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FOOD TOXINS 

 

 

INTRODUCTION: Toxin is biologically produced poison. A toxin may be defined as a 

poisonous substance produced by living cells or organisms that is active at very low 

concentration. Toxins can be small molecules, peptides or proteins and are capable of causing 

disease on contact with body tissues by interacting with biological macromolecules such as 

enzymes or cellular receptors. Toxins vary greatly in their severity, ranging from usually minor 

and acute to almost immediately deadly (as in botulinum toxin). The focus of this chapter is on 

bacterial, fungal, algal , chemical and natural toxins. Bacterial toxins are the most important 

followed by mycotoxins and algal toxin. Bacterial toxins have the highest significance with 

respect to public health as well. Although mycotoxins have been responsible for individual acute 

poisoning outbreaks, primary concerns regarding mycotoxin contamination in foods and feeds 

are related to both human illness due to long term, low-level exposure and animal health. On the 

other hand, although there is paucity of information on algal toxin, contamination of sea foods 

with these toxins has the highest potential human health risks because of the widespread 

distribution of susceptible sea foods and the etiology of toxin production and subsequent 

accumulation. Recently, public health and social agendas have become more proactive in food 

toxicology.  But, they do not provide information about toxins that may be inherent in the food or 

formed during processing. Because some food toxins cannot be removed from foods and other 

may be created during processing or cooking, consumption of small quantities of food toxins is 

unavoidable. A higher proportion of pesticide poisoning and deaths occur in developing countries 

when there are inadequate safety standards, poor labeling, illetercy and insufficient knowledge of 

pesticide hazard.  So the basic principle of toxicology that “dose makes the poison”  should be 

taken care of.  

LEARNING OUTCOMES: 

Upon completion of this module, the reader will be able to : 

            Know major types of foodborne diseases---- food infection, intoxication and toxin-    

mediated infection 

             Understand different categories of food toxins 

            Familiarize  with the clinical manifestation of food intoxications 

            Find measures of prevention of food poisoning. 

1. MAJOR TYPES OF FOOD BORNE DISEASES 

 Infection A foodborne disease is when a person eats food containing harmful 

microorganisms, which then grow in the intestinal tract and cause illness. Some bacteria, 

all viruses, and all parasites cause foodborne illness via infection. The foodborne bacteria 

that cause infection are: Salmonella spp., Listeria monocytogenes, Campylobacter jejuni, 
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Vibrio parahaemolyticus, Vibrio vulnificus, and Yersinia enterocolitica. The most common 

viral agents that cause foodborne disease are: Hepatitis A, norovirus, and rotavirus. The 

most common foodborne parasites are: Trichinella spiralis, Anisakis simplex, Giaria 

duodenalis, Toxoplasma gondii, Cryptosporidium parvum, and Cyclospora cayetanensis. 

Intoxication An intoxication results when a person eats food containing toxins that cause 

illness. Toxins are produced by harmful microorganisms, the result of a chemical 

contamination, or are naturally part of a plant or seafood. Some bacteria cause an 

intoxication. Viruses and parasites do not cause foodborne intoxication. The foodborne 

bacteria that cause intoxication are: Clostridium botulinum, Staphylococcus aureus, 

Clostridium perfringens, and Bacillus cereus. Chemicals that can cause an intoxication 

include cleaning products, sanitizers, pesticides and metals (lead, copper, brass, zinc, 

antimony, and cadmium). Seafood toxins include ciguatera toxin, scombroid toxin, 

shellfish toxins, and systemic fish toxins. Plants and mushrooms can also cause an 

intoxication. 

Toxin-mediated infection A toxin-mediated infection is when a person eats food 

containing harmful bacteria. While in the intestinal tract, the bacteria produce toxins that 

cause illness. Some bacteria cause toxin-mediated infection. Viruses and parasites do not 

cause a toxin-mediated infection. The foodborne bacteria that cause toxin-mediated 

infection are: Shigella spp. And Shiga toxin-producing Escherichia coli. 

 SOURCE: American Public Health Association. 2000. Control of Communicable 

Diseases Manual. J. Chin, Editor. Washington, DC. 624 pp. 

 

 

Source: Classification of Food borne diseases S.S Deshpande pg. 462 
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2. CATEGORIES OF FOOD TOXINS 

2.1 Bacterial toxins  (a) Botulism—Clostridium sp.  (b) Staphylococcus poison      (c) 

Bacillus toxin 

2.3 Mycotoxin    (a)  Aflatoxin     (b) Ergot       (c)Fusarium toxin 

2.3 Algal toxins 

2.4 Naturally occurring toxins (a) Lathyrism (BOAA)   (b) Endemic ascites  (Pyrrolizidine 

alkaloids)   (c) Antinutrients and toxicants of plant origin 

2.5  Chemical toxins   (a) Heavy metals    (b) environmental contaminants. 

 

2.1 Bacterial toxins 

Clostridium botulinum causes a severe form of food poisoning named botulism.. The term 

botulism means sausage (botulus, Latin for sausage) as poorly cooked sausages were formerly 

associated with this type of poisoning. 

Morphology: It is a Gram positive, non-capsulated bacillus about 5µmx1µm, motile by 

peritrichate flagella and produces subterminal, oval bulging spores. The spores are highly 

resistant and can withstand heat for several hours at 100 degree centigrade and for upto 10 

minutes at 20 degree centigrade.The organism is widely distributed in soil, dust and the intestinal 

tract of animals and enters food as spores.  

Toxin and Pathogenesis: Cl. botulinum forms a powerful exotoxin. The toxin differs from other 

exotoxin in that it is not released during the life of the bacterium. It is produced intracellularly 

and appears in the medium on autolysis of the cell. It is believed to be synthesized as a non-toxic 

protoxin or progenitor toxin. Progenitor toxin is converted to active toxin by trypsin and other 

proteolytic enzymes. The toxin has been isolated as a pure crystalline protein with M.W 70,000. 

It has a lethal dose for human is probably one microgram. Type A toxin is the most potent. 

Cl. botulinum is non-invasive and its pathogenicity is due to the action of preformed toxin, the 

manifestations of which are collectively called botulism. The symptoms appear 12-36 hours after 

ingestion of contaminated food. Botulism differs from other forms of food poisoning in that the 

gastrointestinal symptoms are very slight. The prominent symptoms are dysphagia, diplopia, 

ptosis, dysarthria, blurring of vision, muscle weakness and even quadriplegia. Since it is a 

neurotoxin and acts slowly, therefore, takes several hours to kill. The toxin acts by blocking the 

production or release of acetylcholine at synapses and neuromuscular junctions.There is impaired 

functioning of cholinergic autonomic pathways resulting in decreased salivation and lacrimation, 

urinary retention and obstinate constipation, besides weakness or paralysis of the extra-ocular, 

facial, lingual, laryngeal, intercoastal, intestinal and skeletal muscles. Death occurs due to 

respiratory failure. The foods most frequently responsible for botulism are home preserved foods 
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such as home-canned vegetables, pickled fish, home-made cheese and similar low acid foods. 

The contaminated food usually exhibits signs of spoilage, and cans can  be inflated and show 

bubbles on opening. Often the food may look normal and there is no alteration in taste. Fatality 

rate is 25-70% and death results from respiratory failure. 

Prophylaxis and Treatment: As botulism follows consumption of canned or preserved food, 

control may be achieved by proper canning and preservation. Intensive supportive therapy may 

bring down the mortality rate. However, if outbreak occurs, prophylactic dose of antitoxin should 

be given intramuscularly to all who have consumed the suspected food. Antitoxin may be tried 

for treatment. Active immunization with botulinum toxoid to prevent botulism is also available. 

Infant  Botulism : Botulism in infants is called infant botulism. It affects infants below 6 months. 

Honey has been incriminated as a source of infection. It is a toxico-infection. The disease is 

characterized by constipation, weakness, lethargy and cranial palsies. Infants exhibit flaccid 

paralysis , usually with a weak sucking response, generalized loss of tone (“the floppy baby 

syndrome”) and respiratory complications. Spores and toxin are excreted in the faeces of the 

patient. Management is by supportive care and assisted feeding. Severity of illness varies from 

mild illness to fatal disease. 

Staphylococcus poisoning  

Morphology: They are Gram positive cocci arranged in grape like clusters, non-motile, non-

sporing approximately 1 µm in diameter. A few strains may possess microscopically visible 

capsules, especially in young cultures. Many apparently non-capsulated strains also have some 

amount of capsular material on the surface.   

In staphylococcal food poisoning, the food contaminated by an infected food handler serves as 

the source of infection. Staphylococcal food poisoning is usually associated with dessert type 

dishes such as ice-cream, custard, jelly, cream fillings, besides meat and cheese. 

Toxin and pathogenesis :The toxin is responsible for staphylococcal food poisoning –nausea, 

vomiting and diarrhea occurring within 2-6 hours of consuming contaminated food. Type A toxin 

is responsible for the most cases. The enterotoxin is resistant to gut enzymes. It also resists 

boiling for 30 minutes, a temperature that kills Staph. aureus. Toxin is produced when Staph. 

aureus grows in carbohydrate and protein foods, usually cooked food. Milk and milk products 

have also been implicated. The toxin is believed to act directly on the autonomic nervous system 

to cause the illness.  Enterotoxin is also a superantigen and thus stimulates T-lymphocytes to 

release interleukins and tumour necrosis factor. These factors contribute to production of clinical 

illness. The illness becomes manifest by the sudden onset of vomiting, abdominal cramps and 

diarrhea. In severe cases blood and mucus may appear.  

Bacillus cereus has assumed importance as a cause of food poisoning.It is widely distributed in 

nature such as soil, vegetables, milk, cereals, spices, meat and poultry. Some s[pores survive 

cooking and germinate into vegetative bacilli which produce enterotoxin that cause food 

poisoning.  
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They are generally motile with peritrichous flagella except the anthrax bacillus which is non-

motile. 

Toxin and Pathogenesis:  

1. Short Incubation Period Type (1-5 Hours) Emetic form: It is characterized by acute 

nausea and vomiting, 1-5 hours after the meal. Diarrhoea is not common. It is usually 

associated with consumption of cooked rice. 

2. Long Incubation Period Type (8-16 Hours) Diarrhoel form: It is characterized by 

acute abdominal pain and diarrhea, 8-16 hours after ingestion of contaminated food. 

Vomiting is rare. 

The disease is due to enterotoxin production. Diarrhoeal disease is caused by serotypes 

2,6,8,9,10,or 12 while emetic type is caused by serotypes 1,3,5 of B. cereus strains. Two 

mechanism of action, one involving stimulation of CAMP system and the other 

independent of it, have been described for the enterotoxin of  B. cereus.  

Prevention of Food Poisoning: 

1. Selection of foods: Prevention of Food poisoning starts with judicious selection of 

raw  food items. Only fresh articles of food should be selected. Raw foods exposed to 

dust and flies should be discarded. Canned food preparations  with bulging lids 

should also be rejected. 2. Preparation of foods: Foods should be prepared 

hygienically, using safe food handling practices. Direct handling of food preparations 

should be reduced to m inimum. Cooking should be thorough to ensure destruction of 

all the pathogens and their heat labile toxins which may be present in the food. A high 

standard of personal hygiene should be maintained by the individual engaged in 

handling, preparation and cooking of food.  3.Protection  and consumption of 

foods:  Prepared foods that are not immediately consumed should not be stored at 

room temperature but promptly kept in refrigerator / cold storage to prevent 

multiplication of microbial agents and the production of toxins. Cold is bacteriostatic 

at temperature below 4 deg. C. ‘Cook and eat the same day is golden rule’. Discarded 

foods should be promptly disposed of in a sanitary  manner, to avoid fly and rat 

nuisance. 

2.2 MYCOTOXINS 

Mycotic poisoning: (i) Mycetism---- fungus itself causes toxic effects (ii) 

Mycotoxicosis--- fungal toxins contaminate some article or food. 

Toxin produced by fungus is known as mycotoxin.   

Fungus responsible for Mycotoxicosis 

Fungus Mycotoxin produced 
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Aspergillus flavus Aflatoxin 

Fusarium graminarum Mycotoxin 

Mushrooms Mycotoxin 

Claviceps species Ergot alkaloid 

A. fumigatus Fumigatin 

A. ochraceus Ochratoxin 

Penicillium rubrum Rubratoxin B 

Penicillium puberulum Penicillic acid 

Fusarium nivale Sciepenols 

Amanita muscaria Muscarine 

 

(a) Aflatoxin: The best known mycotoxin is Aflatoxin produced by A. flavus. And A. 

parasiticus. Aflatoxicosis is quite a public health problem in India. It is a storage 

infestation which appears in tribal population in rural areas who subsist mainly on maize 

staple. Males show a higher attack rate than females and the mortality rate may be as high 

as 20%.These fungi infest foodgrains such as groundnut, maize, parboiled rice, sorghum, 

wheat, rice, cotton seed, tapioca under conditions of improper storage, and produce 

aflatoxins of which  B1 and G1 are the most potent hepatotoxins, in addition to being 

carcinogenic. High level of moisture and temperature favour toxin formation. 

The cases of Aflatoxicosis present with jaundice, associated with rapidly developing 

ascites, occasionally accompanied by oedema of lower limbs. The cases that recover run 

an increased risk of liver cancer.  

Prevention: 

(i) Prevention of Aflatoxicosis should start with health education of population at risk 

regarding natural history of aflatoxicosis, mechanism of its propogation and 

infestation and health hazard s of consuming contaminated foodgrains.   (ii)  Storage 

condition of the maize should be improved to disallow fungal infestation. The cobs 

should be shelled and dried thoroughly before storage. Moisture content should be 

kept below 10 per cent. (iii) Infested grains, if any, should  be destroyed by burning 

and should not be fed to animals or  birds. (iv) Applied genetics may help in 

developing resistant varieties of maize that can be propogated in the endemic areas. 

(b) Ergotism: 

Ergot is a field fungus. Ergotism or ergot poisoning is caused by the consumption of 

ergot infested cereal grain  especially bajra (pearl millet). Besides bajra, ergot is also 
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known to infest wheat, barley, sorghum and rye. Contamination of bajra occurs in the 

field during flowering season. The fungus Claviceps fusiformis invades during the 

flowering stage. A hard black fungal mass (sclerotia) eventually takes the place of the 

grain; normal grains and ergot infested grains lie side by side in an ear head and get 

mixed up after harvesting. The toxins released by ergoty bajra belong to clvine group 

of alkaloids, and are identified as agroclavine, elymoclavine, chanoclavine, 

penniclavine and setoclavine. 

The symptoms are acute but rarely fatal and include nausea, repeated vomiting, 

giddiness and drowsiness extending sometimes for periods upto 24-48 hours after the 

ingestion of ergoty grain. In chronic cases, painful cramps in the limbs and peripheral 

gangrene due to vasoconstriction of capillaries have been reported. A disappointing 

feature is that the high yielding varieties of  bajra are more susceptible to infestation. 

Prevention: 

(i) Prevention of ergotism starts with health education of the at- risk. Education 

which should understand the mechanism of the fungal infestation of bajra in 

the field and health hazards of consuming the infested grains. (ii) Before 

cooking bajra grains should be immersed in 20 % salt water; the ergoty grains 

shall separate out and float on the surface of water. This is simple, efficient 

and inexpensive method that can be easily carried out by rural families. The 

upper safe limit for the ergot alkaloids has been estimated to be 0.05 mg per 

100 grams of the food material. (iii) The long term measure of controlling 

ergotism lies in applied genetics which may help in identifying or developing 

ergot resistant varieties of bajra that can replace the existing species. 

(c) Fumonisins:  are the most recently characterized toxins produced bt Fusarium 

moniliforme. Reports of fumonisin naturally contaminated animal and human feeds occur 

worldwide. Sorghum and rice are good substrate for fusarium. 

Fumonisins are group of diester compounds with different polyhydric alcohols and 

tricarboxylic acids of which fumonisin B1 has been reported to be the most toxic. These 

toxins are water soluble and heat stable. In humans, fumonisins have been 

epidemiologically linked to human esophageal cancer. The toxicity of fumonisin B1 has 

been related to its effect on sphingolipid metabolism. 

2.3 Algal toxins: 

In many areas of the world intoxication by marine biotoxin or phycotoxins (fish 

poisoning) is a major public health problem affecting thousands of people each year. 

In years past, poisoning through eating seafoods such as shellfish was considered 

public health problem only in local seacoast areas where people consumed 

considerable amount of these products. In recent years, reports of food poisoning of 

marine origin are increasing in frequency of outbreaks. Part of this increase is 

undoubtedly due to increased consumption of seafoods of marine origin. Modern 
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methods of freezing and shipping sea foods globally have broadened the scope of this 

problem. 

Harmful algae are microscopic, single celled plants that live in the sea. Most species 

of algae or phytoplankton are not harmful and serve as the primary producers of the 

oceanic food web. Occassionally, the algae grow very fast or ‘bloom’ and accumulate 

into dense, visible patches near the surface of water. “Red Tide” is a common name 

for such phenomenon. Only a few dozen of many thousands of species of 

microscopic and macroscopic algae are reportedly associated with toxic or harmful 

blooms. Some species such as the dinoflagellate Alexandrium, Gymnodium, 

Pyrodynium, Dinophysis and diatoms Ps-eudonitzschia etc. produce potent toxins that 

are transferred through the food web and effect or even kill higher forms of life such 

as shellfish, fish, birds and marine mammals including human that feed either 

directly or indirectly on them. 

Consumption of sea foods contaminated with algal toxins results in five different 

syndromes , paralytic, neurotoxic, amnesic or diarrhetic shellfish poisoning and ciguatera 

fish poisoning. 

Paralytic shellfish poisoning (PSP) is caused by consumption of molluscan shellfish 

contaminated with heterocyclic guanidines called saxitoxins. The toxin blocks neuronal 

activity. The primary site of action in humans is the peripheral nervous system. 

Symptoms of toxicity include tingling and numbness of extremities, loss of motor 

control, drowsiness. Ingestion of 1-4 mg saxitoxin has resulted in death from respiratory 

paralysis.  

Outbreak of PSP has occurred worldwide, due to the fact that saxitoxin-producing 

species of dinoflagellates can live in either temperate or tropical waters. 

Prevention: Saxotoxins are not inactivated by cooking, and must be mitigated at their 

source to prevent ingestion. PSP is prevented by large scale, proactive monitoring 

programs and rapid closures of harvest in areas containing dinoflagellate algal blooms. 

Neurotoxic shellfish poisoning NSP:  The dinoflagellates Karenia brevis produces brevetoxins 

that are lethal to fish, but not to mollusks such as oysters, clams and mussels. Consequently, they 

can accumulate in healthy-appearing mollusks to concentrations that are toxic to humans who 

ingest them. Karenia brevis brevitoxins cause the syndrome known as neurotoxic shellfish 

poisoning NSP, which affects sodium transport in the autonomic nervous system and causes 

inhibition of neuromuscular transmission in skeletal muscle. 

NSP is usually a relatively mild illness as compared to PSP. NSP symptoms usually occur within 

three hours of ingesting contaminated shellfish and may include abdominal pain, nausea and 

vertigo, malaise, generalized muscle weakness, ataxia, incoordination, chills, headache, myalgia, 

a reversal of hot/cold temperature sensation and progressive parasthesias. Dilated pupils, 

bradycardia and convulsions may  in cases of severe poisoning. Unlike PSP, no death  have been 

reported from NSP. 
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K. brevis is the organism that is usually responsible for the red tides in the Gulf of Mexico and 

along the southern Atlantic coast of North America. Blooms along the west coast of Florida 

occur regularly. Biotoxin control plans that are implemented during period of red tide are 

generally effective in preventing NSP, but have not eliminated NSP entirely. 

Amnesic shellfish poisoning (Domoic acid) 

Amnesic shellfish poisoning (ASP) is caused by domoic acid produced by diatoms of the genus 

Pseudo-nitzchia, which are consumed by mussels, scallops, clams and crabs. Domoic acid is a 

water-soluble, tricarboxylic amino acid that is a structural analog of the neurotransmitter 

glutamate and is a glutamate receptor agonist. Persistent activation of the kainite glutamate 

receptor causes an increase in intracellular calcium, which can cause neuronal cell death and 

lesions of the brain where glutamineric pathways are concentrated. Areas of the brain involved in 

learning and memory processing are particularly susceptible. The symptoms of ASP are 

gastroenteritis, dizziness, disorientation, lethargy, seizures and loss of short term memory. 

Respiratory difficulty, coma and death may ensue. Human toxicity has occurred after ingestion of 

1-5 mg/kg domoic acid. 

Pseudo-nitzchia. In 1987, approximately 100 people became ill and died in Prince Edward 

Island, Canada, after eating contaminated mussels. Pseudo-nitzchia and domic acid are now 

closely monitored throughout the world. The FDA has established an action level of 20ppm for 

domoic acid, except in the viscera of Dungeness crab, where 30ppm is permitted. Regularly 

guidance has been effective in preventing ASP in humans, since no human outbreaks of ASP 

have occurred since 1987. 

Diarrhetic shellfish poisoning: Diarrhetic poisoning ( DSP) is caused by the production of 

okadaic acid and dinophysistoxins in the dinoflagellates Dinophysis fortii or Prorocentrum lima, 

which are consumed by mollusks. Okadaic acid and dinophysistoxins are inhibitors of 

serine/threonine phosphatases, critical components of signaling cascades that regulate a number 

of cellular processes involved in metabolism, ion balance, neurotransmission and cell cycle 

regulation. 

Compared to other types of shellfish poisoning, symptoms of DSP are relatively mild and 

generally consist of diarrhea, abdominal cramps, nausea, chills or vomiting within 30 minutes to 

a few hours after consumption of DSP toxins. Symptoms generally  resolve within 2-3 days, with 

or without medical treatment . Diarrhea is most likely due to the hyperphosphorylation of protein 

(including ion channels) in the intestinal epithelia, resulting in impaired water balance and fluid 

loss. The long term consequences of low level exposure to DSP toxins may be more serious, as 

they have been shown to be tumor promoters. The FDA has established an action level of 0.2 

ppm okadaic acid plus 35-methyl okadaic acid (DXT 1) 

Ciguatera poisoning- Ciguatera fish poisoning (CFP) is caused by the dinoflagellate 

Gambierdiscus toxicus, which grows on filamentous macroalgae associated with coral reefs. The 

lipophillic precursors to ciguatoxin are biotransformed to ciguatoxins in herbivorous fish and 

invertebrates that consume the macroalage, and bioaccumulate in large carnivorous fishes 
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associated with coral reefs. Ciguatoxins are structurally related to the brevetoxins and compete 

with brevetoxin for binding to the same site on the voltage-dependant sodium channel. However, 

because ciguatoxin has a higher binding affinity for the site then brevetoxin, the toxic potency of 

ciguatoxin is higher than that of brevetoxin. The threshold level for toxicity in humans is 

estimated to be 0.5ng/g. 

CFP is estimated to affect over 50,000 people worldwide each year. The symptoms of CFP 

generally include gastrointestinal disturbances ( nausea, vomiting and diarrhea) within 2-6 hours, 

followed by neurologic symptoms such as numbness of the perioral area and extremities, a 

reversal of hot/cold temperature sensation, muscle and joint aches, headache, itching, 

tachycardia, hypertension, blurred vision and paralysis. In rare cases, CFP is fatal. The only way 

to prevent consumption to be completely abstain from ingesting tropical reef fish, as the 

occurrence of toxic fish in sporadic, and not all fish of a given specices or from a given locality 

will be toxic. Currently, there are no FDA regulations limiting levels of ciguatoxins in fish. 

 

 

2.4  Naturally occurring toxins 

(a) Lathyrism: Lathyrism is a disease characterized by spastic paraplegia of lower limbs. 

Though it does not kill, it cripples the victim for life. The disease   is endemic in the 

states of Madhya Pradesh, Uttar Pradesh, West Bengal, Bihar, Orissa, Assam and 

Gujarat. Lathyrism has also been reported to occur in Spain, Greece, Russia, Italy and 

Iran.  

Aetiogenesis: 

The disease is caused by continous consumption of “kesari dal” in large amounts. 

Studies have shown that that diets containing over 30% of this dal if taken over a 

period of 2-6 months will result in neurolathyrism. Keasri dal is the pulse of a 

leguminous plant Lathyrus sativus  possessing needle like elongated leaves and pink-

purple flowers. The dehusked seeds of kesari dal resemble Bengal gram; the two are 

mixed together by unscrupulous landlords and distributed among poor unskilled 

labourers working in the fields. Like other pulses, lathyrus is a good source of 

protein, but its toxin affects the nerves. Lathyrus sativus is a drought resistant plant 

that thrives even all other crops fail; a poor rainfall is usually followed by an 

increased incidence of lathyrism in endemic areas. Kesari dal contains a neurotoxin 

identified as beta-oxalyl-amino-alanine (BOAA); concentrated in the husk and 

cotyledons of L.sativus. The behaviour of disease is not uniform in the two sexes. 

Males are affected ten times more  often and severe course than females.  

Clinical Manifestation: 

In humans it is called neurolathyrism. It is a crippling disease of the nervous system 

characterized by gradually developing spastic paralysis of lower limbs affecting 
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mainly youg men between the age of 15-45 years and manifests itself in stages. (i) 

Latent stage:  The individual is apparently healthy, but when subjected to physical 

stress exhibits ungainly gait. From preventive aspect, this stage is important. (ii) No 

stick stage: the patient walks with short jerky steps without the aid of sticks. (iii) One 

stick stage: the patient walks with a crossed gait with a tendency to walk on toes. (iv) 

Two stick stage: the symptoms are more severe. Due to excessive bending of knees 

and crossed legs, the patient needs two crutches for support. The gait is slow and 

clumsy and patient gets tired easily after walking a short distance.(e) Crawler Stage: 

finally the erect posture becomes impossible as the knee joints cannot support the 

weight of the body. The patient is reduced to crawling by throwing his weight on his 

hands. 

Prevention:  

(i) Short term measures: like educating, abstaining and processing have an 

immediate effect. On a small scale steeping the pulse in four times its volume 

of hot water can drain out the toxin if the soaking is continued for two hours. 

The water is discarded at the end of steeping and the pulse is cooked for 

consumption. On a large scale parboiling the pulse achieves the same 

purpose; the toxin escapes in the steam condensate. 

(ii) Long term measures of prevention are essentially agricultural, comprising of 

improvement of irrigation, improvement in farming practices, abolition of 

bonded labour, and cultivation of alternative crops particularly barley that 

grows even under conditions of water shortage. Socio-economic development 

undoubtedly is the ultimate solution to lathyrism and other diseases of this 

kind. 

(b) Endemic Ascites  

Pyrrolizidine alkaloids PAs are found in some plants of the Apocyanacae, 

Leguminosae, Fabaceae. Studies conducted by the National Institute of 

Nutrition, Hyderabad showed that the local population subsist on the millet 

Panicum miliare (locally known as Gondhli) which gets contaminated with 

weed seeds of Crotalaria( Jhunjhunia ). These seeds were found to contain 

Pyrrolizidine alkaloids which are hepatotoxins. Toxicity is thought to be due 

to enzymatic conversion of PAs to pyrroles, which act as alkylating agents. 

Pyrroles formed in the liver can travel to lungs causing thickening of the 

pulmonary vasculature and pulmonary hypertension. 

Preventive measures comprise educating the people in affected areas about the 

disease, deweeding of the Jhunjhunia  plants which grow along with the 

staple, and the simple sieving of the millet at the household level to remove 

the seeds of Jhunjhunia which are considerably smaller than those of the 

millet. 
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(c) Antinutrients and toxicants of plant origin 

Table: A summary of the effects of Antinutrients and Toxicants of Plant Origin 

Antinutrients /Toxicants in 

foods 

Effects Methods of Removal 

 Proteinase inhibitors in 

cereals and potatoes 

Pancreatic hypertrophy, 

dietary loss of S-amino acids 

Proper thermal processing 

Amylase inhibitors  Amylase inhibition; may 

hinder carbohydrate utilization 

Proper thermal processing 

Phytohemagglutinins (lectins) 

in pulses 

Growth depression, fatal  Proper thermal processing  

Polyphenols(tannins) Reduction in protein 

digestibility and utilization, 

inhibition of several enzymes 

Traditional household process 

that remove polyphenols to a 

variable degree 

Cyanogens in pulses Cyanide poisoning; action as 

progoitrogens 

Proper processing, Traditional 

household methods, breeding 

for low levels 

Goitrogens in cabbage and 

related species 

Inhibition of iodine binding to 

thyroid gland, proper food 

processing 

Leaching, breeding for low 

levels 

Lathyrogens in pulses Neurotoxic, nervous paralysis 

of lower limbs; fatal  

Leaching, roasting , Breeding 

for low levels 

Favism in pulses Hemolytic anemia  Breeding for low levels ,Wet 

processing methods, treatment 

with R-glucosidases  

Saponins in pulses, spinach 

and asparagus 

Bitter taste, foaming, 

hemolysis 

Leaching with hot water or 

ethanol 

Glycoalkaloids in potatoes Impairment of nervous 

system; cholinesterase 

inhibitors; ataxia, convulsions, 

coma, muscle weakness, fatal 

Breeding for low levels 

Oxalates in rhubarb, spinach 

and beet 

Renal stones, gastroenteritis, 

shock, convulsions, low 

plasma calcium levels, renal 

damage 

Leaching, avoidance of 

prolonged consumption of 

high- oxalates foods. 
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Phytates in cereals reduced mineral 

bioavailability, altered 

solubilition, enzyme inhibition 

Traditional household 

processes that remove phytate 

to a variable degree 

Allergens—proteins in all 

foods may act as allergen in 

sensitive individuals 

Several allergic reactions  Avoidance of foods eliciting 

allergic responses 

2.5 Chemical Contaminants 

(a) Heavy metals: The common environmental  contaminants of greatest concern in food are 

the so-called ‘heavy metals’, most notably cadmium, lead and mercury. 

Mercury- of all the mercury in food occurs in seafood. A dramatic instance of mercury 

poisoning occurred in the Minimata Bay area in Japan. Fish and shellfish that were heavily 

contaminated by industrial waste caused poisoning in many of the people who ate them, resulting 

in damage to the central nervous system and in some instances death.  

Methyl mercury in seafood:   

With a view point of food toxicology, is the methyl derivative, methyl mercury, formed by 

bacterial action in an aquatic environment from anthropogenic and natural sources of elementary 

mercury. Anthropogenic sources include burning of coal ( which contains mercury), chloralkali 

process and other sources of elementary mercury into aquatic environments. In the case of 

Minamata, Japan, there was a direct discharge of methyl mercury into the environment. Methyl 

mercury exposure cause neurological paresthesias, ataxia, dysarthria, hearing defects and death. 

Development delays have been documented in children borne of mothers exposed to methyl 

mercury. Other than direct exposure to methyl mercury, exposure usually comes about as the 

result of methyl mercury becoming incorporated into the food chain, moving up as each predator 

consumes the smaller and less fortunate animal. Near the peak of the food chain, methyl mercury 

becomes concentrated in fish including, bonito (Sarda spp.) halibut (Hippoglossus spp.) mackerel 

(Scomberomorus spp.), marlin (Makaira spp.), shark (all species), swordfish (xiphias gladius), 

and bluefin tuna (Thunnusspp.)  

Exposure to elemental mercury is relatively rare, although was once an occupational disease of 

hat manufacturers as elemental mercury was used for the curing of animal pelts. Inhalation of the 

mercury fumes led to mental deteriorations and subsequently named “mad hatter syndrome”. 

 

Lead- Lead occurs widely in the environment and it can enter our bodies through drinking water 

and the air we breathe, as well as through food. Children are the group at greatest risk, because 

even at levels below those that produces the usual signs of poisoning, lead cause behavioral 

abnormalities. The levels of lead that cause these effects are uncertain so it is difficult to estimate 

what amount is ‘safe’. In some areas, particularly, where there is heavy lead pollution in the air 

from leaded petrol, lead levels may be hazardous for children. Legislation to limit the total 

environmental lead burden is being enacted in many countries. 



 

15 

 

Cadmium- Cadmium is present at very low levels in a wide variety of foods. Poisoning due to 

cadmium in food is rare. The upper ‘acceptable’ limit for cadmium in food recommended by the 

World Health Organization is generally complied with. The kidneys of animals are generally 

higher in cadmium than are other foods. Contaminations of rice, soya bean and seafood with 

cadmium from local industrial and mining operations has caused cadmium poisoning. 

(b) Environmental contaminants 

 

Pesticides: Human poisoning and their related illnesses are clearly the highest price paid for 

pesticide use. The situation is prevailing in every   regions of the world. Approximately 80% of 

the pesticides produced annually in the world are used in developed countries 

(WRI/UNEP/UNDP1994), but less than half of all pesticide induced deaths occur in these 

countries (Pimental and Greiner 1996). A higher proportion of pesticide poisonings and deaths 

occur in developing countries where there are inadequate occupational safety standards, 

protective clothing, and washing facilities, insufficient enforcement; poor labeling of pesticides; 

illiteracy; and insufficient knowledge of pesticide hazards (Pimental and Greiner 1996) 

Additionally, average pesticide levels in food are often higher in developing countries than in 

developed nations. Throughout the world, the highest levels of pesticide exposure are found in 

farm workers, pesticide applicators and people who live adjacent to heavily treated agricultural 

land. Consequently, both the acute and chronic health effects of pesticides warrant attention and 

concern. While the acute toxicity of most pesticides is well documented, information on chronic 

human illnesses such as cancer is not as sound. Studies have reported an increased prevalence of 

certain cancers in farmers. However, there is evidence to suggest that many other acute and 

chronic maladies are associated with pesticide use. Recently banned pesticide 

dibromochloropropane (DBCP), which is used for plant pathogen control, was found to cause 

testicular dysfunction in animal studies and was linked to human infertility in human workers 

who had been exposed to the chemical. Several evidences  obtained  from  animal studies 

suggest immune dysfunction. There is also growing evidence of sterility in humans and other 

animals, particularly in males, due to various chemicals and pesticides in the environment. The 

malady Organophosphate Induced Delayed Polyneuropathy (OPIDP) is marked by irreversible 

neurological defects. The deterioration of memory, moods and the capacity for abstract thought 

have been observed in some cases. Chronic conditions such as OPIDP constitute an important 

public health issue because of their potential cost to society. 

Two very persistent environment contaminants are the pesticide DDT and PCBs (polychlorinated 

biphenyls), which have been used in electrical transformers, plastics and paints. DDT and PCBs 

are not easily degraded in the environment and can concentrate in the fatty tissues of many 

organisms as they move up the food chain.  

 

Selenium in grain:  Selenium (Se) enters the food chain via plant and microorganism conversion 

of inorganic selenium to organically bound forms. Selenium toxicity (i.e., selenosis), caused by 
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excessive selenium intake, has occurred on a large scale in seleniferous regions in China as the 

result of increased consumption of selenium-containg foods (approximate daily intake of 3-6.5 

mg Se/day). The most common symptoms of selenosis are loss of hair, deformity, and loss of 

nails. Other reported symptoms include increased blood selenium levels, diarrhea, fatigue, a 

garlic-like odor of the breath and bodily secretions, irritability, peripheral neuropathy, and skin 

lesions. Selenium intake levels that cause selenosis have not yet been well defined. Studies in 

China suggest that approximately 3-5mg/day (0.05-0.08mg/kg/day) will cause selenosis. 

 


