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ABSTRACT 

Since the int roduction of thirty Australian brushtail possums into New Zealand in 1858 

to start a fur trade industry the possum population as grown considerably. New Zealand 

is now 'home' to approximately 70 mi llion possums which wreak devastation on our 

native forests and wildlife. 

Current effective strategies for the control of possums in uninhabited areas include the 

use of 1080, brodifacoum, cholecalciferol, cyanide, and trapping or shooting. However 

these strategies are relatively non-specific in their mode of action and as such cause 

non-target species, including native wildlife, to die. The use of non-specific toxins and 

traps is also inappropriate for situations where people, livestock, or pets are present . 

There is therefore a demand for alternative strategies of possum control that affect only 

the target species. Methods presently being researched include the development of 

contraceptive vaccines, possum repellents and possum specific bait stations. 

This research investigates the feasibility of developing a cyanogenic bait that is 

activated by a co-factor within the possum diet. The fast acting hydrogen cyanide 

poison is present in some plants species in an inactive glycoside form. Upon tissue 

injury the inactive cyanogenic glycoside is exposed to and hydrolysed by catabolic 

enzymes within the plant thereby releasing the toxin, hydrogen cyanide, at potentially 

lethal levels for possums. Some plant varieties within cyanogenic species however, 

have evolved to be acyanogenic due to the absence of either the cyanogenic substrate, 

the enzyme, or both. The occurrence of these acyanogenic plants which contain either 

the substrate or the appropriate enzymes are the target of this research. It is these plants 

that may provide the necessary co-factor for a cyanogenic possum bait to become lethal. 

Preliminary analyses involved measuring and maximising the cyanide release from 

plant species known to be highly cyanogenic. Clover leaves (1i'ifoli11111 repens), cherries 

(Pn11111s avi11111), and almonds (Pm1111s a111ygda/11s) were the plant tissues analysed to 

determine whether levels of cyanide toxic to possums could be liberated. All three plant 

varieties underwent in vitro analyses in which they were exposed to surplus substrate 

and/or enzymes at varied temperatures and acidit ies. The maximum cyanide release 
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was determined for each plant variety and in the case of almonds (Prwws amygdalus) a 

further in vivo study was performed. 

Although the clover, cherries and almonds all liberated cyanide after addition of either 

cyanogenic substrate or enzymes, the almonds were the only plant tissue to liberate 

sufficient levels of cyanide from the in vitro analyses to be considered toxic to possums. 

The almonds were found to contain high levels of active /J-glucosidase enzymes which 

when incubated with the cyanogenic substrate, amygdalin, released high levels of 

cyanide. The in vivo analyses of almond macerates administered with amygdalin 

however were inconclusive in showing almonds as an effective co-factor for the 

hydrolysis of amygdalin. Nevertheless, two possums did die from cyanide poisoning 

after the administration of amygdalin with and without added enzymes. A third possum 

displayed signs of severe cyanide poisoning after it was gavaged with amygdalin and /J­

glucosidase enzymes but it later made a full recovery. As a result of the limitation 

imposed by the small size of the in vivo sample group further experimental trials are 

recommended to possibly obtain a more accurate set of results. 
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CHAPTER ONE 

INTRODUCTION 

I. I The Possum Peril 

'frichos11rus 1'11lpi:c11la, the common brushtail possum, is responsible for widespread 

des1ruc1ion 10 New Zealand ·s indigenous and exotic forests, the spread of bovine 

tuberculosis, and the disappearance of food for many unique native sna ils, birds and 

insecrs. The harmful effecrs of the estimated 70 million possums 1ha1 inhabit New 

Zealand are of wide concern. This concern, as to rhe effect 1ha1 possums have on New 

Zealand's forests and economy, has prompted research into new methods for conrrolling 

possum populations. 

In I 858 the firsr thirty possums were successfully introduced to New Zealand from 

Austra lia 10 start a fur trade industry. Unlike Australia, New Zealand has few natural 

possum predators or compe1i1ors for food and nesting sires, hence the escalarion in 

possum numbers 10 approximately 70 million in the mid 1990's (Glasgow, 1990). It is 

now estimated 1ha1 92% of New Zealand's land area is colonised by the Austral ian 

brushtail possum (Cuddihy, 1993) 

I. I. I Oefores1a1ion 

Browsing by uncont rolled possum populat ions is a particular problem in native bush 

and shrub land areas in New Zealand where these marsupials first deplete the area of the 

most preferred species followed by less palatable species. The possums' systematic 

stripping of one tree of a particular species before moving 01110 anorher of the same 

species does not allow the tree time 10 regenerate, thus leading 10 a progressively 

degraded forest (Seitzer, 1992). Possums general ly target the softer new growth on 

trees. After an initia l browsing, a healthy tree will produce replacement growth. This 

inevitably attracts possums back and again the tree is heavily browsed of new leaves. 

The less palatable older leaves which by now are near the end of their average two year 

life span die thus leaving the tree with no leaves. Therefore a two year period of 
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persistent defoliation by possums will cause the tree to die (Edwards, 1990). This 

sit ua1ion is evident in the dieback of na1ive mistletoe (Tupeic, a11rarcrica, Peraxilla 

retrapetalla and Jleostyhts micrw1th11s), fuchsia (Fuchsia excorticata), titoki (Alechyo11 

excelsus), kamahi (Wei11ma1111ia ri:,cemosc,), pohutukawa and northern rata (Metrosideros 

1ome11rosa and rob11ste1) which are all edible plant species highly favoured among 

possums (personal communica1ion with DOC, Palmerston North). 

The damage caused by wild possums is not only restric1ed to native fauna, but also 

affects native wi ldl ife, insects and introduced plants. Possums deprive bi rds of berries, 

nectar and insects, compete for nest sites in hollow trees, and o n occasion they wi ll 

devour eggs and young birds (Seitzer, I 992). By stripping tree foliage, possums 

considerably reduce the numbers of insects li ving in the canopy along with a vast 

amount of organisms inhabiting leaf litter on the forest floor. Commercial pine 

plantations, orchards, wind breaks and erosion control plantings also undergo heavy 

browsing. In pine plantations possums not only eat young shoots and catkins, but also 

cause damage to the tops of the trees as they jump from plant to plant, so browsing is 

not the only peril to the growing pines (Seitzer, 1992). 

l.l.2 Bovine Tuberculosis 

Aside from weather extremes New Zealand's farming industry has the added dilemma 

of 1he spread of bovine tuberculosis (TB) by the brushtail possum. Bovine TB is a 

bacterial disease carried by catt le, and to a lesser extent sheep, which is able to infect 

humans who consume contaminated meat or dairy products. Possums, with an immune 

system of low resistance, act as an ideal vector for this very easily spread disease. 

Marsupials acquiring TB suffer extensive lesions in their lungs, gut and lymph nodes. 

When infected possums graze on farmland these bacteria-filled lesions release bacteria 

onto pasture through respiration, droppings, urine and weeping wounds thereby 

providing the contact between possums and livestock (Kelly, 1990). 

1.2 The Rcsearcli Aim 

The overall aim of this research is to develop a species-specific cyanogenic toxin for 

possum control which utilises naturally occurring cyanogenic glycosides or their 
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catabolic enZ)'mes within the possum diet. The specific scientific aim is to provide 

preliminary information as to whether cyanogenic plant material will release enough 

cyanide at the required rate to cause possums to die. This will be achieved by testing 

the cyanogenicity of selected plant materials (clover, almonds and cherries) i11 vitro and 

where possible i11 ,fro in possums. 

This research was planned with the view that future work in this area may lead to the 

development of a cyanogenic possum bait that is activated by an enzyme or substrate 

present in the possum diet therefore conferring species specificity. The bait should 

present greater protection for plant species heavily browsed by possums and therefore 

increase the chance of survival for the targeted vegetation. 

1.3 Cyanogenic Pinnt Distribution 

The ability to make cyanogemc glycosides which liberate hydrogen cyanide on 

hydrolysis is widespread among plants. At least 2050 species from 110 plant families 

are able to do this. Although the number of cyanogenic plant species is large, the 

number of known cyanogenic glycosides and lipids is relatively small, with only 27 

having been identified so far, 23 of which are cyanogenic glycosides (Conn, 1980). The 

remaining few are cyanogenic lipids or pseudocyanogenic glycosides. 

Due to the difficulty in isolating and characterising cyanogenic precursors in the field, 

very few species have had the structures of their cyanogenic glycosides determined. 

However, the simple qualitative picrate 1est has enabled many species having a 

cyanogenic potential to be identified. Plant famil ies noted for being cyanogenic include 

the Rosaceae ( I 50), Leguminosae (I 25), Gramineae ( 100), Araceae (50), Compositae 

(50), Euphorbiaceae (50) and Passifloraceae (30) (Gibbs, 1974). Because the 

cyanogenic material belonging to a genus or family usually consists of the same 

compound or group of compounds, discovery of new cyanogenic glycosides or lipids 

would be most likely to occur in unstudied families and genera. 

Pnmasin and amygdalin are two common cyanogenic glycosides generally associated 

with the Rosaceae family, while Dhurrin is the glycoside commonly associated with 
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grasses (the gramineae). Linarnarin and lotaustralin are present in numerous and 

unrelated families and coexist with their hydrolytic enzyme, linamarase (Figure 1.3.1 ). 

Q 
Glucose - Glucose-O-C-H 

I 
C=N 

Amygdalin 

CH~ 
I .) 

Q 
Glucose-O-C-H 

I 
C=N 

Prunasin 

OH 

¢ 
Glucose-O-C-H 

I 
C=N 

CH~ I .) 
CH') 
I -

Dhurrin 

Glucose-O- C-CH:, 
I . 

Glucose-O- c-CH, 
I . 

C=N C=N 

Linamarin Lotaustralin 

Figure 1.3.1 The Known Cyanogenic Glycosides 

(adapted from Table 1., Eyjolfsson, 1970) 

A combination of the linamarase and almond ernulsin enzymes is capable of cleaving 

many different cyanogenic glycosides. This ability of a few enzymes to hydrolyse 

many different glycosides is thought to be an advantage in this research. It may mean 

that a variety of plant species in the possum diet should have the ability to release 

cyanide from a synthetic cyanogenic bait. 

White clover (Tr[folium repens), sweet almonds (Pnnws amygdalus) and sweet black 

cherry (Przmus avi11m) were the three plant species examined in this research. They 

were chosen because they are species known to have cyanogenic properties. 

1.4 Cyanogenesis 

The process by which hydrogen cyanide (HCN) is released from plants containing 

cyanogenic glycosides or cyanogenic lipids is known as cyanogenesis. Under normal 

growth conditions the tissues of a cyanogenic plant do not contain detectable HCN and 

are therefore not toxic (Conn, 1979). The toxicity of the cyanogenic plant is directly 
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attributable 10 the liberation of HCN which is effected by mi ld chemical hydrolysis. or 

by the action of catabolic enzymes present in the plant which react when the plant tissue 

is damaged. Damage resulting in HCN liberation may be as a result of maceration, 

wilting, frosti ng or swnting of the plant (DOC, 1997). 

It has been suggested that the cyanogenic glycosides and the hydrolytic enzymes 

capable of liberating the cyanide are locaied in separate compartments, "77,e lack of 

large scale hydro~i1sis <~/ cya11oge11ic g6•cosides i11 cya11oge11ic pln11t tissue 11111il that 

tissue is crnshed or 01he1wise di;mpted is usually cmnb11ted to physical separmio11 q( 

the glycoside from i1s ca1aholic e11:y111es," (Conn, 1980). Conn describes three models 

proposed to explain the lack of hydrolysis in intact plants. They include the occurrence 

of glycoside and catabolic enzyme: 

• in separate cells or tissues 

• in different subcellular companments within the same cell 

• within the same companmem but with inhibitors present 10 prevent 

cyanogenesis while the plant remains undisturbed. 

All three models give valid explanations for the release of HCN only upon tissue 

disruption. 

I A. I Chemical Hydrolysis 

Summarised in Figure 1.4.l. l are the reactions of several chemical hydrolysing agents 

on cyanogenic plam materials where the RR'C(CN)-O- moiety is known as an aglycone. 
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OH 
RR1C/ + Sugar(s) + NH, -

' cooH 

/ O-Sugar H
2
O OH 

RR1C + NH3- - H-=--- ~ RR1C/ + Sugnr(s) 
'-coo- ' cooH 

Figure 1.4. 1.1 Chemical degradation of cyanogenic glycos ides 

(Eyjolfsson, 1970) 

At elevated temperatures, dilute acid will cleave the P-glycosidic bond between the 

sugar and agl ycone (Conn, 1978) ( Figure 1.4. 1.2). The released agl ycone intermediate 

may then dissociate either spontaneously, or enzymatically. Non-enzymatic di ssociation 

of the aglycone proceeds at a negligible rate below pH 5.5. but with increasing 

alkalinity it increases its rate of dissociation. 

Cleavage poi nt 

o----cH, \,N-0 
o o- ~ \ j 

H 

OH 

OH 

Figure I .4. l.2 Cleavage point for the ,8-glycosidic bond of Amygdalin 

Concentrated acid hydrolyses the cyanogenic glycoside to its corresponding 2-hydroxy 

acid, sugar and ammonium ion. Like concentrated acid, mi ld alkaline conditions also 

result in the production of the corresponding 2-hydroxy acid, sugar and ammonia 

(Figure 1.4.1. l ). 
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1.4.2 Enzymatic Hydrolysis 

Cyanogenic glycosides generally undergo sequemial hydrolysis 10 liberate cyanide. The 

initial enzymatic reaction in plants involves hydrolysis by ,0-glucosidases of the ,0-

glycosidic bond joining the aglycone 10 1he sugar group. The sugar moiety of most 

cyanogenic glycosides is a monosaccharide therefore only the ,0-glucosidase specific 10 

that panicular sugar-aglycone bond is required. In 1he case of amydalin ( Figure 1.3. t ), 

vicianin and lucumin ( Figure 1.4.2.1) however, there is a disaccharide attached to the 

aglycone (Conn, 1980) These disaccharides require the action of two ,0-glucosidases to 

produce 1he intermediate aglycone. More 1han one type of cyanogenic glycoside may be 

present in any one species of cyanogenic plant therefore there is often a requirement for 

more than one 1ype of ,0-glucosidase 10 be present within the plant. 

Q 
Beta Vicianose-O-C-H 

I 
C=N 

Q 
Beta Primaverose -O-C - H 

I 
C=N 

Vici11!lin .Lucumin 

Figure 1.-1.2.1 Structure ofcynnogenic glycosides vicinnin and lucumin 

(Conn, 1978) 

Upon ti ssue injury in plants, vacuolar acids and cytoplasmic components mix generat ing 

a sl ightly acidic plam macerate. It is in these slightly acidic conditions (pH 4.0 to 

6.2), that 1he ,O..glucosidases of most cyanogenic plams have optimal activity for the 

hydrolytic cleavage of the ,0-glucosidic bond (Poulton, 1990). The aglycone produced 

is however relatively stable under these pH conditions and therefore has a negligible 

race of non-enzymatic decomposition. 

Although the aglycones (a-hydroxynitriles or cyanohydrins) will dissociate non­

enzymatically due to their instabil ity (panicularly at alkaline pH), 1he presence of plant 

hydroxynitrile lyases wil l catalyse the more rapid dissociation of the aglycone 10 HCN 

and its product ketone, or aldehyde (Figure 1.4.2.2). 



R' 

I 
R- C -CN 

I 
0 -glucose 

cy:rnogenic 
glycoside 

,I ' \I j I ' 

R' 

I 
R- C -CN 

I 
OH 

hydroxyn it ri le 
+ 

glucose 

R' 
, Ir nu 1,; 

h,JS1. I 
R- C 

II 
0 

ketone 

ACN 

Figure 1.4.2.2 The hydrolytic release of HC:\ from cyanogen ic glycosides 
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A study by Selmar e1 al. in 1989 used the hydroxynitrile lyase (HNl.) of Hevec, 

brasd1e11sis on the cyanogenic glycoside, li namarin, and the aglycone, mandelonitrile. 

The study showed that addition of Hi'!L increased the rate of HCN liberation up to 20-

fold therefore demonstrating the significance of HNL for rapid cyanogenesis. Its 

physiological imponance is shown by the fact that only plants possessing high 

hydroxynitrile lyase activity are able to liberate HCN efficiently. 

Because cyanide is not a cumulative poison (refer to section 1.5) it is the activity of the 

cyanide-liberating enzymes upon an appropriately toxic quantity of substrate within the 

cyanogenic plant that is the major determining factor in the toxicity of the plant. 

1.5 Cyanide Toxicology and Detoxification 

Hydrogen cyanide is a respiratory poison that has a capacity to form a reversible 

complex with the terminal oxidase of the mitochondrial electron transport pathway. 

Cyanide is not a cumulative poison and as suer. it is only toxic when the rate of 

absorption exceeds that of detoxification and elimination. The danger of cyanide 

exposure derives from its rapid absorption which overwhelms the natural defensive 

detoxification mechanisms of the body. 

In cases of acute cyanide poisoning, the inhibition of cytochrome aa3, the terminal 

oxidase, resu lts in death. With a sub-lethal cyanide intake, HCN removal can be 

achieved by elimination or by detoxification ( Figure 1.5.1). 
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exc-retion 

O-Sugar 
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' C=N 
cyanogcn1c gl~cosidc 

! 
OH 
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'c•N 
alpha-hydrox) 111 tri le 

t 
pulmonaf") 
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thiosulphaic _______ thiocyanate (SCN) 
T P)'nl\'OIC + so/ 

3-mcrcaptopyru\'ate 

LoC)steine 

thiocyanate 
+ p~<TIJ\'3lC 
... , It 

or ----► bcta-L-cyanoalanine-.. L-asparagine ---<► protein s~11thesis 
L-scrine 

Figure 1.5.1 The metabolic disposal of inorganic cyanide 

(adapted from Montgomery, I 969) 

A small amount of cyanide can be eliminated by pu lmonary respiration or by excretion 

in urine. Further removal of cyanide is achieved 1:,y its incorporation into vitamin B12 or 

cysteine, or by its oxidation to formate and carbon dioxide (Salkowski and Penney, 

1994). 

The body 's principle metabolic pathway for detoxification is by reaction with 

thiosu lphate to form thiocyanate (SCN) and sulphite, the reaction being catalysed by 
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rhodanese (sulphur-transferase) (Figure J.5. !). The SCN produced, although less toxic 

than cyanide, is still a harmful substance that inhibits the organic binding of iodine in 

tissues of the thyroid gland (Greer el al, 1966). The rhodanese enzyme is widespread in 

living tissues, reaching its highest concentrations in the liver, kidney, thyroid, adrena l, 

and pancreas. The thiocyanate produced is excreted in the urine. The presence of 

sulphur in the blood facilitates cyanide detoxification. 

The dose of cyanide, along with the speed of ingestion, is of imponance in ensuring that 

the amou111 of cyanide taken is fatal. To be most effect ive, the cyanide release from 

cyanogenic glycosides needs to occur between mastication of the plant materia l and its 

subsequent delivery to the stomach. This is because the acidity of the monogastric 

stomach is not favourable for the reaction of the Hl\11. catalysing the formation of HCN 

(and aldehyde or ketone) from the intermediate aglycone. The pH of the duodenum is 

more favourable for the H.NL's which have a slightly alkaline pH optimum 

(Conn, 1979). Funhcr factors affecting the toxicity of cyanogenic plant material 10 

animals includes the age of the pla111 material (younger groMh is generally more 

cyanogenic), degree of mastication, rate of digestion, size and type of animal and its 

abi lity to detoxify cyanide. 

As wi th the present use of cyanide paste, th is project aims 10 produce a product that 

would release a high dose of cyanide rapidly, to ensure a quick and humane death. The 

LDso for hydrogen cyanide in possums is approximately 11 mg/kg. With the average 

possum weighing around 2.5 kg, approximately 28 mg of cyanide is required to kill 50 

percent of the possums. 

J.6 Signs of Cynnide Poisoning 

The effect of cyanide poisoning in animals is dependent upon the dose taken. Literature 

on the sub-lethal consumption of cyanide in possums is rare. However studies on 

beagles have recorded a period of dyspnoea and tachycardia occurring in the animals 

before complete recovery (Salkowski and Penney, I 994). A recent publication by 

Gregory et al, (1998) describes the death process from lethal potassium cyanide (KCN) 

ingestion in possums. Signs that were noted in the trial included a shon period 

(approximately one minute) of impaired balance and co-ordinarion about 2¼ minutes 
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after cyan ide consumption, followed by a phase where the possums were pros1ra1e and 

experienced short periods of dyspnoea or hyperpnoea. Convulsions presented on 

average 1hree minu1es and 40 seconds into 1he experiment and lasted in general 19 

seconds for 73% of 1he test animals. Limb movements and spasms were also observed. 

In the final and longes1 phase of cyanide poisoning the possums were relatively inac1ive 

in a prostrate position. Respira1ion ceased on average 14 minutes and 8 seconds after 

cyanide ( 19 mg/kg) consumption. 

The saliva1ion, nausea, ,·omiting and anxiety associa1ed with low doses of cyanide 

poisoning in humans were no1 apparent in possums (Gregory et al, 1998). 

I. 7 Possum Control 

For nearly five decades 7i·ichos111·11s v11/pec11/a have resisted sporadic pest control 

measures in New Zealand. A variety of toxins have been used alongside 1he 

conventional pest culling methods of shooting and trapping bu t to no avail as possum 

numbers are still escalating. An important poim in 1he inability to bring 1he possum 

popula1ion under control is 1he lack of a su iiably loxic ·and environmentally friendly 

species specific bai1. 

Wi1h 1he present possum 10xins, the only realistic stra1egy for combating the possum 

onslaugh1 in New Zealand is through sustained control. Irrespective of how successfu l 

an initial ki ll is, it must be followed up with maintenance control measures to prevent a 

new possum population from es1ablishing itself. Eradication, although the most 

desirable and cost-effecti ve option in the long term, is res1ric1ed to islands and 

peninsulas where reinvasion from neighbouring areas can be preven1ed. Successful 

eradica1ion of 7i'ichosums 1•11/pecula has been achieved for Kapi1i island where the 

benefits to native vegetation and wi ldli fe are now beginning to show (James, 1990). 

Ah hough all of the current culling methods are effective in reducing possum numbers, 

they all have the unfo11unate disadvan1age of inadvertently killing and maiming native 

wildlife, farm animals and pe1s. For 1he IOxins this can be through non-1argeted species 

direct ly inges1ing poisoned bai1 or by secondary poisoning. The lauer occurs when a 

non-1arge1 species consumes a poisoned insec1 or carcass. 
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With increasing public concern over the impact of pesticides on the environment there is 

a real need to develop more environmentally friendly and humane methods of pest 

control. 

1.8 Present Control l\!Iethods 

The Department of Conservation (DOC) presently use the acute poisons cholecalciferol, 

cyanide and sodium monofluoracetate ( 1080), and the anticoagulant brodifacoum in 

their fight against the possum invasion. These toxins are used along side non-chemical 

control measures such as shooting and trapping. 

1.8.1 Cholecalciferol 

Cholecalciferol (vitamin D3) is a naturally synthesised compound in animal skin and is 

also present in egg yolks, fish liver, fish oils and milk fat. Its action, after its conversion 

in the body to 25-hydroxycholecalciferol, is to mobilise calcium from bone into the 

bloodstream. Excessive cholecalciferol levels in the body cause hypercalcaernia and 

calcification of blood vessels. In possums this is believed to lead to heart failure within 

4-7 days of a lethal dose being consumed. Signs of cholecalciferol poisoning in 

possums include loss of appetite, constipation and lethargy followed by death (Jolly et 

al. 1993, as referenced in DOC, 1997). 

Although cholecalciferol is not designed as a species-specific bait it is distributed in 

specially made bait stations that limit accessibility by non-target species. Cinnamon 

flavouring and green colouring to deter birds further reduces the risk of non-targeted 

species consuming the bait. This bait does have a low risk of primary poisoning from 

loose bait and from secondary poisoning via consumption of poisoned carcasses (DOC, 

1997). 

1.8.2 Cyanide 

Cyanide paste and 1080 are the possum poisons most commonly used in New Zealand. 

The ability of cyanide to kill quickly via its interference with the mitochondrial electron 
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transpon chain makes this form of pest control ideal for possum skin recoverers as the 

killed possums are found within a shon distance of the bait station. 

The conventional cyan ide bait does have a high risk of killing non-target species, but 

careful placement can minimise accidental poisoning of livestock, wildlife and humans. 

Unfonunately cyanide paste is among the possum baits that can induce possum shyness 

if a sub-lethal dose is taken. 

feratox , a new cyanide pellet recently released on the market, has been designed to 

overcome the learned aversion problem. Between 85 and 90 mg of KCN is 

encapsulated in a hard pellet and is released rapidly into the mouth when the pellet is 

crushed upon chewing (feratox, 1997). Possums are rendered unconscious within one 

minute from when the bait is crushed, with time 10 death only three minutes. Trials 

using this bait show it to have an approximate 90% kill rate. Funher success in the use 

of this bait has been due to a specially designed self feeding bait station in which the 

pellets are housed, which restricts access 10 the bait to possums. 

There is a minimal risk of secondary poisoning with cyanide bait due to its rapid 

degradation 10 less toxic substances which is an advantage that cyanide has over I 080. 

1.8.3 Sodium Mononuoroacetatc (1080) 

Since 1955, 1080 has been used extensively as a pest control in New Zealand. It 

contains a synthetically made and chemically identical mono0uoroacetate 10 that 

occurring naturally in plants such as gifb laar (Dichapeta/11111 cy111os11111), rat weed 

(Palico11rea margravii), ratsbane (Dichape,a/11111 1oxicari11111) and some 40 other plant 

species in Australia (DOC, 1997). 

The metabolic conversion of monotluoroacetate to tluorocitrate in animals results in the 

inhibition of the energy producing tricarboxylic acid cycle (TCA cycle). Specifically, 

fluorocitrate interferes with the conversion of citrate to isocitrate with a resu ltan t build 

up of citrate in the body. These high citrate levels can inhibit the phosphofructokinase 

enzyme of the glycolytic pathway. As a consequence of the TCA cycle disruption, the 

animal suffers from energy deprivation prior 10 death. Signs of poisoning in possums 
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first begin about 30 minutes after consumption and may include vomiting, cyanosis, 

tremors, drowsiness, staggering, respiratory and card iac fai lure (DOC, 1997). Time to 

death is generally between 8 and 48 hours from time of ingestion. lt therefore has a 

much longer kill time than that of cyanide. 

Unlike cyanide paste, the bait is extremely safe to handle and at the spread rate of 5 kg a 

hectare, any poison entering the waterways would be sufficiently diluted so as not to 

harm humans or animals drinking it (5 1,000 litres would contain a fatal dose for a 

human). Sub-lethal doses tend not to result in learned aversion as cyanide does 

(Agricultural Pest Destruction Council, 197 I). A major disadvantage of the bait is that 

it is not species speci fie. 

1.8.4 Brodi focoum 

Brodifacoum is an ant icoagulant and as such disrupts the normal synthesis of vitamin 

K-dependent clott ing factors in the liver. Poisoning commonly results in anaemia, 

weakness and haemorrhaging from the orifices. The effects of this bait may take 

several weeks 10 develop and time 10 death varies among possums according to the 

major haemorrhage site (DOC, 1997). 

The potency and persistence of this second generation anticoagulant resu lts in a high 

risk for primary and secondary poisoning in both targeted and non-targeted species. 

1.8.5 Phosphorus 

Phosphorus is no longer used by DOC, but regional councils use it in areas where 1080 

is a risk to domestic animals. Phosphorus does not have a high risk of secondary 

poisoning as the toxin is not absorbed into muscle tissue like 1080. Death from 

phosphorus poisoning can occur by either cardiac failure or at a later stage by hepatic 

failure. 

There are 1hree phases in the action of phosphorus. The first is the acute 

gastrointestinal, abdominal and circu latory phase where vomiting, diarrhoea, shock, 

cyanosis and coma may occur. This is followed by a dormant phase whereby the 
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possum stabilises or may even recover slightly In the third and final stage liver fai lure 

appears. Time 10 death may vary from I day to several weeks (DOC, 1997). 

1.8.6 Shooting 

Shooting, other than the new Feratox bait, is at present the only other pest control 

method that is species specific. This form of control is, however, time consuming and 

restricted to easily accessible pans of the New Zealand native bush. Many areas are not 

accessible by road or foot, so this method can really only be effective in reducing 

possum numbers New Zealand-wide if used in conjunction with an aerial bait. 

1.8. 7 Tl'apping 

Like shooting, trapping is restricted to those areas in New Zealand that are accessible by 

foot. Many trapping devices, in pan.(cular the Lane's Ace trap (more commonly known 

as a gin trap), are controversial because of the inhumane way in which the animal 

suffers and often mutilates itself An animal caught in the gin trap is held unti l the 

hunter kills it which legally has 10 be within 24 hours from the time of capture. Kill 

traps in which the animal dies instantly, although more humane, are impractical 10 use in 

many areas because of their large size and weight (Allen, 1989). 

1.8.8 Bio-dynamic Repellents 

A bio-dynamic 1echnique using burnt possum pelts and testes was 1es1ed as a fom1 of 

possum repellent by Forest Research scientists. This 1rial was unsuccessfu l however, 

with the material having no effect on the test possums (Atkinson, I 99 I). 

1.9 Future Control Methods 

The main requirements of any new pest control are that it be effect ive, humane in use, 

safe for non-target species, environmentally friendly and safe 10 handle. 

Biological control using contraceptive vaccines to cause steril ity in female possums is a 

definite possibi lity for a species-specific control. This form of pest control is, however, 
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reliant on natural mortality to reduce possum numbers, and as such will take a long time 

period to produce a noticeable decline in the population. 

Research currently undertaken at Lincoln University, New Zealand, includes an 

immunocontraception method which will cause the female's immune system to attack 

the sperm. Reproductive physiologist, Dr Janine Duckworth, is working at reducing the 

reproductive rate of possums by injecting a vaccine into female possums that produces 

antibodies against one or more proteins in possum sperm. Preliminary studies have 

shown the vaccine to cause 80 per cent of the sample group of female possums to cease 

reproducing. Further research to find a way of spreading the biological control agent is 

presently being investigated. The present method of subcutaneous injection is not a 

practical method for spreading this or any form of similar pest control. Identification of 

a possum-specific pathogen or parasite would be the most effective mode of spreading a 

vaccine such as this (Gee, 1995). 

The use of repellents to suppress possum browsing is another area in which there is 

current interest. Although this method does not set out to kill possums, the ability to 

repel possums from targeted areas would be of great benefit in forestry and related 

industries where possums cause a lot of seedling damage each year. Orchards, 

commercial and private, could also benefit from this so1t of pest control. The ability to 

use repellents to shepherd possums to more accessible areas for shooting or trapping 

would also be of benefit. Research into the use of sulphur-rich formulations have had 

positive repellency results with rabbits and hares being repelled for up to two months 

and possums refusing to eat treated apples (Woolhouse and Morgan, l 995). Further 

studies include the use of biological fluids from carnivorous predators of herbivores. 

Development of a cyanogenic bait that is activated by an enzyme or substrate common 

to the possum diet is another new pest control concept for the fight against possums. 

The ability to produce a bait that is non-toxic unless coupled with particular plant 

species would be a novel way to produce a species specific toxin. This preliminary 

study investigates whether such a toxin is feasible. 
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CHAPTER T \VO 

MATERIALS AND METHODS 

2.1 Reagents and Equipment 

'Aran' clover plants (fr{foli11111 repens) of the seed line Ci3336 were borrowed from Dr 

John Caradus, Grasslands Research Centre, AgReseach, Palmerston 1onh, raw sweet 

almonds (Pr111111s amygdal11s) were purchased from Binn Inn. Palmerston Nonh and 

sweet black cherries (Pm1111s m•i11111) were gifted from The Cherry Farm, Blenheim, 

New Zealand. Possums ('!i-ichosums m/pecula) were caught by local possum trapper 

Kate Littin and housed individually at and in cages provided by the Small Animal 

Production Unit (SAPU), Massey University. 

Sigma Chemical Co. St Louis, MO. USA supplied linamarin, D-amygdalin. D­

mandelonitrile P-D-glucoside (Prunasin), and mandelonitrile lyase Succinimide and./\/­

chlorosuccinimide used in the colourime1ric assay procedure of Lamben e1 al ( I 975) 

were also obiained from 1he Sigma Chemical Co. Linamarase, po1assium cyanide and 

barbituric acid were purchased from BDH Chemicals Lid, Poole, England. Emulsin 

enzyme p-glucosidase was supplied by Wonhing1on Biomedical Corpora1ion, 

Lakewood, New Jersey, USA. Water was MilliQ grade. 

Linamarase was made up in sodium phosphate buffer pH 6.8 to a capaci1y of 20 µmol 

HCN-libera1ing activi1y per 24 hours. A SO EU vial of linamarase was di lu1ed to 

EU/ml by addition of 50ml of sodium phosphate buffer (pH 6.8). I EU h}•drolyses I 

µmol of linamarin per min at 30°C, phosphate buffer pH 6.0. 

The anaesthetic medetomidine and reversal agent atipamazole were supplied by the 

Massey Veterinary Clinic for use in the possum trials. The anaesthetic carbon dioxide 

was of food grade and provided by SAPU. 

Incubations were performed in a Julabo SW-20C shaking water bath. A PYE UNJCAM 

PU86 IO UV/VIS ki netics spectrophotometer and a Hiiachi U-1 100 Spectrophotometer 
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were used for determining absorbances. A Waring blender was used for almond paste 

preparation. 

2.2 Sample Homogenisation 

Where possible fresh plant material was used for the samples. Aran clover leaves were 

harvested a few minutes prior to weighing and subsequent homogenisation. Raw 

almonds were purchased from a local bulk food market. Their time from harvesting 

was not able to be determined. Cherries were harvested from early December through 

to and including January. Fresh samples for analysis were packaged and couriered 

under refrigeration to the lab for analysis. Between experiments the cherries were kept 

under refrigeration. 

Plant material was tested either intact, or ground to a fine powder in liquid air or liquid 

nitrogen with a pestle and mortar. Maceration of plant tissue was performed in a fume 

hood. 

2.3 Extraction of Cyanide from Cyanogenic Plant Material 

The procedure for cyanide concentration determination involves the diffusion of 

hydrogen cyanide into NaOH thereby forming NaCN. The Miller and Conn 

microdiffusion technique ( 1980) was the cyanide extraction method used for this 

project. 

Either 0.5g or 1 g samples of macerated or intact plant material were placed in the outer 

well of chilled 50 ml Erlenmeyer flasks, each fitted with a centre well (ID 13 mm, depth 

22 mm). 3 ml of sodium acetate buffer (pH 4.0 or 5.0), or 3 ml of sodium phosphate 

buffer (pH 6. 8 or 8.0), were added to the outer well of each flask. The enzymes 

linamarase (14 or 30 ~LI), fi-glucosidase (1.5 mg) and mandelonitrile lyase (5 ~tl), and 

substrates amygdalin (5 mg), linamarin (2.5 mg) and mandelonitrile (20 ~ti), were added 

either individually, in various combinations, or not at all to the outer chamber. 1 ml of 

lM NaOH was placed in the centre well of each flask before being stoppered and 

incubated at 37°C in a shaking water bath for periods between 10 minutes and 48 hours. 
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This allowed hydrogen cyanide 10 diffuse into the centre well to produce NaCN. After 

incubation the NaCN was removed and diluted 1/10 in 0 .1 .M NaOH before funher 

dilutions, if necessary, were made. This procedure was carried ou t in a fume hood. The 

cyanide concentration of the diluted samples was determined by a modification of the 

procedure of Lamben et al ( I 975). 

Controls contained I ml IM Na OH in the cemre well and 3 ml of buffer with and 

without addition of the enzymes or substrates 10 the outer well. Controls were 

performed for each buffer pH. 

The effectiveness of this procedure for trapping liberated cyanide was tested with two 

separate cyanogenic substrates and enzymes. The hydrolysis of a known quant ity of 

linamarin by a known quantity linamarase was performed and the percent recovery 

calculated. This experiment was repeated using amygdalin and emulsin ,8-glucosidase 

enzymes A paper by Torres et al. ( 1988) obtained a recovery rate of 90 percent from 

this method when the cyanogenic glycoside linamarin and the linamarase enzymes were 

analysed. 

2.4 Quantitative Determination of Cyanide 

As perthe procedure of Lamben e1 al. ( 1975), 0.5 ml of I M acetic acid was added 10 I 

ml of suitably diluted sample solution followed by 5 ml of a solution containing 

succinimide (2.5 g), N-chlorosuccinimide (0.25 g) and water (1 L). A fonher 1 ml of a 

freshly made solution containing 6 g barbituric acid, 30 ml pyridine and 70 ml water 

was added 10 each test tube. The samples were then mixed vigorously before being left 

at room temperature for 20 minutes 10 allow colour development. Absorbance was 

determined at 580 nm against a reagent blank containing I ml water and the reagents. 

A standard curve of cyanide (0-50 nmol KCN) was prepared daily fol lowing the same 

procedures and the cyanide content of each sample was measured against this. Al l 

assays were performed in dupl icate or tripl icate. 
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2.5 In vivo Possum Study 

Cage traps were used to procure 4 possums (2 male and 2 female) for the trial from land 

near l\fassey University. The possums were caged individually under laboratory 

conditions at SAPU for the period up to and including the experiment. They were fed 

daily on a diet containing fresh fruit (apples, bananas, kiwifruit, oranges, raisins, 

tamirillos), bread and raw almonds during the period of adaptation to the experimental 

facilities. Water was available ad libit11m throughout the entire study. 

There were three trials; the first trial involved the voluntary consumption of a peanut 

butter, amygdalin and sugar paste, and natural almonds. For the first seven days in 

captivity the possums were fed a normal diet. On day eight all the possums were fed a 

small portion of a peanut butter (10 g), amygdalin (0.5 g) and sugar (6 g) paste along 

with small portions of their normal meals before they were observed and their actions 

recorded for a period of four hours. The normal diet resumed on the ninth day. On the 

tenth day, all of the possums were fed 80 grams of raw almonds (which contain /3-

glucosidase enzymes). 

Trial one began the following day. Three of the possums were fed between 1 7 and 17. 3 

g of the peanut butter/sugar/amygdalin paste (containing either 1 or 1.3 grams 

amygdalin) along with 60 grams of raw almonds. The fourth possum, which was the 

control, was fed only with the paste containing amygdalin. All the possums were 

observed and their behaviour recorded for four hours post feeding. At the end of the 

observation period quarter of an orange was fed to each possum No other food was 

made available to the possums on this day. 

In both the second and third trials the possums were gavaged as insufficient substrate 

and enzymes were voluntarily ingested in the previous trail. Carbon dioxide and 

medetomidine (up to 360 ~lg/kg i/m) were the two anaesthetics used. Upon the jaw tone 

becoming sufliciently relaxed the possums were gavaged. Atepamazole (up to 1.44 

mg/kg) was the anaesthetic reversal agent for medetomidine. Removal of carbon 

dioxide once the gavage procedure was complete enabled a normal level of 

consciousness to resume almost immediately. 
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Two possums were used for 1he second 1rial of which possum A was pre-fed 40 grams 

of almonds in 1he sixteen hour period prior to 1he gavage. This possum was orally 

dosed with I gram of amygdalin (dissolved in 15 ml of :VlilliQ wa1er) followed 

immediately by 50 ml of a ground natural almond and water paste (37.8% almond dry 

weight). Possum B in this 1rial was pre-fed a small ponion of its normal diet and 

gavaged with 1he amygdal in solution. No almonds were fed to possum B. Both 

possums were monitored closely for the first four hours and then checked regularly over 

the following 24 hours. 

The 1hird 1rial invoked 1he gavaging of the three surviving possums with amrgdalin ( I 

g/15 ml of water) and emulsin ,B-glucosidase enzymes ( 100 mg/I ml water) which were 

dissolved in MilliQ water. Possum A was gavaged wi1h 1500 mg of amygdalin (526 

mg/kg) dissolved in water followed by 450 mg of emulsin dissolved in wa1er. Possum 

B was gavagcd with 1000 mg amygdal in (400 mg/kg) and 300 mg of emulsin and 

possum D was orally dosed with 1250 mg amygdalin (781 mg/kg) and 375 mg emulsin 

(Possum C had died in 1he firs1 1rial). The possums were observed and their actions 

recorded for the first four hours after the gavage procedure and then checked regularly 

for the next four days 

The normal diet was fed in between trials. Smaller meals were provided on the days 

prior 10 gavaging 



CHAPTER THREE 

\VH ITE CLOVER (Tr((oli11 111 repe11s) 

3.1 l11trod11ction 
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The polymorphic nature of white clover (Tnjolmm repens) is indicated by the presence 

of both cyanogenic and acyanogenic individuals within the same species. The white 

clover 'a ran'. which is studied in this research, is one of the most cyanogenic morphs of 

clover in ::--lew Zealand. 

Cyanogenesis in white clover is determined by two independent genes designated Ac 

and Li. Alleles of the Ac gene are responsible for the production of the two most 

commonly encountered cyanogenic glycosides, linamarin and lotaustralin (Figure 

3.1.1). These glycosides are always present in the same plant, although their respect ive 

ratios may differ. 

H -C C=N 
" X 

H3C O-Beta-Glucose 

H3C-H 2Cx C=N 

H ;C O-Bet a-Glucose 

Linamarin Lotaustral in 

Figure 3.1.1 St ructurcs of cyano-,8-glucosides: li11:1111Min and lotaust ra lin 

(Conn, 1979) 

Linamarin and lotaustralin may be hydrolysed by the non-specific ,0-glucosidase, 

linamarase, the production of which is governed by a dominant allele of the gene Li 

(Figure 3.1.2). HCN, glucose and water are liberated from the hydrolysis of both these 

cyanogenic glycosides along with acetone (from linamarin), and methylethyl ketone 

(from lotaustralin). 



ammo ac,d -.. _.. -.. cyanogenic glycoside 

Figure 3.1.2 Genetics of cyanogenesis 

(Conn, 1979) 
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+ 
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sugar, water and 
ketone (or aldehyde) 

All cyanogenic clover plants contain Li and Ac genes. while acyanogenic plants may 

contain one or neither of the dominant genes Li and Ac (Paim and Dean, I 976). 

Individual plants may be classified into four distinct homozygous genotypes in regard to 

cyanogenic properties: (Corki ll , 1940). 

• Plants containing both the cyanogenic glucosidc and the appropriate hydrolytic 

enzymes (AcAclili). 

• Plants which contain the glucoside but not the enzyme (AcAc/ili). 

• Plants which contain the enzyme but not the glucoside (acaclili). 

• Plants which contain neither the glucoside nor the appropriate enzyme (acac/i/i). 

Heterozygous genotypes have intermediate levels of cyanogenic glycosides and 

enzymes in relation to the homozygous individuals (Conn, 1979). 

There is considerable variation in the expression of cyanogenesis in white clover. A 

single white clover plant at any one time may contain both cyanogenic and acyanogenic 

leaves. Furthermore, Till ( 1987), showed that the phenotype of a single white clover 

plant is not homogeneous. External factors including temperature and browsing by 

herbivores may innuence the proportion of cyanogenic to acyanogenic leaves at any one 

time. An example of this is the stimulation in synthesis of cyanogenic plant material 

when a plant undergoes heavy browsing. 

A 1992 paper by Till-Bouttraud and Gouyon discusses an optimum frequency theory for 

the production of cyanogenic leaves in an individual plant. The theory is based on the 

cost to the plant (in terms of growth) in producing cyanogenic glycosides versus the cost 

to the plant from destruction by herbivores. Variation in the production of cyanogenic 

plant material within a species may at times be related to the population of plants of the 

same species in an area. With white clover, an individual (or genet) in a field is 
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indistinguishable to a herbivore therefore a cyanogenic genet within the species is able 

10 confer herbivory protection for the acyanoge111c genets of that same species. As a 

result of this protection, a higher proponion of plants within the field may be the less 

energy consuming acyanogenic variety. 

To date there is no experimental procedure in which cyanogenic glycosides can be 

measured directly. The conversion of cyanogenic glycosides to the measurable HCN 

however allows a means for calculating cyanogenic glycoside concentration in plant 

tissues 

In plant tissue it is believed that the substrate and enzyme are found in separate 

locations (Conn. 1980, Poulton. 1990). this geographical separation allowing the plant 

to grow without unnecessary production and hydrolysis of the energy consuming 

cyanogenic glvcosides. Maceration of the plant 1issue therefore provides a means for 

exposing the catabolic enzymes 10 1he cyanogenic substrate. 

Determination of HCN release from cyanogenic plants requires the co111ple1e exposure 

of substrate and enzymes 10 each other with subsequent liberation of I ICN The HCN is 

trapped and an effective quantita1ive procedure is performed 10 detect the level of HCN 

liberated. There is considerable scope for error in 1his procedure as a result of the 

multiple manual steps in 1he liberation and subsequent measurement of the HCN For 

this reason individual experiments were performed in triplicate and where the triplicates 

varied more than I 0% of the mean value the analysis was repeated 

3.2 Results and Discussion 

3.2.1 Cyanide Release from !\ l acerated and I ntact Clover Ti ssue 

A preliminary analysis to determine the extent of HCN liberation from macerated versus 

intact clover at various acidity levels identified an appropriate pH 10 use for 1he 

' duration of maceration· experiments that followed (T:1blc 3.2.1.1 ). A standard 

macerat ion period of 30 seconds was used for each of the macerated samples. All 

samples were incubated in a 37°C shaking water bath for 24 hm,rs. 



Buffer Cyanide (~Lg) Cyanide ( mg) 
pH (Intact) (Macerated) 

3.0 0.268 0.024 
4.0 2.39 0.211 

5.0 3. 71 0.320 

6.8 4.87 0.390 
8.0 

.., ~,., 
_).) .... 0.283 

Table 3.2. l. l Effect of pH on cyanide liberation for macerated and intact 'aran' 
clover leaves 

0.5 g samples of either intact or macerated ·aran· leaf tissue were incubated with 3 ml of O. l M sodium 
acetate buffer (pH 3 O. -LO. 5.0) or 0.1 M sodium phosphate buffer (pH 6.8 and 8.0) in the outer chamber 
of modified Erlenmeyer flasks. The centre \Yells contained l ml of l M NaOH. All samples \Yere 
incubated in a 3 7°C shaking ,,ater bath for 2-l- hours before undergoing the quantitati,e cyanide analysis 
procedure of Lambert er al. ( 1975). 

As indicated in the above table, cyanide release was the greatest at pH 6.8 for the 30 

second macerated 'aran' samples. 

3.2.2 Variation of Maceration Period 

Maceration tests were performed to m1111m1se any error related to the incomplete 

hydrolysis of the substrate due to inadequate exposure to all the catalytic enzymes. 

Analysis of a series of tests in which plant material was ground in liquid air for varying 

lengths of time before incubation, allowed the determination of the most effective 

duration of time to macerate plant tissue to maximise HCN release yet minimise 

possible enzyme denaturation (Table 3.2.2.1, Figure 3.2.2. l). The pH optimum of 6.8 

determined from the previous experiment was used All the samples were incubated at 

3 7°C for 24 hours. 
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Time (seconds) Average Cyanide 
Liberated (mu.) 

0 0.004 
5 0.010 
10 0. 167 
15 0.328 
20 0.376 
30 0.360 
45 0,289 
60 0.232 

Table 3.2.2. l The relationship between the maceration period and HCN release 
0.5 g plam tissue samples were macerated for between IO and 60 seconds in liquid air before incubation 
with 3 1111 of O. l M sodium phosphate bu.lfer (pH 6.8) in the outer chambers of modified Erlemneyer 
flasks. The cemrc wells contained I ml of I M NaOH. All samples were incubated in a 37°C shak;ng 
water bath for 24 hours before undergoing the quantitath·e cyanide analysis procedure of Lambert et al. 
( 1975). 

0.40 

• 
0.35 • 

• o.:io • f 0,25 

• .. 
' 0.20 
~ 

S 0.15 • 
0.10 

ore l 
o.c:o 

0 10 :JO 40 00 
Time (seconds) 

Figure 3.2.2.1 T he Effect of Maceration Duration on Cyanide Release from ' Aran ' 
Clover 

0.5 g clover leaf samples were macerated for between 10 and 60 seconds in liquid air before incubation 
\\11h 3 ml of 0.1 M sodium phosphate buffer (pH 6.8) in the outer chamber of modified Erlemneyer 
flasks. The cemre wells contained I ml of I M NaOH. All samples were incubated in a 37°C shaking 
water bath for 24 hours before undergoing the quantitath-e cyanide analysis procedure of Lambert er al. 
( I 975). 
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1t followed that wi1h insufficient maceration of plant tissue, the substrate and enzyme 

i111erac1ion was not maximised leading 10 low cyanide release. Likewise, over­

maceration also resulted in a decreased cyanide release, this was probably due to 

enzyme denaturation and/or loss of the cyanide gas w atmosphere (1he use of liquid air 

during maceration hahs 1he enzyme activity thereby retarding the ability of the 

cyanogenic glycosides 10 be hydrolysed at this temperature). As the darn indicates, a 

maceration time of between 20 and 30 seconds gave 1he best resuhs for cyanide rel~ase 

from 'aran ' clover. In all subsequent analyses. clover was macerated for 20 seconds 

before incubation 

3.2.3 Testing the } licrocliffusion Procedure 

The efficiency of the microdiffusion procedure in liberating HCN was determined by 

the hydrolysis of a known quamity of substrate with a known quantity of enzyme. Pure 

samples of the substrate linamarin (2.5 mg) and catal)1 ic enzyme linamarase (14 pl}, 

were 1es1ed a1 pH 3.0. 4.0, 5.0, 6.8 and 8.0 for maximal cyanide release. The activity of 

linamarase (in relation 10 cyanide release) over a range of temperatures (25, 30. 37 and 

42°C) was also assessed. Once 1he effectiveness of this procedure was determined, 

analysis of the clover plam tissue commenced. 

Initial results showed tha1 there was minimal cyanide release (up 10 0.015 mg) in very 

acidic conditions (pH 3.0 and pH 4 0) over 1he entire temperature range (Figures 3.2.3. 1 

~nd 3.2.3.2). As the pH of the macerates tended t◊wards neutral (pH 6.8. 37°C) the 

cyanide release increased to as high as O 29 mg (Figure 3.2.3.4). Further increase in 

alkalin it y to pH 8.0 resulted in a decline in 1he cyanide release 10 about 0. 12 mg ( Fig ure 

3.2.3.5). Linamarase was the most active between pH 5.0 and 6.8 and al the possum 

body temperature of37°C ( Fig,..-cs 3.2.3.3 nnd 3.2.3.4). 
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Figure 3.2.3. 1 Linamarin hydrolysis by linamarase at pH 3.0 for varying 
temperatures 

Samples containing 2.5 mg of linamarin (Sigma) and 14 µI of linamarase (BDH Chemicals) were 
incuba1cd with 3 ml of 0. 1 M sodimn acetate buffer (pH 3.0) in the outer chamber of modified 
Erlc,uncycr 0asks. The centre wells contained I n~ of I M NaOH. All samples were incuba1ed for 
between 2 and 24 hours at euher 25°C. 30°C. 374 C or -J2°C before undergoing the quantitali\'c cyanide 
analysis procedure of Lamben e, al. (1975). 
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Figure 3.2.3.2 Linamarin hydrolysis by linamarase at pH 4.0 for varying 
temperatures 

Samples con1aining 2.5 mg of linamariu (Sigma) and 14 µI of linamarase (BDH Chemicals) were 
incubated with 3 ml of 0. 1 M sodium acc1atc buffer (pH 4.0) in 1he 0111er chamber of modified 
Erleumever flasks. 11,e cemre wells contained I ml of I M NaOH. All samples were inc11ba1ed for 
between 2 and 24 hours at eilher 25°C. 30°C. 37°C or 42°C before undergoing the quanti1ative cyanide 
analysis procedure oflamben e, al. ( 1975). 
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Figure 3.2.3.3 Llinamarin hydrolysis by linanrnrase at pB 5.0 for varying 
temperatures 

Samples con1abting 2.5 mg or linamarin (Sigma) and I 4 i•l or linamarase (BDH Chemicals) were 
incubated with 3 ml or 0. 1 M sodium acetate buffer (pH 5.0) in the outer chamber or modified 
Erletuneyer nasks. TI,e centre wells co111aincd I n~ or I M NaOH. All samples were incubated for 
be1wecn 2 and 24 hours at either 25°C. 30°C. 37°C or ➔i•c before 1utdergoil1g 11,e quantitati\'C C\'Unide 
analysis procedure or Lambert et al. (1975) 
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Figure 3.2.3.4 Linamarin hydrolysis by linamarase at pH 6.8 for varying 
temperatures 

Samples containing 2.5 mg or linamarin (Sigma) and H id or linamarase (BDH Chemicals) were 
incubated with 3 ml or 0.1 M sodium phosphate buffer (pH 6.8) il1 the outer chamber of modified 
Erle1tmeyer flasks. Tite centre wells contained 1 ml or I M NaOH. All samples were ilicub<tted for 
between 2 and 24 hours at eitlier 2S°C. 30°C. 37°C or 42°C before wtdcrgoiltg the quantituti\'e cya1tide 
analysis procedure of Lambert et al. (1975). 
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Figure 3.2.3 .5 Linamarin hydrolysis by linamarase at pB 8.0 for varying 
temperatures 
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Samples containing 2.5 mg of linamarin (Sigma) and I~ µI of linamarasc (BDH Chemicals) were 
incuoo1ed "ilh 3 ml of 0.1 M sodiwn phospha1e buffer (pH 8.0) u1 the outer chamber of modi.tied 
Erle1tmeyer flasks. The ccn1re wells conk1iJ1ed I mJ of I M NaOH. AJI samples were incubated for 
be1wecn 2 and 2~ hours at either 25°C. 30°C. 37"C or ~2•c before undergoing tl1e quantitative cyanide 
analysis procedure of Lamben er nl. ( 1975) 

Theoretically. I ~1mol of the cyanogenic glycoside should yield I ~tmol of HCN if the 

reaction goes to completion. Recoveries from the linamarin/ linamarase standards 

however, showed that a maximum of only 37.8 % of the total cyanide theoretically 

available was recovered from linamarin over the 24 hour incubation at pH 6.8. These 

results were in contrast 10 results recorded in a resear-:h paper by Torres el al. (1988) in 

which a recovery rate of 90 per cent was achieved using the same substrate and 

enzymes. Further investigation of the microdiffusion technique analysing the release of 

HCN from the cyanogenic glycoside amygdalin and the catabolic enzyme emulsin, 

demonstrated that the recovery rates at pH 4.0 and 37°C were as high as 92% after only 

6 hours incubation (Table 4.2.l.1 ). This result indicated that the low cyanide release 

with the linamarin and li namarase was not due to loss through the procedure, but 

probably due to the early expiry of some of the linamarase enzymes. Subsequent 

experiments in which li namarase was used contained 30 µI of the enzyme solution. The 

amygdalin/p -glucosidase results indicate that the microd iffusion technique is effective 

in liberating and trapping HCN. 
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3.2.4 Rate of Cyanide Liberation 

The ability of possums to detoxify cyanide is a factor that needed to be taken into 

account in this research. The rate and time at which cyanide is released after maceration 

is of importance as the rate of liberation needs to be greater than the rate of 

detoxification in order for death to occur. A time course analysis for cyanide release 

from ' aran · clover at pH 6.8 and 37°C is shown below. Random pickings from eight 

clover genets were used in each of the six individual 1rials used for this experiment. 

The data at each time interval were then averaged Cyanide was liberated the fastest in 

the first two hours of incubation. O ver the nex1 22 hours cyanide was liberated a1 an 

increasingly slower rate until at about 24 hours incubation ( 1440 mi nutes) the cyanide 

level peaked and began 10 1aper off (Figure 3.2.4.1). The decrease in the cyani de 

release after 24 hours may be as a result of a sligh1 leakage from the Erlenmeyer flasks. 
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Figure 3.2.4.1 Time course hydrolysis of ' a.-an ' clover 
0.5 g macerated ·aran lca,·cs were incubated "ith 3 ml of pH 6.8 sodium phosphate buffer in the outer 
well of a modified Erlenmeyer nask without the addition of any enzymes or substrate. T11e centre wells 
contained I ml of I M NaOH. All samples were incubated at 37<'C in a shaking water bath for between 
0.5 10 32 hours before undergoing Ll1c quantitative c,•anide analysis procedure of Lamben er al. (1975). 

The maximal cyanide release from the clover with no extra enzymes or substrate added 

was 0.37 1 mg of cyanide per gram of plant tissue. At this level of cyanide liberation a 

2.5 kg possum would have to consume about 120 grams of clover leaves within a period 

of about 30 minutes to even have a possibil ity of succumbing to death by cyanide 

poisoning {this would be highly unlikely since possums are sample feeders and wou ld 
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generally take a six or more hours to eat between I 00 and 200 grams of plant material 

from many different plant species). 

3.2.5 Effects of Added Substrate on Cyanide Liberation 

Methods for increasing the level of cyanide release in 'aran' clover were investigated. 

Linamarin and lotausrralin are the most abundant cyanogenic glycosides in clover and 

are both hydrolysed to HCN by the catabolic enzyme linamarase. Whether 'aran' clover 

is saturated with substrate was unknown so a series of tests were made in which extra 

substrate (linamarin) was added to the clover macerates (Figure 3.2.5. 1 ). 

The results indicated that clover tissue incubated with additional linamarin released 

more cyanide than the samples with no extra substrate added. This could indicate that 

the clover 's endogenous enzymes are not saturated with substrate. However, 

cyanogenic glycosides are known to spontaneously dissociate under cenain conditions. 

For this reason controls containing solely the linamarin and buffer were run in parallel. 
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Figure 3.2.5.1 'Aran ' incubated with surplus linamarin for 24 hours 
0.5 g of macerated ' aran · clover leaves were incubated in 3 ml of pH 3.0, 4.0. and 5.0 sodium acetate 
buffer. and pH 6.8 and 8.0 sodium phosphate buffer with and without the addition of 2.5 mg linamarin. 
Controls containing 2.5 mg lu1amarin in 3 ntl of each buffer were run in parallel. 1 ml of 0.1 M NaOH 
was added to the centre well of each flask. All samples were incubated in a 37°C shaking water balh for 
24 hours before undergoing the quantitative cyan.ide analysis procedure of Lambert et al. ( 1975). 

The results indicated that to some extent linamarin did spontaneously hydrolyse to 

HCN, therefore the increase in cyanide released when ' aran' and linamarin were 
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incubated together is likely to be the effect of the spontaneous hydrolysis of linamarin 

and not surplus cyanide liberating enzymes within the plant tissues (Figure 3.2.5.1 ). 

Due to the spontaneous h)'drolysis of the substrate these results were not conclusive in 

showing whether or not the plant enzymes were saturated with substrate. 

3.2.6 Effects of Added Enzymes on Cyanide Liberation 

Further experiments wi th ' aran' to determine if enzymes were present in excess 

included incubating the macerated clover at pH 6.8 (37°C) with the addition of either 

the enzyme linamarase ( Figure 3.2.6. l ), commercial emulsin (Figure 3.2.6.2), a 

mixture of emulsin and linamarase (Figure 3.2.6.3). or mandelonitrile lyase (Figure 

3.2.6.4). 
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Figure 3.2.6.1 'Aran' (J>fl 6.8) with and without linamarase 
0.5 g samples of macerated clover leaves were incubated in 3 ml of pH 6.8 sodium phosphate buffer with 
or \\ithout the addition of 14 ill linamarase (BDH Chemicals). I ml of I M NaOH was added 10 the 
centre well of each flask. All samples were incubated in a 3 7°C shaking water bath for between 2 10 48 
hours before w1dergoing the quamitati,·e cyanide analysis procedure of Lambert er al. (1975). 

Addition of linamarase led to an 18 percent increase in cyanide liberation over the 24 

hour period. This would suggest that the activity of the enzyme was limiting in the 

production of cyanide from endogenous substrate. As the previous data, in relation to 

cyanide liberation from linamarin using the linamarase enzyme, were lower than 

expected it was inconclusive whether this I 8 percent increase in liberation with addition 
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of che same linamarase ind icated the t0tal liberation of naturally available linamarin in 

the clover had occurred. 
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Figure 3.2.6.2 Ar an (pH 6.8) with and without commercial cmulsin 
0.5 g samples of macerated clover leaves were incub<ltcd in 3 ml of pH 6.8 sodium phosphate buffer with 
or without the addition of 1.5 mg of commercial emulsin (Worthington). I ml of I M NaOH was added 10 

the centre well of each flask. All samples were incub<ltcd in a 37°C shaking water bath for between 2 to 
~8 hours before undergoing the quantitati\·e cyanide anal1·sis procedure of Lambert et of. ( 1975) 

Addition of commercial emulsin resulted in a 40 percent increase in the cyanide 

liberated. Commercial emulsin is a mix of several catabolic enzymes that will act on 

not only linamarin and lotaustralin but also most other cyanogenic glycosides. The 

increased HCN release may be as a result of cyanogenic glycosides other than linamarin 

and lotaustralin being present or it may be due to all the naturally occurring linamarin 

and lotaustralin in the plant being hydrolysed by the active emu I sin enzymes. 
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Figure 3.2.6.3 ' Aran' (pH 6.8) with and without linamarase and emulsin 
0,5 g samples of macerated clover leaves were incubated in 3 ml of pH 6.8 sodium phosphate buffer with 
or without the addition of 1.5 mg of conimercial emulsin (Worthington) and I~ µI linamarasc (BDH 
Chemicals). I ml of I M NaOH was added to the e<:ntre well of each flask. AJI samples "ere incubated 
in a 37°C shaking water b:lLl1 for between 2 to ~8 hours before undergoing the quantitative cyanide 
analysis procedure of Lambcn et al. ( 1975). 

The results for 1he experiments in which both linamarase and emulsin were added 10 

' aran ' were very similar 10 those of the analysis of 'aran ' incubated with extra emulsin. 

Both trials producing about a 44 percent increase in HCN release compared to the 

control clover incubations with no enzymes added. Again these results may indicate 

that the linamarase has hydrolysed all the available linamarin, and the emulsin has 

hydrolysed any other cyanogenic glycosides present, or that the linamarase enzyme is 

not totally active and that the emulsin is liberati ng all the avai lable cyanogenic material 

including li namarin and lotaustrali n. 

Addition of mandelonitrile lyase, an enzyme that acts generally on the cyanogenic 

glycoside amygdalin or its intermediate mandelon itrile, gave only a slight 10 percent 

increase in the cyanide liberated. This suggests that li namari n and linamarase are not 

the only cyanogenic glycosides present and that there is a small amount of amygdalin in 

the ' aran' clover. 



04 

035 

03 -

r 025 . 

~ 02 -
~ - ., 
t'J O 15 

0.1 • 

0.(6 -

. ~--­
• .,. 

• ---..----_]=■[.:.:.:.:.:.::-;. 
~ . . 

0 ~---------------------
0 10 20 40 50 

Time (hours) 

buffer 

buffer and 
MNL 

Figure 3.2.6.4 'Aran' (pH 6.8) with and without mandelonitrile lyase 
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0.5 g samples of macerated c lover leaves were incubated in 3 ml of pH 6 .8 sodium phosphate buffer w11J1 
or without the addition of 5 µ I mandelonitrilc lyase (Sigma). I ml of I M NaOH was added to the centre 
well of each nask. All samples were incubated in a 3?0C shaking wate r bath for between 2 to ~8 hours 
before undergoing the quantitative cyanide analysis procedure of Lambert e1 al. ( 1975). 

A summary of the action of each of the enzymes added to the clover is represemed 

below (Figure 3.2.6.5). All the data indicates that there is an excess of substrate rather 

than cyanogenic liberating enzymes in the clover tissue as indicated by the increase in 

cyanide liberation on the addition of each of the catabol ic enzymes. 
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Figure 3.2.6.5 'Aran' (pH 6.8) with and without additional enzymes 
0 .5 g samples of macerated clover leaves were incubated in 3 ml of pH 6 .8 sodium phosphate buffer with 
or without u,e addition of the fo llo\\i ng enz~ones: l4 µI linamarasc. 1.5mg commercial emulsin. I~ µ I 
linamarase and 1.5 mg emulsin. or 5 µ I mandclonitrile lyase. I ml of I M NaOH was added 10 u,e cemre 
well of each nask. All samples were incubated in :, 37°C shaking wate r bath for between 2 10 48 hours 
before undergoing the quamilath·e cya1tide analysis procedure o f Lambert e1 al. ( 1975). 



37 

The maximum cyanide release with the inclusion of added enzymes was 0.50 mg per 

gram of clover leaves, still requiring an average 2.5 kg possum to consume 

approximately 90 grams of the plant material within a relatively shon time (30 minutes) . 

The rate of cyanide liberation even with addition of the enzymes was 1101 increased 

enough to coumer 1he rate at which a possum wou ld be able 10 detoxify 1he cyanide. 

For this reason analysis of cyanide liberation from clover was 1101 inves1iga1ed i11 vil'o. 

3.2.7 The Cyanogenicity of 'Aran' Stem Tissue 

Cyanogenic plants are also known to release cyanide from other tissue. Plant stems are 

often cyanogenic along with roots (as in root vegetables, i.e. cassava). Present literature 

generally notes cyanogenic plant stems as being less roxic when damaged Clover 

stems were tested for their cyanide liberating ability, but as the data shows (Figure 

3.2. 7. 1 ), there was about one third less cyanide liberated from the stems than from the 

leaves. 
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Figure 3.2.7.1 ·Aran ' leaves and stems at pH 6.8 with no added enzymes 
0.5 g samples of macerated ·ara,1· leaf and stem tissue were incubated in 3 ml of pH 6.8 sodimn 
phosphate buffer without the addition of any enzymes. I ml of I M NaOH was added to tl1e centre well 
of each Oask. All samples were incubated in a 37°C shaking water bath for between 2 to 48 hours before 
undergoing the quantitative cyanide analysis procedure of Lamben e1 al. (1975). 

No funher ana lyses of the cyanide liberating abil ities of the clover stems were 

performed. As clover roots are no! general ly consumed by animals the roots were not 

analysed in this study. 
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3.3 Summary 

The microdiffusion technique used to liberate and capture HCN from cyanogenic 

glycosides was initially analysed for its effectiveness using the substrate linamarin and 

catabolic enzyme linamarase. The maximum recovery of HCN from linamarin was 

very low (37.8% recovery at pH 6.8 and 37°C). Because this technique had been 

reponed as being capable of recovering 90% of available cyanide (Torres er al, 1988) 

from linamarin. a further set of tests was performed in which a new combination of 

cyanogenic substrate and enzyme (amygdalin and emulsin) were analys~d. These tests, 

performed at 37°C and pH 4.0. showed the microdiffusion 1echnique to be very effective 

with 92% HCN liberation in six hours. From comparing this da1a with the initial 

linamarin/linamarase data it appeared that the low HCN liberation from lina111arin must 

have been a result of low linamarase activity. 

The results of the clover leaf maceration tests indicated that a 20 second period of 

maceration provided sufficient maceration of plant tissue to maximise enzyme/substrate 

exposure whilst avoiding possible denatura1ion of the enzymes through the crushing 

procedure. 

The release of HCN from clover leaves compared 10 stem tissue showed the leaf tissue 

to liberate about one 1hird more HCi\' than the stem samples All further analyses of the 

clover were therefore performed on the leaves. The time course analyses indicated that 

cyanide was released the fastest in the first two hours of incubation and then slowly 

tapered off for the next 22 hours. After this the HCN levels in the flasks decreased. 

presumably due to loss through the seals The maximum cyanide release of 0.371 mg 

per grarn of plant tissue (for a 24 hour period) was 100 low to affect possums. 

Addition of surplus substrate (l inamarin) 10 the clover incubations had l i11le effect on 

the cyanide released. However, the addition of extra enzymes, did increase the levels of 

HCN liberated. Emulsin had the largest affect on the HCN liberated (40% increase) 

fo llowed by linamarase ( 18% increase) and then MNL ( 10% increase). Even with these 

increases there was still insufficient HCN released to be toxic 10 possums. Therefore 

fun her cyanogenic analyses of clover 1issue were halted and analysis of black cherries 

(l'n11111s avi11111) c-0111menced. 
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CHAPTER FOUR 

BLACK CHERRIES (P,111111s avi11111) 

~. I I ntroduction 

Rosaceous stone fniits (e.g. almonds, apricots. cherries and peaches) comain the 

cyanogenic disaccharide amygdalin and its associated catabolic enzymes amygdal in 

hydrolase, pninasin hydrolase and mandelonitri le lyase within the seed (Figure 5.1. l ). 

While the seeds and leaves of the l'm1111s species are generally highly cyanogenic. the 

fniits' pericarp are normal ly acyanogenic because they lack either the glycoside, the 

associated catabolic enzymes. or both 

Black cherry (l'm1111s seroti11a Ehrh ) is known to contain the cyanogenic glycoside 

amygdal in within its pericarp, however the catabolic enzymes are missing hence its 

acyanogenic nature (Swain el al, 1992a). Swain, Li and Poulton's (1992) research 

followed the changing concentrations of the cyanogenic glycosides prunasin and 

amygdal in, and the activities of the associated caiabol ic enzymes (AH. PH, and i\ INL) 

during black cherry fruit maturation. Their research showed that early in fniit 

development there was an accumulation of pn111asin. A t this stage the whole fruit was 

acyanogenic due to the lack of any appropriate catabolic enzymes In the mid-growth 

phase the seeds produced both cyanogenic glycoside and enzymes. h was also at this 

stage that the pericarp produced increasing volumes of amygdalin with a concomitam 

decrease in prunasin content. 

The sour black cherry (Pr111111s serotina Ehrh.) is not commonly avai lable in New 

Zealand. however other varieties of sour black cherries are grown w ithin New Zealand. 

The bitterness of the Pnmus serotina variety is thought to be due to the presence of 

amygdalin therefore it would follow that other sour black cherries may also contain this 

same cyanogenic glycoside. On this assumption a cherry company in Blenheim, New 

Zealand was contacted and some sour black cherries (unknown variety) from trees that 

formed a shelter belt in the orchard were analysed. Fresh samples of ed ible sweet black 

cherries (l'm111,s avium) from the same company were also analysed for their cyanide 

producing abi lity. 
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It is believed that the bitterness of sour cherries contributes to the lack of predation of 

the immature fruit, but as the cherry matures its sugar content increases with the 

resultant sweetening of the cherry. It is at this stage that they become attractive to birds, 

other wildlife and humans. 

This chapter reviews the results of incubating both the sweet 'avium' cherry and sour 

black cherry of unknown variety with a melange of cyanogenic enzymes and substrates 

to determine the fruits' maximal cyanogenicity and thus their potential as cofactors in a 

cyanogenic possum pesticide. 

4.2 Results and Discussion 

4.2. l Cyanide Release from Sour Black Cherries 

Initial analysis for cyanide release started with the sour cherries. Fresh samples of 

macerated cherry pericarp were incubated for 24 hours with addition of either emulsin, 

emulsin and MNL, linamarase enzymes or no added enzymes. 

During the course of the analysis it was discovered that the bitterness of the sour black 

cherry was not related to the presence of amygdalin or other cyanogenic glycosides. 

Results for the 'no added enzymes' and 'extra linamarase' incubations as expected 

showed no significant difference in cyanide release (linamarase enzymes catalyse the 

dissociation of the cyanogenic glycosides linamarin and lotaustralin, not amygdalin). 

The data for the cherry samples incubated with emulsin, or emulsin and MNL, however 

showed a small increase in cyanide release (Table 4.2. Ll). Even in the presence of 

excess enzymes, all the cherry samples released only small amounts of cyanide (in the 

order of a few micrograms). 

My theory that the bitterness of other sour black cherries may be related to the presence 

of cyanogenic glycosides was disproved by these incubations as commercial emulsin 

and linamarase enzymes cover a broad spectrum in their ability to hydrolyse cyanogenic 

glycosides. 
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pH 4.0 pH 5.0 pH 6.8 

(~Lg cyanide) (itg cyanide) (~ti( cyanide) 

No added Enzymes 0. 196 1.23 1.26 

Linamarase 0.204 1.20 1.35 

Emulsin 2.97 5.77 6.46 

Emulsin and MNL 2.86 6.08 7.09 

Table 4.2.1.1 The elTect of enzymes on HCN release from sour black cherri es at 
varied aciditi es. 

I g samples of macemted sour bl:1ck cherries were incubated in ~,e omer well of modified Erlemneyer 
nasks "ith 3 ml of burfer. To this cith~r 110 c,to mes. li11amarasc (BDH Chc11titals). commercial emulsin 
(\Vonhing1on). or cmulsin and MNL (Sigma)· enz;-·mcs were added. The above combirm1ions were 
performed al pH ~.O and 5.0 (0.1 M sodium acetate buffer). and pH 6.$ (0.1 M sodmm phosphate buffer). 
To the inner \\CII of each flask I ml of I M NaOH was added All nasks \\Cre incubated at 37°C for 2~ 
hours before undergoing the quamiwtivc cy:1nidc :1n:;ilysis procedure of L:::unbcrt er nl. (1975). 

Further incubations were performed in which the cyanogenic substrate amygdalin was 

added to both the sour black and sweet black cherries. This time both cherry types had 

positive results for cyanide release. Interestingly both the sweet and sour varieties 

released similar quantities of cyanide (Table 4.2. l.2) indicating that both types of cherry 

contained /J-glucosidases capable of liberating cyanide from the cyanogenic substrate 

amygdalin From here research continued only on the sweet varieties as these cherries 

were more readily accessible. 

Sour Black Cherry Sweet Black Cherry 

(~111. cyanide) (µ11. cvanide) 

No substrate added 1.26 0.24 

Arn)'gdalin added 166 176 

Table 4.2.1.2 The enzymatic hydrolysis of amygdalin using sour black :rnd sweet 
black cherry macerates (37°C). 

I g samples of sour black cherries and ·a\·ium· cherries \\Crc incubalcd in the outer \\Cll of modified 
Erlenmeyer nasks "ith 3 ml of pH 6.S. 0 .1 M sodium phosphate bulTer. To one set of each ,·ariety of 
chenics 5 mg of am,·gdalin (Sigma) was added. I ml of I M NaOH was placed in the inner well of each 
nask. All Oasks were incubated for 2-l hours in :.1 37°C shnking water b:.llh before undergoing the 
quantitati\'e cianide an;ilysis procedure of Lambert et nl. ( 1975). 

4.2.2 Cyanide Release from Pru1111s (l1•i11111 Cherries. 

Sweet cherry macerates were incubated with 5 mg of arnygdalin at varying temperatures 

10 find the effect of temperawre on enzyme activity and subsequent cyanide release. 
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The pH of the incubations ranged from 3.0 to 8.0. At 25°C there was very little cyanide 

release over the 24 hour period for most of the samples (about 4 ~1g), although at pH 5.0 

the cherries displayed a signi ficantly higher cyanide production (about 30 ~1g) (Figure 

4.2.2. 1) 
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figure 4.2.2. l Cya nide release from ' avium ' cher ries incubated with amygdalin at 
2s0 c (pH 3.o - s.o). 

I g samples of rnacenucd ·avium' cherries were incubated in Lhc outer well of modified Erlenmeyer 
flasks wi1h 5 mg of amygdalin (Sigma) and 3 ml of ei1her 0. 1 M sodiwn acetate buffer (pH 3.0. 4.0. 5.0) 
or 0.1 M sodium phosphate buffer (pH 6.8 o r 8.0). I ml of I M NaOH was placed in tl1e itmer well of 
each flask. All flasks were incubated for up to 24 hours in a 25°C shaking water bath before undergoing 
1he quantitati,·ccyanide analysis procedure o f Lambcn er al. ( 1975). 

Increase in temperature to 30°C (approximate temperature of macerated food in the oral 

cavity) also resulted in low cyanide liberation for the pH 3.0. 4.0 and 8.0 samples 

although cyanide liberation was higher than the 25°C incubations. Both the pH 5.0 and 

6.8 samples increased cyanide liberation by about 40%, although the pH 5.0 incubat ions 

were still significantly higher ( f igure 4.2.2.2). 
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Figure 4.2.2.2 Cyanide release from 'avium' cherries incubated with amygdalin at 
30°c (pH 3.0 - s.o). 

I g samples of macerated ·avium · cherries were incubated in the outer well of modified Erlenmeyer 
flasks \\1th 5 mg of amygdalin (Sigma) and 3 1nl of either 0. 1 M sodium acetate buffer (pH 3.0. 4.0. 5.0) 
or 0. I M sodium phosphate buffer (pH 6.8 or 8.0). I nil of I M NaOH was placed in the inner well of 
each flask. All flasks were incubated for up to 24 hours in a 30°C shaking water bath before undergoing 
the quantitative cyanide analysis proced1Lrc of Lamben er of. (1975). 

A funher increase in incubation temperature to normal body temperature (3 7°C), 

doubled the cyanide release over 24 hours for 1he pH 5.0 samples to approximately 80 

µg. The pH 6.8 samples also showed a huge increase in cyanide release from just 6 ~1g 

a1 30°C 10 50 µg at 37°C (Figures 4.2.2.2 and 4.2.2.3). Again 1he hydrolysis of 

amygdalin was relatively slow for the pH 3.0. 4.0 and 8.0 cherry macerates. 

The highest incubation temperature was 42°C at which there was a significant decrease 

in the liberation of cyanide for the pH 5.0 cherry macerates from 80 ~1g over a 24 hour 

period 10 jus1 16 ~1g over the same time frame. Although the pH 6.8 samples also 

decreased in their ability to hydrolyse cyanogenic substrate, the drop was not as 

significant (50 µg to I 8 ~1g) with the overall result that the pH 6.8 macerate had a 

slightly higher release of cyanide (Figure 4.2.2.4). The remaining pH samples released 

neg ligible amounts of cyanide. 
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Figure 4.2.2.3 Cyanide rel ease from ' avium' cherries incubated with amygdalin at 
37°C (pH 3.0 - 8.0). 

I g samples of swee1 black cherries \\ere incutxned in the 0111er well of modified Erlenmeyer flasks wi1h 5 
mg of amygdalin (Sigma) and 3 ml of eilher 0.1 M sodimn acetate buffer (pH 3.0. -1.0. 5.0) or 0.1 M 
sodium phosphate buffer (pH 6.8 or 8.0). I ntl of I M NaOH was placed 111 die i1uier well of each flask. 
All nasks were incubated for up 10 2-1 hours in a 3 7°C shaking waler bath before undergoing the 
quantittllivc cyanide analysis procedure of Lamben et nl. (1975). 
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Figure 4.2.2.4 Cyanide release from ' avium' cher ries incubated with amygdalin at 
42°C (pH 3.0 - 8.0). 

I g samples of sweet black cherries were incubated in the outer well of modi fied Erlenmeyer flasks with 
5.0 mg of amygd.1li11 (Sigma) and 3 ml of either 0.1 M sodium acetate buffer (pH 3.0. 4.0. 5.0) or 0.1 M 
sodium phosphate buffer (pH 6.8 or 8.0). I ntl of I M NaOH was placed in the im1er well of each 0ask. 
All flasks were incubated for up to 2-1 hours in a -12°C shaking water b.1tl, before undergoing the 
quantitative cyanide analysis procedure of Lamben et al. (1975). 
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The general trend indicated that as the temperature of the incubations increased the pH 

at which the most cyanide was released changed (pH 5.0 macerates liberated more 

cyanide until 42°C at which time the pH 6.8 macerates hydrolysed more amygdalin). 

Whether these results related to the presence of two different ,8-glycosidases, (AH and 

PH) with different ideal activity conditions was not investigated. The resu lts however 

do show that at the lower temperatures (25°C to 3 7°C) the catabolic enzymes appeared 

to function bener at pH 5.0 (more cyanide release). and as the temperature increased to 

➔2°C the pH 6.8 cherry macerates showed more cyanide release than the pH 5.0. 

Although the pericarp of these sweet and sour cherries has been shown co contain 

enzymes capable of hydrolysing amygdalin, their cyanide liberating abilities are 1101 fast 

enough to liberate the amount of cyanide required for use in possum control. The LD~o 

of HCN for a 2 5 kg possum is a straight dose of around 18 mg. The cherry macerates 

liberate only 2-3 perce111 of available cyanide per gram of cherry in two hours therefore 

an unreasonable guamity of substrate and cherry pericarp would need to be consumed 

for death to occur 

➔.2.3 Comparison of Amygdalin Hydrolysis by Cherry and Almond ~lacerntes 

Table -l .2.3.1 shows figures for percentage liberation of cyanide from 5 mg of 

amygdalin using I g of either almond or cherry macerates. The data clearly indicates 

that amgdalin hydrolysis is more prevale111 in the almond macerates. 
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Time Cherries Almonds Cherries Almonds 

(minutes) pH 5.0 pH 5.0 pH6.8 pH 6.8 

(% liberation) (% liberation) (% liberation) (% liberation) 

120 ~ 55 2 56 .) 

360 12 84 5 88 

960 20 93 13 98 

1440 29 96 18 100 

Table 4.2.3.1 HCN liberation from amygdalin hydrolysed with almond and cherry 
,B-glucosidase enzymes. 

1 g samples of s,veet black cherries and almonds were incubated in the outer well of modified Erlenmeyer 
flasks ,vith 5 mg of amygdalin (Sigma) and 3 ml of either 0.1 M sodium acetate buffer (pH 5.0) or 0.1 M 
sodium phosphate buffer (pH 6 8). 1 ml of 1 M NaOH was placed in the inner well of each flask. All 
flasks were incubated for up to 2-J. hours in a 37°C shaking water bath before undergoing the quantitative 
cyanide analysis procedure of Lambert et al. ( l 97 5 ). 

4.3 Summary 

The low HCN release (0.204 to 7.09 ~tg HCN) from incubation of sour cherry pericarps 

with a variety of cyanogenic enzymes showed that the fruit did not contain the high 

levels of cyanogenic glycosides that were expected. Substitution of sweet cherry 

pericarps for the sour cherry pericarps also resulted in a negligible HCN release. 

Further analysis of both cherry varieties for enzyme content involved incubation of the 

pericarps with 5 mg of amygdalin for 24 hours at 37°C. These experiments resulted in a 

sizeable increase in the HCN liberated (176 ~Lg HCN) compared to the cherry samples 

incubated with additional enzymes (7 09 ~Lg HCN). As there was little difference in the 

HCN release between the sweet and the sour cherry varieties all further analyses were 

performed on the more accessible sweet 'avium' cherries. 

The pH studies on the 'avium' cherries incubated with 5 mg of amygdalin showed that 

HCN liberation was the highest at pH 5. 0 for all temperatures, with the exception of the 

42°C incubations. Although at 42°C less HCN was liberated overall, the pH 6.8 

cherries liberated more HCN than the pH 5.0 samples. Nevertheless the maximum 

cyanide liberated was still too low (about 80 ~tg/5 mg amygdalin) to be useful as a co­

factor in a cyanogenic bait for possum control. All further analyses of amygdalin 
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hydrolysis were therefore performed using natural almonds as the plant source of 

cyanogenic enzymes. 
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CHAPTER FIVE 

ALiVION0S (Pr111111s amygda/11s) 

5. 1 Introduction 

Bitter almonds are an abundant source of 1he cyanide-con1aining compound (R)­

amygdalin , its ca1abolic P-glucosidases and mandeloni1rile lyase. Upon 1issue 

disruption, amygdalin undergoes sequential hydrolysis to release ils two glucose sugars, 

firstly by !he ac1ion of amygdalin hydrolase (AH) and secondly by 1he action of 

prunasin hydrolase (PH) to form 1he hydroxyni1rile D-mandelonitri le (Swain et al., 

1992b). This intermedia1e hydroxynitrile is further catabolised by the plant 's 

mandeloni trile lyase (MN L) enzymes to produce hydrogen cyanide (HCN) and 

benzaldehyde (Figure 5.1.1). 

CN 
I 

H- C-Glucose-glucose 

Amygdalin 

CN 
I 

H-C- Glucose 

Prunasin 

I • I 

CN 
I 

H-C-OH 

~ 
(R)-Mandelon itrile 

H- C=o 

lllJ11tldonu 111. I 
"""' Benzaldehyde 

Figure 5.1.1 Catabolism of amygdalin to BCN 

( 

Since 1he overall aim of this research is to locate a source of a cyanogenic substrate 

separa1e from i1s catabolic enzyme. the use of bitter al monds which contain both 
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substrate and enzyme would be inappropriate. However, 1he knowledge that bitter 

almonds are highly cyanogenic and that cyanogenic polymorphism occurs in several 

plant species, led to the analysis of sweet almonds for the presence of either the 

substrate or t he enzymes. 

Sweet almonds are commonly regarded as acyanogenic hence natural untreated almonds 

can be consumed by humans without any resultant i ll effec1s. Yet research by i\ l oenel 

et al. I 981 , studying 1he pharmacological and toxicological effec1s of amygdalin in 

cancer patients, showed that patients 1reated orally with arnygdalin and raw almonds 

exhibited escalated blood cyanide levels compared 10 those patients 1hat received solely 

amygdalin Funher to this. clinical signs of mild cyanide poisoning were also observed 

in the patients treated wi1h both amygdalin and swee1 almonds. Patients treated 

exclusively with amygdalin displayed no typical signs of cyanide poisoning (M oenel et 

al. 198 1). 

An additional observa1ion from the amygdalin cancer treatment trial was the --dramatic 

increase in blood cyanide level from 0.5 to 3 5 11g/ml'" for a patient who doubled one 0.5 

g oral amygdal in dose to make up for a previously missed dose. lmravenously 

administered amygdalin was found 10 be free of clin ical toxicity and no cyanide could 

be detec1ed in the blood This result amrms the trial by Eason et al. (personal 

communication) for the release of cyanide from amygdalin by natural gut P­
glucosidases Knowing that stomach acid is concemrated and that concentrated acids 

hydrolyse cyanogenic glycosides 10 their corresponding 2-hydroxy acids. sugar and 

ammonium ions. it would be highly unlikely that chemica l hydrolysis ot' the cyanogenic 

glycoside 10 form cyanide would have occurred ( Figure 1.4.1. 1}. 

From the findings of their trial. Moenel and co-workers ( I 98 I) suggested that patients 

treated with amygdal in should be "warned of the possible hazard of cyanide toxic 

reaction" by amygdalin overdose. and the probable hazard of simultaneous ingestion of 

foods containing .8-glucosidases. Examples of these foods include raw mus, pan icularl y 

almonds, lettuce, mushrooms, and celery Other cyanide containing food sources for 

humans include cassava, sweet potatoes, yams. maize, millet, bamboo, sugarcane, peas, 
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beans, almond kernels, lemons, limes, apples, pears, cherries, apricots, prunes and 

plums (DOC. 1987) 

The aim of analysing sweet almonds was 10 determine whether almonds have the 

potent ial to liberate lethal doses of cyanide lO possums. Experimental analysis included 

incubating almond macerates with the substrates amygdalin and mandelonitrile over a 

pH range of 3.0 10 8.0 at 37°C (possum body temperature). Analysis of HCN liberation 

from amygdalin treated with either emulsin or Mt-.1L enzymes gave data for comparing 

HCN release from amygdalin using almond macerates. 

5.2 Results and Discussion 

5.2. l Amygdnlin Hydrolys is using Commercial Emulsin 

An initial trial investigating the hydrolysis of amygdalin by emulsin enzymes was 

performed 10 determine the pH optima for amygdalin hydrolysis by ,8-glucosidase 

enzymes. These data would indicate both the maximum HCN release possible from the 

amygdalin-using ,8-glucosidase, and indirectly where in the possum's digestive tract the 

most HCN would be released. A series of analyses were completed in which 5 mg of 

amygdalin was incubated at 37°C with I 5 mg of commercial emulsin. These tests were 

performed over the same range of pH's as used in the clover analysis. 

The emu I sin enzymes were active over a wide range of ditTerem pH values {pH 4.0 to 

pH 8.0), (Figure 5.2.1.1). The level of cyanide liberation in acidic conditions (pH 3.0) 

was extremely low with just 0.015 mg (15 11g) being released over a 24 hour period. 

With a pH increase from just 3.0 to 4.0 there was a marked increase for the cyanide 

liberated in two hours from 2 percent for pH 3.0 to 59 percent for pH 4.0 incubations 

(Table 5.2. 1.1). As the pH of the incubations were increased up to pH 6.8, the 

liberation of cyanide likewise increased. The pH optima for emulsin to hydrolyse 

amygdalin was between pH 5.0 and 6.8, with as much as 0.25 mg of cyanide being 

produced in only two hours. 
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% liberation of % liberation of 
HCN HCN 

Time/ minutes) oB 3.0 off 4.0 
10 0.5 7,5 

60 I 32 
120 2 59 
240 3 78 
360 3,5 92 
600 5 93 
1440 5.5 97 
1920 5.5 95 

Table 5.2.1.1 Percentage of HCN liberation from amygdalin using emulsin 
5 mg samples of amygdalin (Sigma) were incubated in the outer well of modified erlenmeycr flasks with 
1.5 mg emulsin (Worthington) dissol\'ed in 3 ml of either pH 3.0 or 4.0. 0. 1 M sodium acetate buffer. I 
ml of I M NaOH was added 10 the iiu1er well of each flask All samples were incubated in a 3 7°C 
shaking water bath for up 10 32 hours before undergoing the quantitative cyanide analysis procedure of 
Lambert e, al. ( 1975). 
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Figure 5.2.1.1 Time course analysis of amygdalin hydrolysis by emulsin 
5 mg samples of amygdalin were incubated in the outer well of modified erlcruneycr flasks with 1.5 mg 
emulsin in 3 ml of either 0. 1 M sodium acetate buffer (pH 3.0, ~.0 or 5.0). or 0 . 1 M sodium phosphate 
buffer (pH 6.8 or 8.0). The inner well of each 0ask contained I ml of I M NaOH. All samples were 
incubated in a 37"C shaking water bath for up to 48 hours before undergoing the quantitative cyanide 
analysis procedure of L1mbcn er al. (1975). 

There was I 00 percent cyanide liberation with the microdiffusion technique withi n four 

hours for the pH 6.8 incubations and six hours for the pH 5.0 incubat ions (Table 

5.2.1.2). 
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% liberation % liberation % liberation % liberation 

ofHCN • ofHCN. ofHCN · of HC . 
emulsin & emulsin & almonds & almonds & 
amvl!dalin amy!!.dalin amvgdalin amvgdalin 

Time mins nH 5.0 nH 6.8 oH 5.0 oM 6.8 
10 36 36 7.S 8 
30 ND ND 22 ?' -~ 
60 63 61 44 45 
90 ND ND 50 55 
120 86 89 55 60 
150 ND ND 65 71 
180 ND ND 81 77 
240 93 100 79 85 
360 100 99 ND ND 
600 100 100 i\fD ND 
1200 100 100 ND ND 
1440 100 100 96 99 
1920 100 100 100 100 
2880 100 100 95 99 

Table 5.2.1.2 Percent libera tion of HCN from amygdalin using emulsin and 
almond enzymes (37°C) 

5 mg samples or ::un~gdlliu \,ere incuOOted m the outer ,,ell of modified Erlcnme~er nasks "ith 1.5 mg. 
e111ulsi11 d1ssol\·cd in 3 1111 of enher pH 5 0. 0.1 M sodium acetate buffer or pH 6 K. ll I M sodium 
phosph:uc buffer. S:1mplcs containing 5 mg of amygdalin with I g of almond macer.He in either 3 ml or 
the pH 5.0 or pH 6.8 buffer \\ere nm i11 parallel . I ml of I M NaOH was added 10 the m11cr well of each 
Oask All samples were i11cuba1ed i11 a 37°C shakmg \\3tcr baih for up 10 ~lt ho11rs before u11dergoing the 
quantitath e c~ anide :mulysis procedure or Lambcn el al. ( 1975). ND = Not Dctcrnuncd. 

5.2.2 Amygda lin Hydrolys is using y laceratcd Almonds 

The literature (:-.foenel ct (1 /. 1981) indicates that natural almonds contain the P· 
glucosidase enzymes needed for cyanide liberation from cyanogenic subs1ra1e. The 

initial analyses for cyanide liberation from macerated almonds therefore involved 

adding the substrate amygdalin These tes1s were performed at the optimal pH's 5.0 and 

6.8 for P-glucosidase catalysed amygdalin hydrolysis. 

The resu lts showed almond enzymes hydrolysed cyanogenic glycosides to a lesser 

degree than the emulsin enzymes with I 00 % cyanide liberation occurring after 24 

hours ra1her than only four to six hours in the case of the emulsin incubat ions (Table 

5.2. 1.2}. This data therefore indicates 1ha1 a larger quantity of almond macerate 1s 

required 10 release the same amount of cyanide from a standard dose of amygdalin. 
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5.2.3 Amygdalin Hydrolysis using Hydroxynitrile Lyase 

The next step was to find the effect of hydroxynitrile lyases on amygdalin hydrolysis 

Amygdalin was again incubated at 37°C at pH 5.0 and 6.8 but this time with 5 r1l of 

MJ\L enzymes added. With both acidities there was minimal cyanide release with a 

peak of only 0.025 mg (Figures 5.2.3.1 and 5.2.3.2). This result was not surprising as 

MNL only acts on the unstable hydroxynitrile intermediates of cyanogenic glycoside 

hydrolysis ,8-glucosidases are required for the formation of the hydroxynitriles on 

which hydroxynitrile lyases (e.g. MK"L) then work. Without the addition of /3· 
glucosidase enzymes (from either almond macerate or commercial emulsin) to 

amygdalin there are likely to be no hydroxynitri les to be hydrolysed to HC, and 

benzaldehyde (Figure 5.LI). 

A comparison for cyanide liberation from amygdalin incubated with pH 6.8 buffer, and 

amygdalin incubated with 5 ~ii MNL (in pH 6.8 buffer). indicated that a small amount of 

amygdal in may have been hydrolysed 10 the intermediate mandelonitrile (Figure 

5.2.3.2) due to a slightly higher HCN release in the MJ\fl. incubations. Alternatively 

there may have been some /J-glucosidase contaminants present in the Mt'IL used. 
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Figure 5.2.3.1 Amygdalin hydrolysis by emulsin, almond and MNL enzymes 
(pH 5.0) 

5 mg samples of am,•gdalin were incubated in 1he outer well of modified Erlenmeyer 0asks \\1th 3 ml of 
0.1 M sodium acetate buffer (pH 5.0). To each nask either I g of maccrmcd almonds. 1.5 mg of emulsin 
(Worthington) or 5 µI of MNL (Sigma) were also added 10 the ou1cr well. I ml of I M NaOH was placed 
in the inner well of each nask. Al l samples were incubated in a 37°C shaking water bath for up to -18 
hours before undergoing the quantitative cymlide analysis procedure of Lambcn er al. ( 1975). 
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Figure 5.2.3.2 Amygdalin hydrolysis by emulsin, almond and MNL enzymes 
(pH 6.8) 

5 mg samples of amygdalin were incubated in the outer \\CII of modified Erlenmeyer nasks with 3 ml of 
0. 1 M sodium phosphate buil'cr (pH 6.8). Control samples " i th no enzymes added "ere run in parallel 
\\ith each of the remaining Oasks in which either I g of macerated almonds. 1.5 mg of emulsin 
(Worthington) or 5 ,,1 of MNL (Sigma) were added. I ml of I M NaOH was placed in the im1er well of 
each nask. . All samples were incubated in a 37°C shaking water batl, for up 10 ~8 hours before 
undergoing the quantitative cyanide analysis procedure of Lamben e, al. ( 1975). 

5.2.4 Testing for the Presence of BNL's in Almonds 

Testing for the presence of hydroxynitrile lyase enzymes in almonds involved 

incubation of the hydroxynitrile, mandelonitrile (MN), with almond macerates at pH 

4.0, 5.0 and 6.8. These experiments were run in parallel with a control containing 20 ~ti 

of MN incubated with S µI of MN L in 3 ml of buffer. A further control with only MN 

and buffer was run in parallel as NIN is a relatively unstable hydroxynitrile. Incubations 

of almond macerates with M.t'-'L were also analysed 10 check for the presence of any 

natural stable hydroxynit riles in the almonds. 

All the almond and MN incubations resulted in a high percentage of HCN liberated 

( Figures 5.2.4.l, 5.2.4.2 and 5.2.4.3). Comparison with the data for the buffer/MN 

controls however showed that MN undergoes spontaneous hydrolysis although not as 

much as when macerated almond was also present. The MN/MNL control incubations 

released an intermediate amount of HCN . This data indicated that either there is more 

active Ml'fL present in the almond macerates than in the commercial MNL or there may 
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be some substrate in the almond macerate that only the commercial i\lrNL will act on. 

This latter theory was disproved by the almond/MNL analysis as no HCN was detected. 
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Figure 5.2.4.1 Percent liberation of HCN from amygdalin and M..1'i (pH 4.0) 
20 µI samples of MN were incubated in u,c outer well of modified Erlenmeyer nasks with 3 ml of 0.1 M 
sodium acetate buffer (pH 4.0). The outer wells of each of the test samples also coniaincd either I g of 
macerated almonds or 5 id of MNL. Control samples containing 20 µI MN in 3 ml buffer. o r I g of 
almond macerate with 5 1d MNL in 3 ml buffer "ere run in parallel with tltc test samples. I ml of I M 
NaOH was added to the i,mer well of each nask. All samples were incubated in a 37°C shaking water 
bath for up to 48 hours before undergoing the quantitative cyanide analysis procedure of Lamben e1 nl. 
(1975). 
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Figure 5.2.4.2 Percent liberation of R CN from amygda lin and Ml'i (pH 5.0) 
20 fd samples of MN were 1ncuba1ed m 1he outer well of modified Erlenme}er flasks wi1h 3 ntl of 0.1 M 
sodium ace1a1e buffer (pH 5.0). TI1e outer wells of each of 1he 1es1 samples also comained either I g of 
maccr:ned ahnonds or 5 µI of MNL. Control samples con1ai1ting 20 111 MN in 3 ml buffer. or I g almond 
maeem1e with 5 µI MNL in 3 nu buffer were nm in paraUel with the 1e.s1 samples. Flasks containing 3 ml 
buffer. 5 g amygdalin and I g almond macem1e. and 3 ml buffer with 5 mg amygdalin were nm in parallel 
for comparison of cyanide release. I ml of I M NaOH ,v-Js added 10 the inner well of au 1he flasks. All 
flasks \\ere incub:11ed in a 37"C shaking water bath for up 10 ~8 hours before undergoing 1he quami1a1ive 
c~anidc anal~s1s procedure of Lambcn et al. (1975). 
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Figure 5.2.4.3 Percent liberation of HCN from amygdalin and MN (pH 6.8) 
20 µI samples of MN were incubated in die outer well of modified Erlcmneyer flasks \11lh 3 ml of 0.1 M 
sodium phosphate buffer (pH 6.8). The outer wells of each of 1he 1es1 samples also co111ained either I g of 
macerated almonds or 5 µI of MNL. Control samples containing 20f,I MN in 3 ml buffer. or I g almond 
macerate wi1h 5 µI 1vlNL in 3 ml buffer were run in pamllel \11th 1hc 1es1 samples. Flasks containing 3 ml 
buffer. 5 g amygdalin and I g ahnond maccmte. and 3 ntl buffer " i 1h 5 mg amygdalin were run in parallel 
for comparison of cyanide release. I ml of I M NaOli was added 10 the inner well of all the flasks. All 
nasks were incubated in a 37°C shaking water b:nh for up 10 ~8 hours before w1dergoing 1he q1s1mi1a1ive 
cyanide analysis procedure of Lamben et al. ( 1975). 
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5.2.5 Analysis of Wild .-\lmonds for Cy:iuogenicity 

.-\ small supply of locally found almonds were tested for their cyanide liberating abi lity 

The almonds were known 10 be an inedible variety although the species could not be 

identified. /11 1·i1m analysis. in which I g samples of the almond nuts were macerated 

and incubated for 24 hours in 3 ml of pH 6.8 buffer. showed that these almonds were 

highlv cyanogenic I g of the almond nuts produced on average 1.93 mg of HCN 

(T:1blc 5.2.5. 1 ). When compared with the results of HCt--: release from I g of sweet 

almonds incubated with 5 mg of am;gdalin th" data ,ho"s that thc,e biller almonds 

must contain at least 35 mg ofamygdalin per gram of nuts that is hydrolvsed A lethal 

dose of HCK for 90 percent of test possums weighing :2 5 kg is estimated at about 45 

mg therefore only :2-1 grams of these almonds in theory could kill the average possum 

Incubation Wild Almonds Sweet Almonds 

Period (hours) (mg HCN) (mg H(;-,i) 

:-1 I 93 0 :271 

Table 5.2.5.1 HCN release from \\'ilcl Almonds 
I g samples or\\ 1ld and s,,ccl almonds \\ere mculxucd 111 1hc ou1cr ,,ell of mochficd Erlcnmc~ er flasks 
\\Ith 3 ml ofO I ~I sochum phosph.:.nc buffer tpH 6.S). 5 mg ofam~gd:1li11 \\:1s :1lso ~1ddcd to the outer 
"ell of each of the nasJ..s com;mung sncct :ilmonds. The inner ,,ell of each tlask com;uncd I ml of I \I 
NaOH All nasks ,,ere inculx11cd Ill J 37°C shaking \\ater bath lor 24 hours before undcrgomg lhc 
qmrntitat..i,c c~a111d~ :111al~s1s procedure of L..1mbcn el nl. ( 1975) 

From this set of experime111s fonher analysis was performed on the HCN liberating 

abilities of S\\'eet almonds Due 10 lack of the amygdalin substrate only one set of 

experiments was performed in ,d1ich 30 mg of amygdalin was incubated "ith I g of 

macerated sweet almond. The experiments "ere performed in pH 5.0 buffer at a 

temperature of 3 7°( As shown in Figure 5.2.5.1 by the release of I 6 mg of HCN (per 

gram of almond macerate) from 30 mg of amygdalin in 24 hours. the HCN liberation 

from the previous experiments were limited by the amou111 of substrate added and that 

sweet almonds contain an excess amount of P-glucosidase enzymes. 
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Figure 5.2.5.1 Sweet a lmonds incubated with 30 mg of amygdalin (pH 5.0) 
I g samples of macerated sweet almonds were u,cubated in the outer well of modified Erlc,uneyer nasks 
with 30 mg of amygdalin and 3 ntl of 0.1 M sodium acetate buffer (pH 5.0). TI1e inner well o f each flask 
contained I ml of I M Na OH. All Oasks were incubated in a 3 7°C shaking water bath for 2-1 hours before 
undergoing the quantitati\·e C)'anide analysis procedure of La mben et al. (1975). 

5.2.6 Analysis of the Flavour Enhancer fo r the /11 vivo Trials 

The amount of cyanide liberated in studies using almond P-glucosidases in vitro were 

sufficient 10 warrant in vivo testing in possums. A suitable carrier 10 mask the bitter 

flavour of amygdalin was requ ired. Peanut butter, which has a fl avour attractive to 

possums was used in conjunction with sugar 10 help reduce the bitter taste of the 

amygdalin substrate. The quant ities of substrate and flavour enhancers tested were 30 

mg of amygdalin, 2 g of peanut butter and 0.3 g of white sugar. The samples were 

incubated for up lo three hours. 

As detai led in Table 5.2.6. l the peanut butter/sugar incubations liberated a very small 

amount of HCN. These quantities were not significant to affect the in vivo study as this 

amount of HCN is easily detoxified by the body. The peanut butter/sugar incubations 

with amygdalin added released a slightly larger amount of HCN, although sti ll only 

measurable in microgram quantities. Thus we can conclude from the data that the 

peanut bu11er/sugar paste is a suitable vector for administering amygdalin to the trial 

possums assuming the possums find it palatable. 
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Time Peanut butter and sugar Peanut butter. sugar 

(minutes) (rig cyanide) and amygdalin 

(~1g cyanide) 

10 0 0 

60 0. 101 0. 122 

90 0. 133 0. 199 

120 0 156 0.247 

150 or _ J 0 263 

Table 5.:?.6.1 EfTecl of peanut butter and suga,· on amygdalin hydrolysis 
(p H -1.0) 

Samples comprismg JO mg ofam~gd:,lin mi~ed in 2 g of pc::inuL buucr ~:md o.> g of,\hitc sug.1r "ere 
incubated III the out~r \\Cll of modiricd Erlcnmc~cr nasks ,,ith 3 ml of pH~ o bulTl.!r. Comrol samples 
co111a111i11g the same quamn~ of pe:111t11 buucr and \\lute sug.ar ,,ere n111 111 parallel The mncr ,,ell of 
each tktsk co111ai11ed I ml of I ~·I NaOH. .A.II nasks ,,er~ incubated in a shaking ,,~ucr bath for up to 3 
hours at 3 7°C before undergoing the quantit:.uin' C)anidc a11al~s1s procedure of Lambcn e1 nl. ( 197:-- >. 

5.3 Summary 

Amygdalin and emulsin were used 10 1es1 the effecti ,·eness of the microdifTusion 

technique in liberating HCt\ The technique was very effective for HCN liberat ion and 

capture, "ith 100% HC;-J liberation recorded in just four hours for the pH 6 8 (37°C) 

samples. Incubations at lower acidi ties (pH -1.0 and 5 0) released HCN at a slightly 

slower rate and in the case of pH 3.0 samples. negligible cyanide release was recorded 

Analysis of the cyanide libera ting abilities of raw almonds showed 1ha1 I g of almond 

macerate took longer 10 liberate HC:--: from amygdalin than cou ld be liberated by I 5 mg 

of emulsin . The almonds did however completely hydro lyse amygdalin within 24 

hours. with 60~o of the hydrol ysis occurring in the first 1wo hours This rate of cyanide 

liberation was deemed enough to proceed \\ith i11 ,fro analyses ofamygdal in hydrolysis 

by almond macerates in possums. 

Addition of hydroxynitrile lyase 10 amygdalin did not cause any significant HCN 

liberation therefore indicating that che amygdalin samples did not contain any 

hydroxynicriles. The rapid hydro lysis ofamygdalin (60% in two hours} when incubated 

with almond macerace i ndicates that amygdalin requires the presence of P-glucosidases 

for HC, liberation. 



60 

Almonds were later tested for the presence of HNL's by incubation with the 

hydroxynitrile, mandelonitrile. Controls run in parallel, containing only MN and buffer, 

showed that MN spontaneously dissociates to form HCN. However, the HCN liberation 

from MN was not as high in the controls therefore indicating that there is probably some 

HNL activity in almond macerates. 

The wild bitter almonds that were found locally contained both cyanogenic substrate 

and enzymes and therefore were highly cyanogenic. Only 24 g of the raw almonds were 

calculated as being capable of liberating 45 mg of HCN. This, in a single dose, would 

be easily enough to kill the average 2.5 kg possum. Encouraging the possums to 

consume this dose of bitter almonds however would be extremely difficult due to the 

taste associated with the high cyanogenic glycoside content 

The amygdalin/peanut butter/sugar paste developed as a carrier for the arnygdalin in the 

in vil'O trials was found to be very stable with only 0.263 ~tg of HCN released in 2.5 

hours This HCN liberation was similar to the HCN liberation from a control peanut 

butter/sugar paste (0 230 ~tg). It was therefore found to be a suitable amygdalin vector 

so long as the possums found it palatable. 
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CHAPTER S I~ 

/ .V l'IVO POSSlli\ l STU DY 

6.1 Introduction 

The eftects of orally administered amygdal in in 1i-id1os11ms mlpecu/a has been 

researched by Charles Eason of Landcare Research. Christchurch. Eason and co­

workers (personal communication) ga,aged possums with amygdalin ( I 00 mg/kg) with 

the prospect that midgut P-glucosidase activity wou ld liberate sufficient cyanide to 

cause death. Ho"ever. at the concentrations administered. cyanogenic glycoside 

tolerance resulted. presumably due to aglyconc detoxification 

6. 1. 1 Lerh,11 Doses of HCN for Possums 

The LD;u for l-lCN poisoning in possums is 11 mg, kg. Table 6.1.1.1 belo" displays the 

LD;u and an estimated LD.,., for each or the experimental possums invol\·ed in this srudy 

based on their body weights 

POSSU.\1 A B C 0 
Possum 2 85 2 50 2 20 I 60 

weight (kg) 
LD;o 

( II mg/kg) 31 35 27 50 2-1 20 17 60 
mg cva11idt 

LD,n 
(estimated @ 51 JO 45.0 3960 28 so 

18 mg/kg) 
mg cvanidc 

Table 6.1. I. I The LO;u and estimated LO.,., of HCN for each possum 

Knowing that amygdal in contains 5. 7°-. cyanide. complete hydrolysis of I g amygdalin 

by .6-glucosidase should yield 57 mg of cyan ide. this is assuming the reaction goes 

100% 10 completion. 
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6.1.2 In l'itro HCN Recovery Rate at pH 4.0 

An in vitm study used to determine the effectiveness of cyanide liberation and capture 

using the microdiffusion technique was performed with commercial emulsin and 

amygdalin. The recovery rates at pH 4.0, a pH similar to that of the possum stomach, 

were as follows (Table 6.1.2.1 ). 

Time (hours) % Recovery 

l "1 .)_ 

2 59 

4 78 

6 92 

Table 6.1.2. l HCN recovery rate using the microdiffusion technique (pH 4.0) 
5 mg samples of amygdalin (Sigma) ,,ere incubated in the outer \\ell of modified Erlenmeyer f1asks ,,ith 
L5 mg emu!sin (Worthington) dissolved in 3 ml of pH -HJ. O I M sodium acetate buffer. l ml of l M 
NaOH was added to the inner well of each flask. All samples were incubated in a 37°C shaking water 
bath for up to 6 hours before undergoing the quantitatiYe cyanide analysis procedure of Lambert er al 
(1975) 

The data shows that l 00% cyanide recovery does not occur from this method in a 

reasonable time. Discrepancies in the percent recovery may result from incomplete 

hydrolysis of substrate where maceration is not completed properly, through loss of 

HCN gas via the flask lid seals, and/or the cyanide may be in a form that is not easily 

released. 

The recovery figures were used to calculate the approximate quantity of cyanide 

released within the possums' stomachs over several hours, given a particular dose of 

amygdalin and emulsin (Table 6. l.2.2). 
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POSSUM .-\ B 0 
mg amvgdalin 1500 1000 1250 

mg cyanide 20.1 13.4 16.7 
I hr (32 •!.,) 

mg cyanide 45.3 30.2 37.7 

2 hrs (59 % ) 

mg cyanide 64. 1 42 7 53.4 
~ hrs (78 % ) 

mg cyanide 75.2 50.2 62.7 
6 hrs (92 '¼,) 

Table 6.1.2.2 Estimated cyanide release w ithin each possum 

6.2 Results and Oiscnssion 

6.2.1 Ju ,fro Tria l One 

During 1he tirs1 six days of captivity al l of 1he possums "ere pre-fed be1ween 5 and 20 

grams of almonds each day along \\ith 1heir normal die1 of fru i1 and bread This "as lO 

de1ermi 11e 1he palatability of the na1ural almonds 10 the possums. In 1his pre-1ria l period 

possum A and D always consumed all of 1he alloca1ed almonds while possums 13 and C 

\\'Ould eat only a fow of the almonds On the sevemh day o f captivi1y the almonds were 

omi11ed from the diet. 

The pa latabili1y of 1he amygdalin/peamn buner/sugar pas1e "as assessed on day eigl11 

This paste was made up" ith O 5 grams of amygdalin. appro~imately half of that used in 

1he paste for 1he acwal 1rials. The paste "as fod 10 1he possums along " i1h a small 

ponion of the s1andard fru it and bread diet All four possums ate all of 1he regular diet 

along with a small ponion of the amygdali n paste (up 10 30%) It was concluded from 

thi s result that the amygdalin paste was reasonably palatab le. 

For trial one 1he concemration of the amygdalin in the paste was stronger so that the 

ponion of paste required to be consumed would be less. Addit ional 10 this the possums 

were also starved for the 12 hours immediately prior 10 the trial to ensure 1hey would be 

hungry and more likely 10 consume the required amount of paste. 
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On the ninth day the possums were fed only fruit and bread. The following day the 

possums were all fed 80 grams of almonds. This feeding was to determine whether the 

possums would consume the required amount of almonds for adequate j)-glucosidase 

levels to be achieved, and also to load as much almonds into the possums before trial 

one began the next day. 

Possums A and D ate all the almonds made available (Table 6.2. l. l), the difference 

between the almonds fed (80 g) and those actually eaten (Tl l g and 78.02 g 

respectively) was due to the loss of some almonds through the bottom of the possums' 

cages. Possum B ate 40.98 grams - only half the available almonds. Possum C ate the 

least almonds (8 76 grams). As this possum was unlikely to eat enough almonds for the 

actual trial, it became the control. 

The eleventh day of captivity was the day of the first trial. Due to the nocturnal nature 

of possums they are more active and feed the most during the early hours of the 

morning hence this first trial started at 4 am. Changes in behaviour indicative of the 

early stages of cyanide poisoning (i e impaired balance and co-ordination) would also 

be accentuated during these hours when the possums are generally awake and moving 

about 

All of the possums were fed the amydalin paste Possums A and C were fed l 7.3 grams 

of paste containing a total of 1.3 grams of amygdalin white possums B and D were fed 

l 7 grams of paste containing l gram of amygdalin Possums A, B and D were also fed 

60 grams of natural almonds. Possum C, the control in this experiment had no almonds 

made available for consumption All of the possums were then observed for the first 

four hours post feeding 

Within the first half hour of the trial possum A had eaten 3 7 73 grams of almonds. Over 

the next nine minutes 4.57 grams (264%) of the arnygdalin paste was eaten. This 

equates to 343 mg of amygdalin being consumed. During this period possum A also 

drank water. For the next hour and a quarter this possum appeared moderately restless 

with periods of cleaning himself and wandering around the cage. This was followed by 

a light dozing period of 30 minutes before cleaning himself again and observing his 

surroundings. Three hours into the trial possum A was fed a quarter orange which had 
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had its pips removed. Although the orange was eaten immediately no ti.,rther almonds 

or amygdalin paste were consumed. The possum then sat w ith his head down for the 

remaining hour that he was observed Other than slight restlessness in the first hour and 

a quaner no other signs indicative of mild cyanide poisoning ,,ere observed. 

POSSU.\I .-\ 8 C D 
DAYI O 
almonds 72. 10 -10 98 8 76 78.02 

inecstcd (2) 
0 .\Y II 
almonds 37 73 4 80 X 6.2 1 

ineestcd (g) (control ) 
DAY II 

:1mygdalin 03-G X 0 663 X 
ingested (!!) 

Table 6.2.1.1 A lmonds and ,1111ygdalin consumed in trial one 
Each possum "as pre-fed up 10 so g of almonds on cfa; 10 of cap1i, i t, All out the control possum C 
,,ere f\!d :t further 60 g of :1lmonds on eta~ 11 Each possum nas gl\Cn the am!gd:1hn Ixistc on c.b~ 11 as 
follo,,s. possum A ~1nd C ,,ere fed 17.~ g of paste cont:iining I.> g of Jm~ gd~ll1n :md possums B :ind D 
"ere both fed 17 g of p:1s1c co111a111i11i; I g of am;gdalin Each possum was obs~n cd close!) Cor the firs, 
four hours ~md then r~chcckcd 10 hours btcr 

Possum B ate only -1 .8 grams of almonds in this first trial. From the i11 1·i11·0 study this 

was not nearly enough almonds to provide adequate levels of active P-glucosidase in the 

possums digesti\'e tract should all the amygdalin paste have been eaten No amygdalin 

paste was eaten by possum B, hence there "ere no signs of cyanide poisoning Possum 

B slept for the first hour of the trial She then ate a couple of almonds. and sat do" nor 

squatted for the next half hour .-\ fh, more nuts \\'ere then eaten and some "ater drunk 

before she cleaned herself and sat observing me. T"o and a half hours into the trial she 

ate a fe" more almonds. searched for some more pa latable food (of " hich she decided 

there was none as the amygdalin paste remained untouched). She was fed quarter of an 

orange which was eaten immediately. For the remainder of the observation period 

possum B spent sining down with her head down. 

Possum C. the control in this tria l, had eaten only 8. 76 grams of almonds on day ten 

On the day of the tr ial she was fed only amygdalin paste. In the lirst hal f hour she ate 

8.83 grams of paste (663 mg of amygdal in) For the remaining three and a half hours 
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she slept or squatted and dozed No further paste was eaten during the four hour 

observation period. The orange was left untouched during the observation period. 

As with possum B, possum D did not eat many almonds. In all only 6.21 grams of 

almonds were eaten and no amygdalin paste was consumed. He sat observing me for 

over an hour before foraging for food The almonds and paste did not appeal and 

therefore were not eaten. After realising no other more palatable food was on offer, 

possum D went to sleep. Upon feeding the orange he awoke and ate it immediately. 

Possum D then resumed a restful slumber for the remainder of the observation period. 

At no time during the four hour observation period did any of the possums show signs 

of salivation, retching, vomiting or any other forms of suffering. When the possums 

were checked again at 4 am the following morning possum C, the control, was dead and 

rigor mortis was apparent. There were no physical signs indicating the possum had 

been distressed (i e no fur in cage or wounds on animal) The orange had also been 

eaten sometime during the time the possum was left unattended. A post-mortem was 

performed on possum C at l l .30 am the same morning Samples of liver and muscle 

tissue along with the possum's stomach contents were sent to the Ministry of 

Agriculture and Fisheries (MAF) for cyanide analysis. 

The MAF report found only trace cyanide levels in the stomach contents, with none 

recorded from liver or muscle tissue. The cyanide found was not believed to be of a 

significant amount to cause death. The pathologist noted a distinct almond odour in the 

lung and liver material along with some nutty smelling semi-solids in the small 

intestines and mouth. The heart was in good condition and there 'Nas no indication that 

death was a result of heart failure. The pathologist diagnosed death by cyanide 

po1sonmg. 

Of note is the rapid degradation of cyanide and the time lapsed between death, post­

mortem and MAF tissue analysis. Time of death was estimated at about 4 pm on day 

eleven - 19.5 hours before the autopsy was performed. The MAF samples were 

processed several days after the post-mortem along with other samples to be cyanide 

tested. This may have affected the level of cyanide detected in the tissue samples by 

MAF 
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Whether there was HCN release from the amygdalin because of residual almond 

enzymes in the gut from the day 10 diet is unknown. This seems unlikely as only about 

9 g of almonds were eaten and possum A. the only other possum to eat any amygdal in 

on day 11. did not show any signs of cyanide poisoning. T he i11 1·i1m analysis of 

amygdalin with buffer only ( Figures -1.2.-1.2 and -1.2.-1.3), showed negl igible HCN 

release therefore it is unl ikelv that the amygdalin spontaneously hydrolysed The 

research by Moen el el al. ( I 981 ). however indicated that there are natural P· 
glucosidases in the human digestive tract. It may therefore be possible that possums 

also have P-glucosidase enzymes present and that possum C comained enough of th.: 

appropriate enzymes in her gut to l iberace a lethal dose of HCN from the 663 mi lligrams 

ofamygdal in she ate. 

The standard diet of fru it . bread and a few almonds "as resumed for possums A. Band 

D on the twel fth day of capture and cominued until che day prior co trial number [\\0. 

eight days later. 

6.2.2 Ju ..; ..,, Trial 1\ ,o 

As the possums \\Ould 1101 ,·oluntarily eat the required volume of almonds and 

amygdalin paste. gavaging was required Possums A and B were involved in this trial 

of which B "as the control. Initially intra muscular (i/m) medecomidine and its reversal 

agent atipamezole were used co induce and reverse anaesthesia. ho"ever chis anaeschetic 

did not give sutlicient relaxation of che jaw muscles for effective gavaging. Food grade 

carbon dioxide "as subsequently used as the anaesthetic The possums \\ere 

individually anaesthetised by first placing them in a large plastic bin fi l led with carbon 

dioxide. This lowered each possums level of consciousness rapidly to a level at which 

they were sa te to handle and start the gavage procedure. Anaesthesia was maintained 

with a l ight now of carbon dioxide via a face mask. On completion of the gavage 

procedure the mask was removed and the possums replaced in thei r indiv idual cages. 

Recovery from anaesthesia was in the order of a few seconds. 

Shonly before the possums were gavaged an almond paste was made by pulverising raw 

almonds with water. 50 mis (or 18.88 g dry weight of almonds) of this paste was the 

maximum volume that could be comfonably used to gavage possum A without over 
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expanding his stomach. A further solution containing lOOO mg amygdalin dissolved in 

15 ml of water was also administered to possum A. Possum B was gavaged with the 

amygdalin solution only (Table 6.2.2.1) 

POSSUM A B 

DAY 20 39.2 X 
almonds ingested (g) 

DAY 21 

almonds ingested (g) 18.88 X 
(50 ml paste) 

amygdalin ingested (g) 1.0 1.0 

Table 6.2.2.l Substrate and enzyme consumed in trial two 
Possums A and B \\ere g,naged \\ith l g of am:,gcblin in 15 ml of water ,\hilst anaesthetised ,\ith food 
grade carbon dioxide. Possum A also receiYed 50 ml of an almond/water paste made up of 18.88 g 
almond in milliQ ,rnter. The anaesthetic was then rcmmcd and both possums were obserYed closely for 
the follo\Ying four hours. 

Neither possum presented with any conclusive signs of cyanide poisoning Possum A 

was slightly restless for the first l 5 minutes after the gavage procedure ,vhich ,vas 

entire[ y appropriate behaviour for tbe stressful situation he had just encountered. For 

the remainder of the observation period possum A cleaned himself and slept. Control 

possum B displayed no period of restlessness and merely slept and cleaned herself the 

for the entire four hour observation period. After four hours each possum was fed two 

slices of bread and a decored apple. Possum B ate the food immediately but possum A 

did not eat anything until nine hours tater The possums were checked regularly over 

the 24 hour period follo\.ving this trial. Neither possum died or showed any signs of 

suffering. 

The results from this trial were interesting as both possums received more amygdalin ( l 

g) than the control (possum C) in trial one that died (0 663 g). The fact that neither 

possum in trial two showed any signs of HCN poisoning tends to dispel the theory that 

possum C died from HCN poisoning due to the amygdalin being hydrolysed from her 

own gut ,B-glucosidases The rate at which l g of amygdalin is hydrolysed to 57 mg of 

HCN by 18.88 g of almond enzymes must be similar to the rate at which the possums 

can detoxify HCN Therefore in the next in Fivo trial, all three possums were gavaged 

with different and larger amounts of amygdalin and emulsin. 
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6.2.3 In ,,;,." Tria l Three 

In the third trial 111 "'hich the rhree rema111111g possums were ga"aged whilst 

anaesthetised with CO:. possum A appeared to suffer a moderate degree of cvanide 

poisoning before reco"ering. possum B showed no signs of any poisoning while possum 

D died from HCt\ poisoning. Substrate and enzyme purchased from the Sigma and 

\Vonhington Biomedical chemica l companies were diluted in mi ll iQ water and used for 

this gavage procedure. 

Possum A with 526 mg arnygdalin per kg body weight (Table 6.2.3.1 ) showed definite 

signs of near lethal cyanide poisoning He later recovered with no apparent ongoing 

problems. Within 20 minutes from ingestion of the substrate and enzymes the possum 

was semi-conscious. with body twitching He remained this way for the next ➔o 

minutes. A period of unbalanced standing followed for IO minutes before the possum 

once again lay down semi-conscious Two hours and 15 minutes after gavaging the 

possum assumed a 'sitting dog· position and remained in a rather "dopey" state for the 

ne'(t 2 hours Eight hours post gavage the possum ·s le\'CI of consciousness had 

improved although he was still not eating. After I 8 hours the possum appeared 10 be 

back to normal and eating well again 

Possum B "'as gi\'en the lowest dose of amygdalin at only 400 mg per kg body weight 

(Table 6.2.3.1 ). This possum regurgirared some of rhe amygdalin during the gavage 

procedure hence the exact amount thal remained in the stomach could not be 

determined Ar no stage during trial three did possum B sho" any indication of cyanide 

poisoning ll spem most of its da)' either sitting and dozing, or sleeping. 
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POSSUM A B D 

Emulsin 450 300 375 

(mg) 

amygdalin 1500 1000 1250 

(mg) 

mg amygdalin per 526 400 780 

kg body weight 

Table 6.2.3. l Substrate and enzyme consumed in trial three 
Possums A. B and D \\ere g;naged \\ith between l and 1.5 g of amygdalin in \\ater ( I g/ l 5 ml) ,,hilst 
anaesthetised ,,ith food grade carbon dio:--idc. Each possum also recei\ ed between 300 and -450 mg of 
commercial emulsin dissolYed in milliQ water ( 100 mg/ml). The anaesthetic \\as then removed and each 
of the possums were observed closely for the following four hours. 

At 780 mg amygdalin per kg body weight (Table 6.2.3.1) possum D received the largest 

dose of amygdalin For the first 25 minutes his behaviour was normal, followed by a 

period of loss of balance ( 13 minutes) then a period of unconsciousness and minor body 

twitching (27 minutes). One hour and five minutes after gavaging possum D died. At 

no stage were there any convulsions, salivation, retching or vomiting. Because there 

were obvious signs of severe cyanide poisoning immediately prior to death a post 

mortem was not performed 

Following the third trial possums A and B were given their standard diet again for four 

days. No other adverse effects were observed in the possums over this period At the 

end of the four days they ,vere killed by lethal injection of sodium pentobartitone. 

6.3 Summary 

In the first trial three of the four experimental possums ,vere fed almond nuts and an 

amygdalin/peanut butter/sugar paste, the quantities of which were determined from 

prior in vitro analysis. The fourth possum, the control, was fed the amygdalin paste 

only. None of the possums ate all of the trial food made available and only possums A 

and C ( control) ate any of the amygdalin paste. During the first four hours of 

observation there were no signs of HCN poisoning in any of the possums however :20 

hours later the control possum was found dead. The post-mortem indicated death by 

HCN poisoning although the MAF tissue analysis report indicated only trace cyanide 

levels that were not indicative of death by cyanide poisoning. 
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Due to the diflicuhy in getting the possums to voluntarily consume the amygdalin and 

almonds. in trial t\\'O the 1est possums were gavaged with a macerated almond and wa1er 

paste followed by amygdalin dissolved in water. Neither of the t"o possums gavaged 

showed any signs of HCN poisoning at any stage over the following 2-l hours 

From the trial t\\'O results. it appeared that the possums were able 10 detoxify the 

cyanide at a rate close to the production rate of the cyanide hence there were no signs of 

any HCN poisoning. Therefore in the final gavage trial. each of the three remaining 

possums was ga,aged with a greater amount or amydalin ( I g 10 I S g) and /J­
glucosidase enzymes commercially produced. 

The possum with the lowest dose of amygdalin (-lOO mg/kg body weight) showed no 

signs of HC. poisoning at any stage The possum dosed at 526 mg of amygdalin per 

kg of body weight displayed signs or severe cyanide poisoning for a two hour period 

before complete recovery The third possum. which received 780 mg of amygdalin per 

kg body weight. died from cyanide poisoning one hour after the ga"age procedure. 

There were obvious limitations in this i11 ,·,ro study due 10 the experimentation 

involving only four possums The results showed that possums used in this study 

appeared to detoxify HCN at an e~tremely fast rate, and that the use of a cyanogenic 

glycoside/catabolic enzyme pest control would require a large amount of HCN to be 

liberated in the digestive tract in a very short space of time 
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CH.-\PTER SE\ 'E\ 

CONCLUSION A\0 FUTURE \VORK 

7.1 Conclusion 

The release of HCN from cyanogenic plants is thought 10 be a pest deterrent (Vicari and 

Bazely. I 993) The fact that some plant species have e,·olved 10 contain only the 

substrate or catabolic enzymes has made them non-cyanogenic and therefore more 

att ractive to the diet of many animals Link ing the single cyanogenic moiety (either 

substrate or enzyme) " ithin one of these plants with a ba it containing the 

complementar} cyanogenic moiety became the basis for developing a species-specific 

toxin. Although the overall research aim was to locate a plant species within the 

possum diet that contains a single cyanogenic moiety and 10 de,·elop from this a bait 

that is complementary for cyanide liberation. initial analyses performed in this research 

were aimed at determining \\'hether such a project \\0uld be ,·iable 

[niti al tests involved analysing plants ident ified as being highly cyanogenic ('aran· 

clo,·er) or from species of high cyanogenicity (cherries and almonds) Several 

combinat ions of substrates or enzymes were incubated with the test plants to maximise 

cyanide release. Once the plant tissues liberated sufficient cyanide to be lethal in 

possums the~' " ere tested 111 ,·,rn 

7.1.1 Clover 

Although ·aran • clover is one of the most highly cyanogenic species of clover in New 

Zealand. the analyses from this study showed that the HCN released from unadulterated 

leaves was insu fliciem to be toxic to possums Addition of a combination of 

hydro lysing enzymes did however increase the rate and e.xtem of cyanide release (about 

30%) but not to the degree required to be lethal to possums. These fi ndings could still 

be promising however. i f a plant species within the possum diet contained the substrate 

and either no or low levels of catabol ic enzymes. A complementary bait containing the 
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appropriate enzymes could then be produced which when consumed in conjunction with 

the plant species, would release a lethal dose of HCN to possums. 

There was a concurrent increase in HCN liberation with the introduction of surplus 

substrate to the clover macerates. Substrate controls run in parallel identified this 

increase to be as a result of spontaneous hydrolysis rather than a result of excess 

catabolic enzymes within the plant tissue. 

7. l.2 Cherries 

Both the sweet and the sour cherries contained ,8-glucosidase enzymes but no substrate. 

Although it seems unlikely that cherries could produce enough cyanide in conjunction 

with an appropriate cyanogenic glycoside bait, there may be a possibility for orchard 

pest control of other animals Birds are the greatest hazard to cherry orchards and 

whether the catabolic enzyme content of cherry pericarps can be used to target birds 

could provide an interesting orchard pest control solution 

7.1.3 Almonds 

Of the three plant varieties analysed in this study, the almond macerates liberated the 

most HCN after addition of substrate. Comparison of the HCN liberation from 

amygdalin using almond macerates (96% liberation at pH 5.0 over 24 hours) or cherry 

macerates (29(}o liberation at pH 5.0 over 24 hours) indicated that almonds contain more 

enzymes per gram of tissue, or more active ,B-glucosidases than cherries 

Sweet almonds were found to contain an excess of ,B-glucosidase enzymes when in a 

trial incubating 30 rng of amygdalin with just 1 g of almond macerate, over 1.6 mg of 

HCN ,vas liberated. This level of HCN liberation was sufficient to proceed with an in 

i·ivn possum study 
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7.I A /11 ,fro Possum Study 

This in 1•11v swdy was limited by 1he use of only four experimemal possums. Whi le 

two of 1he possums did d,e during the trials, only one death was an obvious result of 

cyanide overdose. A 1hird possum did display signs of near lethal HCN poisoning 

before making a full recovery. f\t no stage during any of 1he 1rials did the fourth 

possum show any signs of cyanide poisoning. 

The control possum in trial one was the first 10 die. In this s1udy the control was fed 

amygdalin but no almonds therefore i1 should not have died from HCN poisoning f\ 

pathology report however suggested death by cyanide poisoning (a contradictory 

analysis from the MAE' report) therefore indicating 1hat the possum somehow 

hydrolysed the amygdal in i1sel[ Previous research on orally administered amygdalin in 

humans (Moertel <ti al, 1981) did indicate 1ha1 1he stomach does conrain ,B-glucosidases 

capable of hydrolysing amygdalin. The presence of ,6-glucosidases within the control 

possum·s stomach may therefore have been the cause of cyanide liberation. The only 

other possum 10 voluntaril y eat any amydalin ate half the quan1i1y that the comrol did 

and showed no signs of cyanide poisoning. 

The second trial tends 10 dispel the theory 1ha1 the control possum died from amygdalin 

hydrolysed by its own gut enzymes as in this 1rial 1he possums were subjec1ed 10 higher 

quantities of amygdalin without showing any signs of HCN poisoning The cause of 

death of the control possum is therefore inconclusive. This trial re\'ealed that the 

possums were capable of detoxifying cyanide at an extremely quick rate 

The results of the 1hird trial gave a vague indication of how much amygdal in is requ ired 

to be lethal to possums. At 526 mg amygdalin/kg body weight the dose was slightly wo 

low as the possum recovered from very severe HCN poisoning. A dosage of 780 mg/ 

kg killed the possum in a relatively short time with no obvious signs of suffering. 
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7.2 Future \Vork 

During this research there was no literature available examining amygdalin toxicity in 

possums and in particular whether these animals contain sufficient fi-glucosidase 

activity in their gut to hydrolyse amygdalin. An interesting extension of this thesis 

would therefore be to analyse possum digestive juices for its fi-glucosidase activity. 

Should this research show that the possums do contain adequate levels of cyanogenic 

enzymes then their would be no purpose in analysing plants within the possum diet for 

cyanogenic substrates as obviously the possums do not eat them. The production of a 

palatable cyanogenic glycoside bait however may be a good idea, although other animal 

species likely to consume the bait would need to be eliminated from being 'at risk' by 

checking their fi-glucosidase activities. 

If the possums are found to be unable to hydrolyse amygdalin then further investigation 

into plants species commonly browsed by possums that are cyanogenic would be the 

next logical step. As indicated by this research project the plants investigated would 

need to contain extremely high levels of cyanogenic glycosides or their catabolic 

enzymes. 

In order to create a more realistic in vitro model of the possums digestive tract, the 

model could mimic the changes in pH as the plant tissue travels through the digestive 

system (i.e from near neutral pH in the mouth to about pH 4.0 in the stomach and then 

about pH 8.0 in the intestine) This would involve altering the pH of the incubations at 

different times during the incubation and recording any associated changes in HCN 

liberation. 
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