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Evaluation Summary of Carob Bean Extract for Use as a Cigarette Ingredient 
 
Carob bean extract is Generally Recognized As Safe (GRAS) by U.S. Food and Drug 
Administration for direct food additive in accordance with 21 CFR § 182.20.1  The Flavor and 
Extract Manufacturers Association (FEMA No. 2243)2 and the Council of Europe (CoE No. 
120)3 also approve carob bean extract for food use.  
 
Carob bean extract is a product delivered in a tincture of alcohol (generally 20-25% carob in 55-
77% alcohol) or other fluids.4  The extract is derived from milled seeds of the fruit pod of 
Ceratonia siliqua Leguminosae, a large evergreen tree native to the Middle East region and to 
the southern part of the Mediterranean. It is extensively cultivated for the seeds and fruit in 
Cyprus, Greece, Syria, Spain and Italy.5 The carob tree (also referred to as the locust tree) can 
reach heights of 33 feet and is well adapted to arid farming conditions.6   
 
A thorough search of the literature on carob bean failed to reveal significant information 
regarding the potential toxicity of carob bean extract.  Since carob bean gum is used extensively 
in food manufacturing, most of the relevant published literature data involved studies conducted 
with carob bean gum.  This summary therefore includes data derived from studies with carob 
bean gum.  The relevance of the results of testing with carob bean gum to those that might be 
produced by carob bean extract is unknown.4  
 
Carob bean gum is chemically defined as a 1,4-galactomannan polymer and biologically 
characterized as an indigestible polysaccharide hydrocolloid.7  Carob bean gum moves through 
the small intestine and arrives in the lower bowel largely undigested.8-10  Although decreases in 
serum glucose and cholesterol have been associated with ingestion of large amounts of carob 
bean gum by experimental animals,11-14 the research information speaks to a secondary 
mechanism on these findings – through a reduction in gastric emptying and perhaps peristalsis, 
thereby delaying or retarding their absorption.13 
 
The toxicology studies with carob bean gum further support the inert nature of this molecule. 
Acute toxicity studies in several species did not show any evidence of oral toxicity at doses up to 
10 g/kg.15-17  Subchronic toxicity studies of dose level in rodents up to 10% were 
unremarkable.16-18  Similarly, dogs receiving up to 10% (7,500 mg/kg/day) of carob bean gum 
admixed in the diet for 30 weeks showed no evidence of a compound-related toxicity.19  Lifetime 
bioassay studies in rats and mice with up to 5% (2,500 mg/kg/day for rats and 7,500 mg/kg/day 
for mice) dietary exposure to carob bean gum did not evoke any meaningful evidence that 
galactomannan possessed a carcinogenic (or a long-term toxicological) potential.16,20  
Mutagenicity studies were negative17,21-23 and no chromosomal damage has been 
demonstrated.17,23  Teratology studies were performed in four species (rats,24 mice,24 hamsters25 
and rabbits25) gave no suggestion of a teratogenic effect at levels of 910–1,300 mg/kg, although 
maternal toxicity was evident in rabbits and mice at the highest doses.24,25 
 
Carob bean gum has similarly low toxicity in humans. Several clinical studies have failed to 
show that oral ingestion of carob bean gum has any adverse sequelae.12,26,27  There is clinical 
data to support claims of a decrease in serum cholesterol and a blunting of the glucose-tolerance 
test following oral ingestion of carob bean gum, but whether this is directly related to a carob 
bean gum effect on gastrointestinal peristalsis or a consequence of the physical nature of the 
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hydrocolloid structure is not known.12,28-31  The impact of these serum biochemical findings has 
not been readily embraced by the medical community because carob bean gum is not normally a 
recommended dietary approach to correcting even marginal increases in plasma cholesterol 
levels or fasting glucose swings.4  
 
The only finding of consequence occurred with carob bean flour, a material derived from the 
unrefined whole ground seed. There are reports of an allergic response to extensive inhalation 
exposure to this flour.32-35  It is not known if this response is a rare occurrence. However, it does 
follow a pattern that has been noted with inhalation exposure to other proteinaceous materials, 
including soy protein.4  
 
Carob bean extract is currently used worldwide at levels below 5,000 ppm in selected cigarette 
brands manufactured and/or distributed by Philip Morris USA Inc. (PM USA) and/or Philip 
Morris Products SA (PMP SA).  Carob bean extract may be applied directly to the tobacco 
during cigarette manufacturing as a tobacco flavoring material, and as such, may be subject to 
pyrolysis-type reactions.  Carob bean extract may also be applied to the filter as a flavoring 
material where it would not be subjected to pyrolysis temperatures.   
 
As suggested by the purge and trap studies conducted by PM USA,36 carob bean extract would 
not be expected to extensively distill at 100°C.  Pyrolysis analysis at temperatures up to 900°C 
suggested that carob bean extract would pyrolyze extensively.37 
 
Carob bean extract was a part of the PM USA ingredient testing program that was designed to 
evaluate the potential effects of ingredients added to typical commercial blended test cigarettes 
on selected biological and chemical endpoints.  Carob bean extract was added to test cigarette 
tobacco at target concentrations of 1,500 ppm, 4,500 ppm, or 7,000 ppm, and did not increase the 
mutagenic response of Salmonella bacteria to smoke condensate preparations.38  Similarly, at the 
same target concentrations, the cytotoxic response of mouse embryo BALB/c 373 cells treated 
with mainstream smoke condensate preparations (particulate and gas vapor phase) was not 
altered by carob bean extract addition.39  There were also no effects on any smoke constituents 
which correlated with the level of carob bean extract added to the cigarette tobacco on and equal 
TPM or tar basis.40  The biological effects of inhaling smoke from cigarettes with carob bean 
extract was assessed in Sprague-Dawley rats exposed nose-only to smoke for 6 hrs/day, 7 
days/week for 13 weeks. The results of the smoke inhalation studies indicated that the addition of 
carob bean extract to cigarette tobacco at target levels up to 7,000 ppm did not discernibly alter 
the biological effects normally associated with smoke exposure in rodents.41 
 
The results of this evaluation of carob bean extract involving a review of published information 
and internal studies, suggests that addition of carob bean extract as a cigarette ingredient at the 
current use levels does not discernibly alter the biological effects normally associated with 
cigarette smoke. 
 
 



Prepared by Philip Morris USA, Inc.: October 6, 2005 Page 3 of 6 

References 
 

1. Food and Drug Administration (1974) Part 121 - Food Additives. Subpart B - Exemption of 
certain food additives from the requirement of tolerances. Locust (carob) bean gum.  Report 
No. Federal Register 39. p.34181-34184. 

2. Hall, R.L. and Oser, B.L. (1965) Recent progress in the consideration of flavoring 
ingredients under the Food Additives Amendment: III.GRAS Substances. Food Tech. 
253(2):151-197. 

3. CoE (1981) Flavouring Substances and Natural Sources of Flavourings. Council of Europe 
Publishing, F-67006 Strausbourg Cedex, France. p.59-113. 

4. Burdock, G.A. (2000) Safety Assessment of Carob Bean Gum as a Food Ingredient. Burdock 
Group, Vero Beach, FL. Unpublished Review.  

5. LSRO (1972) Evaluation of the health aspects of carob bean gum as a food ingredient.  
Report No. FDABF-GRAS-129. p.1-10. 

6. Roukas, T. (1994) Kinetics of ethanol production from carob pods extract by immobilized 
Saccharomyces cerevisiae cells. Appl Biochem Biotechnol. 44(1):49-64. 

7. Shahkhalili, Y.; Finot, P.A.; Hurrell, R. and Fern, E. (1990) Effects of foods rich in 
polyphenols on nitrogen excretion in rats. J Nutr. 120(4):346-352. 

8. Robaislek, E. (1974) Bioavailable calorie assay of guar gum. Unpublished report from 
WARF Institute, Inc., submitted to the World Health Organization by the Institut Europeen 
des Industries de la gomme de Caroube.  

9. Tsay, L.B. and Whistler, R.L. (1975) Digestibality of galactomannans. Unpublished report 
submitted to World Health Organization by professor H. Neukom, Chairman of the Technical 
Committee of the Institut Europeen des Industries de la gomme de Caroube (Cited in 
FAO/WHO, 1983). 

10. Semenza, G. (1975) Report on the possible digestion of the locust bean gum in the stomach 
and/or in the small intestine in an in vitro study. Unpublished report from the Eidgenossische 
Technische Hochschule Zurich submitted to the World Health Organization by the Institut 
Europeen des Industries de la gomme de Caroube,  

11. Elsenhans, B.; Sufke, U.; Blume, R. and Caspary, W.F. (1980) The influence of carbohydrate 
gelling agents on rat intestinal transport of monosaccharides and neutral amino acids in vitro. 
Clin Sci (Lond) 59(5):373-380. 

12. Edwards, C.A.; Blackburn, N.A.; Craigen, L.; Davison, P.; Tomlin, J.; Sugden, K.; Johnson, 
I.T. and Read, N.W. (1987) Viscosity of food gums determined in vitro related to their 
hypoglycemic actions. Am J Clin Nutr. 46(1):72-77. 

13. Tsai, A.C. and Peng, B. (1981) Effects of locust bean gum on glucose tolerance, sugar 
digestion, and gastric motility in rats. J Nutr. 111(12):2152-2156. 



Prepared by Philip Morris USA, Inc.: October 6, 2005 Page 4 of 6 

14. Ershoff, B.H. and Wells, A.F. (1962) Effects of gum guar, locust bean gum and carrageenan 
on liver cholesterol of cholesterolfed rats. Proc. Soc Exp. Biol Med 110:580-582. 

15. FAO/WHO (1981) International Programme on Chemical Safety. Toxicological evaluation 
of certain food additives and food contaminants. Carob (Locust) bean gum.  WHO Food 
Additives Series. p.60-69. 

16. National Toxicology Program (1981) Carcinogenesis bioassay of locust bean gum (CAS No. 
9000-40-2) in F344 rats and B6C3F1 mice (feed study). National Toxicology Program 
Technical Report Series.  Report No. 221. p.1-99. 

17. Maxwell, W.A. and Newell, G.W. (1972) Study of mutagenic effects of locust bean gum 
(FDA 71-14). Stanford Research Institute, prepared for the Food and Drug Administration, 
Menlo Park, California.  Report No. NTIS PB-221819. p.1-92. 

18. Takada, K.; Toyoda, K.; Shoda, T.; Uneyama, C.; Tamura, T. and Takahashi, M. (1997) [A 
13-week subchronic oral toxicity study of carob germ colour in F344 rats]. Kokuritsu 
Iyakuhin Shokuhin Eisei Kenkyusho Hokoku (115):93-98. 

19. Cox, G.E.; Baily, D.E. and Morgareidge, K. (1974) Subacute feeding in dogs with a pre-
cooked gum blend. Unpublished report from the Food and Drug Laboratories, Inc. submitted 
to the FAO/WHO Expert Committee.  

20. Melnick, R.L.; Huff, J.; Haseman, J.K.; Dieter, M.P.; Grieshaber, C.K.; Wyand, D.S.; 
Russfield, A.B.; Murthy, A.S.; Fleischman, R.W. and Lilja, H.S. (1983) Chronic effects of 
agar, guar gum, gum arabic, locust-bean gum, or tara gum in F344 rats and B6C3F1 mice. 
Food Chem Toxicol 21(3):305-311. 

21. Brusick, D. (1975) Mutagenic Evaluation of compound: locust bean gum. Unpublished 
Work. 

22. Ashby, J. and Tennant, R.W. (1988) Chemical structure, Salmonella mutagenicity and extent 
of carcinogenicity as indicators of genotoxic carcinogenesis among 222 chemicals tested in 
rodents by the U.S. NCI/NTP. Mutat. Res 204(1):17-115. 

23. Green, S. (1977) Present and future uses of mutagenicity tests for assessment of the safety of 
food additives. Journal of Environmental Pathology and Toxicology 1:49-54. 

24. FDRL (1972) Teratologic evaluation of FDA 71-14 (Carob bean (locust) gum). Food and 
Drug Research Lab., Inc. Report No. NTIS PB221784.  

25. Morgareidge, K. (1972) Teratologic evaluation of FDA 71-14 (Carob bean (locust) gum). 
Food and Drug Research Labs., Inc., Maspeth, New York.  Report No. NTIS PB221784. p.1-
55. 

26. Holbrook, A.A. (1951) The behavior of carob gum in the gastrointestinal tract of man. Am J 
Dig. Dis. 18(1):24-28. 



Prepared by Philip Morris USA, Inc.: October 6, 2005 Page 5 of 6 

27. Behall, K.M.; Scholfield, D.J.; Lee, K.; Powell, A.S. and Moser, P.B. (1987) Mineral balance 
in adult men: effect of four refined fibers. Am J Clin Nutr. 46(2):307-314. 

28. Finn, H. and Haller, H. (1980) [Modification of glucose resorption by bulk materials]. Z. 
Gesamte Inn. Med 35(3):132-136. 

29. Kwiterovich, P.O., Jr. (1995) The role of fiber in the treatment of hypercholesterolemia in 
children and adolescents. Pediatrics 96(5 Pt 2):1005-1009. 

30. Zavoral, J.H.; Hannan, P.; Fields, D.J.; Hanson, M.N.; Frantz, I.D.; Kuba, K.; Elmer, P. and 
Jacobs, D.R., Jr. (1983) The hypolipidemic effect of locust bean gum food products in 
familial hypercholesterolemic adults and children. Am J Clin Nutr. 38(2):285-294. 

31. Haskell, W.L.; Spiller, G.A.; Jensen, C.D.; Ellis, B.K. and Gates, J.E. (1992) Role of water-
soluble dietary fiber in the management of elevated plasma cholesterol in healthy subjects. 
Am J Cardiol. 69(5):433-439. 

32. van, d.B., X; Ledent, C. and Mairesse, M. (1992) Rhinitis and asthma caused by occupational 
exposure to carob bean flour. J Allergy Clin Immunol. 90(6 Pt 1):1008-1010. 

33. Anonymous (1993) Allergy alert. Food Safety Notebook 4:30-32. 

34. Scoditti, A.; Peluso, P.; Pezzuto, R.; Giordano, T. and Melica, A. (1996) Asthma to carob 
bean flour. Ann. Allergy Asthma Immunol. 77(1):81. 

35. Fiocchi, A.; Restani, P.; Travaini, M.; Decet, E.; Gaiaschi, A.; Bernardo, L. and Riva, E. 
(1999) Carob is not allergenic in peanut-allergic subjects. Clin Exp. Allergy 29(3):402-406. 

36. PM USA (2001a) P&T/GC/MS analysis of carob bean extract. Request 20010500. Scan 
TF131RFB. Unpublished Internal Report.  

37. PM USA (2001b) Pyrolysis GC/MS analysis of carob bean extract. Request 20010500. Scan 
P010500.D. Unpublished Internal Report.  

38. INBIFO (2001) In vitro mutagenicity of mainstream smoke condensate of research cigarettes 
wiht different amounts of carob bean extract added to the filler: Salmonella typhimurium 
reverse mutation assay.  Report No. Institut Fur biologische Forshung Gmbh Report No. P 
0500/3341.  

39. INBIFO (2001) In vitro cytotoxicity of mainstream smoke fractions of the research cigarette 
98.NG.132, 98.NG.133, 98.NG.134,  and 98.NG.135:  Neutral red uptake assay with mouse 
embryo BALB/c 3T3 cells.  Report No. Project PM Flavor FRR-PM (Institut Fur biologische 
Forshung Gmbh Report No. P 0500/3337).  

40. INBIFO (2000) Chemical analysis of mainstream smoke from cigarettes with 0, 1500, 
4500,and 7000 ppm carob bean extract added to the filler.  Report No. Project Flavor FRR-
PM (Institut Fur biologische Forshung Gmbh Report No. P 0500/3342).  



Prepared by Philip Morris USA, Inc.: October 6, 2005 Page 6 of 6 

41. CRC (2001) Biological Activity of the Mainstream Smoke of Cigarettes with Different 
Amounts of Carob Bean Added to the Filler: 90-day  Inhalation Study on Rats Projects PM 
Flavor FRR-PM.  Report No. Contract Research Center Report No.  P 0500/3329.  

 
 


