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April 27, 2012
National Organic Standards Board
c/o USDA – AMS – NOP
Washington, D.C. 20250-0268
Re: Carrageenan Sunset Review
Dear Members of the National Organic Standards Board:
I am a physician-scientist at the University of Illinois College of Medicine who has
been studying the effects of carrageenan in human cells and in animal models for
almost two decades. With collaborators, I have published 18 peer-reviewed papers that
address the biological effects of carrageenan. Most of this work has been funded by the
National Institutes of Health and the Veterans’ Administration.
In this comment, three major points are addressed. These are: 1) exposure to
carrageenan causes inflammation which is harmful; 2) the amount of carrageenan
consumed in the human diet is sufficient to cause inflammation; 3) both undegraded
and degraded carrageenan cause inflammation.
Carrageenan is used in food due to its potent chemical effects that improve the
texture of food products, but carrageenan has no nutritional value. The same potent
chemical effects that change the texture of processed foods can lead to harmful
biological effects in human cells and in animals exposed to carrageenan. Carrageenan
has been used in thousands of biological experiments over several decades, because it
predictably causes inflammation. Inflammation is well-known to be the basis for many
human diseases and is associated with over 100 human diseases, including
inflammatory bowel disease, rheumatoid arthritis, and arteriosclerosis, and inflammation
is also linked to cancer.
In experiments with human colonic cells in my laboratory, we have used small
amounts of high molecular weight (undegraded or food grade) carrageenan and have
determined the specific molecular mechanisms by which carrageenan causes
inflammation.
There are three major pathways by which carrageenan causes
inflammation, including stimulation of an innate immune pathway. This pathway is also
activated by pathogenic bacteria, such as Salmonella, and is stimulated due to the
unusual chemical structure of carrageenan. Stimulation of this pathway is no accident;
it is a direct result of the unusual chemical structure of carrageenan, and stimulation of
this pathway has features that can lead to prolonged inflammatory effects. Also, the
effects of carrageenan-induced inflammation are not limited to the intestine, and when
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laboratory mice are exposed to low concentrations of carrageenan in their water for 18
days, they develop profound glucose intolerance and impaired insulin action. These
responses are precursors of diabetes, which is associated with activation of the innate
immune pathway that carrageenan stimulates.
In the past, many investigators used carrageenan to cause inflammation to study
how specific drugs could reduce inflammation and to study the cells and cell products
involved in the inflammatory response. Our recent work has looked instead within cells
to study the signaling processes caused by carrageenan exposure, and we have found
convincing evidence that carrageenan activates biologically significant pathways. Some
of the effects of carrageenan are related to 1) activation of reactive oxygen species, 2)
reduction in activity of sulfatase enzymes, and 3) activation of genes involved in
carcinogenesis.
The work in my laboratory has used high molecular weight carrageenan in almost
all of our experiments. In experiments with human colonic cells and tissue, we have
used a concentration of carrageenan of 1 ug/ml. If an individual consumes 250 mg/day
of carrageenan, the average intake cited in Encyclopedia Britannica, that represents
250 mg in an intestinal contents of about 5 liters [250 mg / 5L = 250 mg / 5000 ml = 1
mg / 20 ml = 1000 ȝg / 20 ml = 50 ȝg / ml], or about 50 times the concentration used in
the laboratory work.
In the mouse experiments, we have used a concentration of carrageenan of 10
ȝg / ml in their water. The mice weigh about 25 grams and consume about 5 ml of water
daily [10 ȝg / ml x 5 ml ĺ 50 ȝg / 25 grams body weight = 2 ȝg / gram = 2 mg / kg], so
have a daily intake of carrageenan of about 2 mg / kg, compared to a person who
consumes [250 mg / 60 kg body weight = 4.25 mg / kg] over 4 mg / kg. Hence, the
intake for the mice in these experiments is less than the anticipated daily intake for an
adult in the United States. We note that some individuals consume less carrageenan,
and some more than this amount, even up to several grams per day, depending on food
choices. Please recall that 18 days of carrageenan intake in the mice produced
profound glucose intolerance and impaired response to insulin, rather than intake over
an entire lifetime during which humans are likely to ingest carrageenan.
When carrageenan was placed on the GRAS list in the 1950s, it was with the
understanding that undegraded carrageenan did not contain degraded carrageenan.
However, in addition to the clear harmful effects that arise from exposure to the higher
molecular weight carrageenan, it is also clear at this point in time, that degraded
carrageenan inevitably arises from higher molecular weight carrageenan. As the
carrageenan manufacturers have shown in their Round Robin analysis of degraded
carrageenan content in food-grade carrageenan (Marinalg Working Group report of
January 2006 “Technical position on measurements related to meeting the EC
molecular weight distribution specification for carrageenan and PES), up to 25%
carrageenan of molecular weight less than 50,000 was measured in the food-grade
carrageenan that was tested. Other research has indicated that acid digestion, heating,
bacterial action, and mechanical processing can increase the amount of degraded
carrageenan obtained from higher molecular weight carrageenan. Thus, it is not
reasonable to evaluate and set a separate standard for undegraded and degraded
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carrageenan, since they inevitably co-exist in food products. According to 7 CFR
205.600(a)(3): "the substance, itself, or its breakdown products do not have an adverse
effect on human health …”, and carrageenan does not meet this standard.
Reconsideration of the status of carrageenan in food products offers an
opportunity to improve the safety of organic foods, and the health today and in the
future of millions of Americans and other populations, as well. I urge you to act now and
to really make a difference in the safety of organic foods in the United States.
Carrageenan exposure clearly causes inflammation; the amount of carrageenan in food
products is sufficient to cause inflammation; and degraded carrageenan and
undegraded carrageenan are both harmful and can not be separately considered.
As an attachment, I am including a manuscript entitled “Review of Harmful
Gastrointestinal Effects of Carrageenan in Animal Experiments” that may be helpful in
these deliberations. I thank you for the opportunity to address this important issue.
Sincerely,
Joanne K. Tobacman, M.D.
Associate Professor of Clinical Medicine
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