	are	unlikely	 to	be	 attributed	 to	 the	 effects	of	PAs.	

The	individual	findings	are	shown	in	Figure	25	below,	with	Figure	26	showing	
the	relevant	images	in	relation	to	the	table.	

	

SHEEP	#	 LIVER	OBSERVATIONS	

39	 No	abnormalities	detected	-	Refer	Figure	26a	below	

47	 Mottled	appearance	-	Refer	Figure	26d	below	

33	 Small/superficial	fibrosis	but	no	significant	findings	-	Refer	Figure	26c	below	

37	 Thin	bile	–	no	abnormalities	detected	

43	 No	abnormalities	detected	

12	 No	abnormalities	detected	-	Refer	Figure	26b	below	

31	 No	abnormalities	detected	

48	 No	abnormalities	detected	

36	 One	section	of	fibrosis	(approx	2mm	x	2mm)	-	Refer	Figure	26f	Below	

8	 No	abnormalities	detected	

1	(control)	 Thin	bile	-	No	abnormalities	detected	

38	(control)	 Irregular	shape	and	consistency	on	posterior	surface	-	Refer	Figure	26e	Below	

	

Figure	25	–	Visual	Liver	Assessment	Of	Selected	Sheep	Once	Slaughtered	
	

	

	

		

	 	
	 26a	–	(Sheep	#39)	Typical	liver	&	muscle	sample	 26b	–	(Sheep	#12)	Typical	dissection.		

	provided	by	butcher	for	dissection.	No	abnormalities	 No	abnormalities	
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	 26c	–	(Sheep	#33)	Small	superficial	fibrosis	 26d	–		(Sheep	#47)	Mottled	appearance	

	

	

	
	 	

	 26e	–	(Sheep	#38)	Control	sheep,	showing	irregular	 26f	–	(Sheep	#36)	Small	section	of	fibrosis	

	 shape	and	consistency	

	 	

Figure	26	–	Liver	Dissection	Images	
	

	
LIVER	HISTOPATHOLOGY	
The	 liver	histopathology	also	 found	minimal	damage,	 suggesting	 the	 livers	had	

not	been	compromised	due	to	exposure	to	PAs.	

	

There	were	 also	 no	 signs	 of	 exacerbated	 accumulation	 of	 copper	 in	 any	 of	 the	

selected	sheep,	with	all	sheep	testing	within	the	normal	range.	The	findings	from	

the	laboratory	histopathology	and	copper	testing	are	as	stated	below:	

	

“There	was	no	evidence	of	a	significant	hepatopathy	in	any	of	the	liver	

sections.	Mild	hepatocyte	degeneration	 is	 a	 common	and	non-specific	

finding.	 There	 was	 also	 some	 evidence	 of	 biliary	 proliferation	 but	 it	

was	only	very	mild	and	only	in	some	portal	areas;	this	is	also	commonly	

seen	 and	 relatively	 non-specific.	 One	 sheep	 (id	 33)	 had	 a	 localised	

lesion	(chronic	eosinophilic,	lympho-histiocytic	and	fibrosing	hepatitis)	

suggestive	of	fluke	damage.	Copper	levels	are	within	normal	limits.”		

Erika	Bunker	

	

For	the	full	histopathology	report,	refer	to	Appendix	8.	
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DISCUSSION	
	

The	results	obtained	from	Section	2	suggest	that	PAs	are	not	inflicting	negative	

health	impacts	on	sheep	used	to	graze	S.	madagascariensis	on	“Milton	Park”.	This	

disproves	the	first	part	of	the	hypothesis,	suggesting	that	the	functionality	of	the	

liver	is	not	significantly	impaired	as	a	result	of	PA	consumption.		

	

The	sheep	used	for	blood	sampling	(Figure	15)	were	all	healthy,	with	no	clinical	
signs	of	exposure	to	PAs.	The	liver	enzymes	tested	in	the	blood	(GGT	and	GLDH),	

although	 showing	 signs	 of	 elevation	 with	 age,	 were	 not	 high	 enough	 to	 be	 of	

concern	 to	 animal	 professionals.	 Patrick	 Staples,	 the	 veterinary	 pathologist,	

stated	that	GGT	results	of	between	70	and	300	were	an	indication	of	mild	 liver	

damage.	Only	three	sheep	fell	within	this	range,	but	were	undoubtedly	situated	

at	 the	 lower	 end	 of	 the	 spectrum,	 resulting	 in	 no	 cause	 for	 concern	 from	 the	

specialists.	Reinforcing	this,	the	visual	analysis	of	the	livers	found	no	significant	

damage	 attributable	 to	 PAs,	 with	 only	 mild	 abnormalities	 noted	 on	 a	 small	

number	of	samples.	The	livers	were	firm	and	mostly	of	good	shape	and	texture.	

The	health	of	the	livers	was	further	confirmed	in	the	liver	histopathology,	which	

revealed	that	PAs	had	not	exacerbated	the	accumulation	of	copper	levels	in	the	

liver	 and	 there	 was	 no	 evidence	 of	 megalocytosis.	 Any	 abnormalities	 were	

described	 as	 being	 “commonly	 seen	and	 relatively	non-specific”.	 The	 absence	 of	

liver	abnormalities	throughout	all	of	the	analytical	testing	is	further	emphasized	

when	 it	 is	 considered	 that	 the	 liver	 samples	were	 obtained	 from	 the	10	 sheep	

with	 the	 poorest	 blood	 tests.	 It	 was	 interesting	 that	 the	 10	 worst	 performing	

animals	ranged	in	age	from	1	year	old	through	to	6	years	old	and	covered	both	

breeds.	This	spread	of	animals	indicates	that	the	different	breeds	within	the	trial	

did	not	alter	or	impair	the	results.	

	

The	above	 findings	certainly	suggest	 that	 ingestion	of	PAs	 is	 imposing	minimal	

effects	on	the	health	of	sheep	when	used	to	graze	S.	madagascariensis;	however,	

there	may	still	be	a	correlation	between	the	increased	liver	enzymes	and	the	age	

of	the	sheep.	Interestingly,	of	the	50	sheep	blood	tested,	various	sheep	from	the	

2010	(oldest)	age	group	were	responsible	for	the	highest	recording	in	each	of	the	

four	blood	tests.	Also,	the	GGT	levels	increased	significantly	with	age,	as	shown	

in	 the	 statistical	 analysis	 in	 Figure	 21.	 Patrick	 Staples	 is	 unaware	 of	 any	
correlation	regarding	GGT	and	age	alone,	suggesting	that	PAs	may	be	a	possible	

cause	 for	 the	 increase.	 This	 supports	 the	 hypothesis,	 suggesting	 liver	 damage	

increases	in	direct	correlation	with	the	sheep’s	exposure	to	S.	madagascariensis;	

however,	 it	 is	 difficult	 to	 confirm	 that	 the	 elevated	 results	 are	 PA	 related.	

Considering	 the	 levels	 were	 no	 cause	 for	 concern,	 it	 is	 implied	 that	 there	 are	

limited	implications	to	the	health	of	sheep	when	grazing	S.	madagascariensis	for	

extended	periods	of	time.		

	

The	 findings	 from	this	 trial	quite	clearly	 indicate	 that	 sheep	can	safely	graze	S.	

madagascariensis	 for	 at	 least	 6	 years,	 which	 contradicts	 the	 recommendations	

made	by	the	NSW	Department	of	Primary	Industries	(DPI),	stated	below:	

	

“If	a	group	of	sheep	are	forced	to	eat	fireweed	over	two	or	more	consecutive	years	then	

some	may	become	affected	and	present	with	chronic	ill-thrift	or	sudden	death.”	
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However,	 this	 contradiction	 can	 only	 be	 applied	 to	 properties	 with	 similar	

conditions	 to	 “Milton	 Park”,	 regarding	 both	 the	 stocking	 rates	 and	 S.	

madagascariensis	densities.	The	findings	in	this	trial	do	not	guarantee	that	sheep	

used	 to	 graze	 higher	 S.	 madagascariensis	 densities	 will	 not	 be	 negatively	

impacted	upon.	Therefore,	 before	amending	 the	DPI	 recommendations,	 further	

research	 investigating	 any	 connection	 between	 possible	 liver	 damage	 and	

increasing	 S.	 madagascariensis	 densities	 would	 be	 beneficial	 to	 animal	

management	 practices.	 Identifying	 a	 relationship	 between	 S.	madagascariensis	

density,	liver	damage	and	age	would	provide	guidance	to	farmers	worldwide,	on	

how	best	to	graze	varying	S.	madagascariensis	densities,	whilst	avoiding	possible	

sheep	health	consequences.			

	

There	were	 a	 number	 of	 puzzling	 findings	 in	 the	 results	 of	 this	 section	 of	 the	

scientific	 investigation,	 which	 may	 well	 go	 unexplained	 at	 this	 point	 in	 time.	

These	include:	

	

1.	Blood	tests	-	excessive	CK	levels	
With	26	of	 the	50	 tested	 sheep	producing	CK	 results	of	 over	 triple	 the	normal	

range,	 the	 extreme	 levels	 could	 not	 go	 unnoticed.	 The	 excessive	 data	 was	

discussed	with	Helen	Schaefer,	the	district	veterinarian;	however,	no	conclusions	

could	be	drawn	as	to	the	reason	for	these	elevated	levels.	CK	serum	is	not	liver	

specific;	therefore,	it	is	not	indicative	of	PA	damage	in	the	sheep.	For	this	reason	

the	inflated	levels	were	not	considered	to	be	of	concern,	as	they	did	not	impact	

the	results	of	the	trial	and	the	sheep	were	deemed	healthy	throughout	the	entire	

process.	

	

2.	Blood	tests	–	GGT	trend	contradictions	
As	 clearly	 demonstrated	 in	 Figure	 21,	 the	 3-year-old	 merinos	 portrayed	 low	
GGT	levels,	contradicting	the	increasing	trend,	which	resulted	in	no	animals	from	

this	 age	group	being	 included	 in	 the	 tissue	 sampling	process.	The	 reason	as	 to	

why	the	GGT	levels	dropped	is	unknown;	however,	the	development	of	ruminal	

microbes	has	been	considered.		

	

3.	Liver	histopathology	–	control	abnormalities	
It	 is	 fascinating	 that	 the	 liver	 of	 sheep	 #38	 was	 of	 “irregular	 shape	 and	

consistency”	(Figure	26)	considering	it	was	selected	as	a	control	animal,	due	to	
its	enzyme	levels	falling	within	the	normal	range	for	all	blood	tests	(Figure	24).	
Although	 this	unexpected	and	peculiar	discovery	 is	unable	 to	be	explained,	 the	

anomaly	between	the	condition	of	the	liver	and	its	corresponding	enzyme	levels	

is	interesting	to	note.	
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AIM:	To	ascertain	whether	the	pyrrolizidine	alkaloids	contained	within	the	

Senecio	madagascariensis	plant	accumulate	in	the	muscle	and/or	liver	of	

sheep	and	are	then	potentially	entering	the	human	food	chain	through	the	

consumption	of	this	contaminated	food	source.	
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BACKGROUND	RESEARCH	
	

It	 is	 believed	 that	 all	 humans	 are	 susceptible	 to	 the	 hepatotoxic	 pyrrolizidine	

alkaloids,	which	 are	 considered	 to	 be	 the	most	 common	 cause	 of	 poisoning	 in	

humans	and	livestock	worldwide.	The	danger	to	humans	was	first	recognized	in	

1920	when	 cirrhosis	 of	 the	 liver	was	 attributed	 to	 senecio	 poisoning	 (Willmot	

and	Robertson,	1920).	

	

As	 stated	 by	 Australia	 New	 Zealand	 Food	 Authority	 (2001)	 –	 “The	 PAs	 of	

relevance	 to	 human	 health	 are	 the	 hepatotoxic	 PAs,	 which	 are	 esters	 of	 1-	

hydroxymethyl	 dehydropyrrolizidine.	 Such	 compounds	 are	 metabolised	 in	 the	

liver	 to	 electrophilic	 derivatives	 referred	 to	 as	 pyrroles.	 These	 pyrroles	 cause	

damage	in	the	hepatocytes	in	which	they	are	generated,	but	depending	on	their	

persistence	 in	aqueous	media,	 can	pass	 from	 the	hepatocytes	 into	 the	adjacent	

sinusoids	 and	 damage	 endothelial	 lining	 cells	 of	 the	 sinusoids	 and	 smallest	

hepatic	 veins.	 These	 effects	 give	 rise	 in	man	 to	 hepatocellular	 injury,	 cirrhosis	

and	veno-occlusive	disease.”	

	

Liver	failure	from	these	conditions	may	occur	suddenly	months	to	years	after	the	

last	episode	of	PA	exposure	(Bras	et	al,	1961),	due	to	a	unique	feature	of	chronic	

PA-induced	 liver	 pathological	 changes.	 After	 low-level	 single	 or	 multiple	

exposure,	 and	 well	 after	 the	 alkaloid	 and	 its	 soluble	 metabolites	 have	 been	

eliminated	 from	 the	 body,	 the	 disease	 in	 the	 liver	 is	 commonly	 progressive	

(Schoental	&	Magee	1957;	Molyneux	et	al,	1988).		

	

Evidence	suggests	 that	PA	poisoning	 is	not	 restricted	only	 to	 the	 liver.	PAs	are	

also	 known	 to	 act	 as	 teratogens	 (embryo	 malformation)	 and	 abortifacients	

(abortion).	 German	 researchers	 from	 the	 Federal	 Institute	 for	 Risk	

Assessment	found	 that	even	 low-level	 exposure	 to	 these	 chemicals	 could	 cause	

gene	mutations	 linked	 to	 chronic	 lung	disease	 and	 cancers	 (such	 as	 leukaemia	

and	breast	cancer).		

	

Usually,	 the	 first	 sign	 of	 intoxication	 is	 gastrointestinal	 symptoms,	 consisting	

predominantly	of	abdominal	pain	with	vomiting	and	the	development	of	ascites.	

Most	cases	of	PA	toxicity	result	 in	moderate	to	severe	liver	damage.	Death	may	

ensue	 from	 2	 weeks	 to	 more	 than	 2	 years	 after	 poisoning,	 but	 patients	 may	

recover	 almost	 completely	 if	 the	 alkaloid	 intake	 is	 discontinued	 and	 the	 liver	

damage	has	not	been	too	severe.	Early	clinical	signs	of	exposure	to	PAs	include:	

	

• Nausea	

• Acute	upper	gastric	pain	

• Acute	 abdominal	 distension	 with	 prominent	 dilated	 veins	 on	 the	

abdominal	wall	

• Fever	

• Biochemical	evidence	of	liver	dysfunction	

• Jaundice	may	be	present	

• In	some	cases	the	lungs	are	affected	

o Pulmonary	oedema	and	pleural	effusions	have	been	observed	

o Lung	damage	may	be	prominent	and	has	been	fatal	
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The	acute	illness	has	been	compared	to	the	Budd-Chiari	syndrome:	

• Thrombosis	of	hepatic	veins	

• Liver	enlargement	

• Portal	hypertension	

• Ascites	

	

Humans	can	become	inadvertently	exposed	to	PAs	through	the	consumption	of	

contaminated	 food,	 with	 many	 health	 professionals	 believing	 that	 there	 may	

have	been	cases	of	disease	 in	 the	past	not	recognised	as	resulting	 from	dietary	

exposure	to	dehydroPAs	(DHPAs).	Proof	of	DHPAs	involvement	in	human	cases	

of	these	chronic	diseases,	including	sources	of	exposure	to	DHPAs,	has	generally	

been	 lacking.	 In	 addition	 to	 the	 fact	 that	 the	 effects	 of	 long	 term,	 low	 level	

exposure	 to	DHPAs	 via	 the	diet	 are	 a	 relatively	unknown	 factor,	 and	 for	many	

reasons	adverse	clinical	effects	can	be	very	difficult	to	unambiguously	associate	

with	the	sources	of	dietary	DHPAs.		

	

Insight	 into	 the	 global	 significance	 and	 detrimental	 effects	 of	 ingesting	 food	

contaminated	with	DHPAs	is	provided	in	the	following	statement:	

	

“Contamination	 of	 grain	 crops	 with	 dehydroPA-producing	 plants	 has	

resulted	 in	 large-scale	 incidents	 of	 food	 poisoning	 in	 humans,	 with	 high	

morbidity	and	mortality,	especially	in	Africa	and	in	Central	and	South	Asia,	

with	 recent	 episode	 in	 Afghanistan	 and	 possibly	 Ethiopia.	 Growing	

recognition	of	hazardous	 levels	of	dehydroPAs	 in	a	range	of	common	foods	

may	be	a	possible	cause	of	chronic	diseases	world	wide,	such	as	pulmonary	

hypertension,	cirrhosis	and	cancer	of	humans.	Attention	has	recently	focused	

on	 the	 potential	 for	 low	 levels	 of	 dehydroPAs	 to	 contaminate	 many	 food	

products	 in	 developed	 countries,	 possibly	 leading	 to	 progressive,	 chronic	

diseases	that	may	not	include	overt	hepatotoxicity.”	(tandfonline.com)	

	

The	World	 Heath	 Organisation	 has	 already	 identified	 PAs	 as	 a	 serious	 human	

health	 threat.	 Food	 Standards	Australia	New	Zealand	 (FSANZ)	 has	 set	 the	 safe	

intake	level	for	PAs	considerably	higher	than	its	European	counterparts,	who	are	

more	 concerned	 with	 the	 potential	 cancer-causing	 effects.	 The	 European	

tolerable	 intake	 is	 0.007	 micrograms	 per	 kilogram	of	 body	 weight,	 per	 day,	

compared	to	FSANZ’s	maximum	intake	of	1.0	micrograms	per	kilogram	of	body	

weight,	per	 day.	 FSANZ	 recently	 acknowledged	 international	 research	 that	

suggested	its	daily	tolerable	intake	limits	"should	be	reduced".	In	an	analysis	of	

the	estimated	daily	intakes	of	PAs	in	reported	outbreaks	of	human	poisonings	up	

till	1983,	Culvenor	(1983)	reported	that	the	dose	range	of	the	alkaloids	was	0.01	

to	50	mg/kg/day.	

	

There	 is	 now	 increasing	 recognition	 that	 some	 staple	 and	 widely	 consumed	

foods	are	 sometimes	 contaminated	by	DHPAs	and	 their	N-oxides	at	 levels	 that,	

while	 insufficient	 to	 cause	 acute	 poisoning,	 greatly	 exceed	maximum	 tolerable	

daily	 intakes	and/or	maximum	 levels	determined	by	a	number	of	 independent	

risk	 assessment	 authorities.	 Whilst	 the	 effects	 of	 acute	 exposure	 to	 PAs	 on	

humans	and	animals	have	been	well	documented,	 the	effects	of	 long	 term,	 low	

level	 exposure	 to	 DHPAs	 via	 the	 diet	 (grain,	 milk,	 meat,	 honey,	 and	 related	
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products)	(Colegate	et	al.,	1998)	are	a	relatively	unknown	factor.		

	

Many	case	reports	show	acute	poisoning	caused	by	intentional	ingestion	of	home	

remedy	 teas	 and	 herbal	 medicines	 containing	 PAs,	 causing	 fatalities	 in	 both	

developed	and	developing	countries.	PA	contamination	of	herbs	and	spices	has	

been	associated	with	many	instances	of	hepatic	disease,	and	outbreaks	of	“bread	

poisoning”	 have	 occurred	 when	 the	 seeds	 of	 PA	 producing	 plants	 are	 co-

harvested	 with	 milling	 grains	 (Ahmad,	 2001).	 Milk	 from	 dairy	 animals	 can	

become	contaminated	with	PAs,	and	PAs	have	been	found	in	the	honey	collected	

by	 bees	 foraging	 on	 toxic	 plants.	 However,	 very	 little	 to	 no	 research	 has	 been	

conducted	 regarding	 the	 contamination	 of	 PAs	 in	 meat,	 evident	 from	 the	

following	sources:	

	

• 	The	Australia	New	Zealand	Food	Authority	states:	

“The	 foods	 which	 have	 been	 found	 to	 contain	 PAs	 include	 grains,	

honey,	 milk,	 offal	 and	 eggs.	 It	 is	 still	 unknown	 whether	 there	 are	

residues	of	PAs	in	meat.”	

	

• The	 European	 Food	 Safety	 Authority	 (EFSA),	 makes	 the	 following	 five	

points:	

1. “In	 addition	 to	 honey,	 there	 are	 other	 possible	 sources	 of	 dietary	
exposure	 to	 PAs.	 Based	 on	 the	 few	 available	 data	 indicating	 limited	

carry	over	from	animal	feed,	meat,	milk	and	eggs	are	not	 likely	to	be	

major	sources	but	this	requires	confirmation.”	

	

2. “The	 CONTAM	 Panel	 recommended,	 inter	 alia,	 that	 ongoing	 efforts	
should	be	made	to	collect	analytical	data	on	occurrence	of	PAs	and	PA-

N-Oxides	in	relevant	food	and	feed	commodities.	These	should	include	

milk,	eggs	and	meat.”	

	

3. “Data	on	PA	transfer	from	feed	to	meat	and	other	tissues	of	livestock	is	
rather	limited.”	

	

4. “Data	on	the	occurrence	of	PAs	 in	other	possibly	relevant	 foods	such	
as	milk,	eggs	and	meat	should	be	collected.”	

	

5. “It	would	also	be	possible	for	animal	products	like	meat,	milk	and	eggs	
to	 be	 indirectly	 contaminated	 with	 PA’s	 through	 intake	 of	

contaminated	feed.”	

	

Considering	the	growing	recognition	of	hazardous	levels	of	DHPAs	in	a	range	of	

common	foods,	physicians	and	clinicians	need	to	be	alert	to	the	possibility	that	

these	contaminants	may,	in	some	cases,	be	a	possible	cause	of	chronic	diseases	in	

humans.	
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HYPOTHESIS	
	

I	 imagine	 that	 some	 PAs	 will	 enter	 the	 human	 food	 chain	 through	 the	

contamination	 of	 muscle	 and	 liver	 from	 sheep	 grazing	 S.	 madagascariensis;	

however,	 I	 believe	 these	 levels	 will	 be	 within	 the	 relevant	 food	 standards	

recommendations,	due	to	the	ability	of	sheep	to	destroy	the	majority	of	the	PAs	

in	their	system.	

	

RISK	ASSESSMENT	
	

Two	 risks	 have	 been	 identified	 as	 potential	 hazards	 in	 the	 running	 of	 this	

experiment.	 These,	 along	with	 the	 techniques	 to	 overcome	 the	 risks,	 are	 listed	

below:	

	

1. Consideration	 of	 animal	 ethics	 was	 required;	 therefore,	 a	 submission	 was	
lodged	with	the	Schools	Animal	Care	and	Ethics	Committee,	along	with	NSW	

Department	 Of	 Primary	 Industries	 -	 Orange	 Animal	 Ethics	 Committee,	 (for	

approval	 of	 the	 district	 veterinarian),	 with	 both	 applications	 being	 fully	

approved.	Refer	to	Appendix	4.	
	

2. There	are	known	zoonotic	diseases	that	are	capable	of	spreading	from	sheep	
to	humans.	Therefore,	disposable	gloves	and	protective	clothing	will	be	worn	

at	 all	 times	whilst	 handling	 animal	 products	 and	 hands	will	 be	 thoroughly	

cleansed	with	a	disinfectant	soap	at	the	completion	of	these	procedures.	
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EXPERIMENTAL	DESIGN	
	

Step	8	is	relevant	to	Section	3	of	my	research.	

	

	 	

	

Collect	fireweed	specimens	for	identification.	Assess	

fireweed	and	pasture	density,	plant	species	present,	

pasture	protein	content	and	absence	of	other	PA	

containing	plants	(with	assistance	from	agronomist).	

	

Collect	manure	samples	from	sheep	grazing	fireweed	

and	germinate,	to	determine	whether	sheep	may	be	

spreading	the	noxious	plant.	

	

Collect	50	blood	samples	from	10	randomly	selected	

sheep	across	5	different	age	groups,	for	specific	liver	

enzyme	screening	to	identify	sheep	with	impaired	

liver	function	(as	recommended	by	pathologist).	

	

During	slaughter,	liver	and	muscle	samples	will	be	

collected	from	the	10	sheep	with	the	most	impaired	

liver	function	tests.	Samples	from	2	sheep	with	the	

best	tests	will	also	be	collected	and	used	as	a	control.	

	

With	the	assistance	of	a	veterinarian,	visually	assess	

the	liver	to	determine	signs	of	potential	damage.	

	

Collect	and	prepare	both	liver	and	muscle	samples	

for	laboratory	testing.	

	

Liver	histopathology	and	copper	level	tests	are	to	be	

undertaken	on	liver	samples.		

	

Qualitative	PA	tests	are	to	be	performed	on	liver	and	

muscle	samples.		

	

	

2.	Manure	

Collection	

	

1.	Fireweed	and	

Pasture	

Analysis	

	

3.	Blood	Tests	

	

4.	Slaughter	

5.	Visual	

Analysis	Of	

Liver	

6.	Liver	And	

Muscle	Sample	

Collection	

7.	Pathology	

Testing	Of	

Samples	

8.	PA	Testing	Of	

Samples	
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STEP	8	–	PA	TESTING	OF	SAMPLES	
~	Qualitative	PA	tests	are	to	be	performed	on	liver	and	muscle	samples	~	

	
The	purpose	of	Section	3	was	to	determine	whether	Free	PAs	could	be	found	in	

liver	and	muscle	samples	of	sheep	used	to	graze	S.	madagascariensis,	potentially	

entering	the	human	food	chain.		

	

50	 randomly	 selected	 sheep	 were	 blood	 tested	 in	 Section	 2	 of	 this	 scientific	

investigation,	 from	 which	 the	 10	 “worst	 case	 scenarios”	 and	 2	 “best	 case	

scenarios”	were	 selected	 for	 tissue	 sampling.	 The	 process	 in	 identifying	 sheep	

suitable	for	qualitative	free	PA	testing,	along	with	sample	collection	techniques,	

has	been	well	documented	in	the	Experimental	Design	of	Section	2.	

	

Qualitative	 testing	 for	 free	 PAs	 in	 the	 tissue	 samples	 was	 carried	 out	 under	

laboratory	conditions	by:	

	

Dr.	Mary	Fletcher,	FRACI	CChem	

Senior	Research	Fellow	

Postgraduate	Coordinator	Centre	for	Animal	Science	

Queensland	Alliance	for	Agriculture	and	Food	Technology	(QAAFI)	

The	University	of	Queensland	

Health	and	Food	Sciences	Precinct	

	

The	 already	 identified	 alkaloids	 found	 present	 in	 the	 S.	 madagascariensis	

specimen	(refer	Appendix	2),	will	assist	in	identifying	any	PAs	that	are	present	in	
the	 liver	 and	muscle	 samples.	 The	 PAs	were	 identified	 using	 a	 high-resolution	

electrospray	ionization	(ESI)	mass	spectra	(MS)	and	MS/MS	(Orbitrap)	protocol,	

based	 on	 the	 theoretical	 molecular	 formula	 and	 the	 observed	 high-resolution	

mass	spectral	ion	measurement.	
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RESULTS	
	

No	 PA	 producing	 plants,	 other	 than	 S.	 madagascariensis,	 were	 found	 to	 be	

present	 on	 “Milton	 Park”	 (refer	 Section	 1	 and	 Appendix	 3);	 therefore,	 all	
subsequent	results	are	viable	and	unbiased.	

	

Dr.	Mary	Fletcher	analysed	the	“Milton	Park”	S.	madagascariensis	specimen	and	

found	 11	 alkaloids	 to	 be	 present,	 to	 varying	 extents.	 The	 five	 major	 alkaloids	

were	 identified	 as	 senkirkine,	 otosenine,	 desacetyldorinine,	 florosenine	 and	

doronine,	 with	 the	 florosenine	 alkaloid	 registering	 the	 highest	 level.	 The	

structure	and	retention	time	of	 these	 five	alkaloids	 is	shown	in	Figure	27.	The	
chromatogram	of	the	major	pyrrolizidine	alkaloids	from	the	S.	madagascariensis	

extract	has	previously	been	shown	in	Figure	7	of	Section	1	(also	Appendix	2).	
	

m/z Alkaloid Structure 
366 Senkirkine 

		Retention	time	=	7.34	minute 
382 Otosenine 

	Retention	time	=	9.91	minute 
418 Desacetyl-

doronine 

	Retention	time	=	10.06	minute 
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424 Florosenine 

	Retention	time	=	11.37	minute 
460 Doronine 

	Retention	time	=	11.51	minute 
 

Figure	27	-	Structures	and	retention	times	of	the	5	major	identified	PAs	
	

The	12	individually	selected	muscle	and	liver	samples,	provided	by	the	butcher	

at	the	time	of	slaughter,	underwent	qualitative	testing	by	mass	spectrometer	in	

search	of	the	above	alkaloids.	A	spike	muscle	sample	containing	a	mixture	of	the	

commercially	 available	 PAs	 retrorsine	 (RT:9.38)	 and	 monocrotaline	 (RT:3.80)	

allowed	for	a	 limit	of	quantitation	(LOQ)	to	be	estimated	at	about	1	µg/kg.	The	

full	scan	results	for	the	spike	muscle	sample	are	shown	in	Figure	28	below.	
	

	

 
 

Figure 28 - Respective response (full scan) for commercially available 
pyrrolizidine alkaloids retrorsine (RT: 9.38) and monocrotaline (RT: 3.80) 

 at approximately 1 µg/kg or ppb (parts per billion) level. 
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The	12	sheep	 liver	and	muscle	samples	were	 then	analysed	 for	PAs,	with	 trace	

levels	 of	 the	 highest	S.	madagascariensis	 alkaloid	 (florosenine,	m/z	 424)	 being	

detected	in	the	muscle	samples	of	sheep	#1,	#39	and	#43.	Figure	29	shows	the	
florosenine	alkaloid	in	the	muscle	sample	from	sheep	#43.		

 

 
Figure 29 - Chromatogram of a muscle extract (Sheep #43) scanning for 

florosenine (424.1972 m/z) and the other diagnostic MS/MS fragmentations. 
 
Considering	the	florosenine	levels	detected	were	very	low	in	all	3	of	the	muscle	

samples,	 it	 is	 impossible	 to	 accurately	 determine	 the	 level	 and	 limit	 of	 the	

detected	 alkaloid	 without	 an	 equivalent	 standard-florosenine.	 Nevertheless,	

when	 the	 trace	 levels	 in	 these	 three	 muscle	 samples	 are	 compared	 to	 the	

retrorsine/monocrotaline	 spikes	 (Figure	 28),	 it	 is	 best	 estimated	 that	 these	
three	 sheep	 contained	 florosenine	 levels	 in	 the	muscle	 of	 between	0.1	 and	0.5	

µg/kg.		
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None	 of	 the	 other	 10	 alkaloids	 were	 detected	 in	 these	 three	 muscle	 samples.	

Also,	none	of	the	11	identified	alkaloids	were	detected	in	any	of	the	other	muscle	

samples,	or	in	any	of	the	liver	samples	submitted	for	testing.	Furthermore,	of	the	

11	 identified	 alkaloids,	 florosenine	 was	 the	 only	 one	 to	 register	 a	 positive	

reading.	For	these	reasons,	 the	testing	was	concluded	as	the	cost	of	purchasing	

an	 equivalent	 standard-florosenine,	 for	 quantitative	 testing	 of	 limited	 positive	

qualitative	results,	could	not	be	warranted.	

	

Figure	 30	 below	 compares	 the	 12	 animal’s	 PA	 results	 to	 their	 corresponding	
blood	results	(taken	in	Section	2),	within	the	different	age	groups.		
	

	
Figure	30	–	Comparison	of	PA	Detection	and	Blood	Test	Results	

(Figures	shown	in	red	are	above	the	“normal”	test	range)	

	

The	following	observations	can	be	made	from	Figure	30:	
	

• 3	of	the	4	tested	age	groups	demonstrated	sheep	with	positive	PA	content	

• Age	did	not	appear	to	be	a	factor,	as	sheep	from	both	the	youngest	and	oldest	

groups	tested	positive	to	PAs	

• Breed	 did	 not	 appear	 to	 be	 a	 factor,	 as	 both	 crossbred	 and	 merino	 sheep	

tested	positive	to	PA	content		

• GGT	blood	results	(most	relevant	to	impaired	liver	function)	did	not	appear	

to	be	a	factor,	as	the	animals	with	both	the	lowest	and	highest	GGT	readings	

tested	positive	to	PA	content		

• Only	 sheep	 which	 exhibited	 AST	 and	 CK	 results	 within	 normal	 range	

demonstrated	positive	quantities	of	PAs,	but	not	in	all	cases	(3	of	5	animals)	

• The	blood	tests	for	sheep	#47	suggested	this	animal	was	a	“prime	candidate”	

for	PA	residue,	as	it	was	the	only	animal	to	have	inflated	GGT,	GLDH	and	AST,	

with	normal	CK;	however,	no	PAs	were	found	in	this	animal	

	

Age	Group	 Sheep	#	 Breed	 GGT	 GLDH	 AST	 CK	 Liver	PA	 Muscle	PA	

1			(2015)	
1	(control)	 Xbred	 43	 16	 128	 171	 -	 Florosenine		

8	 Xbred	 56	 46	 120	 210	 -	 -	

2			(2014)	 12	 Merino	 63	 52	 181	 5234	 -	 -	

4			(2012)	

31	 Merino	 62	 43	 235	 18978	 -	 -	

33	 Merino	 67	 43	 163	 10423	 -	 -	

36	 Merino	 60	 32	 94	 1680	 -	 -	

37	 Merino	 65	 37	 105	 2180	 -	 -	

38	(control)	 Merino	 46	 15	 101	 156	 -	 -	

39	 Merino	 76	 32	 114	 164	 -	 Florosenine		

6			(2010)	

43	 Merino	 65	 34	 95	 135	 -	 Florosenine		

47	 Merino	 69	 202	 138	 135	 -	 -	

48	 Merino	 62	 45	 164	 10276	 -	 -	
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The	potential	PA	dietary	intake	by	humans	from	the	contamination	levels	of	the	

tested	muscle,	best	estimated	at	PA	 levels	of	between	0.1	–	0.5 µg/kg,	 is	clearly	
shown	in	Figure	31.	Calculated	figures	are	based	on	an	85	kg	adult	male.	
	

	 FSANZ	(Australia)	 EFSA	(Europe)	

Food	Standards	-	Safe	PA	Intake	 1.0	µg/kg	of	bodyweight/day	 0.007	µg/kg	of	bodyweight/day	

Safe	PA	Intake/day	 85.0	µg/day	 0.595	µg/day	

Average	red	meat	intake	/day*	 88.0	g/day	 74.0	g/day	(Spain)	

Average	PA	consumed/day	
(muscle	sample	results	at	0.1-0.5	µg/kg)	

0.0088	–	0.044	µg/day**	 0.0074	–	0.037	µg/day***	

	

*Red	meat	 includes	beef,	veal,	pork	and	 lamb/mutton.	Spain	had	the	highest	 intake	 for	European	 listed	countries.	

Refer	Appendix	10	
**Male	85kg	bodyweight	consuming	88g	red	meat/day	with	PA	content	ranging	between	0.1	and	0.5	µg/kg  
eg (88 ÷ 1000) x 0.5 = 0.044 
***Male	85kg	bodyweight	consuming	74g	red	meat/day	with	PA	content	ranging	between	0.1	and	0.5	µg/kg  
eg (74 ÷ 1000) x 0.5 = 0.037 
	

	

Figure	31	–	Potential	Human	PA	Consumption	
	

Based	 on	 the	worst-case	 scenario	 of	muscle	 containing	 0.5	µg/kg, the	 average	
Australian	male	 is	 consuming	 0.044	 µg/day of PA, equating to 0.0005%	 of	 the	
FSANZ	safe	daily	 intake.	The	average	European	male	consumes	0.037	µg/day of 
PA, or	6.2%	of	the	EFSA	safe	daily	intake.	
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DISCUSSION	
	

The	 results	 in	 Section	 3	 fully	 support	 my	 hypothesis,	 as	 sheep	 are	 capable	 of	

accumulating	PAs	in	muscle,	although	no	evidence	of	PA	accumulation	was	found	

in	the	liver.	Contaminated	muscle	allows	the	PAs	to	enter	the	human	food	chain;	

however,	 the	 identified	 levels	 are	 well	 beneath	 the	 safe	 intake	 levels	 as	

recommended	by	both	Food	Standards	Australia	New	Zealand	(FSANZ)	and	the	

European	Food	Safety	Authority	(EFSA).	

	

The	 pasture	 analysis,	 carried	 out	 in	 Section	 1	 of	 this	 scientific	 investigation,	

confirms	 that	 the	 PAs	 detected	 in	 the	 muscle	 samples	 were	 from	 S.	

madagascariensis,	as	no	other	PA	producing	plants	were	found	on	“Milton	Park”.	

	

Even	 though	 a	 logical	 process	 was	 undertaken	 in	 selecting	 tissue	 samples	 for	

testing,	 it	 appears	 (Figure	 30)	 that	 there	 is	 no	 relationship	 between	 the	 PA	
levels	 detected	 in	 the	muscle	when	 compared	 to	 the	 age,	 breed	 or	 blood	 liver	

enzyme	tests	of	the	sheep,	making	it	difficult	for	industry	professionals	to	draw	

conclusions	as	 to	possible	situations	 that	may	potentially	cause	muscle	or	 liver	

contamination.	 This	 is	 further	 complicated	 when	 considering	 the	 unexpected	

positive	PA	 result	 of	 the	2015-born	 crossbred	animal,	which	was	 selected	as	 a	

control	 for	 comparison.	 This	 animal	 had	 the	 lowest	 GGT	 level	 and	 the	 least	

exposure	 to	S.	madagascariensis,	 as	 it	was	 in	 the	youngest	 age	group.	Also,	 the	

animal	presenting	as	a	“prime	candidate”	 for	PA	accumulation,	due	to	 its	blood	

tests	 and	age,	 returned	a	negative	PA	 result.	These	 contradictions	 suggest	 that	

PA	accumulation	may	be	individual	to	each	animal.	The	limited	sample	size	may	

have	 also	 impeded	 the	 identification	 of	 any	 relationships,	 should	 such	

relationships	exist.	

	

Whilst	 this	 research	 was	 unable	 to	 provide	 methods	 for	 recognising	 and	

identifying	 animals	 that	 contain	 PAs,	 it	 is	 beneficial	 to	 discover	 that	 only	 3	

samples	returned	a	positive	PA	result	out	of	the	possible	24	tested	(12	liver	/	12	

muscle),	 and	 the	 level	 of	 PA	 detected	 was	 extremely	 low.	 In	 Figure	 31,	 the	
identified	 PA	 contamination	 levels	 consumed	 by	 an	 Australian	 (average	 85	 kg	

adult	male)	equate	 to	no	more	 than	0.0005%	of	 the	FSANZ	recommended	safe	

PA	 intake,	 whilst	 the	 average	 European	 consumes	 up	 to	 6.2%	 of	 the	 EFSA	

recommended	safe	PA	intake	…	hardly	cause	for	concern.	The	minimum	PA	level	

in	 reported	 cases	 of	 poisoning	 	 (0.01	 mg/kg/day,	 Culvenor	 1983)	 equates	 to	

0.85mg/day	for	an	average	85	kg	adult	male,	well	over	the	maximum	intake	of	

0.044	µg/day, as shown for the average Australian.	Any	cause	for	human	concern	is	
further	 reduced	 when	 noting	 that	 the	 figure	 for	 “Red	 Meat”	 consumption	

includes	meat	from	sources	other	than	sheep,	suggesting	an	even	lower	intake	of	

toxic	PAs	than	those	expressed.	Dr.	Mary	Fletcher’s	interpretation	of	the	results	

is	stated	below:	

	

“These	results	suggest	either	the	sheep	are	not	eating	the	fireweed,	or	

if	 they	 are	 eating	 it	 they	 have	 adapted	 to	 the	 alkaloid	 content	 and	

developed	 rumen	 microbes	 or	 liver	 enzymes	 that	 are	 capable	 of	

degrading	 the	pyrrolizidine	alkaloids.	 Either	way	 there	 is	 negligible	

alkaloid	in	the	sheep	meat	and	liver	tissues.”	
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Field	 observations	 clearly	 suggest	 that	 the	 sheep	 are	 consuming	 the	 S.	

madagascariensis,	 hence	 it	 is	 felt	 that	 the	 latter	 notion	 suggested	 by	 Dr.	 Mary	

Fletcher,	 regarding	 the	 development	 of	 rumen	 microbes	 or	 liver	 enzymes,	 is	

more	likely.	Nonetheless,	it	is	impossible	to	guarantee	that	all	sheep	in	the	trial	

have	grazed	S.	madagascariensis,	as	these	animals	have	never	been	in	a	situation	

where	S.	madagascariensis	was	the	only	species	available	for	grazing.		

	

It	was	expected	that	the	liver	samples	would	test	positive	to	PAs	and	were	more	

likely	 to	 do	 so	 than	muscle,	 yet	 this	 was	 not	 the	 case.	 The	 reason	 behind	 the	

absence	of	PAs	in	the	liver	samples	remains	unknown.	

	

Considering	 the	 PA	 values	 detected	 in	 the	muscle	 are	 representative	 of	 the	 S.	

madagascariensis	 density	 of	 “Milton	 Park”,	 which	 is	 considerably	 lower	 than	

reported	cases	elsewhere	in	NSW,	it	may	be	of	value	to	repeat	this	investigation,	

taking	a	number	of	previously	mentioned	experimental	limitations	into	account.	

Any	further	research	should:	

	

• include	a	much	larger	sample	size	

• use	sheep	exposed	to	maximum	S.	madagascariensis	densities		

• guarantee	that	the	sheep	have	grazed	such	densities	

	

This	further	research	would	assist	in	identifying	scenarios	potentially	causing	PA	

contamination,	 whilst	 producing	 “worst	 case”	 contamination	 results.	 Should	

contamination	 results	 prove	 to	 be	 of	 concern,	 such	 information	 would	 allow	

industry	 professionals	 to	 consult	 with	 farmers	 on	 how	 best	 to	 manage	 sheep	

grazed	 in	 areas	 where	 S.	 madagascariensis	 exceeds	 certain	 densities.	

Alternatively,	 if	 low-level	 results	 are	 found	 once	 again,	 the	 notion	 of	 sheep	

potentially	 contaminating	 the	 human	 food	 chain,	 through	 the	 grazing	 of	 S.	

madagascariensis,	can	be	put	to	rest.	

	

	

	

	

	 	



	 72	

	
	 	



	 73	

EXPERIMENTAL	ERRORS	
	

As	 this	 scientific	 investigation	 progressed	 through	 each	 of	 the	 sections,	 the	

procedures	 involved	 became	 more	 complex,	 requiring	 qualified	 technicians	

operating	 specialised	 equipment	 to	 perform	 certain	 testing	 procedures.	 This	

reduced	 the	 occurrence	 of	 experimental	 errors,	 as	 clearly	 defined	 laboratory	

testing	procedures	were	followed.	However,	the	fieldwork	conducted	outside	of	

the	laboratory	was	not	so	easily	controlled.	

	

Although	 the	 aim	 of	 determining	 whether	 S.	madagascariensis	 was	 capable	 of	

germinating	was	successfully	achieved	in	Section	1,	the	use	of	a	tarp	in	the	first	

manure	collection	may	have	affected	 the	germination	rates	 in	Trial	1.	The	 tarp	

did	not	allow	the	urine	to	escape,	which	may	have	altered	the	growing	conditions	

of	the	sample,	also	causing	crusting	of	the	surface	later	on.	Therefore,	if	repeated,	

a	 fabric	 that	 allows	 the	 urine	 to	 escape	 at	 the	 time	 of	 collection	 would	 be	

recommended.		

	

It	 should	 also	 be	 noted	 that	 slight	 insect	 damage	 occurred	 throughout	 the	

experiment,	 and	 although	 controlled,	 this	 may	 have	 affected	 the	 results	

marginally;	however,	 it	did	not	appear	 to	have	a	significant	 impact	on	 the	 final	

data.	

	

CONCLUSION	
	

S.	 madagascariensis	 is	 a	 global	 issue,	 responsible	 for	 livestock	 and	 human	

poisonings	worldwide.	S.	madagascariensis	was	introduced	to	Australia	 in	1918	

and	is	now	declared	one	of	the	worst	weeds	of	coastal	pastures	in	South-Eastern	

Australia.	 S.	 madagascariensis	 is	 opportunistic	 with	 the	 ability	 to	 invade	 and	

colonize	a	great	variety	of	habitats	in	a	short	period	of	time,	causing	significant	

productive	and	economic	impacts.	Methods	of	control	are	proving	expensive	and	

mostly	 ineffective;	 however,	 using	 sheep	 to	 graze	 S.	 madagascariensis	 is	

becoming	 the	 globally	 recommended	 and	 preferred	 technique	 to	 aid	 in	 S.	

madagascariensis	 control.	 But,	 what	 if	 sheep	 are	 spreading	 this	 toxic,	 noxious	

weed	 instead?	The	 results	 from	Section	1	of	 this	 scientific	 investigation	clearly	

show	 that	 S.	 madagascariensis,	 along	 with	 other	 non-desirable	 and	 desirable	

species,	is	capable	of	germinating	after	its	seed	has	passed	through	the	digestive	

system	of	a	sheep.		

	

213	 Fireweed	 plants	 germinated	 in	 total,	 contributing	 to	 28%	 of	 the	 total	

germinated	 plants.	 40%	 of	 the	 plants	 that	 germinated	 within	 the	 experiment	

were	considered	to	be	non-desirable	to	a	farm	grazing	enterprise,	92%	of	which	

was	Fireweed.	 These	 germination	percentages	 are	 significantly	 higher	 than	 the	

ratio	 of	 these	 species	 found	 in	 the	 pasture	 grazed	 by	 the	 sheep	 at	 the	 time	 of	

collection.	The	quantity	of	viable	S.	madagascariensis	 seeds	might	be	greater	 in	

reality	 than	 in	 the	 representation	 of	 this	 experiment,	 due	 to	 the	 very	 small	

sample	size,	along	with	the	collection	time	not	being	at	the	peak	seeding	time	for	

S.	madagascariensis.	This	challenges	 the	widely	practiced	theory	 that	sheep	are	

an	effective	form	of	S.	madagascariensis	control,	with	further	research	needing	to	
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be	performed	in	this	area	in	order	to	determine	their	effectiveness.	 	Until	 then,	

farmers	 should	 utilise	 the	 data	 provided	 in	 this	 experiment	 to	 reassess	 their	

grazing	 management	 strategies	 to	 ensure	 they	 are	 not	 spreading	 S.	

madagascariensis	 unintentionally	 through	 a	 practice	 promoted	 as	 an	 effective	

method	in	its	control.	

	

S.	 madagascariensis	 produces	 pyrrolizidine	 alkaloids	 (PAs)	 in	 all	 parts	 of	 the	

plant,	 which	 is	 the	 leading	 plant	 toxin	 associated	with	 disease	 in	 animals	 and	

humans	 worldwide.	 PAs	 themselves	 are	 not	 poisonous;	 however,	 following	

absorption	 into	 the	 blood	 stream,	 their	metabolism	within	 the	 liver	 initiates	 a	

chain	of	events	primarily	resulting	in	liver	damage,	occasioning	death.	PAs	have	

also	 been	 shown	 to	 cause	 cancer,	 lung	 disease,	 gene	 mutation,	 embryo	

malformation	and	abortion.	

	

Sheep	and	goats	 are	up	 to	20	 times	more	 tolerant	of	PAs	 than	other	 livestock,	

hence	 the	 reason	 they	 are	 promoted	 as	 a	 form	 of	 S.	madagascariensis	 control.	

Although	relatively	resistant	to	the	effects	of	PAs,	they	are	not	entirely	tolerant;	

therefore,	 the	 DPI	 recommends	 they	 not	 be	 used	 in	 the	 control	 of	 S.	

madagascariensis	for	more	than	2	consecutive	seasons.		

	

Having	 already	 questioned	 the	 effectiveness	 of	 sheep	 as	 a	 form	 of	 S.	

madagascariensis	 control,	 due	 to	 their	 ability	 to	 spread	 viable	 seed,	 is	 this	

practice	warranted	if	found	to	be	detrimental	to	the	sheep’s	health,	and	to	what	

extent	is	this	damage?	The	results	from	Section	2	of	this	scientific	 investigation	

contradict	the	DPI’s	recommendation	to	restrict	grazing	to	2	years,	as	the	use	of	

sheep	in	the	control	of	S.	madagascariensis	on	“Milton	Park”	found	no	evidence	of	

significant	 damage	 in	 any	 sheep,	 of	 any	 age,	 in	 any	 test	 performed.	 However,	

there	 does	 seem	 to	 be	 an	 inflation	 in	 the	 liver	 enzyme	 levels,	 which	 directly	

correlate	with	age,	although	these	levels	were	not	high	enough	to	cause	concern	

in	sheep	having	grazed	S.	madagascariensis	for	up	to	6	consecutive	years.		

	

Nonetheless,	 these	 findings	 do	 not	 guarantee	 that	 sheep	 used	 to	 graze	 S.	

madagascariensis	densities	higher	than	those	found	on	“Milton	Park”	will	not	be	

negatively	 impacted	upon.	Further	research	 investigating	potential	connections	

between	different	S.	madagascariensis	densities,	liver	damage	and	age	would	be	

most	beneficial	to	farmers	worldwide,	by	providing	data	on	how	to	best	manage	

various	densities,	whilst	avoiding	possible	sheep	health	issues.	

	

Sheep	 health	 issues	 aside,	 what	 if	 grazing	 sheep	 on	 S.	madagascariensis	 (now	

proven	 acceptable	 for	 lengthy	 periods	 of	 time),	 is	 allowing	 poisoned	 meat	 to	

enter	 the	 human	 food	 chain,	 potentially	 impacting	 human	health?	Humans	 are	

also	 susceptible	 to	 the	 effects	 of	 PAs	 and	 can	 become	 inadvertently	 exposed	

through	the	consumption	of	contaminated	food,	resulting	in	large-scale	incidents	

of	food	poisoning	with	high	morbitity	and	mortality.	Focus	has	recently	shifted	to	

low	level	PA	exposure	leading	to	progressive,	chronic	diseases,	with	recognition	

that	 some	 staple	 and	 widely	 consumed	 foods,	 such	 as	 grain,	 milk,	 meat,	 eggs,	

offal	 and	 honey	 are	 sometimes	 contaminated,	 with	 PAs	 greatly	 exceeding	

maximum	tolerable	levels.		
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The	 results	 in	 Section	 3	 of	 this	 scientific	 investigation	 found	 that	 of	 the	 11	

alkaloids	 identified	 in	 the	 S.	 madagascariensis	 specimen	 from	 “Milton	 Park”,	

florosenine	was	 the	 only	 alkaloid	 to	 be	 detected	 in	 the	 tissue	 of	 sheep,	with	 3	

muscle	 samples	 testing	 positive	 to	 its	 presence.	No	 alkaloid	was	 discovered	 in	

any	 of	 the	 other	 muscle	 or	 liver	 tissues.	 Even	 though	 positive	 results	 were	

obtained,	 no	 relationship	 could	 be	 found	 between	 the	 detected	 PA	 levels	 and	

corresponding	 data	 relating	 to	 the	 age,	 breed	 and	 blood	 enzyme	 tests	 of	 the	

sheep;	 therefore,	no	method	 for	 recognising	or	 identifying	sheep	contaminated	

with	PAs	was	discovered.		

	

The	positive	alkaloid	tests	clearly	show	that	sheep	are	capable	of	accumulating	

PAs	in	their	muscle,	allowing	contaminated	food	to	enter	the	human	food	chain;	

however,	the	identified	levels	are	no	cause	for	human	concern,	as	they	are	well	

beneath	 the	 safe	 intake	 levels,	 as	 recommended	 by	 relevant	 food	 standard	

authorities.	 The	 worst	 case	 scenario,	 regarding	 safe	 daily	 PA	 intake	 levels,	

reached	 only	 0.0005%	 (Australian)	 and	 6.2%	 (European)	 of	 the	

recommendations,	 which	was	 calculated	 using	 the	 PA	 levels	 detected	 in	 the	 3	

muscle	 samples	 (between	 0.1	 and	 0.5	 µg/kg).	 When	 considering	 all	 red	 meat	
consumed	 is	 not	 contaminated	with	 PA,	 the	 exposure	 percentage	 reduces	 to	 a	

greater	extent,	further	decreasing	the	cause	for	concern.	

	

Considering	the	very	low	levels	of	PA	found	in	the	samples,	it	can	be	concluded	

that	 sheep	 grazing	 S.	madagascariensis	 densities	 similar	 to,	 or	 less	 than,	 those	

found	on	“Milton	Park”	are	unlikely	to	produce	PA	contaminated	meat	at	 levels	

higher	 than	 those	 found	 in	 the	 tested	samples.	However,	considering	PAs	were	

still	 found	 in	 the	 muscle,	 further	 research	 is	 recommended	 in	 an	 attempt	 to	

identify	scenarios	potentially	causing	“worst	case”	PA	contamination	(ie	exposure	

to	 much	 higher	 S.	 madagascariensis	 densities).	 This	 will	 allow	 industry	

professionals	 to	 provide	methods	 for	 recognising	 and	 identifying	 animals	 that	

may	exceed	acceptable	 safe	PA	 standards,	 as	well	 as	 strategies	on	how	best	 to	

manage	sheep	grazed	in	high	S.	madagascariensis	density	areas.		

	

From	this	scientific	 investigation,	 it	can	be	concluded	that	sheep	are	capable	of	

spreading	 S.	 madagascariensis;	 however,	 this	 may	 be	 controlled	 through	

modified	 grazing	management	 systems,	which	 could	 still	 assist	 in	 the	 effective	

control	 of	 S.	madagascariensis.	 Sheep	 can	 safely	 graze	 S.	madagascariensis	 for	

long	periods	of	time	with	little	impact	on	their	health	and	the	health	of	humans,	

as	 the	PA	contamination	of	muscle	 is	well	beneath	 industry	 recommendations;	

however,	 further	research	regarding	S.	madagascariensis	densities	greater	 than	

those	found	on	“Milton	Park”	would	further	consolidate	this	finding.		

	

The	Australian	Government	has	recognised	the	negative	impacts	associated	with	

S.	madagascariensis,	realising	it	 is	an	increasing	and	ongoing	problem	along	the	

east-coast	 of	 Australia.	 In	 response,	 the	 Australian	 Government	 has	 provided	

$735,000	 of	 funding,	 currently	 budgetted	 up	 to	 2019,	 to	 assist	 specialist	

scientists	 in	 the	 potential	 release	 of	 a	 biological	 control.	 Should	 this	 funded	

research	 prove	 successful,	 the	 biological	 control	 in	 conjunction	 with	 suitable	

sheep	 grazing	 management	 strategies,	 may	 significantly	 impede	 the	 inclining	

spread	of	S.	madagascariensis,	not	only	at	a	farm	level	but	also	worldwide.	
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FURTHER	RESEARCH	SUMMARY		
	

SECTION	1	
• Pg	35	–	To	measure	the	output	of	seeds	capable	of	germinating,	compared	to	

the	quantity	of	seed	consumed.	

	

o To	 determine	 whether	 sheep	 are	 in	 fact	 an	 “effective”	 form	 of	 S.	

madagascariensis	control.	

	

• Pg	 36	 –	 To	 investigate	 the	 costs	 associated	 with	 a	 “set-stocking”	 grazing	
management	system	and	its	control	of	S.	madagascariensis.		

	

o To	 determine	 whether	 set-stocking	 is	 a	 more	 appropriate	 grazing	

management	system	in	the	control	of	S.	madagascariensis.		

o To	 assist	 farmers	 in	 assessing	 the	 implications	 associated	 with	

changing	 their	 current	 S.	 madagascariensis	 control	 methods	 and	

grazing	management	practices.	

	

SECTION	2	
• Pg	 57	 –	 To	 investigate	 the	 connection	 between	 possible	 liver	 damage	 and	

increasing	S.	madagascariensis	densities.	

	

o To	 identify	 a	 relationship	 between	S.	madagascariensis	 density,	 liver	

damage	and	age.	

o To	 provide	 guidance	 to	 farmers	 worldwide	 on	 how	 best	 to	 graze	

varying	 S.	 madagascariensis	 densities,	 whilst	 avoiding	 sheep	 health	

consequences.	

	

SECTION	3	
• Pg	 72	 –	 To	 identify	 scenarios	 potentially	 causing	 PA	 contamination,	whilst	

producing	“worst	case”	scenario	results.	

	

o To	allow	 industry	professionals	 to	consult	with	 farmers	on	how	best	

to	manage	 sheep	grazed	 in	 areas	where	S.	madagascariensis	 exceeds	

certain	densities,	should	“worst	case”	contamination	levels	prove	to	be	

of	concern.	

o To	confirm	that	sheep	do	not	contaminate	the	human	food	chain	with	

deadly	PAs,	when	used	as	an	aid	in	the	control	of	such	plants,	should	

“worst	case”	contamination	levels	prove	to	be	of	no	concern.	
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content/blogs.dir/55/files/2014/04/Toxicity_Research_Report_Final-

1_01.pdf	

	

• http://naldc.nal.usda.gov/download/27675/PDF	

	

• http://www.sciencealert.com/study-finds-cancer-causing-toxins-in-

significant-portion-of-our-honey	

	

• http://www.weeds.org.au/WoNS/fireweed/docs/47053%20ERGO%20Wee

d%20Mgmt%20guide%20FIREWEED_web_FA.pdf	
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• http://www.discoverlife.org/mp/20m?r=.5&t_la=-

54.5&t_lo=127.5&kind=Senecio+madagascariensis&mobile=1&place=target	

	

• http://avh.chah.org.au/	

	

• http://europepmc.org/abstract/med/12488016	

	

• http://beefandlamb.ahdb.org.uk/wp/wp-content/uploads/2015/10/Red-

meat-in-diet-update1.pdf	
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14C059?opendocument	
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APPENDIX	1	-	S.	madagascariensis	Sample	Preparation	Process	
	

MATERIALS	
• Gloves	

• 2	flat	boards	

• Newspaper	

• Approx	10kg	weight	

• Twine	

	

METHOD	
• S.	madagascariensis	specimens	–	

a. Select	 four	 S.	 madagascariensis	 plants	 that	 are	 in	 full	 flower	 and	
healthy	

b. Whilst	 wearing	 gloves,	 carefully	 remove	 S.	 madagascariensis	 plant	
ensuring	the	roots	are	removed	intact	and	no	damage	is	inflicted	upon	

the	plant	

	

• Press	specimens	–		

a. Place	two	of	the	specimens	between	4	sheets	of	newspaper	and	place	
on	a	board	

b. Put	 the	 second	 board	 on	 top	 of	 the	 newspaper	 containing	 the	 plant	
and	then	place	approx	10kg	of	weight	on	top	of	this	

c. Leave	 the	 specimens	 to	 press	 for	 approximately	 1	 week	 before	
sending	for	testing	

	

• Air	dry	specimens	–		

a. Tie	twine	around	the	lower	stem	of	the	remaining	two	plants	
b. Hang	 the	 twine,	 so	 as	 the	 plants	 are	 suspended	 up-side-down,	 in	 a	

warm,	dry	location.	

c. Allow	the	specimens	to	dry	for	approximately	1	week	before	sending	
for	testing	
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APPENDIX	2	-	S.	madagascariensis	Analysis	Reports	
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Report on pyrrolizidine alkaloid analysis of Senecio madagascariensis (Fireweed) 
and meat and muscle samples from sheep grazing these plants 

Based on previous data in the literature (Gardner et al. 2006; Colegate 2008), there 
are at least 12 pyrrolizidine alkaloids (Table 1) present in the plant Senecio 
madagascariensis which is commonly known as “fireweed”.  By utilizing a high 
resolution electrospray ionization (ESI) mass spectra (MS) and MS/MS (Orbitrap) 
protocol, we were able to tentatively identify 11 pyrrolizidine alkaloids from a 
Senecio madagascariensis specimen (AQ522132) based on the theoretical molecular 
formula and the observed high resolution mass spectral ion measurement (Figure 1). 
The five major alkaloids were identified as senkirkine, otosenine, desacetyldorinine, 
florosenine and doronine (Table 1) with florosenine (m/z 424) having the highest 
level (Figure 1). 
 

 
Figure 1. Chromatogram of the major pyrrolizidine alkaloids from a Senecio 
madagascariensis extract with individual ion traces listed in order of molecular ion 
(m/z).  
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Table 1. Structures of identified pyrrolizidine alkaloids corresponding to 
chromatograms in Figure 1, listed in order of molecular ion (m/z). Retention times of 
the five major alkaloids senkirkine, otosenine, desacetyldorinine, florosenine and 
doronine are listed. 

m/z Alkaloid Structure 
336 Integerrimine 

Senecionine 
Senecivernine 

	 	  
352 Retrorsine 

Usaramine 
Mucronatinine 

	  
366 Senkirkine 

		Retention	time	=	7.34	minute 
382 Otosenine 

	Retention	time	=	9.91	minute 
418 Desacetyl-

doronine 

	Retention	time	=	10.06	minute 
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424 Florosenine 

	Retention	time	=	11.37	minute 
460 Doronine 

	Retention	time	=	11.51	minute 
 
The 11 detected pyrrolizidine alkaloids had mass spectra (MS) consistent with the 
literature data (Gardner et al. 2006; Colegate 2008). The corresponding MS/MS 
measurements (part of the MS experiment) gave diagnostic MS fragments (e.g. 
florosenine: 424.1972 m/z >122.0607 m/z; >150.0920 m/z) which provides additional 
structural information for the respective alkaloids (Figure 2).       
 

 
Figure 2. Diagnostic MS/MS fragments for the major alkaloid florosenine (424.1972 
m/z) which contains an otonecine type skeleton.  

RT: 8.98 - 14.08 SM: 5B

9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0
Time (min)

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

RT: 11.30
AA: 6674000939

RT: 9.64
AA: 7018460149

RT: 10.51
AA: 5860874766

RT: 11.30
AA: 4024699527

RT: 11.30
AA: 1308616338

RT: 11.30
AA: 1155262996

RT: 11.30
AA: 1258454606

RT: 11.30
AA: 181658536

RT: 11.30
AA: 463242967

RT: 11.30
AA: 1014653014

NL: 1.31E9
m/z= 80.0000-750.0000 F: FTMS + p ESI 
Full ms [50.00-750.00]  MS  Genesis 
160729_PA_0036

NL: 1.01E9
m/z= 424.1955-424.1997 F: FTMS + p ESI 
Full ms [50.00-750.00]  MS  Genesis 
160729_PA_0036

NL: 3.22E8
m/z= 424.1955-424.1997 F: FTMS + p ESI 
Full ms2 424.20@hcd35.00 [50.00-450.00] 
 MS  Genesis 160729_PA_0036

NL: 2.90E8
m/z= 122.0601-122.0613 F: FTMS + p ESI 
Full ms2 424.20@hcd35.00 [50.00-450.00] 
 MS  Genesis 160729_PA_0036

NL: 3.14E8
m/z= 150.0912-150.0928 F: FTMS + p ESI 
Full ms2 424.20@hcd35.00 [50.00-450.00] 
 MS  Genesis 160729_PA_0036

NL: 4.51E7
m/z= 94.0654-94.0664 F: FTMS + p ESI 
Full ms2 424.20@hcd35.00 [50.00-450.00] 
 MS  Genesis 160729_PA_0036

NL: 1.16E8
m/z= 107.0494-107.0504 F: FTMS + p ESI 
Full ms2 424.20@hcd35.00 [50.00-450.00] 
 MS  Genesis 160729_PA_0036

NL: 2.53E8
m/z= 168.1018-168.1034 F: FTMS + p ESI 
Full ms2 424.20@hcd35.00 [50.00-450.00] 
 MS  Genesis 160729_PA_0036



	 86	

 

APPENDIX	3	-	Pasture	Analysis	conducted	with	Hayden	Kingston	
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Paddock	1	Pasture	Assessment	–	Manure	Collection	
	

	

	

PADDOCK	1	–	Grazed	prior	to	collection	of	manure	

• 7.9	hectares	

• Paddock	DSE	of	~7.5	average	for	the	year	(Cattle	~5.5/ha	&	Sheep	~2/ha)		

• 8	different	plant	species,	predominately	kikuyu	

• Average	ground	cover	of	93%	

• Low	to	moderate	protein	content	of	~12%	

• Maintenance	feed	

• S.	madagascariensis	density	of	6.5	plants/m2	or	65,000	plants/hectare		

	

	

	

	

	

	

	

	 	

Quadrat	 Plants	Present	 Ground	Cover	

One	 • Kikuyu	 90%	

Two	

• 6	x	S.	madagascariensis	

• Kikuyu	

• Flatweed	

• Clover	

80%	

Three	

• 5	x	S.	madagascariensis	

• Kikuyu	

• Clover	

100%	

Four	
• Kikuyu	

• Ryegrass	
100%	

Five	

• 1	x	S.	madagascariensis	

• Kikuyu	

• Clover	

• Parramatta	grass	and	other	

naturaliased/local	grasses	

95%	

Six	
• Kikuyu	

• Clover	
100%	

Seven	

• 1	x	S.	madagascariensis	

• Clover	

• Kikuyu	

• Parramatta	grass	

• Flatweed	

80%	

Eight	 • Naturalised/local	grasses	 100%	
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Paddock	2	Pasture	Assessment	–	Blood	Sample	Collection	
	

Quadrat	 Plants	Present	 Ground	Cover	

One	 • Kikuyu	 100%	

Two	 • Kikuyu	 100%	

Three	
• Kikuyu	

• Parramatta	
95%	

Four	

• 1	x	S.	madagascariensis	

• Kikuyu	

• Ryegrass	

95%	

Five	

• 1	x	S.	madagascariensis	

• Kikuyu	

• Silver	grass	

• Flatweed	

• Naturalised	grasses	

95%	

Six	
• 14	x	S.	madagascariensis	

• Prairie	grass	
70%	

Seven	
• 7	x	S.	madagascariensis	

• Kikuyu	
90%	

Eight	

• 1	x	S.	madagascariensis	

• Kikuyu	

• Flatweed	

• Fleabane	

90%	

	

	

PADDOCK	2	–	Grazed	prior	to	collection	of	blood	

• 18.8	hectares	

• Paddock	DSE	of	~7.5	average	for	the	year	(Cattle	~5.5/ha	&	Sheep	~2/ha)		

• 9	different	plant	species,	predominately	kikuyu	

• Average	ground	cover	of	92%	

• Low	protein	content	of	~9-10%	

• Maintenance	feed	

• More	stem	and	less	clover	when	compared	to	Paddock	1		

• S.	madagascariensis	density	of	12	plants/m2	or	120,000	plants/hectare		
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APPENDIX	4	-	Animal	Ethics	Approval	Letters	
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APPENDIX	5	-	Blood	Test	Explanations	
	

GGT	–	Gamma	Glutamyl	Transferase	
Serum	GGT	originates	mainly	from	the	liver.	 Increased	GGT	activity	in	serum	is	

the	 result	 of	 increased	 production	 and	 release	 from	 hepatobiliary	 tissue.	

Hepatobiliary	disorders	and	cholestasis	increase	serum	GGT	activity.	

	

GLDH	–	Glutamate	dehydrogenase	
GLDH	is	a	mitochondrial-bound	enzyme	that	is	liver	specific	for	all	species.	It	is	a	

sensitive	marker	for	hepatocellular	injury.	

	

AST	–	Aspartate	aminotransferase	
Highest	concentrations	are	located	in	skeletal	muscle,	with	slightly	lower	

amounts	in	the	liver	and	heart	muscle.	Increases	in	serum	AST	activity	are	

usually	associated	with	liver	or	muscle	injury.	

	

CK	–	Creatinine	kinase	
CK	is	one	of	the	most	organ-specific	of	the	clinical	enzymes	as	most	serum	CK	

activity	is	of	muscle	origin.	

	

Muscle	Damage	
Skeletal	and	cardiac	muscle	damage	results	in	leakage	of	muscle	enzymes	(such	

as	CK	and	AST)	into	the	circulating	blood.	Increases	in	muscle	enzymes	of	up	to	

tenfold	 are	 quite	 common,	 and	 indicative	 of	 mild	 muscle	 damage	 (eg.	 from	

oestrus	activity).	These	increases	are	generally	of	little	or	no	clinical	significance.	
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APPENDIX	6	-	Blood	Test	Raw	Data	
	

LEGEND			 Grey	-	 10	 animals	 with	 highest	 GGT	 &	 GLDH	 for	 tissue	 samples	

Blue	-	 2	Control	animals	for	tissue	samples		

Age	Group	 Sheep	#	 GGT	 GLDH	 AST	 CK	

2015	Born	

1	 43	 16	 128	 171	

2	 45	 38	 131	 172	

3	 50	 27	 128	 170	

4	 39	 27	 123	 1863	

5	 38	 58	 135	 218	

6	 36	 39	 120	 55	

7	 44	 32	 156	 1833	

8	 56	 46	 120	 210	

9	 48	 55	 160	 8325	

10	 40	 22	 124	 221	

2014	Born	

11	 45	 16	 136	 2993	

12	 63	 52	 181	 5234	

13	 47	 14	 101	 143	

14	 48	 10	 115	 654	

15	 54	 20	 150	 6320	

16	 45	 40	 129	 2162	

17	 59	 13	 127	 4581	

18	 51	 4	 133	 6211	

19	 47	 25	 141	 3509	

20	 42	 23	 98	 117	

2013	Born	

21	 55	 37	 146	 4203	

22	 38	 27	 78	 183	

23	 46	 29	 112	 1632	

24	 45	 64	 157	 7837	

25	 40	 12	 103	 984	

26	 58	 22	 103	 1112	

27	 46	 28	 123	 219	

28	 43	 46	 119	 2369	

29	 35	 19	 177	 8363	

30	 49	 18	 92	 130	

2012	Born	

31	 62	 43	 235	 18,978	

32	 63	 26	 107	 1499	

33	 67	 43	 163	 10,423	

34	 52	 9	 110	 450	

35	 38	 22	 161	 9832	

36	 60	 32	 94	 1680	

37	 65	 37	 105	 2180	

38	 46	 15	 101	 156	

39	 76	 32	 114	 164	

40	 60	 12	 78	 377	

2010	Born	

41	 39	 47	 262	 20,785	

42	 77	 30	 89	 241	

43	 65	 34	 95	 135	

44	 55	 41	 88	 121	

45	 54	 14	 83	 87	

46	 74	 15	 130	 2767	

47	 69	 202	 138	 135	

48	 62	 45	 164	 10,276	

49	 56	 17	 99	 847	

50	 56	 13	 108	 104	
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APPENDIX	7	-	Statistical	Analysis	
	

One-way ANOVA: GGT versus Age  
 
Method	

	

Null	hypothesis									All	means	are	equal	

Alternative	hypothesis		At	least	one	mean	is	different	

Significance	level						α	=	0.05	

	

Equal	variances	were	assumed	for	the	analysis.	

	

Factor	Information	

	

Factor		Levels		Values	

Age										5		1,	2,	3,	4,	6	

	

Analysis	of	Variance	

	

Source		DF		Adj	SS		Adj	MS		F-Value		P-Value	

Age						4				2346		586.52					7.76				0.000	

Error			45				3403			75.63	

Total			49				5749	

	

Model	Summary	

	

						S				R-sq		R-sq(adj)		R-sq(pred)	

8.69649		40.81%					35.54%						26.92%	

Means	

	

Age			N			Mean		StDev						95%	CI	

1				10		43.90			6.14		(38.36,	49.44)	

2				10		50.10			6.69		(44.56,	55.64)	

3				10		45.50			7.17		(39.96,	51.04)	

4				10		58.90		10.93		(53.36,	64.44)	

6				10		60.70		11.18		(55.16,	66.24)	
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One-way ANOVA: GLDH versus Age  
	
Method	

	

Null	hypothesis									All	means	are	equal	

Alternative	hypothesis		At	least	one	mean	is	different	

Significance	level						α	=	0.05	

	

Equal	variances	were	assumed	for	the	analysis.	

	

Factor	Information	

	

Factor		Levels		Values	

Age										5		1,	2,	3,	4,	6	

	

Analysis	of	Variance	

	

Source		DF		Adj	SS		Adj	MS		F-Value		P-Value	

Age						4				3397			849.1					1.07				0.384			

Error			45			35804			795.6	

Total			49			39201	

	

	

Model	Summary	

	

						S			R-sq		R-sq(adj)		R-sq(pred)	

28.2072		8.66%						0.55%							0.00%	

	

	

Means	

	

Age			N			Mean		StDev						95%	CI	

1				10		36.00		13.87		(18.03,	53.97)	

2				10		21.70		14.48		(	3.73,	39.67)	

3				10		30.20		15.38		(12.23,	48.17)	

4				10		27.10		12.39		(	9.13,	45.07)	

6				10			45.8			56.4		(	27.8,		63.8)	
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APPENDIX	8	-	Liver	Histopathology	and	Copper	Tests	Results		
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APPENDIX	9	–	PA	Analysis	of	Muscle	and	Liver	Samples		
 

NB - The information relating directly to the muscle and liver analysis can be found 
on the fourth page of this appendix. The first 3 pages of this report have already been 
included in Appendix 2, as they directly relate to the PAs found in the S. 
madagascariensis specimen. However, for ease of reading, the report has been fully 
included in this appendix.  
 

 
Report on pyrrolizidine alkaloid analysis of Senecio madagascariensis (Fireweed) 

and meat and muscle samples from sheep grazing these plants 
Based on previous data in the literature (Gardner et al. 2006; Colegate 2008), there 
are at least 12 pyrrolizidine alkaloids (Table 1) present in the plant Senecio 
madagascariensis which is commonly known as “fireweed”.  By utilizing a high 
resolution electrospray ionization (ESI) mass spectra (MS) and MS/MS (Orbitrap) 
protocol, we were able to tentatively identify 11 pyrrolizidine alkaloids from a 
Senecio madagascariensis specimen (AQ522132) based on the theoretical molecular 
formula and the observed high resolution mass spectral ion measurement (Figure 1). 
The five major alkaloids were identified as senkirkine, otosenine, desacetyldorinine, 
florosenine and doronine (Table 1) with florosenine (m/z 424) having the highest 
level (Figure 1). 
 

 
Figure 1. Chromatogram of the major pyrrolizidine alkaloids from a Senecio 
madagascariensis extract with individual ion traces listed in order of molecular ion 
(m/z).  
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Table 1. Structures of identified pyrrolizidine alkaloids corresponding to 
chromatograms in Figure 1, listed in order of molecular ion (m/z). Retention times of 
the five major alkaloids senkirkine, otosenine, desacetyldorinine, florosenine and 
doronine are listed. 
 

m/z Alkaloid Structure 
336 Integerrimine 

Senecionine 
Senecivernine 

	 	  
352 Retrorsine 

Usaramine 
Mucronatinine 

	  
366 Senkirkine 

		Retention	time	=	7.34	minute 
382 Otosenine 

	Retention	time	=	9.91	minute 
418 Desacetyl-

doronine 

	Retention	time	=	10.06	minute 
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424 Florosenine 

	Retention	time	=	11.37	minute 
460 Doronine 

	Retention	time	=	11.51	minute 
 
The 11 detected pyrrolizidine alkaloids had mass spectra (MS) consistent with the 
literature data (Gardner et al. 2006; Colegate 2008). The corresponding MS/MS 
measurements (part of the MS experiment) gave diagnostic MS fragments (e.g. 
florosenine: 424.1972 m/z >122.0607 m/z; >150.0920 m/z) which provides additional 
structural information for the respective alkaloids (Figure 2).       
 

 
Figure 2. Diagnostic MS/MS fragments for the major alkaloid florosenine (424.1972 
m/z) which contains an otonecine type skeleton.  
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The limit of quantitation (LOQ) for the pyrrolizidine alkaloids level in muscle is 
about 1 µg/kg or ppb (parts per billion), as estimated from a spike muscle sample 
containing a mixture of the commercially available pyrrolizidine alkaloids retrorsine 
(RT:9.38) and monocrotaline (RT:3.80) (Figure 3). 

 
Figure 3. Respective response (full scan) for commercially available pyrrolizidine 
alkaloids retrorsine (RT: 9.38) and monocrotaline (RT: 3.80) at approximately 1 
µg/kg or ppb (parts per billion) level. 
 
The 12 sheep liver and muscle samples were also analysed for pyrrolzidine alkaloids. 
Trace level of the highest fireweed alkaloid (florosenine, m/z 424) were detected in 
three of the sheep muscle samples (M1, M9 and M10) but levels were very low and 
without an equivalent standard-florosenine it will be impossible to accurately 
determine the level and limit of detection in the muscle sample (Figure 4). These 
trace levels were less than the 1 µg/kg or ppb (parts per billion) 
retrorsine/monocrotaline spikes (Figure 3) and our best estimate is that these samples 
(M1, M9 and M10) contain florosenine at between 0.1 and 0.5 µg/kg or ppb (parts per 
billion). None of the other 10 alkaloids were detected in these three muscle samples. 
In all other muscle samples none of the 11 identified alkaloids were detected. None of 
the 11 alkaloids were detected in any of the liver samples. 
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Figure 4. Chromatogram of a lamb muscle extract (M10) scanning for florosenine 
(424.1972 m/z) and the other diagnostic MS/MS fragmentations.  
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APPENDIX	10	–	Red	Meat	intake	of	various	countries		

REVIEW  

Red meat in the diet: an updatenbu_1871 34..77 

L. Wyness, E. Weichselbaum, A. O’Connor, E. B. Williams, B. Benelam, H. 
Riley and S. Stanner  

British Nutrition Foundation, London, UK  

© 2011 The Authors Journal compilation © 2011 British Nutrition Foundation Nutrition Bulletin, 36, 34–77  

 

http://beefandlamb.ahdb.org.uk/wp/wp-content/uploads/2015/10/Red-meat-in-diet-
update1.pdf 
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Australian Weight 
 
“In 2011-12, the average Australian man (18 years and 
over) was 175.6 cm tall and weighed 85.9 kg. The 
average Australian woman was 161.8 cm tall and weighed 
71.1 kg” 
 

 
 
 
 

http://www.abs.gov.au/ausstats/abs@.nsf/0/E11CED5FB86D178ACA257AA3001
4C059?opendocument 

 
 
 
 


