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ABSTRACT

The plants naturally produce alkaloids as a defense 
mechanism against certain insects and fungi to protect 
themselves from external factors. Plants of the Solanum 
genus, such as potatoes, tomatoes, and eggplants, produce 
the substance solanine through natural processes. The 
amount of solanine produced by the plant for self-protection 
can increase due to genetic and environmental factors. This 
situation is often caused by improper storage conditions 
after harvest. Consuming potatoes with increased solanine 
concentration can be highly risky for health and can lead to 
solanine poisoning. This review discusses solanine poisoning 
and its mechanism.
Keywords: Alkaloids, potatoes, solanine, solanine poisoning, solanine 
toxicity.
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Plants produce toxic substances to protect 
themselves against external factors such as fungi and 
insects. Alkaloids naturally produced by plants can 
serve as examples of these toxic substances. Errors in 
the harvesting and storage of plants can lead to an 
increase in these toxic substances, posing a danger 
to human health. Alkaloids are chemical compounds 
typically containing one or more nitrogen atoms in 
a heterocyclic ring system.[1] One of these chemical 
compounds is solanine, a glycoalkaloid poison found 
in plants of the Solanum genus, such as potatoes, 
tomatoes, and eggplants.[2] 

Solanine can naturally form in any part of the 
plant. In potato plants, it tends to concentrate in 
the leaves, stems, sprouts, and fruits. In normal 
potatoes, the concentration of solanine is typically 
at levels that do not pose a threat to human health. 
However, exposure to light and physical damage 
can lead to an increase in solanine concentration 
in potatoes.[3] Although methods such as frying, 
boiling, and cooking can reduce the solanine content 
in potatoes to some extent, they often may not be 
sufficient to prevent poisoning.[4] 

Some countries have established specific limits for 
solanine content to prevent potential poisonings.[1]  

Since people and chefs generally avoid using 
sprouted potatoes, solanine poisonings are not 
common, and spontaneous recovery is often 
observed in cases of poisoning. However, if large 
amounts of solanine are ingested, the situation can 
become serious and may result in death. Common 
symptoms include nausea, diarrhea, vomiting, 
throat-burning sensation, headache, and dizziness. 
In more severe cases, hallucinations, sensory loss, 
paralysis, fever, jaundice, and dilated pupils may occur. 
The mechanism of action of solanine is suggested to 
involve interaction with mitochondrial membranes.[3]

ALKALOIDS
Alkaloids are complex chemical substances, mostly 

produced by plants and sometimes by animals. The 
basic building blocks of alkaloids are amino acids. 
They typically function as amines containing one or 
more nitrogen atoms, often found in a heterocyclic 
ring system.[1]

When chemically named, alkaloids are generally 
referred to by adding the suffix ‘-ine’ to the word. 
Alkaloids are found in almost all parts of the plant 
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kingdom. They are observed in some fungi and most 
commonly in dicotyledons (dicotyledonous plants). 
The families Papaveraceae, Solanaceae, Fabaceae, 
Apocynaceae, Solanaceae, and Rubiaceae serve as 
examples of plant families containing highly rich 
alkaloid plants. Alkaloids accumulate in specific 
organs of plants; for instance, in some species, 
they accumulate in leaves, while in others, they 
accumulate in fruits and seeds, or in rhizomes and 
roots. Additionally, while synthesized in one tissue of 
the plant, they tend to accumulate in other tissues. 
Alkaloid-containing plants are more commonly 
observed in warm regions. Most alkaloids consumed 
by animals or humans exert their effects through the 
central nervous system and the autonomic nervous 
system. Alkaloids also possess potent pharmacological 
effects and can be used in epilepsy treatment due to 
their narcotic properties.[5,6]

Some animals and humans utilize alkaloids that 
pose risks for protection from other animals. Certain 
insects exhibit immunity to toxic effects and perform 
their own defense by employing alkaloids as a poison 
against predatory animals.[1] For plants, alkaloids 
are secondary metabolites. Secondary metabolites 
do not directly contribute to the plant’s growth, 
development, or reproduction. The absence of 
secondary metabolites does not directly result in 
death.[7] 

The functions of alkaloids in most plants remain 
not fully understood. However, it is known that they 
participate in nitrogen metabolism as a nitrogen 
source and are generally secreted by plants after 
nitrogen uptake.[5,8] The most significant known 
function of secondary metabolites is their role as a 
defense mechanism for plants when they encounter 
any stress factor.[9]

Alkaloids can be found in foods for various reasons. 
They naturally occur in some important food plants 
commonly consumed by humans, such as potatoes. 
In certain foods, although alkaloids are not naturally 
present, certain fungi growing on food crops produce 
toxic alkaloids during plant growth or storage.[1]

Solanine

Solanine is a type of steroid alkaloid known as a 
glycoalkaloid produced by plants belonging to the 
Solanaceae family as a defense mechanism. Among 
the main plants that produce solanine are potatoes, 
tomatoes, and eggplants.[10,11] 

Solanine is a toxic compound with fungicidal and 
insecticidal properties. It can naturally occur in any 

part of the plant, including the leaves, fruits, and 
tubers.[12] 

The plant’s different parts contain unequal 
amounts of the compound. For instance, in the 
henbane plant, all parts are toxic, but the seeds 
contain a higher amount of poison. In potatoes, the 
above-ground fruits and green tubers are toxic.[10] 
This serves as a natural defense mechanism against 
consumption by insects, and even small quantities 
can be highly poisonous.[13]

When the human body starts to metabolize 
solanine, sugar is separated, and solanidine is 
released. Although solanidines ingested through 
Solanaceae may not be immediately toxic, they can 
be stored in our bodies and may cause harm during 
periods of stress. Solanine is particularly present in 
potatoes, with its counterpart in tomatoes being 
tomatidine. Both steroid alkaloids are produced 
similarly to chlorophyll, indicating that they will be 
more abundant in the green parts of the plant.[10]

SOLANINE POISONING
While solanine poisoning is not commonly 

observed today, recorded cases of poisoning 
exist. Normally, potatoes contain non-toxic levels 
of solanine in their tubers. However, in green or 
stressed potatoes, the concentration of solanine can 
be high, leading to toxicity.[14] Potatoes showing 
signs of greening, sprouting, rotting, or physical 
damage should not be consumed as they may contain 
high levels of solanine. The presence of greenish 
discoloration underneath the potato skin indicates 
the concentration of solanine. In such cases, the 
potato should not be eaten as high levels can also be 
present in the rest of the potato.[15]

The primary glycoalkaloids in edible 
Solanum species are alpha (α)-chaconine and 
α-solanine.[1] Alpha-chaconine and α-solanine 
represent approximately 95% of the glycoalkaloid 
content in potato tubers. The concentration of 
glycoalkaloids can vary depending on environmental 
and genetic factors. The amount of solanine is 
minimal in ripe fruits. Factors that increase solanine 
concentrations include physical injury to the 
plant, certain potato varieties, physiological stress, 
immaturity, low storage temperature, and exposure 
to light. The greening of potatoes after harvest 
is evidence of improper storage under suitable 
conditions.[16,17]               

Commercially available potatoes have been 
examined for solanine content and found to contain 
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less than 0.2 mg/g. Most commercial potatoes have 
a solanine content of less than 0.2 mg/g. In some 
countries, the glycoalkaloid limit in potatoes is set at 
0.2 mg/g.[6,13]

When exposed to light and beginning to green, 
potatoes can contain 1 mg/g or more. Potatoes 
containing solanine at these levels can be dangerous.[6] 

The glycoalkaloid content is higher in the skin 
compared to the inner part of the potato. Peeling 
the potato by 3-4 mm can remove toxic solanine 
content.[1] Peeled potatoes contain 30-80% less 
solanine compared to unpeeled potatoes.[6,18] 
Therefore, peeling potatoes before cooking reduces 
solanine intake. Tasting a small piece of the peeled 
skin helps determine the solanine content in the 
potato. A bitter taste indicates high glycoalkaloid 
content. If there is a sudden burning sensation in the 
mouth, it can be said that the potato contains more 
than 0.2 mg/g of solanine.[11] It is said that doses of 
200-400 mg can cause toxic symptoms in adults. For 
children, doses of 20-40 mg can lead to toxicity. Doses 
of 600 mg are considered to be at lethal levels.[3,13]

It has been observed that methods such as 
boiling, cooking, and frying potatoes have minimal 
effect on the level of solanine. Studies have shown 
that boiling potatoes only reduces the solanine level 
by approximately 1.2%.[4] At 150 oC, deep frying also 
did not result in a significant change. It has been 
observed that decomposition and degradation begin 
at 170 oC, and with 10 minutes of frying at 210 oC, 
a 40% reduction in solanine content in potatoes is 
observed. Potatoes cooked in a microwave oven 
show a 15% reduction in solanine content.[18,19]

Solanine poisoning primarily manifests itself 
with gastrointestinal and neurological disorders. 
Symptoms typically appear within the first 2-24 hours. 
If ingested in very high concentrations, symptoms 
may appear within 30 minutes. These symptoms 
include nausea, diarrhea, vomiting, stomach cramps, 
throat irritation, headache, dizziness, and irregular 
heart rhythms. In more severe cases, hallucinations, 
loss of consciousness, paralysis, fever, jaundice, dilated 
pupils, and hypothermia have been reported.[6,13]

The initial treatment for solanine poisoning aims 
to reduce the release of the toxin from the intestine. 
For this purpose, the stomach is washed with a weak 
potassium permanganate solution. Subsequently, 
treatment should continue with activated charcoal 
or other drugs from the sorbent group, and drinking 
plenty of water is recommended.[6] 

In cases that are not very serious, spontaneous 
recovery is usually observed within 24 hours.[20]

Mechanism of Action/Toxicity

There are several mechanisms proposed to explain 
how solanine induces toxicity in humans, but the 
exact mechanism of action is not fully understood. 
Glycoalkaloid toxicity has been shown to inhibit 
acetylcholinesterase activity in the central nervous 
system, disrupt membrane integrity affect the 
digestive system and overall body metabolism, and 
cause birth defects.[21,22] 

In vitro experiments have observed that 
α-solanine and α-chaconine are potent cytotoxins 
that rapidly induce cell lysis. When these two 
compounds act together, their cytotoxic potency 
significantly increases. The synergistic effect of these 
two molecules reveals their impact on disrupting 
the cell membrane. Poisonings caused by such 
glycoalkaloids are often difficult to diagnose because 
the observed symptoms resemble those of common 
gastrointestinal disorders.[22] In another study, it 
was demonstrated that solanine can facilitate the 
opening of potassium channels in mitochondria, 
leading to the release of Ca2+ from these organelles. 
This results in an increase in Ca2+ concentration within 
the cell. The rapid and continuous increase in Ca2+ 
concentration is the earliest biochemical change 
observed in cells undergoing apoptosis. Therefore, 
exposure to solanine increases Ca2+ concentration 
in cells, triggering the apoptosis mechanism and 
formation, leading to cell damage. Further research is 
needed to understand how potassium channels are 
opened and which enzymes and genes are involved 
in this process.[23] Symptoms observed in solanine 
poisoning, such as a burning sensation in the mouth, 
nausea, vomiting, stomach cramps, diarrhea, and 
internal bleeding, are likely to result from membrane 
disruptions occurring in cells.[24]

Today, high-performance liquid chromatography 
(HPLC) is preferred for the determination of glycoside 
toxins.[1] HPLC is an analytical method used for the 
separation, identification, and quantification of 
components present in a mixture.[25] Laboratories can 
identify solanine from blood samples using the HPLC 
method.[20]

Another method suggested is the use 
of a commercially available enzyme-linked 
immunosorbent assay (ELISA) kit that allows for the 
rapid analysis of glycoalkaloid content. Analysis 
results show that examinations conducted with both 
HPLC and ELISA kit are consistent with each other.[21]
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Recorded Poisoning Cases

Since people generally tend to avoid green 
potatoes, solanine poisonings are rarely observed.[1] 

In documented poisoning cases, after consuming 
potatoes containing 0.41 mg of solanine per gram in 
Scotland in 1918, 61 cases of solanine poisoning were 
reported, resulting in the death of a five-year-old 
child.[26] Subsequently, in a case report dated 1925, 
it is documented that seven family members who 
consumed green potatoes fell ill due to solanine 
poisoning, resulting in the deaths of a 45-year-old 
mother and her 16-year-old daughter. However, 
the other family members fully recovered.[27] In a 
report from 1979, it is noted that in a boarding 
school in the United Kingdom, 78 students fell ill 
after consuming potatoes for lunch, with 17 children 
requiring hospitalization. Gastrointestinal, circulatory, 
neurological, and dermatological findings were 
consistent with solanine poisoning according to 
laboratory investigations.[28] In Canada, 61 children 
and teachers showed symptoms of solanine toxicity 
after consuming baked potatoes. Another mass 
poisoning case was reported in Canada in 1984. A 
similar incident occurred in Canada, where 61 out 
of 109 schoolchildren (along with their teachers) 
fell ill after consuming baked potatoes containing 
approximately 50mg of solanine per 100g (determined 
by an unspecified method). Symptoms such as nausea, 
abdominal cramps, headache, vomiting, fever, and 
diarrhea were believed to be a response to a solanine 
dose of approximately 2.5 mg/kg body weight.[29]

Recorded poisoning cases are not limited 
to humans. Especially in cattle, sheep, and some 
ruminant animals, symptoms of solanine poisoning 
are observed. It is stated that there has been a 
significant increase in cases of poisoning and acidosis 
in animals such as potatoes and apples during harvest 
time.[30,31]

In conclusion, solanine is a chemical compound 
produced by plants as a defense mechanism. 
Since this chemical compound is found in foods 
we commonly consume in our daily lives, we need 
to be extremely cautious when consuming them. 
Research has shown that doses of solanine found 
in potatoes ranging from 2-5 mg/kg-1 body weight 
can cause toxic symptoms, while doses of 6 mg/
kg-1 body weight and above can lead to fatal 
outcomes. Potatoes should be stored in cool, dark 
environments to prevent an increase in solanine 
content due to environmental conditions. Green and 
sprouted potatoes should never be consumed as 

they contain high concentrations of solanine. It has 
been concluded that solanine toxicity disrupts the 
digestive system, general body metabolism, and 
membrane integrity, and can cause birth defects. 
When an individual experiences solanine poisoning, 
practices such as removing the toxic substance from 
the stomach, administering mucosal protective 
agents, and analeptic drugs are employed. Potato-
related solanine poisoning has made many people ill 
and resulted in some deaths according to statistics.
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