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Evaluation Summary of Fenugreek Extract for Use as a Cigarette Ingredient 
 
Fenugreek extract, derived from Trigonella foenum-graecum L., has been approved as a 
Generally Recognized As Safe (GRAS) substance for food use as a flavorant by U.S. Food and 
Drug Administration (21 CFR § 182.20) and the Flavor and Extract Manufacturers’ Association 
(FEMA No. 2485).1  Fenugreek extract is also approved as a flavoring substance for use in food 
by the Council of Europe (CoE No. 460).2  Fenugreek seeds and extracts have a widespread and 
varied use as a food, as flavoring substances and in medicinal products to treat multiple 
ailments.3-5  It is recognized as an effective treatment for diabetes mellitus and 
hypercholesterolemia in India.6  
 
A fairly extensive toxicological database exists for fenugreek seed and various aqueous or 
alcohol extracts.  The LD50 (half maximal lethal dose) of fenugreek powder and fenugreek 
absolute extract in rats was > 5 g/kg, indicating that it is relatively non-toxic.7-12  With the 
exception of an occluded application to rabbit skin, fenugreek absolute was non-irritating and 
non-sensitizing to animals and humans.6   
 
Subchronic feeding studies have shown essentially no adverse effects when fenugreek powder 
was fed to rats or mice at doses up to 10,000-20,000 mg/kg/day in the diet.  Twice weekly 
gavage dosing for four weeks of an aqueous extract at 1,000 mg/kg was reported to cause tubular 
necrosis of the kidney in rats.  Fenugreek extracts or oils were not mutagenic in bacterial 
assays.6,10 
  
No adverse effect in growth of dams or fetuses or in any fertility index was seen with dietary 
administration of fenugreek powder up to 10,000 mg/kg/day in the feed.  Repeated oral dosing 
(60 days) of male rats at 100 mg/kg with a crude non-polar steroidal fraction of fenugreek seed 
resulted in complete infertility, significant decreases in reproductive organ weights, sperm counts 
and motility and histopathological alterations in the testicular semeniferous tubules and cauda 
epididymis tubular epithelium.  However, because fenugreek extract and fenugreek oleoresin are 
products of polar solvent extraction, negligible amounts of these steroidal constituents would be 
expected to be present in these extractive products.  Further, large amounts of fenugreek spice (1 
kg) would have to be consumed to ingest an equivalent amount of steroids, assuming they were 
as bioavailable when taken in as the whole spice.  Circulating T3 was significantly reduced by 
oral dosing of rats at 110 mg/kg of an ethanol extract for two weeks.6,12-15 
 
Multiple studies in humans and animals have demonstrated the beneficial antihyperglycemic and 
hypercholesterolemic properties of fenugreek powder and extracts.  No adverse effects on liver 
or kidney function were observed in humans with diabetes mellitus taking 25 g/day of fenugreek 
powder.6,16-18 
 
Currently, fenugreek extract is used worldwide at levels below 100 ppm in selected cigarette 
brands manufactured and/or distributed by Philip Morris USA Inc.(PM USA) and/or Philip 
Morris Products SA (PMP SA).  Fenugreek extract is applied directly to the tobacco as an 
additive, flavoring, flavoring agent, or solvent, and as such, fenugreek extract may be subject to 
pyrolysis-type reactions when smoked.  Fenugreek extract may also be applied to the filter as a 
flavoring material where it would not be subjected to pyrolysis temperatures.   
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As suggested by the purge and trap studies conducted by PM USA,19 fenugreek extract applied to 
tobacco would not be expected to significantly distill at 100°C.  In pyrolysis studies conducted 
by PM USA, with fenugreek extract exposed to higher temperatures, the solvent, propylene 
glycol, appeared to be the major peak identified.20  The major fenugreek extract pyrolysis 
products included glycoaldehyde, 1-hydroxy-2-propanone, 5-(hydroxymethyl)-2-furfural, and 
levoglucosan.  The results of this analysis suggest that fenugreek extract would be pyrolyzed 
extensively at the burning temperatures of a cigarette and would not be delivered in the smoke 
intact.20 
 
Fenugreek extract was part of a PM USA ingredient testing program that was designed to 
evaluate the potential effects of 333 ingredients added to typical commercial blended test 
cigarettes on selected biological and chemical endpoints.21-24  Three pairs of test cigarettes were 
produced, each containing different groups of ingredients.  Fenugreek extract was added as part 
of the ingredient mixture to two pairs at target levels of 99, 104, 297 and 311 ppm on tobacco.  
No significant effects were noted in cytotoxicity, mutagenic studies or in respiratory tract 
endpoints in 90-day rat inhalation studies.  In addition, smoke chemistry studies from cigarettes 
containing a mixture of flavors including fenugreek extract did not significantly alter the smoke 
chemistry profile compared to control cigarettes.  Based on the results of these studies, the 
authors concluded that these ingredients (including fenugreek extract) added to tobacco do not 
add significantly to the overall toxicity of cigarettes. 
 
Currently, information is only available for tests utilizing fenugreek extract in a mixture of 
ingredients applied to cigarette tobacco.  Studies are ongoing to address the use of fenugreek 
extract as a single ingredient.  Published studies show there is no meaningful difference in the 
composition or toxicity of smoke from cigarettes with added ingredients (including fenugreek 
extract) compared to the smoke from cigarettes without added ingredients.21-28  Based on the best 
available data, the ingredients used in PM USA and/or PMP SA cigarettes do not increase the 
overall toxicity of cigarette smoke. 



Prepared by Philip Morris USA, Inc:  October 12, 2005 3 of 5 

 
References 

 
1. 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. 

2. CoE (1981) Flavouing Substances and Natural Sources of Flavourings. Council of Europe 
Publishing, F-67006 Strasbourg Cedex, France. 59-113. 

3. Duke, J.A. (1985) Handbook of Medicinal Herbs. CRC Press., Boca Raton, FL. p.490. 

4. Duke, J.A. (1992) Handbook of Phytochemical Constituents of GRAS Herbs and Other 
Economic Plants. CRC Press, Boca Raton, FL. p.605-606. 

5. Uhl, S.R. (2000) Handbook of Spices, Seasonings and Flavors. Technomics Publishing,  
Lancaster, PA. p.106-108. 

6. Burdock, G.A. (2000) Safety Assessment of Fenugreek Extract as a Food Ingredient.  Philip 
Morris Internal Document.  Product Integrity Ingredient Folder Number 3883.  

7. Abdel-Barry, J.A. and Al Hakiem, M.H. (2000) Acute intraperitoneal and oral toxicity of the 
leaf glycosidic extract of Trigonella foenum-graecum in mice. J Ethnopharmacol. 70(1):65-
68. 

8. Abdel-Barry, J.A.; Abdel-Hassan, I.A. and Al-Hakiem, M.H.H. (1997) Hypoglycaemic and 
antihyperglycaemic effects of Trigonella foenum-graecum leaf in normal and alloxan 
induced diabetic rats. J of Ethnopharmacol 58(3):149-155. 

9. Effraim, K.D.; Jaxks, T.W. and Nwafor, P.A. (1999) Investigation of the toxicity potential of 
Trigonella foenum-graecum. Pakistan Veterinary Journal 19(1):13-16. 

10. Muralidhara, K.; Narasimhamurthy, K.; Viswanatha, S. and Ramesh, B.S. (1999) Acute and 
subchronic toxicity assessment of debitterized fenugreek powder in the mouse and rat. Food 
Chem Toxicol 37(8):831-838. 

11. Panda, S.; Tahiliani, P. and Kar, A. (1999) Inhibition of triiodothyronine production by 
fenugreek seed extract in mice and rats. Pharmacol Res 40(5):405-409. 

12. Udayasekhara-Rao, P.; Sesikeran, B.; Rao, P.S. and Ramachandran, E.P. (1996) Short term 
nutritional and safety evaluation of fenugreek. Nutrition Research 16(9):1495-1505. 

13. Bisset, N.G. (1994) Wichtl's Herbal Drugs and Phytopharmaceuticals. (N. G. Bisset). CRC 
Press, Boca Raton, FL. p.203-204. 

14. Kamal, R.; Yadav, R. and Sharma, J.D. (1983) Efficacy of the steroidal fraction of fenugreek 
seed extract on fertility of male albino rats. Phytother Res 7(2):134-138. 



Prepared by Philip Morris USA, Inc:  October 12, 2005 4 of 5 

15. Mital, N. and Gopaldas, T. (1986) Effect of fenugreek (Trigonella foenum graecum) seed 
based diets on the birth outcome in albino rats. Nutrition Reports International 33(2):363-
369. 

16. Sharma, R.D.; Sarkar, A.; Hazra, D.K. and Maheshwari, P.K. (1996a) Use of fenugreek seed 
powder in the management of non-insulin-dependent diabetes-mellitus. Nutr Research 
16(8):1331-1339. 

17. Sharma, R.D.; Sarkar, A.; Hazra, D.K.; Misra, B.; Singh, J.B. and Maheshwari, P.K. (1996b) 
Toxicological evaluation of fenugreek seeds-a long term feeding experiment in diabetic 
patients. Phytother Research 10(6):519-520. 

18. Sowmya, P. and Rajyalakshmi, P. (1999) Hypocholesterolemic effect of germinated 
fenugreek seeds in human subjects. Plant Foods Hum Nutr 53(4):359-365. 

19. Philip Morris USA (2001) P&T/GC/MS Analysis of Fenugreek Extract. Request 20010417. 
Scan TE181RFA. Unpublished Internal Report.  

20. Philip Morris USA (2001) Pyrolysis GC/MS Analysis of Fenugreek Extract. Request 
20010417. Scan 01.EF334.D. Unpublished Internal Report.  

21. Carmines, E.L. (2002) Evaluation of the potential effects of ingredients added to cigarettes. 
Part 1: Cigarette design, testing approach, and review of results. Food and Chemical 
Toxicology 40:77-91. 

22. Roemer, E.; Tewes, F.J.; Meisgen, T.J.; Veltel, D. and Carmines, E.L. (2002) Evaluation of 
the potential effects of ingredients added to cigarettes. Part 3: In vitro genotoxicity and 
cytotoxicity. Food and Chemical Toxicology 40:105-111. 

23. Rustemeier, K.; Stabbert, R.; Haussmann, H.J.; Roemer, E. and Carmines E.L. (2002) 
Evaluation of the potential effects of ingredients added to cigarettes. Part 2: Chemical 
composition of mainstream smoke. Food and Chemical Toxicology 40:93-104. 

24. Vanscheeuwijck, P.M.; Teredesai, A.; Terpstra, P.M.; Verbeek, J.; Kuhl, P.; Gerstenberg, B.; 
Gebel, S. and Carmines E.L. (2002) Evaluation of the potential effects of ingredients added 
to cigarettes. Part 4: Subchronic inhalation toxicity. Food and Chemical Toxicology 40:113-
131. 

25. Gaworski, C.L.; Dozier, M.M.; Heck, J.D.; Gerhart, J.M.; Rajendran, N.; David, R.M.; 
Brennecke, L.H. and Morrissey, R. (1998) Toxicologic evaluation of flavor ingredients added 
to cigarette tobacco: 13 week inhalation exposures in rats. Inhal. Toxicol. 10:357-381. 

26. Gaworski, C.L.; Heck, J.D.; Bennett, M.B. and Wenk, M.L. (1999) Toxicologic evaluation of 
flavor ingredients added to cigarette tobacco: skin painting bioassay of cigarette smoke 
condensate in SENCAR mice. Toxicology 139(1-2):1-17. 

27. Doull, J.; Frawley, J.P.; George, W.J.; Loomis, T.A.; Squire, R.A. and Taylor, S.L. (1994) A 
safety assessment of ingredients added to tobacco in the manufacturing of cigarettes. 
Covington and Burling, Washington, D.C.  



Prepared by Philip Morris USA, Inc:  October 12, 2005 5 of 5 

28. Doull, J.; Frawley, J.P.; George, W.J.; Loomis, T.A.; Squire, R.A. and Taylor, S.L. (1998) A 
safety assessment of ingredients added to tobacco in the manufacturing of cigarettes. 
Covington and Burling, Washington, D.C.  

 
 


