SECTION 9:  NATURAL TOXINS 

Not all food hazards are directly caused by microorganisms.  Some are chemical hazards that are caused by food from microorganisms or that occur naturally in the food source. 

MARINE TOXINS 

The toxins found in fish are some of the most poisonous substances found on earth. Some are toxic at extremely low levels. In addition, many are heat stable and not normally destroyed by cooking. These toxins can be detected, but not easily. The presence of these toxins is usually detectable only through involved analytical methods. The affected fish look, smell, and often taste normal. 

Special attention is needed for molluscan shellfish, which include oysters, mussels, and clams. There are specific toxins that are associated with this group of filter feeders. The toxins that have been involved in human illnesses caused by shellfish poisonings include Paralytic Shellfish Poisoning or PSP; Diarrhetic Shellfish Poisoning or DSP, Neurotoxic Shellfish Poisoning or NSP, and Amnesiac Shellfish Poisoning or ASP. 

SHELLFISH TOXINS: 

The shellfish toxins that will be described include:  Paralytic Shellfish Poisonings (PSP), Diarrhetic Shellfish Poisonings (DSP), Neurotoxic Shellfish Poisonings (NSP), and 

Amnesiac Shellfish Poisoning (ASP) 


The one thing in common with these toxins is that the toxin is not produced by the shellfish but accumulates in the shellfish after being produced by other marine microorganisms. 

PSP is caused by marine algae and is mainly associated with molluscan shellfish.  If even low levels of the PSP toxin are eaten, a variety of neurological symptoms can occur, including a tingling sensation and a burning or numbness in the mouth and throat. In severe cases it can lead to respiratory paralysis and death. It can be found all over the world, including both coasts of the U.S. Alaska in particular has large numbers of PSP containing animals. Interestingly, it is also found in the viscera of mackerel, lobster, and a number of crab species. 

DSP is produced by another marine algae and is found exclusively in molluscan shellfish. Fortunately, DSP has been seen only in Eastern Canada, Asia, Chile, New Zealand, and Europe, with no confirmed cases in the U.S. DSP does not appear to be a lethal toxin. Poisonings usually involve a mild gastrointestinal disorder and victims recover quickly. 

NSP is the toxin associated with Red Tide blooms. Shellfish exposed to this toxin, called Brevetoxin, which is also produced by a marine algae, can cause foodborne illness.  It is typically found along the Gulf of Mexico, the southern Atlantic coast of the U.S., and in New Zealand. It is not as serious as some of the other shellfish poisonings, but it does cause gastrointestinal upset and neurological symptoms like numbness and a reversal of hot and cold sensations so hot seems cold and cold seems hot. 

ASP has only been found along the Northeast and Northwest coasts of North America. The toxin is also produced by a marine algae and found in the viscera of molluscan shellfish, some crab species, and anchovies. It is characterized by both gastrointestinal symptoms and neurological symptoms that include short term memory loss -- hence the term amnesiac. It can be very serious and deaths have occurred. 

Heat cannot be relied upon to eliminate these toxins although it might reduce the level of toxin. The best way to control the toxin is to harvest shellfish from approved waters. State authorities normally monitor the harvest waters for the presence of the algae and close areas when the conditions warrant. 

FINFISH TOXINS

There are also specific toxins associated with some finfish. Finfish toxins include Tetrodotoxin, Ciguatera, and Scombrotoxin. Tetrodotoxin is found in puffer fish, which in Japanese cuisine is called fugu.  This toxin is produced in the internal organs of the puffer fish, which have to be removed during preparation. People that eat improperly prepared fugu begin to experience symptoms within 20 minutes -- neurological symptoms primarily, paralysis, respiratory failure, convulsions, and cardiac arrhythmia. Deaths are not uncommon. Tetrodotoxins are some of the most toxic substances on earth. FDA only allows puffer fish into this country under special provisions. 

Ciguatera affects tropical and subtropical reef fish. Typically, large reef fish, including: grouper, barracuda, snappers, jacks, and king mackerel. These fish accumulate toxins by feeding on smaller fish that have ingested toxin-forming algae. While most toxins cause symptoms that are relatively short lived, the numbness, tingling, and temperature reversal caused by Ciguatera can last for months and, reportedly, even years. 

Scombroid poisoning accounts for nearly half of all reported finfish illnesses in the U.S.. It is the result of high levels of histamine in scombroid fish and these histamines are the direct result of bacterial growth. The big three species involved are tuna, mahi mahi, and bluefish, although others are involved as well. 

The histamine formation is the result of bacterial growth, and it can be prevented. If the fish are handled properly, that is kept cold, from catch to table, scombroid poisonings should be avoided. The bottom line is that if  there is time-temperature abuse with these fish, one can expect the fish might be toxic. If toxin formation is not controlled and someone eats the fish, they might experience tingling or burning in the mouth, a rash on the upper body, and a drop in blood pressure. Symptoms occur very rapidly, but usually disappear quickly as well. 

AGRICULTURAL TOXINS 

In addition to the toxins found in marine species there are naturally occurring toxins that are found in agricultural commodities. In general, these toxins are grouped under the heading of mycotoxins. Mycotoxins are produced by fungi, which are wide spread in nature and, therefore, have the potential for appearing in most types of agricultural commodities. 

Not all fungus are toxic, and those that are only produce toxin if environmental conditions , such as water activity, temperature, availability of oxygen and other conditions are right. If all the conditions are correct, they can enter the foods directly, for example as a result of growth on a cereal grain like corn or wheat. Mycotoxins can also enter the food chain indirectly as a result of using a contaminated food ingredient for animal food. In that instance, the mycotoxins might be passed on into animal foods like milk and cheese. 

Aflatoxin 

Although not the only one, aflatoxin is one of the most dangerous and best known agricultural toxins. Aflatoxins are a group of structurally related toxins produced by strains of the fungi Aspergillus flavus and Aspergillus parasiticus. Given favorable temperature and humidity, these fungi grow and produce toxins on a variety of foods or animal feeds, including nuts, corn, and cottonseed. 

Both mycotoxins and aflatoxins in particular do not cause dramatic symptoms like the marine toxins that have been discussed, but they are equally as dangerous. Aflatoxin B-1 for example is usually predominant over other strains and is the most toxic. It is a very potent carcinogen in many species, including non-human primates, birds, fish, and rodents.

 In each of these species, the liver is the primary target. Acute necrosis, cirrhosis, and carcinoma of the liver have developed from aflatoxin ingestion. And because no animal species is resistant to the acute toxic effects of aflatoxins, one assumes that humans can be similarly affected. 

Aflatoxin is resistant to degradation under normal food processing conditions. The best way to control the mycotoxins produced by the toxic fungi is to prevent contamination of the food or food ingredient. There are some rapid means for screening raw agriculture grains for aflatoxin and these should be used by industries receiving raw grain to insure that the raw material is safe for food use. 

Prepared by:  
Angela M. Fraser, Ph.D., Associate Professor/Food Safety Education Specialist, NC State University.  All content was adapted from the FDA course “Food Microbiological Control” prepared in 1998.  
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