Review

Potato glycoalkaloids:
Some unanswered
questions
David B. Smith, JamesG. Roddick and
J. Leighton Jones

Despite its status as a food of global importance, the potato
tuber contains toxic glycoalkaloids (GA) that cause sporadic
outbreaks of poisoning in humans. Probably because GA are
natural compounds present in a staple food that has been
used for millenia, their effects on humans have not been investigated as thoroughly as they would have been had they
been synthetic additives -the use of which is stringently regulated. As a result, a number of lingering uncertainties remain
concerning both the presence of GA in potato tubers and
potato products and their effects on humans.

As one of the world’s major agricultural crops, the
cultivated potato (Sohum tuberosum L.) is consumed
daily by millions of people from diverse cultural backgrounds. Potatoes are grown in -80% of all countries,
and worldwide production stands in excess of 300 million tonnes per annum, a figure exceeded only by wheat,
maize and rice’. Although the success of the potato as a
starchy staple has been enhanced by breeding for resistance to diseases and pests, early domestication was
probably more concerned with reducing or eliminating
the levels of the natural bitter-tasting steroidal toxicants
in the tubers, known as glycoalkaloids (GA). Despite
the fact that levels of GA are much lower in modem
cultivars than in wild progenitors, if the potato were to
be introduced today as a novel food, it is quite possible
that its use would not be approved because of the presence of these potentially toxic compounds.
GA were first identified in potatoes by Baup2 early in
the 19th century, since when a vast body of information
on their chemistry, biochemistry, distribution, physiology
and toxicology has accrued, and been reviewed3”. The
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two related compounds ol-solanine and ol-chaconine
account for -95% of the GA present in S. tuberosum
(Fig. 1). These consist of a nonpolar lipophilic steroid
nucleus that is extended by two fused nitrogen-containing heterocyclic rings at one end and bound to a polar
water-soluble trisaccharide at the other. Solanine and
chaconine share the same aglycone, namely solanidine,
but differ in their carbohydrate component. In addition,
small amounts of the aglycone (i.e. solanidine) and partial glycosides (i.e. solanidine coupled to the mono- or
disaccharides) are normally present, probably as intermediates of biosynthesis and/or degradation.
Are GA present in potatoes and potato products?
GA are found throughout the potato plant with levels
varying considerably among different organs (Table 1)
and among the same organs in different plants and varieties. In the tuber, GA are concentrated mainly in the
outer 1.5~mm layer (Table 1). Levels of GA in commercial tubers are normally less than the widely accepted
‘safety limit’ of 2OOmg/kg fresh weight (see below),
and although surveys show values in excess of this limit
in 2-9% of samples6J2,peeling usually removes most of
the GA in the tuber. However, jacket potatoes and, more
recently, potato skin preparations have a relatively high
content of GA; levels in excess of the 200mg/kg limit
(and up to eightfold higher) have been reported for potato skin preparations and potato crisps made from unpeeled potatoes13J4 (Table 2). Moreover, heat processing
does not inactivate potato GA5.
By and large, the levels of GA in commercially available, quality potato tubers are not thought to represent
a health hazard to humans. However, many companies
routinely test potatoes or potato-based ingredients for
GA, as genetic and pre- and postharvest factors can increase levels in the tuber. For example, a cool and wet
growing season is thought to have been partly responsible for the withdrawal of the 1986 crop of the variety
Magnum Bonum in Sweden, which had unacceptably
high levels of GA2’. Small potatoes, which have a
higher surface area to volume ratio, tend to have higher
levels of GA, on a weight for weight basis, than do
larger potatoes22. Synthesis of GA can also be markedly
stimulated in tubers subjected to physiological stresses
such as physical damage (e.g. cutting and bruising,
which can arise during harvest or transit), exposure to
light (which, independently, can stimulate chlorophyll
synthesis leading to ‘greening’ of tubers) or microbial
and/or herbivore attack3. Such effects on tubers that are
subsequently used for skin-on or peel-based products,
which have higher base levels of GA, could therefore
pose potential health risks.
Levels of GA in tubers and foliage are positively correlated with each other, and it has not yet proved possible
to reduce the levels in tubers (to enhance edibility and
safety) while maintaining or increasing the levels in leaves
(which contribute to resistance to disease and predation)
using conventional breeding practices. Consequently,
genetic engineering approaches are now being considered, but realization of the experimental or commercial
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potential of such approaches still appears to be some way off.
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How toxic are potato GA to humans?
I
Although the claim that GA from
Rham
blighted potatoes (i.e. potatoes infected
with late blight - Phytophthoru in+
tans) might be responsible for anen- Fig. 1
Glu, Gal and Rham represent the sugar residues
cephaly and spina bifidaz3 has not been Structures of the principal potato glycoalkaloids.
upheld, at least 12 separate cases of glucose, galactose and rhamnose, respectively.
human poisoning from potato consumption, involving nearly 2000 people and 30 fatalities, have Table 1. levels of glycoalkaloids (GA) in various parts of the potato plant
been recordedz4. Available information suggests that the
susceptibility of humans to glycoalkaloid poisoning is
GA concentration
both high and very variable: oral doses in the range
Plant part
(mg/kg fresh weight)
Refs
l-5 mgkg body weight are marginally to severely toxic
to humans whereas 3-6mgikg body weight can be
Flowers
2150-5000
6, 7
letha124~25.The narrow margin between toxicity and
Leaves
230-1000
69
lethality is obviously of concern. Although serious glycoStems
23-33
7
alkaloid poisoning of humans is rare, there is a widely
held suspicion that mild poisoning is more prevalent than
Roots
180-400
7
supposed; however, because the symptoms (e.g. abdomiBitter-tasting
tuber
250-800
10
nal pain, vomiting, diarrhoea) are similar to those of
Whole
tuber
IO-150
6
other common gastrointestinal ailments, it is rarely diagSkin
(2-3%
of
tuber)
300-640
7
nosed or treated. The widely accepted safety limit for
Peel
(lo-12%
of
tuber)
150-1068
6,
7
the levels of GA in tubers remains at 200mgIkg fresh
Flesh
12-100
7
weight - a level that was proposed more than 70 years
Cortex
125
11
ago26 when little information was available concerning
Pith
Not detectable
11
subacute and chronic glycoalkaloid toxicity. However,
Sprouts
2000-7300
6, 7
owing to the large and often unpredictable variations in
levels of GA, which can arise from differences in variety, locality, season, cultural practices and stress factors,
Table 2. Levels of glycoalkaloids (CA) in various commercial potato products
and the fact that so many aspects of the biochemistry
and
preparations
and toxicity of these compounds remain poorly understood, it has been suggested that the limit should be reProduct or
GA concentration
duced to 60-70 mg/kg (Ref. 27).
preparation

What is the mode of toxicity of potato GA in humans?
Glycoalkaloid poisoning elicits a wide variety of symptoms - ranging from gastrointestinal disorders, through
confusion, hallucination and partial paralysis to convulsions, coma and death - but is thought to stem from one
or both of two quite distinct modes of action. The first is
inhibition of the enzyme acetylcholinesterase, which is
responsible for hydrolysing the neurotransmitter acetylcholine, a key process in nerve impulse conduction
across cholinergic synapses**. Neurological symptoms
such as weakness, confusion and depression, which
have been noted in patients suffering from glycoalkaloid
poisoning, are likely manifestations of this antiacetylcholinesterase activity29. Chaconine and solanine are
equally potent inhibitors of acetylcholinesterase28.
The other major biological action of GA is their ability to disrupt sterol-containing membranes30. This action
is thought to be responsible for damaging cells in the
gastrointestinal tract and also in other tissues or organs
into which GA are transported (e.g. blood, liver) following absorption. With regard to this effect, chaconine is
the more active of the two GA in many organisms and
membrane systems. Because of the different potencies
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16
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14
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65-75

16
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Fig. 2

Effectsof the glycoalkaloids chaconine (black bars) and solanine
(white bars), individually and in a 1 : 1 combination (grey bar), on the
growth of the fungus Alternaria brassicicola. Data are means of four
replicates. The thin vertical bars represent the standard error for each
mean. Redrawn from Fewell and Roddick33, with permission.

(Fig. 3)33,35.Whether the synergism between these GA is
of relevance to toxicity in animals, including humans, is
not yet known. However, it is highly likely, given that
synergism has been observed in the case of glycoalkaloid-mediated damage of blood cells35. Because of this,
published toxicity data (e.g. LD,, - the dose that is
lethal to 50% of the test organisms) for individual GA in
laboratory mammals may give a misleading impression
of the toxicity of glycoalkaloid mixtures in potato, and
therefore require re-evaluation. Clearly, this synergistic
interaction needs to be borne in mind when considering
the toxicity of GA to humans and when analysing potato
products for the presence of GA.
Synergistic interactions are not restricted to solanine
and chaconine but also occur between other GA such
as the two solasodine-based GA solasonine and solamargine36 (Fig. 4). These GA are not present in tubers
of commercial potato varieties but have been found in
tubers of some wild Sohum spp. and hybrids used
in potato breeding6. The fact that ‘alien’ GA can be
introduced into potatoes through breeding6 stresses the
need for knowledge of how the GA in S. tuberosum
interact with other GA, and also for closer consideration
of the exact content of GA in potato tubers. Such an
approach would differ from the usual approach of assessing total levels of GA, regardless of profiles, in
potatoes and potato products.

How significant is the profile of CA in the potato?
Because the overall effects of solanine and chaconine
mixtures depend on the ratio of the GA, values for acceptable total levels of GA in tubers might need to vary
of solanine and chaconine in these different systems, the according to the particular ratio of GA present, which
overall effect of ingested GA should therefore be depend- itself can vary in different potato tissues. Many studies
ent on which system they primarily act on in the body. on potato GA have not addressed the question of the
As yet, this is far from clear because of the difficulties
profile of GA directly, providing a figure only for total
of conducting toxicological studies with humans. The levels. In some cases this is because of the assay method
relative rapidity of symptoms of glycoalkaloid toxicity
employed. Immunoassays have been developed to pro(OS-12hours) suggests that their primary toxic effect vide highly practicable and sensitive means of screening
may be due to gastrointestinal damage” with the sec- levels of GA in potatoes and potato products37. Howondary occurrence of neurological disorders, which is in ever, recently developed immunoassays based on monokeeping with studies with laboratory mammals31. Un- clonal antibodies are not able to discriminate between
certainty concerning the effects of ingested GA is com- solanine and chaconine (or other GA), and cannot therepounded by the fact that, in combination, solanine and fore provide information on glycoalkaloid profiles3*.
chaconine can interact synergistically, which results in a High-performance liquid chromatography, on the other
marked intensification of the overall activity.
hand, offers both qualitative and quantitative information on GA present (for example, see Ref. 39), giving
What is the nature of the synergism between solanine
a more complete profile, although it is not as convenient
and chaconine?
as immunoassays for screening large numbers of samples.
The synergistic action (i.e. an interaction between two
As indicated above, production of GA is very much
or more factors whereby the combined activity of all the influenced by environmental factors. The effects of the
factors is greater than the sum of their individual activ- environment on the accumulation of potato GA have
ities) of solanine and chaconine in disrupting membranes been extensively investigated, but very few of the studwas first demonstrated using liposomes (synthetic mem- ies have considered how the ratio of the two major
brane vesicles)32, and has since been demonstrated with potato GA (or the glycoalkaloid profile) is affected by
plant and animal cells as well as fungi33 (Fig. 2). The environmental factors. In view of the synergistic intersynergistic activity relates to the membrane-disrupting
actions mentioned above, such information could prove
properties of the two potato GA but apparently not to valuable in assessingthe health risks posed by potato GA.
their inhibition of acetylcholinesterase34. Interestingly,
In addition, the effects of the use of wild germplasm
its magnitude varies with the solanine: chaconine ratio in breeding programmes should perhaps be more closely
128
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monitored with respect to how it might cause changes
in the .qualitative and/or quantitative make-up of GA
in potatoes; new varieties might possess novel combinations of GA, the interactions of which might result in
unpredictable degrees of toxicity. For example, solasodine-based GA have been found in hybrid tubers of
S. tuberosum and the wild potato Solanum vernei6.
Although the actual levels were low, concern arises because these compounds can interact synergistically with
solanidine-based GA36, and are also considered to have
teratogenic potentia14’. Wild germplasm might, in addition, alter glycoalkaloid profiles by bringing about
changes in the way the synthesis of GA responds to
environmental factors. In the variety Kennebec, ‘ageing’
of tuber slices results in the synthesis of the tomatidenol-based GA (x- and p-solamarine (Fig. 4) apparently
as a result of germplasm inherited from the wild species
Solanum demissum41. Knowledge of the toxicological/
pharmacological properties of potato GA, other than
solanine and chaconine, found both in tubers and in
breeding stock is virtually non-existent, and again further investigation is warranted. Speculation that potato
GA may interact with other natural compounds present
in potatoes, such as saponins or phenolics, arises from
various reports that extracts of Solarium spp. are more
toxic than the pure GA. In a dietary context, the effects of additives and/or condiments such as vinegar
(the acidity of which could influence the solubility of
GA, which are bases), cheese (which contains cholesterol, which is known to complex with GA) and salt
(which is generally physiologically active) provide further unknowns.

How are potato GA metabolized?
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occurs at some stage, although intact GA are the main
form found in the plasma. Also of interest is the fact
that chaconine and solanine appear to be metabolized
differentially in human bloodz5, resulting in changing
solanine : chaconine ratios, which could influence any
synergistic interaction between the two GA and hence

One aspect of the biochemistry of potato GA that has
received relatively little attention is the fate of the GA
once consumed. The GA certainly appear to be much
more toxic than their aglycones; for example, hamsters force-fed with various
GA showed severe intestinal epithelial
necrosis, whereas no such lesions arose
C’43
in aglycone-treated animals3’. Inciden*#
tally, the aglycones also show minor
to negligible inhibition of acetylcholinesterase. Hence, the toxicity of
potato GA is likely to be influenced by
the detoxification of GA as a result of
hydrolysis in the gut environment.
R = H, Solasodine
R = H, Tomatidenol
The extent of metabolism of GA in
the human gut is, however, far from
R = Rham -Gal - , a-Solasonine
R = Rham -Gal - , a-Solamatine
clear. Apparently, enzymic hydrolysis
I
I
does not occur in the upper digestive
GIU
Glu
tract of humans or other monogastric
animals42; moreover, in vitro, acidR = Rham - Glu - , a-Solamargine
R = Rham - Glu - , f%Solamarine
I
catalysed hydrolysis by human gastric
I
Rham
Rham
juice is limited and variable43. Reports
that the aglycone solanidine can be detected in the bloodz5 following oral Fig. 4
and tomatidenol-based
glycoalkaloids.
Glu, Gal and Rham represent
consumption of a potato meal contain- Structures of solasodine-based
ing intact GA suggest that hydrolysis sugar residues glucose, galactose and rhamnose, respectively.
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overall toxicity. Thus, it appears that GA consumed as
constituents of potato flesh can pass through the gut
without being metabolized and enter the bloodstream.
Can potato GA elicit chronic toxicity?
Most of the recorded instances of toxicity from potato
GA are of acute toxicity, although greater awareness of
the potential threat from GA, coupled with breeding for
lower levels of tuber GA and more stringent quality
control of foods, have largely eliminated such occurrences. However, the fact that potatoes (and hence GA)
are consumed on a daily or fairly frequent basis in many
countries raises questions about the possible chronic toxic
effects from prolonged ingestion of GA. A value of 14 mg
for mean daily intake has been estimated for the UK’@,
based on an average daily consumption of 140 g potatoes
and a whole-tuber content of 100 mg/kg. Because tubers
are generally peeled before being eaten, the value is
likely to be less than 14mg, although regular consumption of skin-on preparations or products could significantly elevate intake. Hopkin? stresses how an equivalent intake of potentially toxic synthetic additives would
not be permitted without extensive toxicity testing beforehand (e.g. genotoxicity, carcinogenicity). Although
the potato GA have been Ames-tested for mutagenicity
and found to be negative4s, reservations have been expressed about the comprehensiveness of the testP.
Of particular importance is the extent of accumulation
of GA from the diet as influenced by metabolism in the
body. Absorption of potato GA in humans is apparently
proportional to the amount ingested46, but once in the
bloodstream, excretion rates appear to be low, implying
that the compounds might accumulate in various organs
of the body, including the livefi7. The question has also
been raised as to whether accumulated GA might be
mobilized during periods of stress such as pregnancy,
illness or starvation47. Long-term studies of the relationship between dietary levels of GA and levels of GA in
the blood, urine and faeces of humans are needed to elucidate the body burden of these compounds in normal
individuals and also whether humans can develop tolerance to GA following continuous exposure.
The question of chronic glycoalkaloid toxicity is,
therefore, still wide open. Amazingly, there appear to
have been no studies with experimental animals involving prolonged exposure to repeated subacute doses of
potato GA, although there is clearly a need for such
data, especially in relation to reproductio@‘. Species
differences in sensitivity and response to GA also need
to be considered. Indications, to date, suggest that the
hamster may be a suitable test animal because it displays a greater acute sensitivity to ingested GA than
either rats or mice, and it also shows low excretion rates
and significant accumulation of GA in various organs4*.
Conclusions
Throughout their long history as a human food
source, potatoes have in general proved to be safe.
Nevertheless, potatoes and potato products do contain
GA that are known toxins. Even though levels of GA
130

have been substantially reduced by breeding, such that
outbreaks of acute poisoning are very rare, the possibility of chronic toxicity gives rise to some fundamental
uncertainties over the toxic effects of GA in humans.
Further work is required to define more clearly:
the extent and importance of toxicity-enhancing synergistic interactions among GA (and possibly other food
components);
how breeding for new cultivars, as well as physiological stresses, might alter glycoalkaloid profiles and
subsequent overall toxicity;
the metabolism of GA and the kinetics of their longterm accumulation and excretion in humans and/or
other appropriate species.
Answers to these questions are essential if earlier calls
for a reduction in the acceptable upper limit for GA in
potato tubers are to be evaluated or implemented on an
informed scientific basis.
Acknowledgement
David Smith gratefully acknowledges receipt of a
BBSRC/CCFRA CASE Studentship.
References
1 FAO (1992) FAO Production Yearbook Vol. 46, Food and Agricultural
Organization of the United Nations, Rome, Italy
2 Baup, M. (1826) ‘Extrait d’une Lettre de M. Baup aux Plusieurs Nouvelles
Substances’ in Ann. Chim. Phys. 31, 108-l 09
3 Jadhav, S.J., Sharma, R.P. and Salunkhe, D.K. (1981) ‘Naturally Occurring
Toxic Alkaloids in Food’ in Crit. Rev. Toxicol. 9, 21-104
4 Van Gelder, W.M.J. (1991) ‘Steroidal Glycoalkaloids in Solanum:
Consequences for Potato Breeding and for Food Safety’ in Handbook of
Natural Toxins - Vol. 6, Toxicology of Plant and Fungal Toxins (Keeler, R.F.
and Tu, A.T., eds), pp. 101-134, Marcel Dekker
5 Maga, ].A. (1994) ‘Glycoalkaloids in Solanaceae’ in Food Rev. Int. 1O(4),
385-418
6 Van Celder, W.M.J. (1990) ‘Chemistry, Toxicology, and Occurrence of Steroidal
Glycoalkaloids: Potential Contaminants of the Potato (Solarium tuberosum L.)’
in Poisonous Plant Contamination of Edible Plants (Rizk, A-F.M., ed.),
pp. 117-l 56, CRC Press
7 Lampitt, L.H., Bushill, J.H., Rooke, H.S. and Jackson, E.M. (1943) ‘Solanine.
Glycoside of the Potato. II. Its Distribution in the Potato Plant’ in /. Sot. Chem.
Ind. 62,48-51
8 Wood, F.A. and Young, D.A. (1974) ‘TCA in Potatoes’ in Canada Department
of Agriculture Publication No. 1533, Department of Agriculture, Ottawa,
Ontario, Canada
9 Kozokue, N., Kozokue, E. and Mizuno, S. (1987) ‘Clycoalkaloids in Potato
Plants and Tubers’ in HortScience 22,294-296
10 Zitnak, A. (1961) ‘The Occurrence and Distribution of Free Alkaloid
Solanidine in Netted Gem Potatoes’ in Can. 1. Biochem. Physiol.
39,1257-l 265
11 Kozokue, N. and Mizuno, S. (1989) ‘Studies on Glycoalkaloids of Potatoes.
(Part IV) Changes of Glycoalkaloid Content in Four Parts of a Sprouted Potato
Tuber and in Potato Tubers During Storage’ in 1. jpn. Sot. Hort. Sci.
58,231-235
12 Hellen&, K-E. (1986) ‘A Simplified Procedure for Quantification of Potato
Clycoalkaloids in Tuber Extracts by HPLC; Comparison with ELISA and a
Calorimetric Method’ in 1. Sci. Food. Agric. 37, 776-782
13 Friedman, M. and Dao, L. (1992) ‘Distribution of Glycoalkaloids in Potato
Plants and Commercial Potato Products’ in 1. Agric. Food Chem. 40, 419-423
14 Sizer, C.E., Maga, ].A. and Craven, C.J. (1980) ‘Total Clycoalkaloids in
Potatoes and Potato Chips’ in /. Agric. Food Chem. 28, 578-579
15 Mondy, N.I. and Cosselin, 8. (1988) ‘Effect of Peeling on Total Phenols, Total
Glycoalkaloids, Discoloration and Flavor of Cooked Potatoes’ in 1. Food Sci.
53,756-759
16 Bushway, R.J. and Ponnampalam, R. (1981) achaconine
and cr-Solanine
Content of Potato Products and Their Stability During Several Modes of
Cooking’ in 1. Agric. Food Chem. 29,814-817

Trends

in

Food Science & Technology April 1996 [Vol. 71

17 Bushway, R.J., Bureau, J.L. and McCann, D.F. (1983) ‘cr-Chaconine and
cu-Solanine Content of Potato Peels and Potato Peel Products’ in /. Food SC;.
48,84-86
18 Saito, K., Horie, M., Hoshino, Y., Nose, N. and Nakazawa, H. (1990)
‘High-performance
Liquid Chromatographic Determination of Clycoalkaloids
in Potato Products’ in /. Chromatogr. 508, 141-147
19 Jones, PG. and Fenwick, C.R. (1981) ‘The Glycoalkaloid Content of Some
Edible Solanaceous Fruits and Potato Products’ in 1. Sci. Food Agric.
32,419-421
20 Davies, A.M.C. and Blincow, P.J. (1984) ‘Glycoalkaloid Content of Potatoes
and Potato Products Sold in the UK’ in j. Sci. Food Agric. 35, 553-557
21 Hellenas, K.E., Branzell, C., Johnsson, H. and Slanina, P. (1995) ‘High Levels
of Glycoalkaloids in the Established Swedish Potato Variety Magnum Bonum’
in j. Sci. Food Agric. 68, 249-255
22 Verbist, J.F. and Monnet, R. (1979) ‘A Propos de la Teneur en Solanine des
Petits Tubercules Nouveaux de Pomme de Terre (Solarium tuberosum L.)’
in Potato Res. 22, 239-244
23 Renwick, J.H. (1972) ‘Hypothesis: Anencephaly and Spina Bifida Are Usually
Preventable by Avoidance of a Specific But Unidentified Substance Present in
Certain Potato Tubers’ in Br. /. Prev. Sot. Med. 26, 67-88
24 Morris, SC. and Lee, T.H. (1984) ‘The Toxicity and Teratogenicity of
Solanaceae Glycoalkaloids, Particularly Those of the Potato (Solarium
tuberosum): A Review’ in Food Technol. Aust. 36, 118-l 24
25 Hellenas, K.E., Nyman, A., Slanina, P., Loof, L. and Gabrielsson, J. (1992)
‘Determination of Potato Glycoalkaloids and Their Aglycones in Blood Serum
by High Performance Liquid Chromatography. Application to Pharmacokinetic
Studies in Humans’ in 1. Chromatogr. 573, 69-78
26 Bbmer, A. and Mattis, H. (1924) ‘Der Solaningehalt der Kartoffeln’ in Z.
Unters. Nahr. Genussm. Gebrauchsgegenstaende 47,97-l 27
27 Parnell, A., Bhuva, V.S. and Bintcliffe, E.J.B. (1984) ‘The Clycoalkaloid
Content of Potato Varieties’ in /. Nat/ Inst. A@. Bat. 16, 535-541
28 Bushway, R.J., Savage, S.A. and Ferguson, B.S. (1987) ‘Inhibition of Acetyl
Cholinesterase by Solanaceous Glycoalkaloids and Alkaloids’ in Am. Potatoj.
64,409-413
29 McMillan, M. and Thompson J.C. (1979) ‘An Outbreak of Suspected Solanine
Poisoning in Schoolboys: Examination of Criteria of Solanine Poisoning’ in
Q. J. Med. 48,227-243
30 Roddick, J.G. (1987) ‘Antifungal Activity of Plant Steroids’ in Ecology and
Metabolism of Plant lipids iACS Symposium Series 3251 (Fuller, G. and
Nes, W.D., eds), pp. 286-303, American Chemical Society, Washington DC,
USA
31 Baker, DC., Keeler, R.F. and Gaffield, W. (1991) ‘Toxicosis from Steroidal
Alkaloids of Solanum Species’ in Handbook of Natural Toxins - Vol. 6,
Toxicology of Plant and Fungal Toxins (Keeler, R.F. and Tu, A.T., eds),
pp. 71-82, Marcel Dekker
32 Roddick, J.G. and Rijnenberg, A.L. (1986) ‘Effect of Steroidal Glycoalkaloids
of the Potato on the Permeability of Liposome Membranes’ in Physiol. P/ant.
68,436-440

Bovine spongiform

33 Fewell, A.M. and Roddick, J.G. (1993) ‘Interactive Antifungal Activity of the
Glycoalkaloids a-Solanine and cr-Chaconine’ in Phyfochemistry 33, 323-328
34 Roddick, J.C. (1989) ‘The Acetylcholinesterase-inhibitory
Activity of Steroidal
Clycoalkaloids and Their Aglycones’ in Phytochemistry28,
2631-2634
35 Roddick, J.A., Rijnenberg, A.L. and Osman, SF. (1988) ‘Synergistic Interaction
Between Potato Clycoalkaloids n-Solanine and cu-Chaconine in Relation to
Destabilization of Cell Membranes: Ecological Implications’ in 1. Chem. Ecol.
14,889-902
36 Roddick, J.C., Rijnenberg, A.L. and Weissenberg, M. (19901
‘Membrane-disrupting
Properties of the Steroidal Clycoalkaloids Solasonine
and Solamargine’ in Phytochemistry 29, 1513-l 518
37 Morgan, M.R.A., McNerney, R., Matthew, J.A., Coxon, D.T. and Chan, H.W-S.
(1983) ‘An Enzyme Linked lmmunosorbent Assay for Total Clycoalkaloids in
Potato Tubers’ in /. SC;. food Agric. 34, 593-598
38 Plhak, L. and Sporns, P. (1994) ‘Development and Production of Monoclonal
Antibodies for the Measurement of Solanidine Clycoalkaloids’ in Am. Potato/.
71,297-313
39 Houben, R.J. and Brunt, K. (I 994) ‘Determination of Glycoalkaloids in Potato
Tubers by Reversed-phase High-performance
Liquid Chromatography’ in
J. Chromatogr. 661, 169-l 74
40 Keeler, RF., Baker, DC. and Gaffield, W. (1991) ‘Teratogenic Solarium
Species and the Responsible Teratogens’ in Handbook of Natural Toxins Vol. 6, Toxicology of Plant and Fungal Toxins (Keeler, RF. and Tu, A.T., eds),
pp. 83-99, Marcel Dekker
41 Fitzpatrick, T.J., Herb, SF., Osman, SF. and McDermott, J.A. (1977) ‘Potato
Glycoalkaloids. Increases and Variations of Ratios in Aged Slices Over
Prolonged Storage’ in Am. Potato/. 54, 539-544
42 Majak, W. (1992) ‘Mammalian Metabolism of Toxic Glycosides’ in /. Toxicol.
Toxin Rev. 11, l-40
43 Friedman, M. (1992) ‘Composition and Safety Evaluation of Potato Berries,
Potato and Tomato Seeds, Potatoes, and Potato Alkaloids’ in Food Safety
Assessment (ACS Symposium Series 484) (Finley, J.W., Robinson, SF. and
Armstrong, D.J., eds), pp. 429-462, American Chemical Society, Washington,
DC, USA
44 Hopkins, 1. (1995) ‘The Glycoalkaloids: Naturally of Interest (But a Hot
Potato?)’ in Food Chem. Toxicol. 33(4), 323-339
45 Friedman, M. and Henika, P.R. (1992) ‘Absence of Genotoxicity of Potato
Alkaloids achaconine,
cY-Solanine and Solanidine in the Ames Salmonella
and Adult and Foetal Erythrocyte Micronucleus Assays’ in Food Chem.
Toxicol. 30, 689-694
46 Harvey, M.H., McMillan, M., Morgan, M.R.A. and Chan, H.W.S. (1985)
‘Solanidine is Present in Sera of Healthy Individuals in Amounts Dependent
on Their Dietary Potato Consumption’ in Hum. Joxicol. 4, 187-l 94
47 Claringbold, W.D.B., Few, J.D. and Renwick, J.H. (1982) ‘Kinetics and
Retention of Solanidine in Man’ in Xenobiotica 12, 293-302
48 Groen, K., Pereboom-De Fauw, D.P.K.H., Besamusca, P., Eeekhof, P.K.,
Speijers, G.J.A. and Derks, H.J.G.M. (1993) ‘Bioavailability and Disposition of
3H-Solanine in Rat and Hamster’ in Xenobiotica 23, 99551005

encephalopathy

(BSE)

As we go to press, clinical evidence has just been released that may indicate the emergence of cases of a new
form of the human neurodegenerative
disease CJD. In the absence of any other explanation
for the cases, it is
speculated
that they may be linked to prior consumption
of products derived from BSE-infected
cattle. The
neurodegenerative
disease
BSE of dairy
and beef cattle appears
to have developed
as a result
of feeding
ruminant-derived
protein to other ruminant
farm animals.
Readers may be interested
in the
following
Internet sites providing
regularly updated information
on the topic:
http://dairy.umd.edu/varner/bse.html
(site maintained
by Mark Varner,
http://inet.uni-c.dk/-iaotb/bse.htm
(site maintained
by Torsten

Brinch,

http://www.bright.net/-fwo/BSE/bse.html
(site maintained
by The Owenlea
http://www.bmj.com//bmj/bse.htm
(site maintained
by the British
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