
Toxicological profile for

4-(para-Hydroxyphenyl)-2-
butanone

This ingredient has been assessed to determine potential human health effects for
the consumer. It was considered not to increase the inherent toxicity of the product
and thus is acceptable under conditions of intended use.



1. Name of substance and physico-chemical properties

1.1. IUPAC systematic name

4-(4-Hydroxyphenyl)butan-2-one (PubChem)

1.2. Synonyms

1-(p-Hydroxyphenyl)-3-butanone; 2-Butanone, 4-(4-hydroxyphenyl)-; 4-(4-Hydroxyphenyl)-2-
butanone; p-Hydroxybenzyl acetone; 4-(3-Oxobutyl)phenol; EINECS 226-806-4; FEMA No. 2588;
AI3-31812; Rasketone; Rheosmin; UNII-7QY1MH15BG; 1-(4-Hydroxyphenyl)-3-butanone;
Frambinone; Oxyphenalon; Raspberry ketone; 2-Butanone, 4-(p-hydroxyphenyl)-; 4-(p-
Hydroxyphenyl)-2-butanone; 4-08-00-00506 (Beilstein Handbook Reference); BRN 0776080;
Hydroxyphenylbutanone, p-; NSC 26515; Betuligenol; HSDB 8163; 4-(4-Hydroxyphenyl)butan-2-
one (ChemIDplus)

1.3. Molecular formula

C10 H12 O2

1.4. Structural Formula

ChemIDplus

1.5. Molecular weight (g/mol)

164.2028

1.6. CAS registration number

5471-51-2

1.7. Properties

1.7.1. Melting point

(°C): 80-85 (ChemSpider); 82.5 (HSDB, 2014)

1.7.2. Boiling point



(°C): 200 or 292.2 (ChemSpider); Decomposes (HSDB, 2014)

1.7.3. Solubility

13.46 g/L at 25°C (estimated) (EPISuite, 2017); 25.1 g/L 25°C (estimated) (HSDB, 2014); insoluble
in water (PubChem)

1.7.4. pKa

9.51 (estimated) (HSDB, 2014)

1.7.5. Flashpoint

(°C): 122.9±13.0 (estimated) (ChemSpider)

1.7.6. Flammability limits (vol/vol%)

No data available to us at this time.

1.7.7. (Auto)ignition temperature

(°C): No data available to us at this time.

1.7.8. Decomposition temperature

(°C): No data available to us at this time.

1.7.9. Stability

Stable at normal temperatures and pressure.

1.7.10. Vapor pressure

0.0±0.6 mmHg at 25°C (estimated) (ChemSpider); 5.7x10-4 mmHg at 25°C (estimated) (HSDB,
2014); 0.000567 mmHg at 25°C (estimated) (EPISuite, 2017)

1.7.11. log Kow

0.762 (ChemSpider)

2. General information

2.1. Exposure

This ingredient is a well characterized material that has been evaluated and approved as a food
additive by expert bodies including USFDA, FEMA and the CoE.

Average Usual Use Levels (ppm)/Average Maximum Use Levels (ppm) for 4-(p-Hydroxyphenyl)-2-
butanone (FEMA no. 2588):

Baked Goods 13/54
Beverages, Non-Alcoholic 3/16
Beverages, Alcoholic 250/300
Chewing Gum 71/320
Frozen Dairy 9/34



As taken from Cohen SM et al. 2020. Food Technology 74(3), 44-65. Available at
https://www.femaflavor.org/sites/default/files/2020-03/GRAS%2029.pdf

Raspberry ketone (CAS RN 5471-51-2) is used as a fragrance, perfuming and skin conditioning
agent in cosmetics in the EU. As taken from Cosing, undated.

4-(p-Hydroxyphenyl)-2-butanone is listed as a fragrance ingredient by the US EPA InertFinder
Database (2021) and IFRA.

Estimated current levels of intake in Europe and the US are 2.8 and 3.8 mg/day, respectively.

As taken from JECFA, 2001

“According to the 2006 TSCA Inventory Update Reporting data, the number of persons reasonably
likely to be exposed in the industrial manufacturing, processing, and use of raspberry ketone is 1 to
99; the data may be greatly underestimated(1). [(1) US EPA; Inventory Update Reporting (IUR).
Non-confidential 2006 IUR Records by Chemical, including Manufacturing, Processing and Use
Information. Washington, DC: U.S. Environmental Protection Agency. Available from, as of Feb 4,
2014: http://cfpub.epa.gov/iursearch/index.cfm**PEER REVIEWED**”

“Occupational exposure to raspberry ketone may occur through inhalation and dermal contact with
this compound at workplaces where raspberry ketone is produced or used. Monitoring data indicate
that the general population may be exposed to raspberry ketone via inhalation from the aroma of
plants and foods and from tobacco smoke, via ingestion of foods and nutritional supplements, and
through dermal contact with consumer products containing raspberry ketone(SRC).”

“The average estimated daily intake of dietary raspberry ketone has been estimated to be 0.42
mg/kg/day(1). An individual daily intake of 0.01624 mg/kg/day has been reported(2). [(1) Gaunt IF;
Food and Cosmetics Toxicology 8(4): 349-358 (1970) (2) Burdock GA, ed; Fenaroli's Handbook of
Flavor Ingredients. 6th ed.Boca Raton, FL, p. 879 (2010)] **PEER REVIEWED**”

“Occupational exposure to raspberry ketone may occur through inhalation and dermal contact with
this compound at workplaces where raspberry ketone is produced or used. Monitoring data indicate
that the general population may be exposed to raspberry ketone via inhalation from the aroma of
plants and foods and from tobacco smoke, via ingestion of foods and nutritional supplements, and
through dermal contact with consumer products containing raspberry ketone. (SRC) **PEER
REVIEWED**”

“Raspberry ketone has been detected as a component of tobacco smoke(1). [(1) Rodgman A,
Perfetti TA; The Chemical Components of Tobacco and Tobacco Smoke, Second Ed, Boca Raton,
FL: CRC Press, p. 260 (2013)] **PEER REVIEWED**”

“Used in fruit flavors, particularly in raspberry compositions. [Fahlbusch KG et al; Flavors and
Fragrances. Ullmann's Encyclopedia of Industrial Chemistry. 7th ed. (1999-2014). New York, NY:
John Wiley & Sons. Online Posting Date: Jan 15, 2003] **PEER REVIEWED**”

“Used in perfumery, in cosmetics, and as a food additive to impart a fruity odor and taste; In the
flavour industry, raspberry ketone is frequently used in products such as soft drinks, sweets,
puddings and ice creams. [Beekwilder J et al; Biotechnology Journal 2(10): 1270-9 (2007)] **PEER
REVIEWED**”

Gelatins and Puddings 14/50
Hard Candy 17/44
Soft Candy 13/36
Sweet Sauces 0.9/1

Cosmetics Yes (Cosing) Food Yes (Burdock, 2010)

Environment No evidence Pharmaceuticals No evidence (Martindale 1993)

https://www.femaflavor.org/sites/default/files/2020-03/GRAS 29.pdf
https://www.femaflavor.org/sites/default/files/2020-03/GRAS 29.pdf
https://www.femaflavor.org/sites/default/files/2020-03/GRAS 29.pdf
http://cfpub.epa.gov/iursearch/index.cfm


“Raspberry ketone has been used to relieve symptoms of gastrointestinal conditions, heart
problems, menstrual discomfort, easing labor and delivery, and morning sickness of pregnancy.
More recently, raspberry ketone has been promoted as a weight loss aid, promoting weight loss by
increasing norepinephrine release in the body and speeding up metabolism, including increasing
heart rate. [Rxlist; Definition of Red Raspberry (Raspberry ketone); RxList, The Internet Drug Index.
Available from, as of Feb 10, 2014:
http://www.rxlist.com/script/main/art.asp?articlekey=155766**PEER REVIEWED**”

“Raspberry ketone is a natural phenolic compound. It is used in perfumery, in cosmetics, and as a
food additive to impart a fruity odor. [Jeong JB, Jeong HJ; Food Chem Toxicol. 48 (8-9): 2148-53
(2010)] **PEER REVIEWED**”

As taken from HSDB, 2014.

Raspberry ketone (CAS RN 5471-51-2) is listed as an ingredient (at given concentrations, where
specified) in auto (1-5%), inside the home (0.5-5%), personal care (0.1-1%) and pet care products
by the CPID.

“Raspberry ketone, 4-(4-hydroxyphenyl)-2-butanone, is the primary aroma compound (level of
0.009-4.3 mg/kg) of the fruit of raspberry (Rubus idaeus L.). It is also used as a flavouring
substance. In recent years, raspberry ketone has been marketed as an ingredient in food
supplements for weight loss in recommended daily doses of 100-1400 mg. European Food Safety
Authority (EFSA) concluded that raspberry ketone as a flavouring substance would present no
safety concern at the estimated level of intake from berries and flavourings of 2.4 mg/day (based on
an estimation of Margin of Safety (MOS) equal to 2500). Other intake estimates range from 1.8-3.8
mg/day for an adult.”

As taken from Steffensen I-L, 2019

Raspberry ketone (CAS RN 5471-51-2) is used as a flavour enhancer for oral use and a fragrance
ingredient for topical use in non-medicinal natural health products (Health Canada, 2021).

2.2. Combustion products

This ingredient was investigated in a pyrolysis study. Results are given in JTI Report 1 (2003).

This ingredient was investigated in a pyrolysis study. Results are given in Baker and Bishop J. Anal.
Appl. Pyrolysis, 71, 2004, pp. 223-311.

Compound Two stage heating One stage heating

Abundance Area% Abundance Area%

4-(4-hydroxyphenyl)-2-butanone 6490579842 99.25 9976356678 99.58

Total ion chromatogram 6539692936 100 10018132290 100
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2.3. Ingredient(s) from which it originates

0.0001 (% applied to tobacco), No evidence of presence in tobacco naturally (Stedman 1968; Lloyd
et al 1976)

Found in red raspberries (Rubus idaeus) (Harada N et al., Effect of topical application of raspberry
ketone on dermal production of insulin-like growth factor-I in mice and on hair growth and skin
elasticity in humans; Growth Horm IGF Res. 2008, Aug; 18(4):335-44).

Reportedly found in European cranberry, raspberry, blackberry, loganberry and sea buckthorn
(Hippophae rhamnoides L.) (Burdock, 2010).

“Extraction of pure raspberry ketone from raspberries is usually 1-4 mg/kg of raspberries(1).
Raspberry ketone was detected in the aroma components of freshly brewed Arabica and Ethiopian
coffees(2,3). Reported uses of raspberry ketone in foods: baked goods, 13.05 ppm (51.15 ppm
max); chewing gum, 70.85 ppm (209.5 ppm max); frozen dairy, 9.25 ppm (30.34 ppm max);
gelatins and puddings, 13.50 ppm (28.87 ppm max); hard candy, 16.74 ppm (33.69 ppm max);
nonalcoholic beverages, 2.76 ppm (11.39 ppm max); soft candy, 13.42 ppm (35.99 ppm); sweet
sauce, 0.90 ppm (1.4 ppm max)(4). [(1) Beekwilder J et al; Biotechnology Journal 2(10): 1270-9
(2007) (2) Akiyama M et al; J Food Sci 73(5): C335-C346 (2008) (3) Akiyama M et al; J Food Sci
72(7): C388-C366 (2007) (4) Burdock GA, ed; Fenaroli's Handbook of Flavor Ingredients. 6th
ed.Boca Raton, FL, p. 880 (2010)] **PEER REVIEWED**”

“Natural occurrence: Reported found European cranberry, raspberry, blackberry, loganberry and
sea buckthorn (Hippophae rhamnoides L.) [Burdock, G.A. (ed.). Fenaroli's Handbook of Flavor
Ingredients. 6th ed.Boca Raton, FL 2010, p. 941] **PEER REVIEWED**”

“Raspberry ketone occurs in raspberries at typical concentrations of 1-4 mg/kg of raspberries(1).
Raspberry ketone has been found in numerous plant genera, such as Artemisia, Capparis,
Dendrobium, Hippophae, Larix, Limonium, Pinus, Prunus, Rheum, Rubus, Saxifraga, Taxus,
Vaccinium, Vanilla, and Vitis(2). Raspberry ketone is reported to occur in cranberry, blackberry,
loganberry and sea buckthorn (Hippophae rhamnoides L)(3). Raspberry ketone is one of the major
aromatic compounds of red raspberry (Rubus idaeus)(4). Raspberry ketone has been found in the
glands of the melon fly (Dacus cucurbitae) and of the North American beaver (Castor
canadensis)(2). [(1) Beekwilder J et al; Biotechnology Journal 2(10): 1270-9 (2007) (2) Zorn H et al;
Appl Environ Microbiol 69(1): 367-372 (2003) (3) Burdock GA (ed); Fenaroli's Handbook of Flavor
Ingredients. 6th ed.Boca Raton, FL, p. 880 (2010) (4) Takata T, Morimoto C; J Medicinal Food
17(3): 332-8 (2014)] **PEER REVIEWED**”

“Raspberry ketone has been found in the glands of the melon fly (Dacus cucurbitae) and of the
North American beaver (Castor canadensis). The basidiomycete Nidula niveo-tomentosa /White
Barrel Bird's Nest fungi/ is a microbial producer of 4-(4-hydroxyphenyl)-butan-2-one(1).[(1) Zorn H
et al; Appl Environ Microbiol 69: 367-372 (2003). Available from, as of Jun 2, 2014:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC152476/ **PEER REVIEWED**”
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As taken from HSDB, 2014.

“Raspberry ketone (4-(4-hydroxyphenyl)-2-butanone) .... is naturally occurring in raspberries (up to
4.3 mg/kg) .....” As taken from Bredsdorff L et al. 2015. Regul. Toxicol. Pharmacol. 73(1), 196-200.
PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/26160596

3. Status in legislation and other official guidance

In its procedure for the evaluation of food flavouring ingredients, JECFA (2001) concluded that 4-(p-
hydroxyphenyl)-2-butanone was of no safety concern at the current levels of intake (estimated at 2.8 and
3.8 mg/day in Europe and the US respectively).

The compound has been designated as GRAS (generally recognized as safe) by FEMA (Hall & Oser,
1965).

Included on the US FDA’s list of Substances Added to Food (formerly EAFUS) as a flavoring agent
or adjuvant, and covered under 21 CFR 172.515 (synthetic flavoring substances and adjuvants)
(FDA, 2021a,b).

There are REACH dossiers on 4-(4-hydroxyphenyl)butan-2-one (ECHA, 2021).

4-(4-Hydroxyphenyl)butan-2-one (CAS RN 5471-51-2) is not classified for packaging and labelling
under Regulation (EC) No. 1272/2008 (ECHA, 2022).

“4-(p-Hydroxylphenyl)-2-butanone is a food additive permitted for direct addition to food for human
consumption as a synthetic flavoring substance and adjuvant in accordance with the following
conditions: a) they are used in the minimum quantity required to produce their intended effect, and
otherwise in accordance with all the principles of good manufacturing practice, and b) they consist
of one or more of the following, used alone or in combination with flavoring substances and
adjuvants generally recognized as safe in food, prior-sanctioned for such use, or regulated by an
appropriate section in this part. [21 CFR 172.515 (USFDA); U.S. National Archives and Records
Administration's Electronic Code of Federal Regulations. Available from, as of March 17, 2014:
http://www.ecfr.gov/cgi-bin/ECFR?page=browse **PEER REVIEWED**”

As taken from HSDB, 2014.

4-(p-Hydroxyphenyl)butan-2-one is authorised for use as a flavouring substance in all categories of
flavoured food in the EU, under EU Regulation No. 872/2012 (European Commission, 2012).

4-(p-Hydroxyphenyl)-2-butanone (CAS RN 5471-51-2) is listed in the US EPA InertFinder Database
(2021) as approved for fragrance use in pesticide products.

2-Butanone, 4-(4-hydroxyphenyl)- (CAS RN 5471-51-2) is included on the US EPA’s Safer
Chemical Ingredients List (US EPA, 2022).

2-Butanone, 4-(4-hydroxyphenyl)- (CAS RN 5471-51-2) is listed in the US EPA Toxic Substances
Control Act (TSCA) inventory and also in the US EPA 2020 CDR list (Chemical Data Reporting
Rule).

http://www.ncbi.nlm.nih.gov/pubmed/26160596
http://www.ecfr.gov/cgi-bin/ECFR?page=browse
http://www.ecfr.gov/cgi-bin/ECFR?page=browse
http://www.ecfr.gov/cgi-bin/ECFR?page=browse


The TSCA inventory and 2020 CDR list are available at
https://sor.epa.gov/sor_internet/registry/substreg/searchandretrieve/searchbylist/search.do

“Raspberry ketone (4-(4-hydroxyphenyl)-2-butanone) is marketed on the Internet as a food
supplement. The recommended intake is between 100 and 1400 mg per day. The substance is
naturally occurring in raspberries (up to 4.3 mg/kg) and is used as a flavouring substance.
Toxicological studies on raspberry ketone are limited to acute and subchronic studies in rats. When
the lowest recommended daily dose of raspberry ketone (100 mg) as a food supplement is
consumed, it is 56 times the established threshold of toxicological concern (TTC) of 1800 μg/day
for Class 1 substances. The margin of safety (MOS) based on a NOAEL of 280 mg/kg bw/day for
lower weight gain in rats is 165 at 100 mg and 12 at 1400 mg. The recommended doses are a
concern taking into account the TTC and MOS. Investigations of raspberry ketone in quantitative
structure-activity relationship (QSAR) models indicated potential cardiotoxic effects and potential
effects on reproduction/development. Taking into account the high intake via supplements, the
compound's toxic potential should be clarified with further experimental studies. In UK the pure
compound is regarded as novel food requiring authorisation prior to marketing but raspberry ketone
is not withdrawn from Internet sites from this country.” As taken from Bredsdorff L et al. 2015.
Regul. Toxicol. Pharmacol. 73(1), 196-200. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/26160596 .

2-Butanone, 4-(4-hydroxyphenyl)- (CAS RN 5471-51-2) is included on the New Zealand Inventory
of Chemicals and does not have an individual approval but maybe used under an appropriate
group standard (NZ EPA, 2006).

“Raspberry ketone was classified as a novel food by the Food Standards Agency (FSA) in UK
(March 2014). It was stated that raspberry ketones other than raspberry fruit extracts prepared
using water or 20% ethanol (1:4 ethanol:water) are novel and should fall within the scope of the EU
legislation on novel foods. This information is not found at the homepage of FSA (November 16,
2018). Some notifications calling raspberry ketone an unauthorized novel food ingredient (newest
2016) are published on the EU RASFF (Rapid Alert System for Food and Feed) portal. The
substance is not found in the Novel food catalogue (November 16, 2018). Whatever the legal
status, raspberry ketone is still marketed as an ingredient in food supplements in EU; now in even
higher recommended doses (up to 2000 mg/day).”

As taken from Steffensen I-L, 2019

Implementation dates: For new submissions*: February 10 2021

For existing fragrance compounds*: February 10 2022

*These dates apply to the supply of fragrance mixtures (formulas) only, not to the finished
consumer products in the marketplace

Recommendation: Restriction

https://sor.epa.gov/sor_internet/registry/substreg/searchandretrieve/searchbylist/search.do
http://www.ncbi.nlm.nih.gov/pubmed/26160596
file://sbs2011/Bibra%2525252520Shared/Information/Company%2525252520Files%2525252520-%25252525202005%2525252520onwards/JTI%2525252520Gallaher/2019%2525252520enquiries/JTI19002%2525252520Tox%2525252520profiles/For%2525252520PR/BO/.%252525250B%252525250B
file://sbs2011/Bibra%2525252520Shared/Information/Company%2525252520Files%2525252520-%25252525202005%2525252520onwards/JTI%2525252520Gallaher/2019%2525252520enquiries/JTI19002%2525252520Tox%2525252520profiles/For%2525252520PR/BO/.%252525250B%252525250B
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Flavour requirements: Due to the possible ingestion of small amounts of fragrance ingredients from
their use in products in Categories 1 and 6, materials must not only comply with IFRA Standards
but must also be recognized as safe as a flavoring ingredient as defined by the IOFI Code of
Practice (www.iofi.org). For more details see chapter 1 of the Guidance for the use of IFRA
Standards.

Intrinsic property driving risk management: Depigmentation

Expert panel for fragrance safety rationale / conclusion: The Expert Panel for Fragrance Safety
reviewed all the available data for 4-(4-Hydroxyphenyl)butan-2-one and recommends the limits for
the 12 different product categories, which are the acceptable use levels of 4-(4-
Hydroxyphenyl)butan-2-one in the various product categories.

As taken from IFRA, 2020

Raspberry ketone (CAS RN 5471-51-2) is classified as an NHP [natural health product] under
Schedule 1, item 2 (an isolate) of the Natural Health Products Regulations (Health Canada, 2021).

2-Butanone, 4-(4-hydroxyphenyl)- (CAS 5471-51-2) is listed on Australian Inventory of Industrial
Chemicals (AICIS, formerly NICNAS). As taken from AICIS, undated.

4. Metabolism/Pharmacokinetics

4.1. Metabolism/metabolites

p-Hydroxyphenylbutan-2-one (pHPB), the raspberry ketone, is responsible for the characteristic
aroma of raspberries. The compound accumulates rapidly during the later maturation stages of the
berries. The synthesis and accumulation of pHPB correlates with that of anthocyanin and soluble
solids (°Brix). pHPB is synthesized in cell-free extracts of fruits and tissue cultures from p-
coumaryl-CoA and malonyl-CoA in a manner similar to the synthesis of chalcones and stilbenes.
The specific biosynthetic pathway for pHPB formation deviates from the general phenylpropanoid
pathway at the p-coumaryl-CoA stage and it is composed of two enzymes. The first enzyme is the
p-hydroxyphenylbut-3-ene-2-one synthase (pHPB-3-ene-2-one synthase) that forms p-
hydroxyphenylbut-3-ene-2-one by the condensation of malonyl-CoA with p-coumaryl-CoA. The
second enzyme, p-hydroxyphenylbut-3-ene-2-one reductase (pHPB-3-ene-2-one reductase),

RESTRICTION LIMITS IN THE FINISHED PRODUCT (%):

Category 1 0.68 % Category 7A 0.41 %

Category 2 1.0 % Category 7B 0.41 %

Category 3 0.27 % Category 8 0.045 %

Category 4 1.0 % Category 9 1.0 %

Category 5A 1.0 % Category 10A 1.0 %

Category 5B 0.14 % Category 10B 1.0 %

Category 5C 0.27 % Category 11A 0.045 %

Category 5D 0.045 % Category 11B 0.045 %

Category 6 0.82 % Category 12 78 %



reduces the p-hydroxyphenylbut-3-ene-2-one to p-hydroxyphenylbutan-2-one, the raspberry
ketone. We detected the activity of both enzymes in crude extracts from raspberry fruits and their
tissue cultures, and identified their reaction products by HPLC, crystallization to constant
radioactivity and by GC-MS.

Wlodzimierz Borejsza-Wysocki and Geza Hrazdina; Biosynthesis of p-hydroxyphenylbutan-2-one in
raspberry fruits and tissue cultures; Phytochemistry, Volume 35, Issue 3, February 1994, Pages
623-628; http://www.sciencedirect.com/

Raspberry ketone (4-(4-hydroxyphenyl) butan-2-one; RK) is a major aromatic compound of red
raspberry (Rubus idaeus). The structure of RK is similar to the structures of capsaicin and
synephrine, compounds known to exert anti-obese actions and alter the lipid metabolism. The
present study was performed to clarify whether RK helps prevent obesity and activate lipid
metabolism in rodents. To test the effect on obesity, our group designed the following in vivo
experiments: 1) mice were fed a high-fat diet including 0.5, 1, or 2% of RK for 10 weeks; 2) mice
were given a high-fat diet for 6 weeks and subsequently fed the same high-fat diet containing1%
RK for the next 5 weeks. RK prevented the high-fat-diet-induced elevations in body weight and the
weights of the liver and visceral adipose tissues (epididymal, retroperitoneal, and mesenteric). RK
also decreased these weights and hepatic triacylglycerol content after they had been increased by
a high-fat diet. RK significantly increased norepinephrine-induced lipolysis associated with the
translocation of hormone-sensitive lipase from the cytosol to lipid droplets in rat epididymal fat cells.
In conclusion, RK prevents and improves obesity and fatty liver. These effects appear to stem from
the action of RK in altering the lipid metabolism, or more specifically, in increasing norepinephrine-
induced lipolysis in white adipocytes.

Morimoto et al.; Anti-obese action of raspberry ketone; Life Sciences, Volume 77, Issue 2, 27 May
2005, Pages 194-204 ; http://www.sciencedirect.com/

The metabolism of 4-(4-hydroxyphenyl) butan-2-one (raspberry ketone) was studied in rats, guinea-
pigs and rabbits. Following intragastric dosage (1 mmol/kg) urinary metabolite excretion was nearly
complete within 24 h, amounting to roughly 90% of the dose in all species. The most prominent
urinary metabolites were raspberry ketone and its corresponding carbinol, both largely conjugated
with glucuronic acid and/or sulphate. The extent of ketone reduction was greatest in rabbits.
Oxidative metabolism included ring hydroxylation and side-chain oxidation. The latter pathway led
to 1,2- and 2,3-diol derivatives. It is proposed that the latter undergo cleavage to furnish the C6-C3
and C6-C2 derivatives detected.S.Sporstøl and R. R. Scheline;The metabolism of 4-(4-
hydroxyphenyl)butan-2-one (raspberry ketone) in rats, guinea-pigs and rabbits; Xenobiotica,1982,
Vol. 12, No. 4, Pages 249-257 DOI: 10.3109/00498258209052463;
http://informahealthcare.com/doi/abs/10.3109/00498258209052463

p-Hydroxyphenylbutan-2-one, the characteristic aroma compound of raspberries (Rubus idaeus L.),
is synthesized from p-coumaryl-coenzyme A and malonyl-coenzyme A in a two-step reaction
sequence that is catalyzed by benzalacetone synthase and benzalacetone reductase (W. Borejsza-
Wysocki and G. Hrazdina [1994] Phytochemistry 35: 623-628). Benzalacetone synthase condenses
one malonate with p-coumarate to form the pathway intermediate p-hydroxyphenylbut-3-ene-2-one
(p-hydroxybenzalacetone) in a reaction that is similar to those catalyzed by chalcone and stilbene
synthases. We have obtained an enzyme preparation from ripe raspberries that was preferentially
enriched in benzalacetone synthase (approximately 170-fold) over chalcone synthase
(approximately 14-fold) activity. This preparation was used to characterize benzalacetone synthase
and to develop polyclonal antibodies in rabbits. Benzalacetone synthase showed similarity in its
molecular properties to chalcone synthase but differed distinctly in its substrate specificity, response
to 2-mercaptoethanol and ethylene glycol, and induction in cell-suspension cultures. The product of
the enzyme, p-hydroxybenzalacetone, inhibited mycelial growth of the raspberry pathogen
Phytophthora fragariae var rubi at 250 [mu]M. We do not know whether the dual activity in the
benzalacetone synthase preparation is the result of a bifunctional enzyme or is caused by
contamination with chalcone synthase that was also present. The rapid induction of the enzyme in
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cell-suspension cultures upon addition of yeast extract and the toxicity of its product, p-
hydroxybenzalacetone, to phytopathogenic fungi also suggest that the pathway may be part of a
plant defense response. W. Borejsza-Wysocki and G. Hrazdina; Aromatic Polyketide Synthases
(Purification, Characterization, and Antibody Development to Benzalacetone Synthase from
Raspberry Fruits); PLANT PHYSIOLOGY , Vol 110, Issue 3 791-799, Copyright © 1996 by
American Society of Plant Biologists; http://www.plantphysiol.org/cgi/content/abstract/110/3/791

”The metabolism of 4-(4-hydroxyphenyl)butan-2-one(raspberry ketone) was studied in rats, guinea-
pigs and rabbits. 2. Following intragastric dosage (1 mmol/kg) …... The most prominent urinary
metabolites were raspberry ketone and its corresponding carbinol, both largely conjugated with
glucuronic acid and/or sulphate. The extent of ketone reduction was greatest in rabbits. 4.
Oxidative metabolism included ring hydroxylation and side-chain oxidation. The latter pathway led
to 1,2- and 2,3-diol derivatives. It is proposed that the latter undergo cleavage to furnish the C6-C3
and C6-C2 derivatives detected. [Sporstol S, Scheline RR; Xenobiotica 12 (4): 249-57 (1982)]
**PEER REVIEWED**”

“A ketone (probably acetone) was found in the urine of rats fed p-hydroxyphenylbutanone at 1% in
the diet. After administration of a single 200-mg dose, rats excreted about 6% of the dose
unchanged within 24 hr. A positive reaction for ketones being obtained only in urine produced
between 1 and 6 hr after treatment. [Food and Cosmetics Toxicology 16: 781-2 (1978)] **PEER
REVIEWED**”

As taken from HSDB, 2014.

“CONTEXT: Raspberry ketone (RK) is a natural phenolic compound of red raspberry. The dietary
intake of RK has been reported to exert anti-obese actions and alter the lipid metabolism in vivo
and human studies. OBJECTIVE: To elucidate a possible mechanism for anti-obese actions of RK,
the effects of RK on the adipogenic and lipogenic gene expression in 3T3-L1 adipocytes were
investigated. MATERIALS AND METHODS: 3T3-L1 maturing pre-adipocytes were treated from day
2 to day 8 of differentiation and mature adipocytes for 24 h on day 12 with 1, 10, 20, and 50 μM of
RK. Triacylglycerols were assessed by spectrophotometry and gene expression by quantitative
real-time polymerase chain reaction (qRT-PCR). RESULTS: Treatment of adipocytes with RK
suppressed adipocyte differentiation and fat accumulation in a concentration-dependent manner.
RK suppressed the expression of major genes involved in the adipogenesis pathway including
peroxisome proliferator-activated receptor-γ (PPARγ) and CCAAT enhancer binding protein-α
(C/EBPα), which led to further down-regulation of adipocyte fatty acid-binding protein-2 (aP2). In
addition, treatment with 10 μM of RK also reduced mRNA levels of lipogenic genes such as acetyl-
CoA carboxylase-1 (ACC1), fatty acid synthase (FASN), and stearoyl-CoA desaturase-1 (SCD1). In
mature adipocytes, RK increased the transcriptional activities of genes involved in lipolysis and the
oxidative pathways including adipose triglyceride lipase (ATGL), hormone sensitive lipase (HSL),
and carnitine palmitoyl transferase-1B (CPT1B). DISCUSSION AND CONCLUSION: These
findings suggest that RK holds great promise for an herbal medicine with the biological activities
altering the lipid metabolism in 3T3-L1 adipocytes.” As taken from Park KS. 2015. Pharm. Biol.
53(6), 870-5. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/25429790?dopt=AbstractPlus

“Objectives: Raspberry ketone (RK) is the primary aroma compound in red raspberries and a
dietary supplement for weight loss. This work aims to 1) compare RK bioavailability in male versus
female, normal-weight versus obese mice; 2) characterize RK metabolic pathways. Methods: Study
1: C57BL/6J male and female mice fed a low-fat diet (LFD; 10% fat) receive a single oral gavage
dose of RK (200 mg kg-1 ). Blood, brain, and white adipose tissue (WAT) are collected over 12 h.
Study 2: Male mice are fed a LFD or high-fat diet (45% fat) for 8 weeks before RK dosing. Samples
collected are analyzed by UPLC-MS/MS for RK and its metabolites. Results: RK is rapidly
absorbed (Tmax ≈ 15 min), and bioconverted into diverse metabolites in mice. Total bioavailability
(AUC0-12 h ) is slightly lower in females than males (566 vs 675 nmol mL-1 min-1 ). Total
bioavailability in obese mice is almost doubled that of control mice (1197 vs 679 nmol mL-1 min-1 ),
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while peaking times and elimination half-lives are delayed. Higher levels of RK and major
metabolites are found in WAT of the obese than normal-weight animals. Conclusions: RK is highly
bioavailable, rapidly metabolized, and exhibits significantly different pharmacokinetic behaviors
between obese and control mice. Lipid-rich tissues, especially WAT, can be a direct target of RK.”
As taken from Zhao D et al. 2020. Mol. Nutr. Food Res. 64(8), e1900907. PubMed, 2020 available
at https://pubmed.ncbi.nlm.nih.gov/32052560/

“Raspberry ketone (RK) (4-(4-hydroxyphenyl)-2-butanone) is the major compound responsible for
the characteristic aroma of red raspberries, and has long been used commercially as a flavoring
agent and recently as a weight loss supplement. A targeted UHPLC-QqQ-MS/MS method was
developed and validated for analysis of RK and 25 associated metabolites in mouse plasma and
brain. Dispersion and projection analysis and central composite design were used for method
optimization. Random effect analysis of variance was applied for validation inference and variation
partition. Within this framework, repeatability, a broader sense of precision, was calculated as
fraction of accuracy variance, reflecting instrumental imprecision, compound degradation and carry-
over effects. Multivariate correlation analysis and principle component analysis were conducted,
revealing underlying association among the manifold of method traits. R programming was
engaged in streamlined statistical analysis and data visualization. Two particular phenomena, the
analytes’ background existence in the enzyme solution used for phase II metabolites
deconjugation, and the noted lability of analytes in pure solvent at 4 ℃ vs. elevated stability in
biomatrices, were found critical to method development and validation. The approach for the
method development and validation provided a foundation for experiments that examine RK
metabolism and bioavailability.” As taken from Yuan B et al. 2020. J. Chromatogr. B Analyt.
Technol. Biomed. Life Sci. 1149, 122146. PubMed, 2020 available at
https://pubmed.ncbi.nlm.nih.gov/32474352/

“The exposure of human skin to 4-(4-hydroxyphenyl)-2-butanone (raspberry ketone, RK) is known
to cause chemical/occupational leukoderma. RK is a carbonyl derivative of 4-(4-hydroxyphenyl)-2-
butanol (rhododendrol), a skin whitening agent that was found to cause leukoderma in skin of many
consumers. These two phenolic compounds are oxidized by tyrosinase and the resultant products
seem to cause cytotoxicity to melanocytes by producing reactive oxygen species and depleting
cellular thiols through o-quinone oxidation products. Therefore, it is important to understand the
biochemical mechanism of the oxidative transformation of these compounds. Earlier studies
indicate that RK is initially oxidized to RK quinone by tyrosinase and subsequently converted to a
side chain desaturated catechol called 3,4-dihydroxybenzalacetone (DBL catechol). In the present
study, we report the oxidation chemistry of DBL catechol. Using UV-visible spectroscopic studies
and liquid chromatography mass spectrometry, we have examined the reaction of DBL catechol
with tyrosinase and sodium periodate. Our results indicate that DBL quinone formed in the reaction
is extremely reactive and undergoes facile dimerization and trimerization reactions to produce
multiple isomeric products by novel ionic Diels-Alder type condensation reactions. The production
of a wide variety of complex quinonoid products from such reactions would be potentially more toxic
to cells by causing not only oxidative stress, but also melanotoxicity through exhibiting reactions
with cellular macromolecules and thiols.” As taken from Sugumaran M et al. 2020. Int. J. Mol. Sci.
21(18), 6774. PubMed, 2021 available at https://pubmed.ncbi.nlm.nih.gov/32942764/

4.2. Absorption, distribution and excretion

“Urinary analyses showed ketones in the urine of all treated animals at 7 and 13 weeks. The
authors reported that this effect appeared within 12 hr in rats fed a diet containing 1% 4-(para-
hydroxyphenyl)-2-butanone for-7 days, and disappeared within 9 hr when the rats were returned to
normal diet. The ketonuria, which was possibly due to metabolites present in the urine, was
considered not to be a toxic effect [WHO Food Additives Series 46. Available from, as of January
28, 2014 http://www.inchem.org/documents/jecfa/jecmono/v46je09.htm**PEER REVIEWED**”.
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”The metabolism of 4-(4-hydroxyphenyl)butan-2-one(raspberry ketone) was studied in rats, guinea-
pigs and rabbits. 2. Following intragastric dosage (1 mmol/kg) urinary metabolite excretion was
nearly complete within 24 hr, amounting to roughly 90% of the dose in all species. 3.…….. [Sporstol
S, Scheline RR; Xenobiotica 12 (4): 249-57 (1982)] **PEER REVIEWED**”

“A ketone (probably acetone) was found in the urine of rats fed p-hydroxyphenylbutanone at 1% in
the diet. After administration of a single 200-mg dose, rats excreted about 6% of the dose
unchanged within 24 hr. A positive reaction for ketones being obtained only in urine produced
between 1 and 6 hr after treatment. [Food and Cosmetics Toxicology 16: 781-2 (1978)] **PEER
REVIEWED**”

As taken from HSDB, 2014.

“4-(4-Hydroxyphenyl)butan-2-one [07.055] [is] mainly excreted as glucuronide and sulfate
conjugates either unmodin¼üed or after reduction to the corresponding alcohol (Scheline, 1991)”.

As taken from EFSA, 2016.

4.3. Interactions

“The effect of essential oils, such as raspberry ketone, on androgen (AR) receptor was investigated
using a MDA-kb2 human breast cancer cell line for predicting potential AR activity. Among them,
eugenol had the highest AR antagonistic activity with its IC(50) value of 19 microM. Raspberry
ketone, which has threefold higher anti-obese activity than that of capsaicin, also had AR
antagonist activity with its IC(50) value of 252 microM. Based on these findings, a more precise
CoMFA model was proposed as follows: pIC(50) [log (1/IC(50))]=3.77+[CoMFA field terms] (n=39,
s=0.249, r(2)=0.834, s(cv)=0.507, q(2)=0.311 (three components)”. As taken from OgawaY et al.
2010. Bioorgan. Med. Chem. Lett. 20, 2111-2114. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/20226658?dopt=AbstractPlus

“Inflammation is part of the host defense mechanism against harmful matters and injury; however,
aberrant inflammation is associated to the development of chronic disease such as cancer.
Raspberry ketone is a natural phenolic compound. It is used in perfumery, in cosmetics, and as a
food additive to impart a fruity odor. In this study, we evaluated whether rheosmin, a phenolic
compound isolated from pine needles regulates the expression of iNOS and COX-2 protein in LPS-
stimulated RAW264.7 cells. Rheosmin dose-dependently inhibited NO and PGE(2) production and
also blocked LPS-induced iNOS and COX-2 expression. Rheosmin potently inhibited the
translocation of NF-kappaB p65 into the nucleus by IkappaB degradation following IkappaB-alpha
phosphorylation. This result shows that rheosmin inhibits NF-kappaB activation. In conclusion, our
results suggest that rheosmin inhibits LPS-induced iNOS and COX-2 expression in RAW264.7 cells
by blocking NF-kappaB activation pathway”. As taken from Jeong JB & Jeong HJ. 2011. Fd Chem.
Toxicol. 48, 2158-2163. PubMed, 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/20478352

“BACKGROUND: Very few weight and fat loss supplements undergo finished-product research to
examine efficacy. The purpose of this study was to determine the effects of an 8-week diet and
exercise program on body composition, hip and waist girth, and adipokines and evaluate whether a
dietary supplement containing raspberry ketone, capsaicin, caffeine, garlic, and Citrus aurantium
enhanced outcomes. METHODS: Overweight men and women completed this randomized,
placebo-controlled, double-blind study. Participants consumed 4 capsules/d of supplement (EXP; n
= 18) or placebo (PLA; n = 18). Participants underwent 8 weeks of daily supplementation, calorie
restriction (500 kcal < RMR [resting metabolic rate] × 1.2), and supervised progressive exercise
training 3 times a week. Body composition, girth, and adipokines were assessed at baseline and
postintervention (T1 and T2). RESULTS: Significant decreases in weight (-2.6 ± 0.57 kg, p <
0.001), fat mass (-1.8 ± 0.20 kg; p < 0.001), and percentage body fat (-3.7% ± 0.29%, p < 0.001)
and a significant increase in lean body mass (LBM; 1.5 ± 0.26 kg; p < 0.001) were seen from T1 to
T2 in both groups. For men, only those in the EXP group increased LBM from T1 to T2 (1.3 ± 0.38

http://www.ncbi.nlm.nih.gov/pubmed/20226658?dopt=AbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed/20478352


kg; p < 0.05). Hip girth was also reduced, with the women in the EXP group (-10.7 ± 2.15 cm, p <
0.001) having a greater reduction. There was a time by group interaction, with significant decreases
in leptin (p < 0.001) and significant increases in adiponectin (p < 0.05) in the EXP group.
CONCLUSIONS: Significant improvements in adipokines and leptin support the utility of exercise,
diet, and fat loss for impacting inflammatory biomarkers. The improvement in adiponectin with EXP
may suggest a unique health mechanism.” As taken from Arent SM et al. 2018. J. Am. Coll. Nutr.
37(2), 111-120. PubMed, 2018 available at https://www.ncbi.nlm.nih.gov/pubmed/29111889

“AIM: The cardioprotective role of raspberry ketone (RK) against isoproterenol (ISO)-induced
myocardial infarction (MI) in rats was assessed. MATERIALS AND METHODS: Rats were
randomly divided into Group I - Vehicle control; Group II - Toxic control ISO (85mg/kg, s.c.); Group
III, IV and V - RK (50, 100 and 200mg/kg, respectively) with ISO; Group VI- RK (200mg/kg) alone;
Group VII - Propranolol (10mg/kg) with ISO; and Group VIII - Propranolol (10mg/kg) alone. After
twenty-four hours of the last dose, animals were sacrificed and creatine kinase-MB, lactate
dehydrogenase, total cholesterol, triglycerides, high-density-lipoprotein, low-density-lipoprotein,
very-low-density-lipoprotein, malondialdehyde, reduced glutathione, superoxide dismutase,
catalase, Na+, K+-ATPase, nitric oxide, histopathological and immunohistochemical analysis (tumor
necrosis factor-α and inducible nitric oxide synthase) were performed. KEY FINDINGS: Treatment
with ISO significantly deviated the biochemical parameters from the normal levels, which were
considerably restored by RK at 100 and 200mg/kg doses. 50mg/kg dose, however, did not
demonstrate any significant cardioprotective action. The histopathological and
immunohistochemical analysis further substantiated these findings. SIGNIFICANCE: Our study
showed a dose-dependent reduction in oxidative stress, inflammation and dyslipidemia by RK in
ISO-intoxicated rats, which signifies that RK from the European red raspberry plant might be a
valuable entity for the management of MI.” As taken from Khan V et al. 2018. Life Sci. 194, 205-
212. PubMed, 2018 available at https://www.ncbi.nlm.nih.gov/pubmed/29225109

“AIM: Obesity is a continually growing pandemic leading to many diseases that affect the overall
quality of life. The widely marketed Garcinia cambogia (GC) and Raspberry ketone (RK) were used
in this study. Despite their known dietetic effect, however, the metabolomic/signaling pathways
involved in this effect are not fully elucidated. Hence, our study comprehends the possible
trajectories of their combination against obesity and insulin resistance in addition to exploring their
combination merit. MATERIALS AND METHODS: Adult male Wistar rats were divided into 5
groups; viz., normal diet (ND), high fat fructose diet (HFFD), HFFD+GC (600mg/kg), HFFD+RK
(55mg/kg) and HFFD+GC+RK. To assess our aim, we determined their effect on body weight,
IPGTT, glucose homeostasis (glucose, insulin, HOMA IR), lipid profile parameters and SREBP-1c,
oxidative stress markers, insulin and leptin signaling pathways (p-IRS-1/p-AKT/GLUT-4, and
leptin/STAT-3), as well as liver and adipose tissue histopathology. RESULTS: GC/RK combination
caused weight loss, corrected the disturbed glucose and insulin homeostasis, raised serum levels
of HDL and decreased all other lipid profile parameters. They also increased Nrf-2 expression, ad
GSH, as well as p-IRS-1/p-Akt/GLUT-4 cue, while they decreased MDA, leptin/STAT-3 and
SREBP-1c content compared to the HFFD group. Furthermore, the GC/RK combination abolished
apoptosis, fatty changes and inflammation in hepatocytes and decreased sclerotic blood vessels
and congestion in adipose tissue. CONCLUSION: Our study highlights the involvement ofp-IRS-
1/p-Akt/GLUT-4, leptin/STAT-3 and SREBP-1c signaling trajectories in the beneficial combination of
GC and RK, besides, the efficient rebalance of the redox status, insulin resistance and tissue fat
deposition confirmed histopathologically.” As taken from Attia RT et al. 2019. Biomed.
Pharmacother. 110, 500-509. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/30530230

“The current investigation was accomplished to evaluate the hepatoprotective effect of White tea
and Raspberry Ketone against toxicity induced by acrylamide in rats. Sixty adult male rats were
divided randomly into group (I) control; group (II) rats received RK with dose (6 mg/kg/day); Group
III: rats received 5 ml of WT extract/kg/day; Group IV rats received AA (5 mg/kg/day); Group V: rats
administrated with both AA (5 mg/kg/day) and RK (6 mg/kg/day) and Group VI: rats administrated
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AA (5 mg/kg/day) and 5 ml of WT extract/kg/day. The biochemical assays exhibited a significant
increase in serum levels of Adiponectin, AST, ALT, ALP of the group treated with acrylamide if
compared to the control group and an improvement in their levels of groups V and VI. The
histopathological and immunohistochemical findings confirm the biochemical observations. In
conclusion, the present investigation proved that the supplementation of WT and RK enhanced the
liver histology, immunohistochemistry and biochemistry against the oxidative stress induced by
acrylamide.” As taken from Hamdy SM et al. 2020. Drug Chem. Toxicol. Epub ahead of print.
PubMed, 2020 available at https://pubmed.ncbi.nlm.nih.gov/32482111/

“The development of reduced-risk products aims to provide alternatives to cigarettes that present
less risk of harm for adult smokers. Responsible use of flavoring substances in these products may
fulfill an important role in product acceptance. While most flavoring substances used in such
products are also used by the food industry and are considered safe when ingested, their impact
when inhaled may require further assessment. To aid in such an assessment, a three-step
approach combining real-time cellular analysis, phenotypic high-content screening assays, and
gene expression analysis was developed and tested in normal human bronchial epithelial cells with
28 flavoring substances commonly used in e-liquid formulations, dissolved individually or as a
mixture in a base solution composed of propylene glycol, vegetable glycerin, and 0.6% nicotine. By
employing this approach, we identified individual flavoring substances that potentially contribute
greatly to the overall mixture effect (citronellol and alpha-pinene). By assessing modified mixtures,
we showed that, although cytotoxic effects were found when assessed individually, alpha-pinene
did not contribute to the overall mixture cytotoxicity. Most of the cytotoxic effect appeared to be
attributable to citronellol, with the remaining substances contributing due to synergistic effects. We
developed and used different scoring methods (Tox-Score, Phenotypic Score, and Biological
Impact Factor/Network Perturbation Amplitude), ultimately enabling a ranking based on cytotoxicity,
phenotypic outcome, and molecular network perturbations. This case study highlights the benefits
of testing both individual flavoring substances and mixtures for e-liquid flavor assessment and
emphasized the importance of data sharing for the benefit of consumer safety.” As taken from
Marescotti D et al. 2020. Toxicol Rep 7, 67-80. PubMed, 2020 available at
https://pubmed.ncbi.nlm.nih.gov/31886136/

5. Toxicity

5.1. Single dose toxicity

Type of
Test

Route of
Exposure or
Administration

Species/Test
System

Dose
Data

Toxic Effects Reference

LD50 -
Lethal
dose, 50
percent
kill

Oral Rodent - rat 1320
mg/kg

Behavioral -
altered sleep
time (including
change in
righting reflex)
Behavioral -
analgesia

FCTXAV Food and Cosmetics
Toxicology. (London, UK) V.1-19,
1963-81. For publisher
information, see FCTOD7.
Volume(issue)/page/year:
8,349,1970

LD50 -
Lethal
dose, 50
percent

Intraperitoneal Rodent - rat 350
mg/kg

Behavioral -
altered sleep
time (including
change in
righting reflex)

FCTXAV Food and Cosmetics
Toxicology. (London, UK) V.1-19,
1963-81. For publisher
information, see FCTOD7.
Volume(issue)/page/year:

https://pubmed.ncbi.nlm.nih.gov/32482111/
https://pubmed.ncbi.nlm.nih.gov/31886136/


As taken from RTECS, 2018.

Oral LD50 – Acute LD50 in rats 1.3 – 1.4g/kg orally (Gaunt et al 1970).

LD50 rat ip 0.7 g/kg for males and 0.35 g/kg for females /p-hydroxyphenylbutanone dissolved in
propylene glycol/ [Fragrance Raw Materials Monographs; Food and Cosmetics Toxicology 16
(Supplement 1): 781-2 (1978)] **PEER REVIEWED**

LD50 rabbit acute oral and acute dermal 5 g/kg /p-hydroxyphenylbutanone dissolved in propylene
glycol/ [Fragrance Raw Materials Monographs; Food and Cosmetics Toxicology 16 (Supplement 1):
781-2 (1978)] **PEER REVIEWED**

LD50 rat oral 1.32 g/kg for males and 1.40 g/kg for females /p-hydroxyphenylbutanone dissolved in
propylene glycol/ [Fragrance Raw Materials Monographs; Food and Cosmetics Toxicology 16
(Supplement 1): 781-2 (1978)] **PEER REVIEWED**

As taken from HSDB, 2014.

“Raspberry ketone (4-(4-hydroxyphenyl)-2-butanone) is marketed on the Internet as a food
supplement. The recommended intake is between 100 and 1400 mg per day. The substance is
naturally occurring in raspberries (up to 4.3 mg/kg) and is used as a flavouring substance.
Toxicological studies on raspberry ketone are limited to acute and subchronic studies in rats. When
the lowest recommended daily dose of raspberry ketone (100 mg) as a food supplement is
consumed, it is 56 times the established threshold of toxicological concern (TTC) of 1800 μg/day
for Class 1 substances. The margin of safety (MOS) based on a NOAEL of 280 mg/kg bw/day for
lower weight gain in rats is 165 at 100 mg and 12 at 1400 mg. The recommended doses are a
concern taking into account the TTC and MOS. Investigations of raspberry ketone in quantitative
structure-activity relationship (QSAR) models indicated potential cardiotoxic effects and potential
effects on reproduction/development. Taking into account the high intake via supplements, the
compound's toxic potential should be clarified with further experimental studies. In UK the pure
compound is regarded as novel food requiring authorisation prior to marketing but raspberry ketone
is not withdrawn from Internet sites from this country.” As taken from Bredsdorff L et al. 2015.
Regul. Toxicol. Pharmacol. 73(1), 196-200. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/26160596

“A change in homeostasis between food intake and energy expenditure is the hallmark of obesity.
Many plant-based weight-management products are available in dietary supplement markets with
no direct efficacy comparison. In this in vivo acute feed intake study in rats, the appetite
suppression efficacy of well-known natural ingredients in the weight-loss market were evaluated.
We tested pure caffeine, potato skin extract, Cissus quadrangularis extract, Garcinia cambogia
extract, Crocus sativus extract, raspberry ketone isolated from Rubus idaeus, one commercial
product (Appetrex), and one novel composition (UP601). Rats treated with potato skin extract,
Crocus sativus bulb extract, and Cissus quadrangularis extracts showed statistically significant
reduction in food consumption only at the 2-hour timepoint with 44.9%, 34.1%, and 44.3%
reductions, respectively, after food provision at an equivalent human dosage of 2 g, 10 g, and 10 g,
respectively. Garcinia cambogia fruit extract and raspberry ketone from Rubus idaeus showed
statistically significant reduction in food consumption only at the 1-hour timepoint with 33.7% and
79.4% reductions, respectively, after food provision at an equivalent human dosage of 8 g and 5 g,
respectively. UP601 and Appetrex were compared at 230 mg/kg. While 88.5%, 73.8%, and 63.1%
reductions in food intake were observed for the UP601 treatment group, 64.2%, 27.5%, and 34.7%
reductions in food intake were observed for rats treated with Appetrex at 1 h, 2 h, and 4 h after food
provision. The composition UP601 demonstrated superior activity in food intake compared to any of

kill Behavioral -
analgesia

8,349,1970
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the dietary supplements marketed for appetite suppression tested in this study.” As taken from
Yimam M et al. 2019. J. Diet. Suppl. 16(1), 86-104. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/29443598

“Raspberry ketone (RK; [4-(4-hydroxyphenyl)-2-butanone]) is used by the food and cosmetic
industry as a flavoring agent. RK is also marketed as a dietary supplement for weight maintenance
and appetite control. The purpose of the study was to characterize the acute feeding suppression
with RK (64-640 mg/kg) by oral gavage in male and female C57BL/6J mice. Cumulative 24 h food
intake was reduced at 200 mg/kg (24% feeding suppression) in males and reliably reduced at 640
mg/kg (49-77% feeding suppression). Feeding suppression was not associated with pica behavior
over the range of doses or conditioned taste aversion. In a separate experiment, a single oral
gavage of RK (640 mg/kg) resulted in approximate 43% mortality rate (6 out 14 male mice) within 2
days. Atrophy of white adipose tissue, splenic abnormalities, and thymus involution were noted
after 2-4 days after oral gavage RK. Total white blood cell count, lymphocytes, monocytes,
eosinophils were significantly lower, while mean red blood cells, hemoglobin, and hematocrit were
significantly higher with RK treatment. Our findings indicated a dose-dependent feeding
suppression with acute RK, but doses that reliable suppress food intake are associated with
pathological changes.” As taken from Hao L et al. 2020. Food Chem. Toxicol. 143, 111512.
PubMed, 2021 available at https://pubmed.ncbi.nlm.nih.gov/32565406/

5.2. Repeated dose toxicity

A no-observed-effect level of 280 mg/kg bw/day was reported in a 13-wk oral rat study (JECFA,
2001).

“Numerous natural products are marketed and sold claiming to decrease body weight and fat, but
few undergo finished product-specific research demonstrating their safety and efficacy. To
determine the safety and efficacy of a multi-ingredient supplement containing primarily raspberry
ketone, caffeine, capsaicin, garlic, ginger and Citrus aurantium (Prograde Metabolism [METABO])
as an adjunct to an eight-week weight loss program. Using a randomized, placebo-controlled,
double-blind design, 70 obese but otherwise healthy subjects were randomly assigned to METABO
or a placebo and underwent 8?weeks of daily supplementation, a calorie restricted diet, and
exercise training. Subjects were tested for changes in body composition, serum adipocytokines
(adiponectin, resistin, leptin, TNF-a, IL-6) and markers of health including heart rate and blood
pressure. Of the 45 subjects who completed the study, significant differences were observed in:
body weight (METABO -2.0% vs. placebo -0.5%, P<0.01), fat mass (METABO -7.8 vs. placebo -
2.8%, P<0.001), lean mass (METABO +3.4% vs. placebo +0.8%, P<0.03), waist girth (METABO -
2.0% vs. placebo -0.2%, P<0.0007), hip girth (METABO -1.7% vs. placebo -0.4%, P<0.003), and
energy levels per anchored visual analogue scale (VAS) (METABO +29.3% vs. placebo +5.1%,
P<0.04). During the first 4 weeks, effects/trends for maintaining elevated serum leptin (P<0.03) and
decreased serum resistin (P<0.08) in the METABO group vs. placebo were also observed. No
changes in systemic hemodynamics, clinical blood chemistries, adverse events, or dietary intake
were noted between groups. METABO administration is a safe and effective adjunct to an eight-
week diet and exercise weight loss program by augmenting improvements in body composition,
waist and hip girth. Adherence to the eight-week weight loss program also led to beneficial changes
in body fat in placebo. Ongoing studies to confirm these results and clarify the mechanisms (i.e.,
biochemical and neuroendocrine mediators) by which METABO exerts the observed salutary
effects are being conducted. /Multi-ingredient supplement containing raspberry ketone/ [Lopez HL
et al; J Int Soc Sports Nutr 10 (1): 22 (2013)] **PEER REVIEWED**”

“LABORATORY ANIMALS: Subchronic or Prechronic Exposure/ Groups of 15 male and 15 female
SPF-derived CFE rats were given diet; containing 4-(para-hydroxyphenyl)-2-butanone (No. 728) at
a concentration of 0, 0.1, 0.2, 0.4, or 1.0% for 13 weeks. The average intakes, calculated on the
basis of data on body weights and food consumption, were 0, 70, 140, 280, and 700 mg/kg bw per
day. No changes in appearance, behaviour, or food intake were noted at any time during the study.
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A slight but statistically significant (P<0.05) reduction in weight gain was observed in male rats at
the highest dose from week 5 onwards, but the decrease in weight was not associated with
decreased food consumption. No significant differences were found in absolute organ weights. In
males, the relative weights of the liver and kidney were increased at the two higher doses and
those of the adrenal gland at the highest dose. The increases in relative organ weights may have
been due to the decrease in body weight. Urinary analyses showed ketones in the urine of all
treated animals at 7 and 13 weeks. The authors reported that this effect appeared within 12 hr in
rats fed a diet containing 1% 4-(para-hydroxyphenyl)-2-butanone for-7 days, and disappeared
within 9 hr when the rats were returned to normal diet. The ketonuria, which was possibly due to
metabolites present in the urine, was considered not to be a toxic effect. Histopathological
examination of rats at the highest dose showed no effect of treatment on organs of the digestive,
reproductive, circulatory, or central nervous systems. The NOEL of 280 mg/kg bw per day is 10 000
times greater than the estimated daily per capita intake of 4-(para-hydroxyphenyl)-2-butanone in
Europe (46 ug/kg bw per day) and the USA (63 ug/kg bw per day) from use as a flavouring
substance. [WHO Food Additives Series 46. Available from, as of January 28, 2014
http://www.inchem.org/documents/jecfa/jecmono/v46je09.htm**PEER REVIEWED**”

“/LABORATORY ANIMALS: Subchronic or Prechronic Exposure/ Raspberry ketone (4-(4-
hydroxyphenyl) butan-2-one; RK) is a major aromatic compound of red raspberry (Rubus idaeus).
The structure of RK is similar to the structures of capsaicin and synephrine, compounds known to
exert anti-obese actions and alter the lipid metabolism. The present study was performed to clarify
whether RK helps prevent obesity and activate lipid metabolism in rodents. To test the effect on
obesity, our group designed the following in vivo experiments: 1) mice were fed a high-fat diet
including 0.5, 1, or 2% of RK for 10 weeks; 2) mice were given a high-fat diet for 6 weeks and
subsequently fed the same high-fat diet containing 1% RK for the next 5 weeks. RK prevented the
high-fat-diet-induced elevations in body weight and the weights of the liver and visceral adipose
tissues (epididymal, retroperitoneal, and mesenteric). RK also decreased these weights and
hepatic triacylglycerol content after they had been increased by a high-fat diet. RK significantly
increased norepinephrine-induced lipolysis associated with the translocation of hormone-sensitive
lipase from the cytosol to lipid droplets in rat epididymal fat cells. In conclusion, RK prevents and
improves obesity and fatty liver. These effects appear to stem from the action of RK in altering the
lipid metabolism, or more specifically, in increasing norepinephrine-induced lipolysis in white
adipocytes.. [Morimoto C et al; Life Sci 77 (2): 194-204 (2005)] **PEER REVIEWED**”

“/LABORATORY ANIMALS: Subchronic or Prechronic Exposure/ Rats fed diets containing 0.1, 0.2,
0.4 or 1.04; p-hydroxyphenylbutanone for 13 wk showed no significant differences in weight gain in
either sex at or below the 0.4%, dietary level, or in females on the 1% diet. There was a slight
reduction in body-weight gain in males at the 1% level. Food consumption was unaffected in all
groups. There was a transient depression of hemoglobin at the 1% level, but at wk 13 all
hematological values, including the hematocrit and red and white blood cell counts, were the same
in the test groups as in the controls. Apart from ketonuria, which was not considered to be a sign of
toxicity, no effects were found in rats on the diets containing 0.1 or 0.2% p-hydroxyphenylbutanone.
The no-effect-level was therefore 0.2% of the diet, or about 100mg/kg/day. [Food and Cosmetics
Toxicology 16: 781-2 (1978)] **PEER REVIEWED**”

As taken from HSDB, 2014.

“Raspberry ketone (4-(4-hydroxyphenyl)-2-butanone) is marketed on the Internet as a food
supplement. The recommended intake is between 100 and 1400 mg per day. The substance is
naturally occurring in raspberries (up to 4.3 mg/kg) and is used as a flavouring substance.
Toxicological studies on raspberry ketone are limited to acute and subchronic studies in rats. When
the lowest recommended daily dose of raspberry ketone (100 mg) as a food supplement is
consumed, it is 56 times the established threshold of toxicological concern (TTC) of 1800 μg/day
for Class 1 substances. The margin of safety (MOS) based on a NOAEL of 280 mg/kg bw/day for
lower weight gain in rats is 165 at 100 mg and 12 at 1400 mg. The recommended doses are a
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concern taking into account the TTC and MOS. Investigations of raspberry ketone in quantitative
structure-activity relationship (QSAR) models indicated potential cardiotoxic effects and potential
effects on reproduction/development. Taking into account the high intake via supplements, the
compound's toxic potential should be clarified with further experimental studies. In UK the pure
compound is regarded as novel food requiring authorisation prior to marketing but raspberry ketone
is not withdrawn from Internet sites from this country.” As taken from Bredsdorff L et al. 2015.
Regul. Toxicol. Pharmacol. 73(1), 196-200. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/26160596

“A NOAEL of 128 mg/kg bw per day was identified in a 13-week study in rats (15 males/15 females
each group), in which 4-(4-hydroxyphenyl) butan-2-one [07.055] was administered at dietary doses
of 0%, 0.1%, 0.2% , 0.4% and 1.0% (corresponding to 0, 64, 128, 256 and 640 mg/kg bw per day,
respectively). Increased relative liver and kidney weights in males were observed in the two higher
doses, but these increases were not accompanied by histopathological changes in the organs. A
decrease in the body weight in males was observed with the top dose (Gaunt et al., 1970).”

As taken from EFSA, 2016.

Adjustment factors used in calculations:

Adjustment factor: Study: Dose Duration: 3 (3)

Critical study: RAT (Reproductive/Developmental Toxicity) Oral - dietary exposure for 1 GEN

Safety Evaluation Comments: no comments available.

Source Document: no source document available

Lowest-observed effect

No-observed effect

MUNRO: NOEL: 100.0 mg/kg bw/day

Adjustment factors

Quantitative
Risk Type

Quantitative
Risk Value

Product
Use

Safety
Evaluation
Owner

POD
Method

POD
Value

POD
Owner

Not
calculated

Not
calculated

Not
specified

COSMOS
TTC (NON-
CANCER)

NOAEL 42.7 COSMOS
TTC
(NON-
CANCER)

NOEL/LEL Owner Original
NOEL

Original LEL Critical
Sites

Critical Effects

COSMOS TTC
(NON-CANCER)

128.0 mg/kg
bw/day

240.0 mg/kg
bw/day

• LIVER • LIVER - WEIGHT
CHANGES

POD Method POD Value POD Owner
NOEL 33.3 MUNRO

Owner Type Value Sites Effects
MUNRO LOEL 240.0

mg/kg
bw/day

            UNSPECIFIED
ORGANS - WEIGHT
CHANGES

            UNSPECIFIED
ORGANS - WEIGHT
CHANGES
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Domain: Adjustment factor - Type: Study - Subtype: Dose Duration - Value: 3 - Comments: 3

>Critical study: Target Organ Toxicity > Subchronic Toxicity (Rat, Oral - Dietary exposure) for 91
day

TOXREFDB: NOAEL: Not established

Lowest-observed effect

PAFA: HNEL: Not established

>Critical study: Target Organ Toxicity > Subchronic Toxicity (Rat, Oral - Dietary exposure) for 91
day

As taken from the COSMOS database available at https://ng.cosmosdb.eu

“The animal study used for deriving the NOAEL (No Observed Adverse Effect Level) for the MOS
estimation was an unpublished 90-day study in rats from 1970. No chronic/carcinogenic,
reproductive or developmental studies with raspberry ketone were identified in the literature.
Investigations of raspberry ketone in Quantitative Structure-Activity Relationship (QSAR) models
indicated potential cardiotoxic effects and potential effects on reproduction/development that need
further elucidation. MOS values for raspberry ketone intake from food supplements varied from 3-
165 calculated based on daily raspberry ketone intakes of either 100 or 1400 mg for an adult (70
kg) and NOAELs (70, 100 or 280 mg/kg bw/day derived from two 90-day rat studies). The MOS
values for raspberry ketone are below the MOS of ≥200 (200 instead of 100 due to limited
toxicological data) that is usually considered sufficient to conclude that there would be no safety
concern at the estimated level of exposure.”

As taken from Steffensen I-L, 2019

“Raspberry ketone (RK)-an aromatic compound found mostly in red raspberries (Rubus idaeus) is
widely used as an over the counter product for weight loss. The present study was conducted to
determine adverse effects associated with RK in obese and health-compromised obese mice. Two
sets of experiments were conducted on normal obese and health-compromised obese mice treated
with RK for a duration of 10 days. Obese conditions were induced by feeding mice a high fat diet
for 10 weeks, while the health compromised obese mouse model was developed by a single
intraperitoneal injection of a nontoxic dose of lipopolysaccharide (LPS) (6 mg/kg) to obese mice.
Results showed that RK (165, 330, and 500 mg/kg) under obese as well as health-compromised
condition retarded the gain in body weights as compared to the control groups. RK at doses 330
and 500 mg/kg resulted in 67.6 and 50% mortality, respectively in normal obese mice and 70%
mortality was observed in health-compromised obese mice treated with RK at 500 mg/kg. At higher
doses deaths were observed earlier than those given lower doses of RK. Significant elevations in

POD Method POD Value POD Owner
NOAEL Not Calculated TOXREFDB

Owner Type Value Sites Effects
TOXREFDB LOAEL 65.0 mg/kg bw/day             SYSTEMIC             SYSTEMIC

POD Method POD Value POD Owner
HNEL Not Calculated PAFA

Owner Type Value Sites Effects
PAFA LOAEL 100.0

mg/kg
bw/day

            KIDNEY - WEIGHT
CHANGES

            LIVER - WEIGHT
CHANGES

            URINALYSIS
PARAMETERS

            KIDNEY - WEIGHT
CHANGES

            LIVER - WEIGHT
CHANGES

            URINALYSIS
PARAMETERS
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blood alanine transaminase (ALT) were also observed with RK treatment in obese mice. Blood
glucose levels were significantly elevated in all groups of mice treated with RK. This study suggests
that higher doses of RK may cause adverse effects in health compromised conditions. Under these
conditions, prolonged use of RK, especially in high doses, may pose a health hazard.” As taken
from Mir TM et al. 2021. J. Diet. Suppl. 18(1), 1-6. PubMed, 2021 available at
https://pubmed.ncbi.nlm.nih.gov/31603036/

There are sufficient repeated dose toxicity data on 4-(p-hydroxyphenyl)-2-butanone that can be
used to support the repeated dose toxicity endpoint. An OECD 408 dietary 90-day subchronic
toxicity study was conducted in Sprague Dawley rats. Groups of 10 rats/sex/dose received 4-(p-
hydroxyphenyl)-2-butanone in the diet at doses of 0, 70, 275, or 700 mg/kg/day. A statistically
significant decrease in bodyweight gain was observed in high-dose males with an overall reduction
of 19% as compared to the controls. Food consumption was normal in all dose groups except for a
slight (but statistically significant) decreases in the mid- and high-dose males during the first 2
weeks of the study only. A statistically significant increase in the relative liver weight (up to 16%)
was observed at 275 and 700 mg/kg/day. Statistically significant increases were observed in
alanine aminotransferase (ALT, up to 295%), aspartate aminotransferase (AST, 157%), and alkaline
phosphatase (ALP, up to 69%) at 700 mg/kg/day (males and females). The increases in ALT and
AST also extended to females at 275 mg/kg/day; however, liver histopathology did not show any
evidence of liver degeneration or necrosis at any doses. The NOAEL was considered to be 70
mg/kg/day, based on decreased body weight and alterations in the liver (increased serum liver
enzymes and liver weights) among animals of the higher dose groups (RIFM, 2004a; WHO, 2011).

In a 13-week subchronic toxicity study, groups of 15 SPF-derived CFE rats/sex/dose were fed diets
containing test material, 4-(p-hydroxyphenyl)2-butanone (purity is 96%) at dose levels of 0%, 0.1%,
0.2%, 0.4%, or 1% (equivalent to 0, 50, 100, 200, and 500 mg/kg/day, as per the conversion factors
for old rat, available in the JECFA Guidelines for the preparation of toxicological working papers on
Food Additives; WHO, 2000) for 13 weeks. A slight but statistically significant decrease (5%) in
bodyweight gain was reported in males at the 1% dose level. Since the decrease in body weight
was minimal and no changes were reported in females at this dose level or in both sexes at lower
dose levels, the decrease in body weight was not biologically significant. In males, the relative liver
and kidney weights were increased at 0.4% and 1% (and the relative adrenals weights at 1%), but
no correlation in clinical chemistry and histopathology findings were reported; therefore, these
changes were not considered to be treatment-related. The NOAEL for repeated dose toxicity was
considered to be 1% or 500 mg/kg/day, based on the absence of treatment-related effects up to the
highest dose level tested (Gaunt et al., 1970; EFSA, 2016; WHO, 2014; NIH, 2014).As taken from
Api AM et al. (2019). RIFM fragrance ingredient safety assessment, 4-(p-hydroxyphenyl)-2-
butanone, CAS Registry Number 5471-51-2. Food Chem. Toxicol. 134(Suppl. 2), 110948. DOI:
10.1016/j.fct.2019.110948. PubMed, 2020 available at https://pubmed.ncbi.nlm.nih.gov/31756354/

5.3. Reproduction toxicity

“Raspberry ketone (4-(4-hydroxyphenyl)-2-butanone) is marketed on the Internet as a food
supplement. The recommended intake is between 100 and 1400 mg per day. The substance is
naturally occurring in raspberries (up to 4.3 mg/kg) and is used as a flavouring substance. ......
Investigations of raspberry ketone in quantitative structure-activity relationship (QSAR) models
indicated .... potential effects on reproduction/development. Taking into account the high intake via
supplements, the compound's toxic potential should be clarified with further experimental studies.
In UK the pure compound is regarded as novel food requiring authorisation prior to marketing but
raspberry ketone is not withdrawn from Internet sites from this country.” As taken from Bredsdorff L
et al. 2015. Regul. Toxicol. Pharmacol. 73(1), 196-200. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/26160596

4-(p-Hydroxyphenyl)-2-butanone was evaluated for genotoxicity, repeated dose toxicity,
developmental and reproductive toxicity, local respiratory toxicity, phototoxicity/photoallergenicity,
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skin sensitization, and environmental safety. The developmental and reproductive toxicity and local
respiratory toxicity endpoints were evaluated using the TTC for a Cramer Class I material, and the
exposure to 4-(p-hydroxyphenyl)-2-butanone is below the TTC (0.03 mg/kg/day and 1.4 mg/day,
respectively).

An OECD 408 dietary 90-day subchronic toxicity study was conducted in Sprague Dawley rats.
Groups of 10 rats/ sex/dose received 4-(p-hydroxyphenyl)-2-butanone in the diet at doses of 0, 70,
275, or 700 mg/kg/day. In addition to systemic toxicity parameters, the reproductive organs were
also assessed. Organ weight analysis included testes, ovaries, prostate gland, uterus with cervix,
and histopathology examination of the testes, epididymides, ovaries, prostate gland, seminal
vesicles, uterus with cervix, and vagina for the control and high-dose group animals. No treatment-
related effects were reported in the evaluation of reproductive organs. A NOAEL for reproductive
toxicity could not be derived since there were no data on spermatology and estrous cycling of the
male and female animals (RIFM, 2004a; WHO, 2011).

As taken from Api AM et al. (2019). RIFM fragrance ingredient safety assessment, 4-(p-
hydroxyphenyl)-2-butanone, CAS Registry Number 5471-51-2. Food Chem. Toxicol. 134(Suppl. 2),
110948. DOI: 10.1016/j.fct.2019.110948. PubMed, 2020 available at
https://pubmed.ncbi.nlm.nih.gov/31756354/

5.4. Mutagenicity

The Ames test was used to evaluate the mutagenicity of a number of neat complex flavor mixtures.
Studies in which 4-(para-hydroxyphenyl)-2-butanone was part of the test mixture include
EMT000310 (CD-ROM 1, JTI Submission, 2002). The results show that these mixtures were not
mutagenic.

4-(p-Hydroxyphenyl)-2-butanone was evaluated for genotoxicity, repeated dose toxicity,
developmental and reproductive toxicity, local respiratory toxicity, phototoxicity/photoallergenicity,
skin sensitization, and environmental safety. Data show that 4-(p-hydroxyphenyl)-2-butanone is not
genotoxic.

4-(p-hydroxyphenyl)-2-butanone was assessed in the BlueScreen assay and found positive for both
cytotoxicity (positive: < 80% relative cell density) and genotoxicity, with and without metabolic
activation (RIFM, 2013a). BlueScreen is a screening assay that assesses genotoxic stress through
alterations in gene expressions in a human cell line. Additional assays were considered to fully
assess the potential mutagenic or clastogenic effects of the target material.

The mutagenic activity of 4-(p-hydroxyphenyl)-2-butanone has been evaluated in a bacterial
reverse mutation assay conducted in compliance with GLP regulations and in accordance with
OECD TG 471 using the standard plate incorporation and preincubation methods. Salmonella
typhimurium strains TA98, TA100, TA102, TA1535, and TA1537 were treated with 4-(p-
hydroxyphenyl)-2-butanone in dimethyl sulfoxide (DMSO) at concentrations up to 5000 μg/plate. No
increases in the mean number of revertant colonies were observed at any tested concentration in
the presence or absence of S9 (RIFM, 2003a). Under the conditions of the study, 4-(p-
hydroxyphenyl)-2-butanone was not mutagenic in the Ames test.

The clastogenic activity of 4-(p-hydroxyphenyl)-2-butanone was evaluated in an in vivo
micronucleus test conducted in compliance with GLP regulations and in accordance with OECD TG
474. The test material was administered in propylene glycol (PEG 400) via oral gavage to groups of
male and female CD1 mice. Doses of 250, 500, or 1000 mg/kg body weight were administered.
Mice from each dose level were euthanized at 24 or 48 h, and the bone marrow was extracted and
examined for polychromatic erythrocytes. The test material did not induce a statistically significant
increase in the incidence of micronucleated polychromatic erythrocytes in the bone marrow (RIFM,
2003b). Under the conditions of the study, 4-(p-hydroxyphenyl)-2-butanone was considered to be
not clastogenic in the in vivo micronucleus test.

https://pubmed.ncbi.nlm.nih.gov/31756354/


Based on the data available, 4-(p-hydroxyphenyl)-2-butanone does not present a concern for
genotoxic potential.

As taken from Api AM et al. (2019). RIFM fragrance ingredient safety assessment, 4-(p-
hydroxyphenyl)-2-butanone, CAS Registry Number 5471-51-2. Food Chem. Toxicol. 134(Suppl. 2),
110948. DOI: 10.1016/j.fct.2019.110948. PubMed, 2020 available at
https://pubmed.ncbi.nlm.nih.gov/31756354/

“Electronic nicotine delivery systems (ENDS) are regulated tobacco products and often contain
flavor compounds. Given the concern of increased use and the appeal of ENDS by young people,
evaluating the potential of flavors to induce DNA damage is important for health hazard
identification. In this study, alternative methods were used as prioritization tools to study the
genotoxic mode of action (MoA) of 150 flavor compounds. In particular, clastogen-sensitive (γH2AX
and p53) and aneugen-sensitive (p-H3 and polyploidy) biomarkers of DNA damage in human TK6
cells were aggregated through a supervised three-pronged ensemble machine learning prediction
model to prioritize chemicals based on genotoxicity. In addition, in silico quantitative structure-
activity relationship (QSAR) models were used to predict genotoxicity and carcinogenic potential.
The in vitro assay identified 25 flavors as positive for genotoxicity: 15 clastogenic, eight aneugenic
and two with a mixed MoA (clastogenic and aneugenic). Twenty-three of these 25 flavors predicted
to induce DNA damage in vitro are documented in public literature to be in e-liquid or in the
aerosols produced by ENDS products with youth-appealing flavors and names. QSAR models
predicted 46 (31%) of 150 compounds having at least one positive call for mutagenicity,
clastogenicity or rodent carcinogenicity, 49 (33%) compounds were predicted negative for all three
endpoints, and remaining compounds had no prediction call. The parallel use of these predictive
technologies to elucidate MoAs for potential genetic damage, hold utility as a screening strategy.
This study is the first high-content and high-throughput genotoxicity screening study with an
emphasis on flavors in ENDS products.” As taken from Hung PH et al. 2020. J. Appl. Toxicol.
40(11), 1566-1587. PubMed, 2021 available at https://pubmed.ncbi.nlm.nih.gov/32662109/

5.5. Cytotoxicity

“Rhododenol or rhododendrol (RD, 4-(4-hydroxyphenyl)-2-butanol) occurs naturally in many plants
along with raspberry ketone (RK, 4-(4-hydroxyphenyl)-2-butanone), a ketone derivative, which
include Nikko maple tree (Acer nikoense) and white birch (Betula platyphylla). De-pigmenting
activity of RD was discovered and it was used as a brightening ingredient for the skin whitening
cosmetics. Recently, cosmetics containing RD were withdrawn from the market because a number
of consumers developed leukoderma, inflammation and erythema on their face, neck and hands.
Here, we explored the mechanism underlying the toxicity of RD and RK against melanocytes using
B16F10 murine melanoma cells and human primary epidermal melanocytes. Treatment with RD or
RK resulted in the decreased cell viability in a dose-dependent manner which appeared from cell
growth arrest. Consistently, ROS generation was significantly increased by RD or RK as
determined by DCF-enhanced fluorescence. An antioxidant enzyme, glutathione peroxidase was
depleted as well. In line with ROS generation, oxidative damages and the arrest of normal cell
proliferation, GADD genes (Growth Arrest and DNA Damage) that include GADD45 and GADD153,
were significantly up-regulated. Prevention of ROS generation with an anti-oxidant, N-
acetylcysteine (NAC) significantly rescued RD and RK-suppressed melanocyte proliferation.
Consistently, up-regulation of GADD45 and GADD153 was significantly attenuated by NAC,
suggesting that increased ROS and the resultant growth arrest of melanocytes may contribute to
RD and RK-induced leukoderma.” As taken from Kim M et al. 2016. Toxicol. In Vitro 32, 339-46.
PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/26867644

“Numerous medications are used to treat hyperpigmentation. However, several reports have
indicated that repeated application of some agents, such as rhododendrol (RD), raspberry ketone
(RK) and monobenzone (MB), can be toxic to melanocytes. Although these agents had severe side
effects in human trials, no current in vitro methods can predict the safety of such drugs. This study
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assessed the in vitro effects of five depigmentary compounds including leukoderma-inducing
agents. In particular, we determined the effects of different concentrations and exposure times of
different depigmentary agents on cell viability and melanogenesis in the presence and absence of
ultraviolet B (UVB) radiation. Concentrations of RD, RK and MB that inhibit melanogenesis are
similar to concentrations that are cytotoxic; however, concentrations of rucinol (RC) and AP736 that
inhibit melanogenesis are much lower than concentrations that are cytotoxic. Furthermore, the
concentrations that cause toxic effects depend on exposure duration, and prolonged exposure to
RD, RK and MB had more cytotoxic effects than prolonged exposure to RC and AP736. The
cytotoxic effects of RD and RK appear to be mediated by apoptosis due to increased expression of
caspase-3 and caspase-8; UVB radiation increased the cytotoxicity of these agents and also
increased caspase activity. Our results indicate that different leukoderma-inducing compounds
have different effects on the viability of normal epidermal melanocytes and suggest that the in vitro
assay used here can be used to predict whether an investigational compound that induces
leukoderma may lead to adverse effects in human trials.” As taken from Lee CS et al. 2016. Exp.
Dermatol. 25(1), 44-9. PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/26440747

“Specific phenol compounds including rhododendrol (RD), a skin-brightening ingredient in
cosmetics, are reported to induce leukoderma, inducing a social problem, and the elucidation of
mechanism of leukoderma is strongly demanded. This study investigated the relationship among
the cytotoxicities of six phenol compounds on B16F10 melanoma cells and HaCaT keratinocytes
and generated reactive oxygen species (ROS).....although raspberry ketone (RK), RD derivative,
also increased intracellular ROS in B16F10 cells, increase in ROS was suppressed by disodium
dihydrogen ethylenediaminetetraacetate dehydrate (EDTA). The amounts of increased ROS with
RK in HaCaT cells without melanocyte were further increased by tyrosinase. Therefore, tyrosinase,
a metalloprotein having copper, was speculated to be one of causative agents allowing phenol
compounds to work as a prooxidant....” As taken from Nagata T et al. 2015. Biomed. Res. Int.
2015, 479798. PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/25861631

“The exposure of human skin to 4-(4-hydroxyphenyl)-2-butanone (raspberry ketone, RK) is known
to cause chemical/occupational leukoderma. RK has a structure closely related to 4-(4-
hydroxyphenyl)-2-butanol (rhododendrol), a skin whitening agent that was found to cause
leukoderma in the skin of consumers in 2013. Rhododendrol is a good substrate for tyrosinase and
causes a tyrosinase-dependent cytotoxicity to melanocytes, cells that are responsible for skin
pigmentation. Therefore, it is expected that RK exerts its cytotoxicity to melanocytes through the
tyrosinase-catalyzed oxidation to cytotoxic o-quinones. The results of this study demonstrate that
the oxidation of RK by mushroom tyrosinase rapidly produces 4-(3-oxobutyl)-1,2-benzoquinone
(RK-quinone), which is converted within 10-20 min to (E)-4-(3-oxo-1-butenyl)-1,2-benzoquinone
(DBL-quinone). These quinones were identified as their corresponding catechols after reduction by
ascorbic acid. RK-quinone and DBL-quinone quantitatively bind to the small thiol N-acetyl-l-
cysteine to form thiol adducts and can also bind to the thiol protein bovine serum albumin through
its cysteinyl residue. DBL-quinone is more reactive than RK-quinone, as judged by their half-lives
(6.2 min vs 10.5 min, respectively), and decays rapidly to form an oligomeric pigment (RK-
oligomer). The RK-oligomer can oxidize GSH to GSSG with a concomitant production of hydrogen
peroxide, indicating its pro-oxidant activity, similar to that of the RD-oligomer. These results suggest
that RK is cytotoxic to melanocytes through the binding of RK-derived quinones to thiol proteins
and the pro-oxidant activity of the RK-oligomer.” As taken from Ito S et al. 2017. Chem. Res.
Toxicol. 30(3), 859-868. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/28219012
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As taken from RTECS, 2018

High-throughput Assay Data

The US Environmental Protection Agency (EPA) evaluated 4-(4-hydroxyphenyl)butan-2-one in a
series of high-throughput assays, which are publicly available on the US EPA’s CompTox
Dashboard (section BIOACTIVITY / sub-section TOXCAST:SUMMARY), available at the following
URL: https://comptox.epa.gov/dashboard

US EPA provides the following data use considerations for ToxCast data: “The activity of a chemical
in a specific assay does not necessarily mean that it will cause toxicity or an adverse health
outcome. There are many factors that determine whether a chemical will cause a specific adverse
health outcome. Careful review is required to determine the use of the data in a particular decision
contexts. Interpretation of ToxCast data is expected to change over time as both the science and
analytical methods improve.”

A summary of the ToxCast assay data on 4-(4-hydroxyphenyl)butan-2-one is provided below in
Figure 1. Figure 1 proves an overview of the types of assays where activity was noted with this
substance. The complete study details are available on US EPA’s CompTox Dashboard.
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5.6. Carcinogenicity

No data available to us at this time.

5.7. Irritation/immunotoxicity

Occupational leukoderma was found to be caused by exposure to depigmentation agents. This is
the first report associated with the depigmenting activity of 4-(p-hydroxyphenyl)-2-butanone and its
crude products. The purpose of this paper is to present three cases of occupational leukoderma in
the upper extremities of workers engaged in the manufacturing of 4-(p-hydroxyphenyl)-2-butanone.
Two workers had symptoms of dermatitis in the same areas before depigmentation. An
epidemiological study, their clinical courses and results of phototesting suggest that these cases of
leukoderma were due to exposure to 4-(p-hydroxyphenyl)-2-butanone and its crude products.

FUKUDA Y et al, Occupational leukoderma in workers engaged in 4-(p-hydroxyphenyl)-2-butanone
manufacturing; JOURNAL OF OCCUPATIONAL HEALTH; 40 (2). 1998a. 118-122.

The authors previously reported three cases of occupational leukoderma in workers engaged in a
4-(p-hydroxyphenyl)-2-butanone (HPB. Raspberry Ketone) manufacturing process. These cases
suggested that HPB might be a chemical causing the leukoderma and it had depigmenting activity.
The purpose of this study is to evaluate the depigmenting activity of HPB by using laboratory
animals. HPB, its two crude products and monomethyl ether of hydroquinone as the positive control
were topically applied to the dorsal surface of C57 black mice. Depigmentation was shown in black
mice to which HPB and its crude products were topically applied but the effect produced by these
chemicals was weaker than that seen with monomethyl ether of hydroquinone. Though evidence of
a reduction in melanocytes and pigmentation was not documented in the microscopic analysis,
spectrophotometric assay showed a decrease in melanin content in the hair of mice to which HPB
and the crude product had been applied. The results indicated a depigmenting activity of HPB and
supported the conclusion that the leukoderma which we reported in a companion paper was
induced by exposure to HPB and/or its crude products. Nevertheless, the potential of this
depigmenting activity is so weak that the development of leukoderma due to these chemicals may
be limited to those who are occupationally exposed.

FUKUDA et al.; An Experimental Study on Depigmenting Activity of 4-(p-Hydroxyphenyl)-2-
Butanone in C57 Black Mice; Journal of Occupational Health, Vol.40 , No.2(1998b)pp.97-102;



http://www.journalarchive.jst.go.jp/english/jnlabstract_en.php?cdjournal=joh1996&cdvol=40&noissu
e=2&startpage=97

“HUMAN EXPOSURE STUDIES/ A maximization test was carried out on 25 volunteers. The
material was tested at a concentration of 12% in petrolatum and produced no sensitization
reactions. [Food and Cosmetics Toxicology 16: 781-2 (1978)] **PEER REVIEWED**

/HUMAN EXPOSURE STUDIES/ ...Tested at 12% in petrolatum, it produced no irritation after a 48-
hr closed-patch test on human subjects. [Food and Cosmetics Toxicology 16: 781-2 (1978)]
**PEER REVIEWED**”

“/LABORATORY ANIMALS: Acute Exposure/ p-Hydroxyphenylbutanone applied full strength to
intact or abraded rabbit skin for 24 hr under occlusion was not irritating. [Food and Cosmetics
Toxicology 16: 781-2 (1978)] **PEER REVIEWED**”

/CASE REPORTS/ Occupational leukoderma was found to be caused by exposure to
depigmentation agents. This is the first report associated with the depigmenting activity of 4-(p-
hydroxyphenyl)-2-butanone and its crude products. The purpose of this paper is to present three
cases of occupational leukoderma in the upper extremities of workers engaged in the
manufacturing of 4-(p-hydroxyphenyl)-2-butanone. Two workers had symptoms of dermatitis in the
same areas before depigmentation. An epidemiological study, their clinical courses and results of
phototesting suggest that these cases of leukoderma were due to exposure to 4-(p-hydroxyphenyl)-
2-butanone and its crude products. [Fukuda Y et al; Journal Of Occupational Health 40 (2): 118-122
(1998)] **PEER REVIEWED**

“/IMMUNOTOXICITY/ Inflammation is part of the host defense mechanism against harmful matters
and injury; however, aberrant inflammation is associated to the development of chronic disease
such as cancer. Raspberry ketone is a natural phenolic compound. It is used in perfumery, in
cosmetics, and as a food additive to impart a fruity odor. In this study, we evaluated whether
rheosmin, a phenolic compound isolated from pine needles regulates the expression of iNOS and
COX-2 protein in LPS-stimulated RAW264.7 cells. Rheosmin dose-dependently inhibited NO and
PGE(2) production and also blocked LPS-induced iNOS and COX-2 expression. Rheosmin potently
inhibited the translocation of NF-kappaB p65 into the nucleus by IkappaB degradation following
IkappaB-alpha phosphorylation. This result shows that rheosmin inhibits NF-kappaB activation. In
conclusion, our results suggest that rheosmin inhibits LPS-induced iNOS and COX-2 expression in
RAW264.7 cells by blocking NF-kappaB activation pathway. [Jeong JB, Jeong HJ; Food Chem
Toxicol 48 (8-9): 2148-53 (2010)] **PEER REVIEWED**”

As taken from HSDB, 2014.

4-(p-Hydroxyphenyl)-2-butanone was evaluated for genotoxicity, repeated dose toxicity,
developmental and reproductive toxicity, local respiratory toxicity, phototoxicity/photoallergenicity,
skin sensitization, and environmental safety. Data from 4-(p-hydroxyphenyl)-2-butanone show that
there are no safety concerns for skin sensitization under the current declared levels of use. The
phototoxicity/photoallergenicity endpoints were evaluated based on UV spectra; 4-(p-
hydroxyphenyl)-2-butanone is not expected to be phototoxic/photoallergenic.

Based on the existing data, 4-(phydroxyphenyl)-2-butanone does not present a safety concern for
skin sensitization under the current, declared levels of use. The chemical structure of this material
indicates that it would not be expected to react with skin proteins (Roberts et al., 2007; Toxtree
2.6.13; OECD toolbox v4.1). In a murine local lymph node assay (LLNA), 4-(phydroxyphenyl)-2-
butanone was not found to be sensitizing up to 50% with a Stimulation Index (SI) of 1.9 (ECHA,
2015; accessed 03/ 27/18). In a human maximization test, no skin sensitization reactions were
observed (RIFM, 1974). Based on the weight of evidence (WoE) from structural analysis and
animal and human studies, 4-(phydroxyphenyl)-2-butanone does not present a concern for skin
sensitization under the current, declared levels of use.

http://www.journalarchive.jst.go.jp/english/jnlabstract_en.php?cdjournal=joh1996&amp;amp;cdvol=40&amp;amp;noissue=2&amp;amp;startpage=97
http://www.journalarchive.jst.go.jp/english/jnlabstract_en.php?cdjournal=joh1996&amp;amp;cdvol=40&amp;amp;noissue=2&amp;amp;startpage=97


As taken from Api AM et al. (2019). RIFM fragrance ingredient safety assessment, 4-(p-
hydroxyphenyl)-2-butanone, CAS Registry Number 5471-51-2. Food Chem. Toxicol. 134(Suppl. 2),
110948. DOI: 10.1016/j.fct.2019.110948. PubMed, 2020 available at
https://pubmed.ncbi.nlm.nih.gov/31756354/

5.8. All other relevant types of toxicity

Dermatitis and skin depigmentation occurred in three men occupationally exposed to the liquid or
crystallised form of 4-(p-hydroxyphenyl)-2-butanone (Fukuda et al. 1998a). A subsequent mouse
study involving dermal application of a 5, 10 or 20% solution of the compound (in hydrophilic
ointment) confirmed its depigmenting activity (Fukuda et al. 1998b).

“In this study, we evaluated inhibitory potentials of popularly-consumed berries (bilberry, blueberry,
cranberry, elderberry, and raspberry ketones) as herbal supplements on UGT1A1, UGT1A4,
UGT1A6, UGT1A9, and UGT2B7 in vitro. We also investigated the potential herb-drug interaction
via UGT1A1 inhibition by blueberry in vivo. We demonstrated that these berries had only weak
inhibitory effects on the five UGTs. Bilberry and elderberry had no apparent inhibitions. Blueberry
weakly inhibited UGT1A1 with an IC50 value of 62.4±4.40 μg/mL and a Ki value of 53.1 μg/mL.
Blueberry also weakly inhibited UGT2B7 with an IC50 value of 147±11.1 μg/mL. In addition,
cranberry weakly inhibited UGT1A9 activity (IC50=458±49.7 μg/mL) and raspberry ketones weakly
inhibited UGT2B7 activity (IC50=248±28.2 μg/mL). Among tested berries, blueberry showed the
lowest IC50 value in the inhibition of UGT1A1 in vitro. However, the co-administration of blueberry
had no effect on the pharmacokinetics of irinotecan and its active metabolite, SN-38, which was
mainly eliminated via UGT1A1, in vivo. Our data suggests that these five berries are unlikely to
cause clinically significant herb-drug interactions mediated via inhibition of UGT enzymes involved
in drug metabolism. These findings should enable an understanding of herb-drug interactions for
the safe use of popularly-consumed berries”. As taken from Choi EJ et al. 2014. Food Chem.
Toxicol. 72, 13-9. PubMed, 2015 available at http://www.ncbi.nlm.nih.gov/pubmed/24997313

“/ALTERNATIVE and IN VITRO TESTS/ The effect of essential oils, such as raspberry ketone, on
androgen (AR) receptor was investigated using a MDA-kb2 human breast cancer cell line for
predicting potential AR activity. Among them, eugenol had the highest AR antagonistic activity with
its IC(50) value of 19 uM. Raspberry ketone, which has threefold higher anti-obese activity than
that of capsaicin, also had AR antagonist activity with its IC(50) value of 252 uM. Based on these
findings, a more precise CoMFA model was proposed as follows: pIC(50) [log
(1/IC(50))]=3.77+[CoMFA field terms] (n=39, s=0.249, r(2)=0.834, s(cv)=0.507, q(2)=0.311 (three
components)”. Oqawa Y et al; Bioorg Med Chem Lett. 20 (7): 2111-4 (2010)] **PEER REVIEWED**

As taken from HSDB, 2014.

“Rhododenol or rhododendrol (RD, 4-(4-hydroxyphenyl)-2-butanol) occurs naturally in many plants
along with raspberry ketone (RK, 4-(4-hydroxyphenyl)-2-butanone), a ketone derivative, which
include Nikko maple tree (Acer nikoense) and white birch (Betula platyphylla). De-pigmenting
activity of RD was discovered and it was used as a brightening ingredient for the skin whitening
cosmetics. Recently, cosmetics containing RD were withdrawn from the market because a number
of consumers developed leukoderma, inflammation and erythema on their face, neck and hands.
Here, we explored the mechanism underlying the toxicity of RD and RK against melanocytes using
B16F10 murine melanoma cells and human primary epidermal melanocytes. Treatment with RD or
RK resulted in the decreased cell viability in a dose-dependent manner which appeared from cell
growth arrest. Consistently, ROS generation was significantly increased by RD or RK as
determined by DCF-enhanced fluorescence. An antioxidant enzyme, glutathione peroxidase was
depleted as well. In line with ROS generation, oxidative damages and the arrest of normal cell
proliferation, GADD genes (Growth Arrest and DNA Damage) that include GADD45 and GADD153,
were significantly up-regulated. Prevention of ROS generation with an anti-oxidant, N-
acetylcysteine (NAC) significantly rescued RD and RK-suppressed melanocyte proliferation.

https://pubmed.ncbi.nlm.nih.gov/31756354/
http://www.ncbi.nlm.nih.gov/pubmed/24997313


Consistently, up-regulation of GADD45 and GADD153 was significantly attenuated by NAC,
suggesting that increased ROS and the resultant growth arrest of melanocytes may contribute to
RD and RK-induced leukoderma.” As taken from Kim M et al. 2016. Toxicol. In Vitro 32, 339-46.
PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/26867644

“Numerous medications are used to treat hyperpigmentation. However, several reports have
indicated that repeated application of some agents, such as rhododendrol (RD), raspberry ketone
(RK) and monobenzone (MB), can be toxic to melanocytes. Although these agents had severe side
effects in human trials, no current in vitro methods can predict the safety of such drugs. This study
assessed the in vitro effects of five depigmentary compounds including leukoderma-inducing
agents. In particular, we determined the effects of different concentrations and exposure times of
different depigmentary agents on cell viability and melanogenesis in the presence and absence of
ultraviolet B (UVB) radiation. Concentrations of RD, RK and MB that inhibit melanogenesis are
similar to concentrations that are cytotoxic; however, concentrations of rucinol (RC) and AP736 that
inhibit melanogenesis are much lower than concentrations that are cytotoxic. Furthermore, the
concentrations that cause toxic effects depend on exposure duration, and prolonged exposure to
RD, RK and MB had more cytotoxic effects than prolonged exposure to RC and AP736. The
cytotoxic effects of RD and RK appear to be mediated by apoptosis due to increased expression of
caspase-3 and caspase-8; UVB radiation increased the cytotoxicity of these agents and also
increased caspase activity. Our results indicate that different leukoderma-inducing compounds
have different effects on the viability of normal epidermal melanocytes and suggest that the in vitro
assay used here can be used to predict whether an investigational compound that induces
leukoderma may lead to adverse effects in human trials.” As taken from Lee CS et al. 2016. Exp.
Dermatol. 25(1), 44-9. PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/26440747

“Specific phenol compounds including rhododendrol (RD), a skin-brightening ingredient in
cosmetics, are reported to induce leukoderma, inducing a social problem, and the elucidation of
mechanism of leukoderma is strongly demanded. This study investigated the relationship among
the cytotoxicities of six phenol compounds on B16F10 melanoma cells and HaCaT keratinocytes
and generated reactive oxygen species (ROS).....although raspberry ketone (RK), RD derivative,
also increased intracellular ROS in B16F10 cells, increase in ROS was suppressed by disodium
dihydrogen ethylenediaminetetraacetate dehydrate (EDTA). The amounts of increased ROS with
RK in HaCaT cells without melanocyte were further increased by tyrosinase. Therefore, tyrosinase,
a metalloprotein having copper, was speculated to be one of causative agents allowing phenol
compounds to work as a prooxidant....” As taken from Nagata T et al. 2015. Biomed. Res. Int.
2015, 479798. PubMed, 2016 available at http://www.ncbi.nlm.nih.gov/pubmed/25861631

“The exposure of human skin to 4-(4-hydroxyphenyl)-2-butanone (raspberry ketone, RK) is known
to cause chemical/occupational leukoderma. RK has a structure closely related to 4-(4-
hydroxyphenyl)-2-butanol (rhododendrol), a skin whitening agent that was found to cause
leukoderma in the skin of consumers in 2013. Rhododendrol is a good substrate for tyrosinase and
causes a tyrosinase-dependent cytotoxicity to melanocytes, cells that are responsible for skin
pigmentation. Therefore, it is expected that RK exerts its cytotoxicity to melanocytes through the
tyrosinase-catalyzed oxidation to cytotoxic o-quinones. The results of this study demonstrate that
the oxidation of RK by mushroom tyrosinase rapidly produces 4-(3-oxobutyl)-1,2-benzoquinone
(RK-quinone), which is converted within 10-20 min to (E)-4-(3-oxo-1-butenyl)-1,2-benzoquinone
(DBL-quinone). These quinones were identified as their corresponding catechols after reduction by
ascorbic acid. RK-quinone and DBL-quinone quantitatively bind to the small thiol N-acetyl-l-
cysteine to form thiol adducts and can also bind to the thiol protein bovine serum albumin through
its cysteinyl residue. DBL-quinone is more reactive than RK-quinone, as judged by their half-lives
(6.2 min vs 10.5 min, respectively), and decays rapidly to form an oligomeric pigment (RK-
oligomer). The RK-oligomer can oxidize GSH to GSSG with a concomitant production of hydrogen
peroxide, indicating its pro-oxidant activity, similar to that of the RD-oligomer. These results suggest
that RK is cytotoxic to melanocytes through the binding of RK-derived quinones to thiol proteins
and the pro-oxidant activity of the RK-oligomer.” As taken from Ito S et al. 2017. Chem. Res.

http://www.ncbi.nlm.nih.gov/pubmed/26867644
http://www.ncbi.nlm.nih.gov/pubmed/26440747
http://www.ncbi.nlm.nih.gov/pubmed/25861631


Toxicol. 30(3), 859-868. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/28219012

“A change in homeostasis between food intake and energy expenditure is the hallmark of obesity.
Many plant-based weight-management products are available in dietary supplement markets with
no direct efficacy comparison. In this in vivo acute feed intake study in rats, the appetite
suppression efficacy of well-known natural ingredients in the weight-loss market were evaluated.
We tested pure caffeine, potato skin extract, Cissus quadrangularis extract, Garcinia cambogia
extract, Crocus sativus extract, raspberry ketone isolated from Rubus idaeus, one commercial
product (Appetrex), and one novel composition (UP601). Rats treated with potato skin extract,
Crocus sativus bulb extract, and Cissus quadrangularis extracts showed statistically significant
reduction in food consumption only at the 2-hour timepoint with 44.9%, 34.1%, and 44.3%
reductions, respectively, after food provision at an equivalent human dosage of 2 g, 10 g, and 10 g,
respectively. Garcinia cambogia fruit extract and raspberry ketone from Rubus idaeus showed
statistically significant reduction in food consumption only at the 1-hour timepoint with 33.7% and
79.4% reductions, respectively, after food provision at an equivalent human dosage of 8 g and 5 g,
respectively. UP601 and Appetrex were compared at 230 mg/kg. While 88.5%, 73.8%, and 63.1%
reductions in food intake were observed for the UP601 treatment group, 64.2%, 27.5%, and 34.7%
reductions in food intake were observed for rats treated with Appetrex at 1 h, 2 h, and 4 h after food
provision. The composition UP601 demonstrated superior activity in food intake compared to any of
the dietary supplements marketed for appetite suppression tested in this study.” As taken from
Yimam M et al. 2019. J. Diet. Suppl. 16(1), 86-104. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/29443598

“As the incidence of obesity continues to increase, identifying novel nutritional therapies to enhance
weight loss are needed. Raspberry ketone (RK; 4-(4-hydroxyphenyl) butan-2-one) is a bioactive
phytochemical that is marketed as a weight loss supplement in the United States, yet there is scant
scientific evidence demonstrating that RK promotes weight loss. The aim of the current study was
to investigate the effect of RK on accumulation of adipose mass, hepatic lipid storage, and levels of
plasma adiponectin in mice fed a high-fat (HF) diet. Mice were individually housed and fed a HF
control diet (45% kcal from fat) for two weeks to induce weight gain, then assigned to HF control,
high-dose (1.74% wt/wt) raspberry ketone (HRK), low-dose (0.25% wt/wt) raspberry ketone (LRK),
or a pair-fed group (PF) fed similar food intake to LRK mice. Following five weeks of feeding, mice
fed LRK and HRK diets showed reduced food intake and body weight compared to mice
maintained on control diet. When normalized to body weight, mice fed HRK diet exhibited
decreased inguinal fat mass and increased liver mass compared to the control group. Hepatic
steatosis was lowest in mice fed HRK diet, whereas LRK diet did not have an effect when
compared to the PF group. Plasma adiponectin concentration was unaffected by RK and pair-
feeding. Our findings demonstrate that RK supplementation has limited benefit to adipose loss
beyond reducing energy intake in mice fed a high-fat diet. The present study supports the need for
appropriate study design when validating weight-loss supplements.” As taken from Cotten BM et al.
2017. Food Funct. 8(4), 1512-1518. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/28378858

“Inhibition of α-glucosidase is directly associated with treatment of type 2 diabetes. In this regard,
we conducted enzyme kinetics integrated with computational docking simulation to assess the
inhibitory effect of raspberry ketone (RK) on α-glucosidase. RK bound to the active site of α-
glucosidase and interacted with several key residues such as ASP68, TYR71, HIS111, PHE157,
PHE158, PHE177, GLN181, ASP214, THR215, ASP349, ASP408, and ARG439, as detected by
protein-ligand docking simulation. Subsequently, we confirmed the action of RK on α-glucosidase
as the non-competitive type of inhibition in a reversible and rapidly binding manner. The relevant
kinetic parameters were IC50=6.17±0.46mM and Ki=7.939±0.211mM. Regarding the structure-
activity relationship, the higher concentration of RK induced slight modulation of the shape of the
active site as monitored by hydrophobic exposure. The tertiary conformational change was linked
to RK inhibition, and mostly involved regional changes of the active site. Our study provides insight

https://www.ncbi.nlm.nih.gov/pubmed/28219012
https://www.ncbi.nlm.nih.gov/pubmed/29443598
https://www.ncbi.nlm.nih.gov/pubmed/28378858


into the functional role of RK due to its structural property of a hydroxyphenyl ring that interacts with
the active site of α-glucosidase. We suggest that similar hydroxyphenyl ring compounds targeting
the key residues of the active site might be potential α-glucosidase inhibitors.” As taken from Xiong
SL et al. 2018. Int. J. Biol. Macromol. 113, 212-218. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/29477543

As taken from RTECS, 2018

High-throughput Assay Data

The US Environmental Protection Agency (EPA) evaluated 4-(4-hydroxyphenyl)butan-2-one in a
series of high-throughput assays, which are publicly available on the US EPA’s CompTox
Dashboard (section BIOACTIVITY / sub-section TOXCAST:SUMMARY), available at the following
URL: https://comptox.epa.gov/dashboard

US EPA provides the following data use considerations for ToxCast data: “The activity of a chemical
in a specific assay does not necessarily mean that it will cause toxicity or an adverse health
outcome. There are many factors that determine whether a chemical will cause a specific adverse
health outcome. Careful review is required to determine the use of the data in a particular decision
contexts. Interpretation of ToxCast data is expected to change over time as both the science and
analytical methods improve.”

A summary of the ToxCast assay data on 4-(4-hydroxyphenyl)butan-2-one is provided below in
Figure 1. Figure 1 proves an overview of the types of assays where activity was noted with this
substance. The complete study details are available on US EPA’s CompTox Dashboard.
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“Red raspberries (Rubus idaeus) contain numerous phenolic compounds with purported health
benefits. Raspberry ketone (4-(4-hydroxyphenyl)-2-butanone) is a primary raspberry flavor phenolic
found in raspberries and is designated as a synthetic flavoring agent by the Food and Drug
Administration. Synthetic raspberry ketone has been demonstrated to result in weight loss in
rodents. We tested whether phenolic-enriched raspberry extracts, compared with raspberry ketone,
would be more resilient to the metabolic alterations caused by an obesogenic diet. Male C57BL/6J
mice (8 weeks old) received a daily oral dose of vehicle (VEH; 50% propylene glycol, 40% water,
and 10% dimethyl sulfoxide), raspberry extract low (REL; 0.2 g/kg), raspberry extract high (REH; 2
g/kg), or raspberry ketone (RK; 0.2 g/kg). Coincident with daily dosing, mice were placed on a high-
fat diet (45% fat). After 4 weeks, REH and RK reduced body weight gain (approximately 5%-9%)
and white adipose mass (approximately 20%) compared with VEH. Hepatic gene expression of
heme oxygenase-1 and lipoprotein lipase was upregulated in REH compared with VEH. Indirect
calorimetry indicated that respiratory exchange ratio (CO2 production to O2 consumption) was
lower, suggesting increased fat oxidation with all treatments. REH treatment increased total
ambulatory behavior. Energy expenditure/lean mass was higher in REH compared with REL
treatment. There were no treatment differences in cumulative intake, meal patterns, or
hypothalamic feed-related gene expression. Our results suggest that raspberry ketone and a
phenolic-enriched raspberry extract both have the capacity to prevent weight gain but differ in the
preventative mechanisms for excess fat accumulation following high-fat diet exposure.” As taken
from Kshatriya D et al. 2019. Nutr. Res. 68, 19-33. PubMed, 2020 available at
https://pubmed.ncbi.nlm.nih.gov/31252376/

6. Functional effects on

6.1. Broncho/pulmonary system

4-(p-Hydroxyphenyl)-2-butanone was evaluated for genotoxicity, repeated dose toxicity,
developmental and reproductive toxicity, local respiratory toxicity, phototoxicity/photoallergenicity,
skin sensitization, and environmental safety. The developmental and reproductive toxicity and local
respiratory toxicity endpoints were evaluated using the TTC for a Cramer Class I material, and the
exposure to 4-(p-hydroxyphenyl)-2-butanone is below the TTC (0.03 mg/kg/day and 1.4 mg/day,
respectively).

As taken from Api AM et al. (2019). RIFM fragrance ingredient safety assessment, 4-(p-
hydroxyphenyl)-2-butanone, CAS Registry Number 5471-51-2. Food Chem. Toxicol. 134(Suppl. 2),

https://pubmed.ncbi.nlm.nih.gov/31252376/


110948. DOI: 10.1016/j.fct.2019.110948. PubMed, 2020 available at
https://pubmed.ncbi.nlm.nih.gov/31756354/

6.2. Cardiovascular system

To investigate the scientific grounds for the effect of raspberry ketone bathing that is claimed to
increase energy consumption by stimulating metabolism, a bathing experiment was conducted in
10 normal healthy adults. As a result, no appreciable difference was detected among tap water,
CO2-enriched water and raspberry water in respect to blood pressure, pulse rate and depth
thermometer readings, which suggested that bathing in warm raspberry water was safe, producing
no marked load on the cardiovascular system. Changes in the skin surface temperature indicated
slow elevation of body temperature, from which bathing in warm raspberry water was considered to
produce no marked load on the body even if bathing lasted relatively long as compared with
bathing in warm tap water or CO2-enriched warm water. From the skin tissue blood flow data, it
seemed likely that the increase in blood flow caused by bathing in warm raspberry water was
produced, not by vasodilatation as in CO2-enriched warm water bathing, but by such mechanisms
as acceleration of metabolism. Data on insulin suggested that bathing in warm raspberry water
affected the carbohydrate metabolism as compared with that in warm tap water or CO2-enriched
warm water. Since there was no difference among warm water groups in changes in the
adrenocortical hormone "cortisol", raspberry ketone bathing was considered not to have specific
activity. Data on NK cell activity showed that bathing in warm raspberry water produced no
appreciable effect on the immune system. It was suggested that measurement of .BETA.-endorphin
should be performed after adjustment of psychological environments.... (author abst.)

MAEDA M et al.; Effect of Raspberry Ketone Bathing on the Skin Blood Flow and Endocrine
System; Journal of Japanese Association of Physical Medicine Balneology and Climatology,
ISSN:0029-0343, VOL.67;NO.4;PAGE.215-224(2004);
https://www.jstage.jst.go.jp/article/onki1962/67/4/67_4_215/_article

“Raspberry ketone (4-(4-hydroxyphenyl)-2-butanone) is marketed on the Internet as a food
supplement. The recommended intake is between 100 and 1400 mg per day. The substance is
naturally occurring in raspberries (up to 4.3 mg/kg) and is used as a flavouring substance.
Toxicological studies on raspberry ketone are limited to acute and subchronic studies in rats. When
the lowest recommended daily dose of raspberry ketone (100 mg) as a food supplement is
consumed, it is 56 times the established threshold of toxicological concern (TTC) of 1800 μg/day
for Class 1 substances. The margin of safety (MOS) based on a NOAEL of 280 mg/kg bw/day for
lower weight gain in rats is 165 at 100 mg and 12 at 1400 mg. The recommended doses are a
concern taking into account the TTC and MOS. Investigations of raspberry ketone in quantitative
structure-activity relationship (QSAR) models indicated potential cardiotoxic effects and potential
effects on reproduction/development. Taking into account the high intake via supplements, the
compound's toxic potential should be clarified with further experimental studies. In UK the pure
compound is regarded as novel food requiring authorisation prior to marketing but raspberry ketone
is not withdrawn from Internet sites from this country.” As taken from Bredsdorff L et al. 2015.
Regul. Toxicol. Pharmacol. 73(1), 196-200. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/26160596

“AIM: The cardioprotective role of raspberry ketone (RK) against isoproterenol (ISO)-induced
myocardial infarction (MI) in rats was assessed. MATERIALS AND METHODS: Rats were
randomly divided into Group I - Vehicle control; Group II - Toxic control ISO (85mg/kg, s.c.); Group
III, IV and V - RK (50, 100 and 200mg/kg, respectively) with ISO; Group VI- RK (200mg/kg) alone;
Group VII - Propranolol (10mg/kg) with ISO; and Group VIII - Propranolol (10mg/kg) alone. After
twenty-four hours of the last dose, animals were sacrificed and creatine kinase-MB, lactate
dehydrogenase, total cholesterol, triglycerides, high-density-lipoprotein, low-density-lipoprotein,
very-low-density-lipoprotein, malondialdehyde, reduced glutathione, superoxide dismutase,
catalase, Na+, K+-ATPase, nitric oxide, histopathological and immunohistochemical analysis (tumor
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necrosis factor-α and inducible nitric oxide synthase) were performed. KEY FINDINGS: Treatment
with ISO significantly deviated the biochemical parameters from the normal levels, which were
considerably restored by RK at 100 and 200mg/kg doses. 50mg/kg dose, however, did not
demonstrate any significant cardioprotective action. The histopathological and
immunohistochemical analysis further substantiated these findings. SIGNIFICANCE: Our study
showed a dose-dependent reduction in oxidative stress, inflammation and dyslipidemia by RK in
ISO-intoxicated rats, which signifies that RK from the European red raspberry plant might be a
valuable entity for the management of MI.” As taken from Khan V et al. 2018. Life Sci. 194, 205-
212. PubMed, 2018 available at https://www.ncbi.nlm.nih.gov/pubmed/29225109

“The peroxisome proliferator-activated receptor-α (PPAR-α) controls the lipid and glucose
metabolism and also affects inflammation, cell proliferation and apoptosis during cardiovascular
disease. Raspberry ketone (RK) is a red raspberry (Rubusidaeus, Family-Rosaceae) plant
constituent, which activates PPAR-α. This study was conducted to assess the cardioprotective
action of RK against isoproterenol (ISO)-induced cardiotoxicity. Wistar rats were randomly divided
into six groups (six rats/group). Rats were orally administered with RK (50, 100 and 200 mg/kg,
respectively) and fenofibrate (standard, 80 mg/kg) for 28 days and ISO was administered
(85 mg/kg, subcutaneously) on 27th and 28th day. Administration of ISO in rats significantly altered
hemodynamic and electrocardiogram patterns, total antioxidant capacity, PPAR-α, and
apolipoprotein C-III levels. These myocardial aberrations were further confirmed during infarct size,
heart weight to body weight ratio and immunohistochemical assessments (caspase-3 and nuclear
factor-κB). RK pretreatment (100 and 200 mg/kg) significantly protected rats against oxidative
stress, inflammation, and dyslipidemia caused by ISO as demonstrated by change in
hemodynamic, biochemical and histological parameters. The results so obtained were quite
comparable with fenofibrate. Moreover, RK was found to have binding affinity with PPAR-α, as
confirmed by docking analysis. PPAR-α expression and concentration was also found increased in
presence of RK which gave impression that RK probably showed cardioprotection via PPAR-α
activation, however direct binding study of RK with PPAR-α is needed to confirm this assumption.”
As taken from Khan V et al. 2019. Eur. J. Pharmacol. 842, 157-166. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/30431010

“Raspberry ketone (RK; [4-(4-hydroxyphenyl)-2-butanone]) is a popular nutraceutical used for
weight management and appetite control. We sought to determine the physiological benefits of RK
on the meal patterns and cardiovascular changes associated with an obesogenic diet. In addition,
we explored whether the physiological benefits of RK promoted anxiety-related behaviors. Male
and female C57BL/6J mice were administered a daily oral gavage of RK 200 mg/kg, RK 400
mg/kg, or vehicle for 14 days. Commencing with dosing, mice were placed on a high-fat diet (45%
fat) or low-fat diet (10% fat). Our results indicated that RK 200 mg/kg had a differential influence on
meal patterns in males and females. In contrast, RK 400 mg/kg reduced body weight gain, open-
field total distance travelled, hemodynamic measures (i.e., reduced systolic blood pressure (BP),
diastolic BP and mean BP), and increased nocturnal satiety ratios in males and females. In
addition, RK 400 mg/kg increased neural activation in the nucleus of the solitary tract, compared
with vehicle. RK actions were not influenced by diet, nor resulted in an anxiety-like phenotype. Our
findings suggest that RK has dose-differential feeding and cardiovascular actions, which needs
consideration as it is used as a nutraceutical for weight control for obesity.” As taken from Kshatriya
D et al. 2020. Nutrients 12(6), 1754. PubMed, 2021 available at
https://pubmed.ncbi.nlm.nih.gov/32545402/

6.3. Nervous system

“Obesity is a proven risk factor for neurodegenerative disease like Alzheimer's disease (AD).
Accumulating evidences suggested that nutritional interventions provide potential for prevention
and treatment of AD. The present study aimed to investigate the effect of dietary treatment of
obese rats with natural Raspberry ketone (RK) and their relationship with neurodegeneration.

https://www.ncbi.nlm.nih.gov/pubmed/29225109
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Obesity was first induced in 40 male Wistar rats (140-160 g) by feeding high fat diet (HFD) for 16
weeks. Obese rats were then assigned into 4 groups (n = 10 each). (O-AD) is obese induced AD
group maintained on HFD for another 6 weeks. OCR is obese group received calorie restricted diet
for 6 weeks. OCRRK is obese group received calorie restricted diet and RK (44 mg/kg body weight,
daily, orally) for 6 weeks and OCRD is obese group received calorie restricted diet and orlistate
(10 mg/kg body weight, daily orally) for 6 weeks. Another 10 normal rats received normal diet were
used as normal control group (NC). Body weight, visceral white adipose tissue weight (WAT), lipid
profile, oxidative stress markers, adiponectin, cholinergic activity and amyloid extracellular plaques
were examined. In addition to histological changes in brain tissues were evaluated.Raspberry
ketone (RK) via its antioxidant properties attenuated oxidative damage and dyslipidemia in O-AD
group. It inhibited acetylcholinesterase enzyme (AchE) and hence increased acetylcholine level
(Ach) in brain tissues of O-AD rats. It is also impeded the upregulation of beta-secretase-1 (BACE-
1) and the accumulation of amyloid beta (Aβ) plaques which crucially involved in AD. The
combination of CR diet with RK was more effective than CR diet with orlistate (antiobese drug) in
abrogating the neurodegenerative changes induced by obesity. Results from this study suggested
that concomitant supplementation of RK with calorie restricted regimen effectively modulate the
neurodegenerative changes induced by obesity and delay the progression of AD.” As taken from
Mohamed HE et al. 2018. Biomed. Pharmacother. 107, 1166-1174. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/30257330

6.4. Other organ systems, dependent on the properties of the substance

Sensory neurons release calcitonin gene-related peptide (CGRP) on activation. We recently
reported that topical application of capsaicin increases facial skin elasticity and promotes hair
growth by increasing dermal insulin-like growth factor-I (IGF-I) production through activation of
sensory neurons in mice and humans. Raspberry ketone (RK), a major aromatic compound
contained in red raspberries (Rubus idaeus), has a structure similar to that of capsaicin. Thus, it is
possible that RK activates sensory neurons, thereby increasing skin elasticity and promoting hair
growth by increasing dermal IGF-I production. In the present study, we examined this possibility in
mice and humans. RK, at concentrations higher than 1 microM, significantly increased CGRP
release from dorsal root ganglion neurons (DRG) isolated from wild-type (WT) mice and this
increase was completely reversed by capsazepine, an inhibitor of vanilloid receptor-1 activation.
Topical application of 0.01% RK increased dermal IGF-I levels at 30 min after application in WT
mice, but not in CGRP-knockout mice. Topical application of 0.01% RK increased
immunohistochemical expression of IGF-I at dermal papillae in hair follicles and promoted hair re-
growth in WT mice at 4 weeks after the application. When applied topically to the scalp and facial
skin, 0.01% RK promoted hair growth in 50.0% of humans with alopecia (n=10) at 5 months after
application and increased cheek skin elasticity at 2 weeks after application in 5 females (P<0.04).
These observations strongly suggest that RK might increase dermal IGF-I production through
sensory neuron activation, thereby promoting hair growth and increasing skin elasticity.

Harada N et al., Effect of topical application of raspberry ketone on dermal production of insulin-like
growth factor-I in mice and on hair growth and skin elasticity in humans; Growth Horm IGF Res.
2008, Aug; 18(4):335-44.

The aim of this study is to investigate the enzymatic properties and the depigmenting activity of 4-
(p-hydroxyphenyl)-2-butanone (HPB) in vitro. The activity of HPB as a substrate of tyrosinase, its
effect on tyrosinase enzymatic reactions, and its inhibition of the growth and the melanogenesis of
cultured melanoma cells were examined. The HPB-tyrosinase reaction and the effect of HPB on
tyrosine-tyrosinase and dopa-tyrosinase reactions were followed spectrophotometrically. Fifty
percent growth inhibition concentrations (IC50) of several chemicals for melanoma cells and non-
pigmented cells were measured. Melanogenic activities in HPB-treated melanoma cells were
assayed. The results showed that HPB was oxidized by tyrosinase and stimulated tyrosine-
tyrosinase and dopa-tyrosinase reactions. The IC50 of HPB for melanoma cells was higher than
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those of the established depigmenting agents but it was lower than that of HPB for non-melanotic
cells. Tyrosine hydroxylase in HPB-t

FUKUDA Y et al., In vitro studies on the depigmenting activity of 4-(p-hydroxyphenyl)-2-butanone;
JOURNAL OF OCCUPATIONAL HEALTH; 40 (2). 1998c. 137-142.

“The protective effect of raspberry ketone against nonalcoholic steatohepatitis (NASH) was tested
by using a high-fat diet-induced NASH model, and its mechanism was explored. Forty Sprague-
Dawley rats with a 1:1 male to female ratio were randomly divided into five groups: the normal
control (NC) group (n=8) fed normal diet for 8 weeks, the model control (MC) group (n=8) fed high-
fat diet (82% standard diet, 8.3% yolk powder, 9.0% lard, 0.5% cholesterol, and 0.2% sodium
taurocholate), and the raspberry ketone low-dose (0.5%) (RKL) group (n=8), the raspberry ketone
middle-dose (1%) (RKM) group (n=8), and the raspberry ketone high-dose (2%) (RKH) group (n=8)
fed high-fat diet for 4 weeks. After 8 weeks of experiment, all the rats were sacrificed, and blood
lipid parameters (total cholesterol [TC], triglycerides [TG], high-density lipoprotein cholesterol [HDL-
C], and low-density lipoprotein cholesterol [LDL-C]), liver function parameters (serum alanine
aminotransferase [ALT], aspartate aminotransferase [AST], and alkaline phosphatase [ALP]), leptin
(LEP), free fatty acid (FFA), tumor necrosis factor α (TNF-α), blood glucose (GLU), and insulin
(INS) with calculated INS resistance index (IRI) and INS-sensitive index (ISI) were measured in
rats. Therefore, we determined the peroxisome proliferator-activated receptor (PPAR)-α activity in
liver homogenate and the levels of low-density lipoprotein receptor (LDLR), high-sensitivity C-
reactive protein (hs-CRP), adiponection (APN), superoxide dismutase, and malondialdehyde
(MDA). The liver tissues of rats in each group were imaged by electron microscopy with
hematoxylin-eosin as the staining agent. The levels of TG, TC, LDL-C, ALT, AST, ALP, GLU, INS,
IRI, FFA, LEP, TNF-α, MDA, and hs-CRP of MC rats were significantly increased (P<.05, P<.01).
Therefore, the levels of HDL-C, ISI, PPAR-α, LDLR, and APN were significantly decreased (P<.05,
P<.01). Compared with the MC group, each parameter in the RKL, RKM, and RKH groups was
significantly improved (P<.05, P<.01). Thus raspberry ketone was an effective intervention for
NASH in rats. It was believed that raspberry ketone had a dual effect of liver protection and fat
reduction, and the mechanism was probably mediated by alleviation of fatty degeneration of liver
cells, decreased liver inflammation, correction of dyslipidemia, reversal of LEP and INS resistance,
and improved antioxidant capacity”. As taken from Wang L et al. 2012. J. Med. Food 15, 495-503.
PubMed, 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/22551412

“Raspberry ketone (RK) is a natural phenolic compound of the red raspberry. The dietary
administration of RK to male mice has been reported to prevent high-fat diet-induced elevation in
body weight and to increase lipolysis in white adipocytes. To elucidate a possible mechanism for
the antiobesity action of RK, its effects on the expression and the secretion of adiponectin, lipolysis,
and fatty acid oxidation in 3T3-L1 were investigated. Treatment with 10 µM of RK increased
lipolysis significantly in differentiated 3T3-L1 cells. An immunoassay showed that RK increased
both the expression and the secretion of adiponectin, an adipocytokine mainly expressed and
secreted by adipose tissue. In addition, treatment with 10 µM of RK increased the fatty acid
oxidation and suppressed lipid accumulation in 3T3-L1 adipocytes. These findings suggest that RK
holds great promise as an herbal medicine since its biological activities alter the lipid metabolism in
3T3-L1 adipocytes”. As taken from Park KS. 2010. Planta Med. 76, 1654-1658. PubMed, 2013
available at http://www.ncbi.nlm.nih.gov/pubmed/20425690

“BACKGROUND: Numerous natural products are marketed and sold claiming to decrease body
weight and fat, but few undergo finished product-specific research demonstrating their safety and
efficacy. OBJECTIVE: To determine the safety and efficacy of a multi-ingredient supplement
containing primarily raspberry ketone, caffeine, capsaicin, garlic, ginger and Citrus aurantium
(Prograde MetabolismTM [METABO]) as an adjunct to an eight-week weight loss program.
METHODS: Using a randomized, placebo-controlled, double-blind design, 70 obese but otherwise
healthy subjects were randomly assigned to METABO or a placebo and underwent 8 weeks of daily
supplementation, a calorie restricted diet, and exercise training. Subjects were tested for changes

http://www.ncbi.nlm.nih.gov/pubmed/22551412
http://www.ncbi.nlm.nih.gov/pubmed/20425690


in body composition, serum adipocytokines (adiponectin, resistin, leptin, TNF-alpha, IL-6) and
markers of health including heart rate and blood pressure. RESULTS: Of the 45 subjects who
completed the study, significant differences were observed in: body weight (METABO -2.0% vs.
placebo -0.5%, P<0.01), fat mass (METABO -7.8 vs. placebo -2.8%, P<0.001), lean mass
(METABO +3.4% vs. placebo +0.8%, P<0.03), waist girth (METABO -2.0% vs. placebo -0.2%,
P<0.0007), hip girth (METABO -1.7% vs. placebo -0.4%, P<0.003), and energy levels per anchored
visual analogue scale (VAS) (METABO +29.3% vs. placebo +5.1%, P<0.04). During the first 4
weeks, effects/trends for maintaining elevated serum leptin (P<0.03) and decreased serum resistin
(P<0.08) in the METABO group vs. placebo were also observed. No changes in systemic
hemodynamics, clinical blood chemistries, adverse events, or dietary intake were noted between
groups. CONCLUSIONS: METABO administration is a safe and effective adjunct to an eight-week
diet and exercise weight loss program by augmenting improvements in body composition, waist
and hip girth. Adherence to the eight-week weight loss program also led to beneficial changes in
body fat in placebo. Ongoing studies to confirm these results and clarify the mechanisms (i.e.,
biochemical and neuroendocrine mediators) by which METABO exerts the observed salutary
effects are being conducted”. As taken from Lopez HL et al. 2013. J. Int. Soc. Sports Nutr. 10(1),
22. PubMed, 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/23601452

“The decrease in the bone mass associated with osteoporosis caused by ovariectomy, aging, and
other conditions is accompanied by an increase in bone marrow adipose tissue. The balance
between osteoblasts and adipocytes is influenced by a reciprocal relationship. The development of
modalities to promote local/systemic bone formation by inhibiting bone marrow adipose tissue is
important in the treatment of fractures or metabolic bone diseases such as osteoporosis. In this
study, we examined whether raspberry ketone [4-(4-hydroxyphenyl)butan-2-one; RK], which is one
of the major aromatic compounds of red raspberry and exhibits anti-obesity action, could promote
osteoblast differentiation in C3H10T1/2 stem cells. Confluent C3H10T1/2 stem cells were treated
for 6 days with 10-100 μg/mL of RK in culture medium containing 10 nM all-trans-retinoic acid
(ATRA) or 300 ng/mL recombinant human bone morphogenetic protein (rhBMP)-2 protein as an
osteoblast-differentiating agent. RK in the presence of ATRA increased alkaline phosphatase (ALP)
activity in a dose-dependent manner. RK in the presence of rhBMP-2 also increased ALP activity.
RK in the presence of ATRA also increased the levels of mRNAs of osteocalcin, α1(I) collagen, and
TGF-βs (TGF-β1, TGF-β2, and TGF-β3) compared with ATRA only. RK promoted the differentiation
of C3H10T1/2 stem cells into osteoblasts. However, RK did not affect the inhibition of early-stage
adipocyte differentiation. Our results suggest that RK enhances the differentiation of C3H10T1/2
stem cells into osteoblasts, and it may promote bone formation by an action unrelated to adipocyte
differentiation”. As taken from Takata T and Morimoto C. 2014. J. Med. Food. 17(3), 332-8.
PubMed, 2015 available at http://www.ncbi.nlm.nih.gov/pubmed/24404978

“/ENDOCRINE MODULATION/ Sensory neurons release calcitonin gene-related peptide (CGRP)
on activation. We recently reported that topical application of capsaicin increases facial skin
elasticity and promotes hair growth by increasing dermal insulin-like growth factor-I (IGF-I)
production through activation of sensory neurons in ... humans. Raspberry ketone (RK), a major
aromatic compound contained in red raspberries (Rubus idaeus), has a structure similar to that of
capsaicin. Thus, it is possible that RK activates sensory neurons, thereby increasing skin elasticity
and promoting hair growth by increasing dermal IGF-I production.... When applied topically to the
scalp and facial skin, 0.01% RK promoted hair growth in 50.0% of humans with alopecia (n=10) at
5 months after application and increased cheek skin elasticity at 2 weeks after application in 5
females (P<0.04). These observations strongly suggest that RK might increase dermal IGF-I
production through sensory neuron activation, thereby promoting hair growth and increasing skin
elasticity. [Harada N et al; Growth Horm IGF Res. 18 (4): 335-44 (2008)] **PEER REVIEWED**”

“/LABORATORY ANIMALS: Subchronic or Prechronic Exposure/ The protective effect of raspberry
ketone against nonalcoholic steatohepatitis (NASH) was tested by using a high-fat diet-induced
NASH model, and its mechanism was explored. Forty Sprague-Dawley rats with a 1:1 male to
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female ratio were randomly divided into five groups: the normal control (NC) group (n=8) fed normal
diet for 8 weeks, the model control (MC) group (n=8) fed high-fat diet (82% standard diet, 8.3% yolk
powder, 9.0% lard, 0.5% cholesterol, and 0.2% sodium taurocholate), and the raspberry ketone
low-dose (0.5%) (RKL) group (n=8), the raspberry ketone middle-dose (1%) (RKM) group (n=8),
and the raspberry ketone high-dose (2%) (RKH) group (n=8) fed high-fat diet for 4 weeks. After 8
weeks of experiment, all the rats were sacrificed, and blood lipid parameters (total cholesterol [TC],
triglycerides [TG], high-density lipoprotein cholesterol [HDL-C], and low-density lipoprotein
cholesterol [LDL-C]), liver function parameters (serum alanine aminotransferase [ALT], aspartate
aminotransferase [AST], and alkaline phosphatase [ALP]), leptin (LEP), free fatty acid (FFA), tumor
necrosis factor alpha (TNF-alpha), blood glucose (GLU), and insulin (INS) with calculated INS
resistance index (IRI) and INS-sensitive index (ISI) were measured in rats. Therefore, we
determined the peroxisome proliferator-activated receptor (PPAR)-alpha activity in liver
homogenate and the levels of low-density lipoprotein receptor (LDLR), high-sensitivity C-reactive
protein (hs-CRP), adiponection (APN), superoxide dismutase, and malondialdehyde (MDA). The
liver tissues of rats in each group were imaged by electron microscopy with hematoxylin-eosin as
the staining agent. The levels of TG, TC, LDL-C, ALT, AST, ALP, GLU, INS, IRI, FFA, LEP, TNF-
alpha, MDA, and hs-CRP of MC rats were significantly increased (P<.05, P<.01). Therefore, the
levels of HDL-C, ISI, PPAR-alpha, LDLR, and APN were significantly decreased (P<.05, P<.01).
Compared with the MC group, each parameter in the RKL, RKM, and RKH groups was significantly
improved (P<.05, P<.01). Thus raspberry ketone was an effective intervention for NASH in rats. It
was believed that raspberry ketone had a dual effect of liver protection and fat reduction, and the
mechanism was probably mediated by alleviation of fatty degeneration of liver cells, decreased liver
inflammation, correction of dyslipidemia, reversal of LEP and INS resistance, and improved
antioxidant capacity. [Wang L et al; J Med Food 15 (5): 495-503 (2012)] **PEER REVIEWED**”

“/ALTERNATIVE and IN VITRO TESTS/ Raspberry ketone (RK) is a natural phenolic compound of
the red raspberry. The dietary administration of RK to male mice has been reported to prevent high-
fat diet-induced elevation in body weight and to increase lipolysis in white adipocytes. To elucidate
a possible mechanism for the antiobesity action of RK, its effects on the expression and the
secretion of adiponectin, lipolysis, and fatty acid oxidation in 3T3-L1 were investigated. Treatment
with 10 uM of RK increased lipolysis significantly in differentiated 3T3-L1 cells. An immunoassay
showed that RK increased both the expression and the secretion of adiponectin, an adipocytokine
mainly expressed and secreted by adipose tissue. In addition, treatment with 10 uM of RK
increased the fatty acid oxidation and suppressed lipid accumulation in 3T3-L1 adipocytes. These
findings suggest that RK holds great promise as an herbal medicine since its biological activities
alter the lipid metabolism in 3T3-L1 adipocytes” [Park KS; Planta Med 76 (15): 1654-8 (2010)]
**PEER REVIEWED**”

“Melanogenesis inhibition by raspberry ketone (RK) from Rheum officinale was investigated both in
vitro in cultivated murine B16 melanoma cells and in vivo in zebrafish and mice. In B16 cells, RK
inhibited melanogenesis through a post-transcriptional regulation of tyrosinase gene expression,
which resulted in down regulation of both cellular tyrosinase activity and the amount of tyrosinase
protein, while the level of tyrosinase mRNA transcription was not affected. In zebrafish, RK also
inhibited melanogenesis by reduction of tyrosinase activity. In mice, application of a 0.2% or 2% gel
preparation of RK applied to mouse skin significantly increased the degree of skin whitening within
one week of treatment. In contrast to the widely used flavoring properties of RK in perfumery and
cosmetics, the skin-whitening potency of RK has been demonstrated in the present study. Based
on our findings reported here, RK would appear to have high potential for use in the cosmetics
industry. [Lin CH et al; Int J Mol Sci 12 (8): 4819-35 (2011)] **PEER REVIEWED**”

“The decrease in the bone mass associated with osteoporosis caused by ovariectomy, aging, and
other conditions is accompanied by an increase in bone marrow adipose tissue. The balance
between osteoblasts and adipocytes is influenced by a reciprocal relationship. The development of
modalities to promote local/systemic bone formation by inhibiting bone marrow adipose tissue is
important in the treatment of fractures or metabolic bone diseases such as osteoporosis. In this



study, we examined whether raspberry ketone [4-(4-hydroxyphenyl)butan-2-one: RK], which is one
of the major aromatic compounds of red raspberry and exhibits anti-obesity action, could promote
osteoblast differentiation in C3H10T1/2 stem cells. Confluent C3H10T1/2 stem cells were treated
for 6 days with 10-100 ug/mL of RK in culture medium containing 10 nM all-trans-retinoic acid
(ATRA) or 300 ng/mL recombinant human bone morphogenetic protein (rhBMP)-2 protein as an
osteoblast-differentiating agent. RK in the presence of ATRA increased alkaline phosphatase (ALP)
activity in a dose-dependent manner. RK in the presence of rhBMP-2 also increased ALP activity.
RK in the presence of ATRA also increased the levels of mRNAs of osteocalcin, alpha1(I) collagen,
and TGF-betas (TGF-beta1, TGF-beta2, and TGF-beta3) compared with ATRA only. RK promoted
the differentiation of C3H10T1/2 stem cells into osteoblasts. However, RK did not affect the
inhibition of early-stage adipocyte differentiation. Our results suggest that RK enhances the
differentiation of C3H10T1/2 stem cells into osteoblasts, and it may promote bone formation by an
action unrelated to adipocyte differentiation. [Takata T, Morimoto C; J Med Food 17(3):332-8
(2014)] **PEER REVIEWED**”

As taken from HSDB, 2014.

“CONTEXT: Raspberry ketone (RK) is a natural phenolic compound of red raspberry. The dietary
intake of RK has been reported to exert anti-obese actions and alter the lipid metabolism in vivo
and human studies. OBJECTIVE: To elucidate a possible mechanism for anti-obese actions of RK,
the effects of RK on the adipogenic and lipogenic gene expression in 3T3-L1 adipocytes were
investigated. MATERIALS AND METHODS: 3T3-L1 maturing pre-adipocytes were treated from day
2 to day 8 of differentiation and mature adipocytes for 24 h on day 12 with 1, 10, 20, and 50 μM of
RK. Triacylglycerols were assessed by spectrophotometry and gene expression by quantitative
real-time polymerase chain reaction (qRT-PCR). RESULTS: Treatment of adipocytes with RK
suppressed adipocyte differentiation and fat accumulation in a concentration-dependent manner.
RK suppressed the expression of major genes involved in the adipogenesis pathway including
peroxisome proliferator-activated receptor-γ (PPARγ) and CCAAT enhancer binding protein-α
(C/EBPα), which led to further down-regulation of adipocyte fatty acid-binding protein-2 (aP2). In
addition, treatment with 10 μM of RK also reduced mRNA levels of lipogenic genes such as acetyl-
CoA carboxylase-1 (ACC1), fatty acid synthase (FASN), and stearoyl-CoA desaturase-1 (SCD1). In
mature adipocytes, RK increased the transcriptional activities of genes involved in lipolysis and the
oxidative pathways including adipose triglyceride lipase (ATGL), hormone sensitive lipase (HSL),
and carnitine palmitoyl transferase-1B (CPT1B). DISCUSSION AND CONCLUSION: These
findings suggest that RK holds great promise for an herbal medicine with the biological activities
altering the lipid metabolism in 3T3-L1 adipocytes.” As taken from Park KS. 2015. Pharm. Biol.
53(6), 870-5. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/25429790?dopt=AbstractPlus

“The exposure of human skin to 4-(4-hydroxyphenyl)-2-butanone (raspberry ketone, RK) is known
to cause chemical/occupational leukoderma. RK has a structure closely related to 4-(4-
hydroxyphenyl)-2-butanol (rhododendrol), a skin whitening agent that was found to cause
leukoderma in the skin of consumers in 2013. Rhododendrol is a good substrate for tyrosinase and
causes a tyrosinase-dependent cytotoxicity to melanocytes, cells that are responsible for skin
pigmentation. Therefore, it is expected that RK exerts its cytotoxicity to melanocytes through the
tyrosinase-catalyzed oxidation to cytotoxic o-quinones. The results of this study demonstrate that
the oxidation of RK by mushroom tyrosinase rapidly produces 4-(3-oxobutyl)-1,2-benzoquinone
(RK-quinone), which is converted within 10-20 min to (E)-4-(3-oxo-1-butenyl)-1,2-benzoquinone
(DBL-quinone). These quinones were identified as their corresponding catechols after reduction by
ascorbic acid. RK-quinone and DBL-quinone quantitatively bind to the small thiol N-acetyl-l-
cysteine to form thiol adducts and can also bind to the thiol protein bovine serum albumin through
its cysteinyl residue. DBL-quinone is more reactive than RK-quinone, as judged by their half-lives
(6.2 min vs 10.5 min, respectively), and decays rapidly to form an oligomeric pigment (RK-
oligomer). The RK-oligomer can oxidize GSH to GSSG with a concomitant production of hydrogen
peroxide, indicating its pro-oxidant activity, similar to that of the RD-oligomer. These results suggest

http://www.ncbi.nlm.nih.gov/pubmed/25429790?dopt=AbstractPlus


that RK is cytotoxic to melanocytes through the binding of RK-derived quinones to thiol proteins
and the pro-oxidant activity of the RK-oligomer.” As taken from Ito S et al. 2017. Chem. Res.
Toxicol. 30(3), 859-868. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/28219012

“This study aimed to determine the antiobesity effects of raspberry ketone (RK), one of the major
aromatic compounds contained in raspberry, and its underlying mechanisms. During adipogenesis
of 3T3-L1 cells, RK (300 μM) significantly reduced lipid accumulation and downregulated the
expression of CCAAT/enhancer-binding protein α (C/EBPα), peroxisome proliferation-activated
receptor γ (PPARγ), fatty acid-binding protein 4 (FABP4), and fatty acid synthase (FAS). RK also
reduced the expression of light chain 3B (LC3B), autophagy-related protein 12 (Atg12), sirtuin 1
(SIRT1), and phosphorylated-tuberous sclerosis complex 2 (TSC2), whereas it increased the level
of p62 and phosphorylated-mammalian target of rapamycin (mTOR). Daily administration of RK
decreased the body weight (ovariectomy [Ovx] + RK, 352.6 ± 5 vs Ovx, 386 ± 5.8 g; P < 0.05), fat
mass (Ovx + RK, 3.2 ± 0.05 vs Ovx, 5.0 ± 0.4 g; P < 0.05), and fat cell size (Ovx + RK, 6.4 ± 0.6 vs
Ovx, 11.1 ± 0.7 × 103 μm2; P < 0.05) in Ovx-induced obesity in rats. The expression of PPARγ,
C/EBPα, FAS, and FABP4 was significantly reduced in the Ovx + RK group compared with that in
the Ovx group. Similar patterns were observed in autophagy-related proteins and endoplasmic
reticulum stress proteins. These results suggest that RK inhibited lipid accumulation by regulating
autophagy in 3T3-L1 cells and Ovx-induced obese rats.” As taken from Leu SY et al. 2017. J. Agric.
Food Chem. 65(50), 10907-10914. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/29164883

“BACKGROUND: Obesity is caused by excessive accumulation of body fat and is closely related to
complex metabolic diseases. Raspberry ketone (RK), a major aromatic compound in red raspberry,
was recently reported to possess anti-obesity effects. However, its mechanisms are unclear. AIM:
Adipogenesis plays a critical role in obesity and, therefore, this study aimed to investigate the effect
and mechanisms of action of RK on adipogenesis in 3T3-L1 preadipocytes. MATERIALS AND
METHODS: 3T3-L1 preadipocytes were differentiated in medium containing insulin,
dexamethasone, and 1-methyl-3-isobutylxanthine. Adipocyte lipid contents were determined using
oil-red O staining while adipogenic transcription factor and lipogenic protein expressions were
determined using western blotting. RESULTS: RK (300-400µM) strongly inhibited lipid
accumulation during 3T3-L1 preadipocyte differentiation into adipocytes. RK reduced the
CCAAT/enhancer-binding protein-α (C/EBP-α), peroxisome proliferation-activated receptor-γ
(PPAR-γ), fatty acid synthase (FAS), and fatty acid-binding protein 4 (FABP4) expressions and
increased heme oxygenase-1 (HO-1), Wnt10b, and β-catenin expressions in 3T3-L1 adipocytes.
Additionally, RK inhibited lipid accumulation, and adipogenic transcription factor and lipogenic
protein expressions were all decreased by inhibiting HO-1 or β-catenin using tin protoporphyrin
(SnPP) or β-catenin short-interfering RNA (siRNA), respectively. Furthermore, Wnt10b and β-
catenin expressions were negatively regulation by SnPP. CONCLUSION: RK may exert anti-
adipogenic effects through modulation of the HO-1/Wnt/beta-catenin signaling pathway.” As taken
from Tsai YC et al. 2017. Phytomedicine 31, 11-17. PubMed, 2018 available at
https://www.ncbi.nlm.nih.gov/pubmed/28606512

“BACKGROUND: Very few weight and fat loss supplements undergo finished-product research to
examine efficacy. The purpose of this study was to determine the effects of an 8-week diet and
exercise program on body composition, hip and waist girth, and adipokines and evaluate whether a
dietary supplement containing raspberry ketone, capsaicin, caffeine, garlic, and Citrus aurantium
enhanced outcomes. METHODS: Overweight men and women completed this randomized,
placebo-controlled, double-blind study. Participants consumed 4 capsules/d of supplement (EXP; n
= 18) or placebo (PLA; n = 18). Participants underwent 8 weeks of daily supplementation, calorie
restriction (500 kcal < RMR [resting metabolic rate] × 1.2), and supervised progressive exercise
training 3 times a week. Body composition, girth, and adipokines were assessed at baseline and
postintervention (T1 and T2). RESULTS: Significant decreases in weight (-2.6 ± 0.57 kg, p <
0.001), fat mass (-1.8 ± 0.20 kg; p < 0.001), and percentage body fat (-3.7% ± 0.29%, p < 0.001)
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and a significant increase in lean body mass (LBM; 1.5 ± 0.26 kg; p < 0.001) were seen from T1 to
T2 in both groups. For men, only those in the EXP group increased LBM from T1 to T2 (1.3 ± 0.38
kg; p < 0.05). Hip girth was also reduced, with the women in the EXP group (-10.7 ± 2.15 cm, p <
0.001) having a greater reduction. There was a time by group interaction, with significant decreases
in leptin (p < 0.001) and significant increases in adiponectin (p < 0.05) in the EXP group.
CONCLUSIONS: Significant improvements in adipokines and leptin support the utility of exercise,
diet, and fat loss for impacting inflammatory biomarkers. The improvement in adiponectin with EXP
may suggest a unique health mechanism.” As taken from Arent SM et al. 2018. J. Am. Coll. Nutr.
37(2), 111-120. PubMed, 2018 available at https://www.ncbi.nlm.nih.gov/pubmed/29111889

“Promoting white adipose tissue (WAT) to acquire brown-like characteristics is a promising
approach for obesity treatment. Although raspberry ketone (RK) has been reported to possess
antiobesity activity, its effects on the formation of brown-like adipocytes remain unclear. Therefore,
we investigated the effects and underlying mechanism of RK on WAT browning in 3T3-L1
adipocytes and rats with ovariectomy (Ovx)-induced obesity. RK (100 μM) significantly induced
browning of 3T3-L1 cells by increasing mitochondrial biogenesis and the expression of browning-
specific proteins (PR domain containing 16, PRDM16; peroxisome proliferator-activated receptor
gamma coactivator 1-alpha, PGC-1α; uncoupling protein-1, UCP-1) and lipolytic enzymes
(hormone-sensitive lipase and adipose triglyceride lipase). RK significantly reduced the expression
of the autophagy-related protein Atg12 and increased the expression of p62 and heme oxygenase
1 (HO-1). Additionally, these effects of RK were reversed by the HO-1 inhibitor SnPP (20 μM). In
addition, RK (160 mg/kg, gavage, for 8 weeks) significantly reduced body weight gain (Ovx+RK,
191.8 ± 4.6 g vs. Ovx, 223.6 ± 5.9; P < .05), food intake, the amount of inguinal adipose tissue
(Ovx+RK, 9.05 ± 1.1 g vs Ovx, 12.9 ± 0.92 g; P < .05) and the size of white adipocytes in Ovx rats.
Moreover, compared to expression in the Ovx group, the levels of browning-specific proteins were
significantly higher and the levels of autophagy-related proteins were significantly lower in the
Ovx+RK group. Therefore, this study elucidated the mechanism associated with RK-induced WAT
browning and thus provides evidence to support the clinical use of RK for obesity treatment.” As
taken from Leu SY et al. 2018. J. Nutr. Biochem. 56, 116-125. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/29525531

“Obesity constitutes a major worldwide problem in which hyperlipidemia and insulin resistance
represents adverse metabolic consequences of it. The present study was conducted to elucidate
the role of raspberry ketones (RKs) in controlling body weight gain, hyperlipidemia and insulin
resistance in male obese rats through affecting the expression of various adipocytokines. As
Aquaporin-7 is co-related with the expression of various adipocytokines and has recently emerged
as a modulator of adipocyte metabolism, the present study evaluated the effect of RKs on adipose
tissue expression of aquaporin-7(AQP7) in high-fat (HF) diet-fed rats. Groups of male rats were
assigned to normal, HF diet-fed control rats and RKs-treated (250 and 500 mg/kg) groups. RKs
administration effectively abrogated hyperlipidemia and oxidative burden and enhanced insulin
sensitivity. In addition, treatment with RKs ameliorated adipose tissue and liver indices and the
reduced adipocyte diameters. Moreover, administration of the low dose of RKs ameliorated the
expression of apelin and its receptor, and visfatin with upregulating adiponectin expression
compared to HF diet control rats. However, both doses effectively downregulated leptin expression.
It was obvious that both RKs doses revealed effectiveness in upregulating the AQP7 expression.
The present data suggest the promising therapeutic role of RKs in HF diet-induced obesity that is
likely attributable, at least in part, to upregulation of AQP7 expression.” As taken from Mehanna ET
et al. 2018. Eur. J. Pharmacol. 832, 81-89. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/29787773

“Over the past 20 years the use of dietary supplements as adjuvant therapy for weight loss gained
growing favor among consumers and dietician–nutritionists, with the subsequent astounding
increase in health costs. Despite the reassuring label of natural remedy for losing weight, dietary
supplements contain a wide variety of ingredients on which available information is rather scanty
and scientifically incomplete. Currently, there is little evidence that weight-loss supplements offer
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effective aids to reduce weight and meet criteria for recommended use. Robust, randomized,
placebo-controlled studies to provide clear-cut scientific evidence of their efficacy and potential side
effects in clinical practice are still lacking. Understanding the evidence for the efficacy, safety, and
quality of these supplements among nutritionists and physicians is critical to counsel patients
appropriately, especially considering the risk of serious adverse effects and interference with
concomitant therapies. Detailed information on the efficacy and safety of the most commonly used
weight-loss dietary supplements has been recently published by the National Institutes of Health
(NIH). However, in this report the thorny issue that may result from drug interactions with weight-
loss dietary supplements has been not sufficiently addressed. The aim of this review was to provide
a synthetic, evidence-based report on efficacy and safety of the most commonly used ingredients in
dietary supplements marketed for weight loss, particularly focusing on their possible drug
interactions.” As taken from Barrea L et al. 2019. Int. J. Obes. Suppl. 9(1), 32–49. PubMed, 2020
available at https://pubmed.ncbi.nlm.nih.gov/31391923/

“Obesity management regimens suffer from discomfort, undesirable side effects and/or
unsuccessful outcomes. This study compared normal diet (ND) regimen with raspberry ketone (RK)
supplementation and calorie restriction (CR). 40-MaleWistar rats received high fat diet (HFD) for 16
weeks. Obese control group was maintained on HFD for another 6 weeks (n=10). Other obese
groups (n=10 each) received ND, CR diet or ND with RK oral supplement (44mg/kg) for 6 weeks.
HFD increased body and visceral white adipose tissue (WAT) weights, serum glucose, total
cholesterol, TG, LDL-C, inflammatory markers (MCP-1, IL-6 and TNF-α) in WAT, while decreased
serum HDL-C and WAT adiponectin. Like CR diet, ND with RK supplementation restored the
changes attained by HFD. Conclusion: RK supplement with ND regimen effectively attenuated
obesity-related changes. Such approach could be an alternative to CR in the management of
obesity, thereby overcome the side effects of applying CR for long time.” As taken from Asker ME
et al. 2018. Journal of Molecular and Cellular Biology Forecast 1(2), Article 1015. Available at
https://scienceforecastoa.com/Articles/JMCBF-V1-E2-1015.pdf

“Chemical leukoderma is a patchy hypopigmentation in the skin. Phenol derivatives such as
raspberry ketone have been reported to cause the development of occupationally induced
leukoderma. Recently, 2% (w/w) rhododenol, a reduced form of raspberry ketone used in a skin-
lightning agent, also caused the development of leukoderma in >16,000 users, about 2% of all
users, in Asian countries including Japan. However, a method for assessing the risk of leukoderma
caused by 2% rhododenol has not been established despite the fact that the development of
leukoderma caused by 30% rhododenol was previously shown in animal experiments.
Establishment of a novel technique for risk assessment of leukoderma in humans caused by
external treatment with chemicals is needed to prevent a possible future chemical disaster. This
study demonstrated that external treatment with 2% rhododenol and the same concentration of
raspberry ketone caused the development of leukoderma in murine tail skin without exception with
significant decreases in the amount of melanin and number of melanocytes in the epidermis. Thus,
a novel in vivo technique that can assess the risk of leukoderma caused by 2% rhododenol was
developed. The unique technique using tail skin has the potential to prevent chemical leukoderma
in the future.” As taken from Iida M et al. 2019. Chemosphere 235, 713-718. PubMed, 2020
available at https://pubmed.ncbi.nlm.nih.gov/31279121/

“Introduction: Clinical and epidemiological studies suggest that patients who are overweight or
obese are more at risk in developing glucose intolerance (G/I) and insulin resistance (I/R) leading
to type 2 diabetes (T2DM) and cardiovascular disease.
Aim of work: Assess the dynamic contribution of visfatin in the development of obesity and/or
diabetes and demonstrate their possible molecular mechanism(s) from side and from another side,
modulate role of Raspberry ketone (RK) as weight management supplement and illustrate their
possible molecular mechanism(s).
Materials and Methods: Eighty adult rats were divided into eight groups (10 rats for each group, G);
G1: Normal Control Group (Normal diet); G2: Diabetic Control Group (received streptozotocin 35
mg/kg); G3: Obese Control Group (received high fat diet, HFD); G4: Obese Diabetic Control Group,
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G5: Raspberry ketone Control Group (received 500 mg/kg), G6: Diabetic rats treated with
Raspberry ketone; G7: Obese rats treated with Raspberry ketone and G8: Obese Diabetic rats
treated with Raspberry ketone to assess the study’s aims, their effect was determined on body
weight, OGTT, glucose homeostasis (glucose, insulin, HOMA-IR), oxidative stress markers,
cytoglobin, visfatin and liver histopathology.
Results: RK caused weight loss, corrected the disturbed glucose and insulin homeostasis,
Furthermore, RK increased hepatic content of glutathione (GSH), while decreased hepatic content
of malonaldialdehyde (MDA). RK also up regulated hepatic protein expression of cytoglobin, while
down regulated hepatic mRNA expression of visfatin.
Conclusion: This study assessed the involvement of visfatin and cytoglobin in obese diabetic rats
and modulated the role of RK through the efficient rebalance of glucose homeostasis, I/R, the redox
status and liver histopathology.” As taken from Hussein HT et al. 2020. Bulletin of Pharmaceutical
Sciences 43(1), 53-72. Available at https://bpsa.journals.ekb.eg/article_93587.html

7. Addiction

JTI is not aware of any information that demonstrates that this ingredient has any addictive effect.

8. Burnt ingredient toxicity

This ingredient was considered as part of an overall safety assessment of ingredients added to
tobacco in the manufacture of cigarettes. An expert panel of toxicologists reviewed the open
literature and internal toxicology data of 5 tobacco companies to evaluate a composite list of
ingredients used in the manufacture of cigarettes. The conclusion of this report was that these
ingredients did not increase the inherent biological activity of tobacco cigarettes, and are
considered to be acceptable under conditions of intended use (Doull et al., 1994 & 1998).

Tobacco smoke condensates from cigarettes containing 4-(para-Hydroxyphenyl)-2-butanone and
an additive free, reference cigarettes were tested in a battery of in vitro and/or in vivo test(s). Within
the sensitivity and specificity of the bioassay(s) the activity of the condensate was not changed by
the addition of 4-(para-Hydroxyphenyl)-2-butanone. Table below provides tested level(s) and
specific endpoint(s).

Endpoint Tested level (ppm) Reference

Smoke chemistry 31 Carmines, 2002 & Rustemeier et al., 2002

https://bpsa.journals.ekb.eg/article_93587.html


23 Baker et al., 2004a

0.13

0.65

130

150

JTI KB Study Report(s)

7.800 Gaworski et al., 2011 & Coggins et al., 2011e

6 Roemer et al, 2014

In vitro genotoxicity 31 Carmines, 2002 & Roemer et al., 2002

23 Baker et al., 2004c

0.13 Renne et al., 2006

0.13

0.65

150

JTI KB Study Report(s)

40 fGLH Study Report (2010)

7.800 Gaworski et al., 2011 & Coggins et al., 2011e

6 Roemer et al, 2014

In vitro cytotoxicity 31 Carmines, 2002 & Roemer et al., 2002

23 Baker et al., 2004c

0.13

0.65

150

JTI KB Study Report(s)



9. Heated/vapor emissions toxicity

Aerosol from an electronic nicotine delivery system (ENDS) that creates a vapor by heating an e-
liquid containing 4-(para-Hydroxyphenyl)-2-butanone was tested in a battery of in vitro and/or in
vivo test(s). Under the test conditions and within the sensitivity and specificity of the bioassay(s), no
mutagenic, genotoxic or cytotoxic responses were observed when exposed to Aerosol Collected
Matter (ACM) and/or aerosol Gas Vapor Phase (GVP) and no adverse findings from a 90-day in
vivo repeat-dose inhalation toxicity study were observed after exposure to the aerosol even when
exposure concentrations were the maximal amount that could be achieved with the specific
product(s). These results are in contrast to those observed with combustible cigarette which

40 fGLH Study Report (2010)

7.800 Gaworski et al., 2011 & Coggins et al., 2011e

6 Roemer et al, 2014

Inhalation study <0.1 Gaworski et al., 1998

31 Carmines, 2002 & Vanscheeuwijck et al., 2002

23 Baker et al., 2004c

0.13 Renne et al., 2006

0.13

0.65

150

JTI KB Study Report(s)

6 Schramke et al, 2014

Skin painting <0.1 Gaworski et al., 1999

0.13

0.65

JTI KB Study Report(s)

In vivo genotoxicity 6

150

Schramke et al, 2014

JTI KB Study Report(s)



showed mutagenic, genotoxic, cytotoxic and adverse effects upon exposure. The table below
provides the highest tested level(s) and specific endpoint(s):

Aerosol from an electronic nicotine delivery system (ENDS) product that creates a vapor by heating
an e-liquid; the vapor then passes through a capsule containing tobacco granules, containing 4-
(para-Hhydroxyphenyl)-2-butanone was tested in a battery of in vitro and/or in vivo test(s). Under
the test conditions and within the sensitivity and specificity of the bioassay(s), no mutagenic,
genotoxic or cytotoxic responses were observed when exposed to Aerosol Collected Matter (ACM)
and/or aerosol Gas Vapor Phase (GVP) and no adverse findings from a 90-day in vivo repeat-dose
inhalation toxicity study were observed after exposure to the aerosol even when exposure
concentrations were the maximal amount that could be achieved with the specific product(s). These
results are in contrast to those observed with combustible cigarette which showed mutagenic,
genotoxic, cytotoxic and adverse effects upon exposure. The table below provides tested level(s)
and specific endpoint(s):

Aerosol from heated tobacco stick(s) containing 4-(para-Hydroxyphenyl)-2-butanone was tested in
aerosol chemistry and a battery of in vitro test(s). Under the test conditions and within the
sensitivity and specificity of the bioassay(s), the activity of the total particulate matter (TPM) and/or
gas vapor phase (GVP) were not increased by the addition of this ingredient when compared to
TPM and/or GVP from reference combustible cigarettes. The table below provides the highest
tested level(s) and specific endpoint(s):

10. Ecotoxicity

10.1. Environmental fate

According to the Ecological Categorization results from the Canadian Domestic Substances List, 4-
(4-hydroxyphenyl)-2-butanone is not persistent in the environment:

Endpoint Tested level (ppm) Reference
Aerosol chemistry 1600 Logic (2019a)

Labstat International Inc. (2021)
In vitro genotoxicity 1600 Logic (2019a)

Labstat International Inc. (2022)
In vitro cytotoxicity 1600 Logic (2019a)

Labstat International Inc. (2022)
In vivo genotoxicity 750 Logic (2019a)
Inhalation study 750 Logic (2019a)

Endpoint Tested level (ppm) Reference
Aerosol chemistry 0.0866 mg/(tobacco portion; 310 mg) Logic (2019b)
In vitro genotoxicity 0.0866 mg/(tobacco portion; 310 mg) Logic (2019b)
In vitro cytotoxicity 0.0866 mg/(tobacco portion; 310 mg) Logic (2019b)
In vivo genotoxicity 0.0866 mg/(tobacco portion; 310 mg) Logic (2019b)
Inhalation study 0.0866 mg/(tobacco portion; 310 mg) Logic (2019b)

Endpoint Tested level (mg/stick) Reference
Aerosol chemistry 0.62 Labstat International Inc. (2020a)

Labstat International Inc. (2021a)
In vitro genotoxicity 0.62 Labstat International Inc. (2020b)

Labstat International Inc. (2021b)
In vitro cytotoxicity 0.62 Labstat International Inc. (2020b)

Labstat International Inc. (2021b)



Data accessed December 2016 on the OECD website:
http://webnet.oecd.org/CCRWeb/Search.aspx

EPISuite provides the following data:

Henrys Law Constant (25 deg C) [HENRYWIN v3.20]:

Log Octanol-Air Partition Coefficient (25 deg C) [KOAWIN v1.10]:

Media of concern leading to Categorization Water

Experimental Biodegradation half-life (days) Not Available

Predicted Ultimate degradation half-life (days) 15

MITI probability of biodegradation 0.478

TOPKAT probability of biodegradation 0.888

EPI Predicted Ozone reaction half-life (days) 999

EPI Predicted Atmospheric Oxidation half-life (days) 0.2359

Bond Method : 5.53E-010 atm-m3/mole (5.60E-005 Pa-
m3/mole)

Group Method: 1.44E-010 atm-m3/mole (1.46E-005 Pa-
m3/mole)

Henrys LC [via VP/WSol estimate using User-Entered or
Estimated values]:

HLC: 1.149E-008 atm-m3/mole (1.165E-003
Pa-m3/mole)

VP: 0.000716 mm Hg (source: MPBPVP)

WS: 1.35E+004 mg/L (source: WSKOWWIN)

http://webnet.oecd.org/CCRWeb/Search.aspx


Probability of Rapid Biodegradation (BIOWIN v4.10):

Hydrocarbon Biodegradation (BioHCwin v1.01):

Sorption to aerosols (25 Dec C)[AEROWIN v1.00]:

Log Kow used: 1.48 (KowWin est)

Log Kaw used: -7.646 (HenryWin est)

Log Koa (KOAWIN v1.10 estimate): 9.126

Log Koa (experimental database): None

Biowin1 (Linear Model):

Biowin2 (Non-Linear Model) :

Biowin3 (Ultimate Survey Model):

Biowin4 (Primary Survey Model) :

Biowin5 (MITI Linear Model) :

Biowin6 (MITI Non-Linear Model):

Biowin7 (Anaerobic Linear Model):

0.8467

0.8468

2.7953 (weeks)

3.5598 (days-weeks)

0.4326

0.4780

-0.0322

Ready Biodegradability Prediction: NO

Structure incompatible with current estimation
method!

Vapor pressure (liquid/subcooled): 0.268 Pa (0.00201 mm Hg)

Log Koa (Koawin est): 9.126



Fraction sorbed to airborne particulates (phi):

Atmospheric Oxidation (25 deg C) [AopWin v1.92]:

Hydroxyl Radicals Reaction:

Soil Adsorption Coefficient (KOCWIN v2.00):

Kp (particle/gas partition coef. (m3/ug)):

Mackay model:

Octanol/air (Koa) model:

1.12E-005

0.000328

Junge-Pankow model: 0.000404

Mackay model:
0.000895

Octanol/air (Koa) model: 0.0256

OVERALL OH Rate Constant = 45.3494 E-12 cm3/molecule-sec

Half-Life = 0.236 Days (12-hr day; 1.5E6 OH/cm3)

Half-Life = 2.830 Hrs

Ozone Reaction: No Ozone Reaction Estimation

Fraction sorbed to airborne particulates (phi): 0.000649 (Junge-Pankow, Mackay avg)

0.0256 (Koa method)

Note: the sorbed fraction may be resistant to atmospheric oxidation

Koc : 216.7 L/kg (MCI method)

Log Koc: 2.336 (MCI method)



Aqueous Base/Acid-Catalyzed Hydrolysis (25 deg C) [HYDROWIN v2.00]:

Rate constants can NOT be estimated for this structure!

Volatilization from Water:

Henry LC: 1.44E-010 atm-m3/mole (estimated by Group SAR Method)

Removal In Wastewater Treatment:

(using 10000 hr Bio P,A,S)

Level III Fugacity Model:

Koc : 127.7 L/kg (Kow method)

Log Koc: 2.106 (Kow method)

Half-Life from Model River: 5.21E+006 hours (2.171E+005 days)

Half-Life from Model Lake: 5.684E+007 hours (2.368E+006 days)

Total removal: 1.97 percent

Total biodegradation: 0.09 percent

Total sludge adsorption: 1.87 percent

Total to Air: 0.00 percent

Mass Amount

(percent)

Half-Life

(hr)

Emissions

(kg/hr)

Air 0.00256 5.66 1000

Water 17.7 360 1000



Persistence Time: 762 hr

Environmental Fate/Exposure Summary:

“Raspberry ketone's production and use in perfumery, in cosmetics, and as a food additive to
impart a fruity odor and taste in products such as soft drinks, sweets, puddings and ice creams may
result in its release to the environment through various waste streams. Raspberry ketone occurs in
raspberries and in numerous plant genera, such as Artemisia, Capparis, Dendrobium, Hippophae,
Larix, Limonium, Pinus, Prunus, Rheum, Rubus, Saxifraga, Taxus, Vaccinium, Vanilla, Vitis and in
cranberry, blackberry, loganberry and sea buckthorn (Hippophae rhamnoides L). If released to air,
an estimated vapor pressure of 5.7X10-4 mm Hg at 25 deg C indicates raspberry ketone will exist
in both the vapor and particulate phases in the atmosphere. Vapor-phase raspberry ketone will be
degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals; the half-
life for this reaction in air is estimated to be 8.5 hours. Particulate-phase raspberry ketone will be
removed from the atmosphere by wet and dry deposition. Raspberry ketone contains
chromophores that absorb at wavelengths >290 nm and, therefore, may be susceptible to direct
photolysis by sunlight. If released to soil, raspberry ketone is expected to have moderate mobility
based upon an estimated Koc of 217. Volatilization from moist soil surfaces is not expected to be
an important fate process based upon an estimated Henry's Law constant of 5.5X10-10 atm-cu
m/mole. Although raspberry ketone's estimated vapor pressure of 5.7X10-4 mm Hg suggests that
volatilization from dry soil may not occur, raspberry ketone has a strong odor reminiscent of
raspberries which suggests some volatilization may occur. Although data specific to the
environmental biodegradation of raspberry ketone were not available, raspberry ketone is a mono-
substituted phenol with a structure suggesting that it may be readily biodegradable in the soil and
water environments. If released into water, raspberry ketone may adsorb moderately to suspended
solids and sediment based upon the estimated Koc. Volatilization from water surfaces is not
expected to be an important fate process based upon this compound's estimated Henry's Law
constant. An estimated BCF of 4.4 suggests the potential for bioconcentration in aquatic organisms
is low. Hydrolysis is not expected to be an important environmental fate process since this
compound lacks functional groups that hydrolyze under environmental conditions (pH 5 to 9).
Photo-oxidation via peroxy and hydroxyl radicals may have some importance in natural waters
exposed to sunlight… (SRC) **PEER REVIEWED**”

Artificial Pollution Sources:

“Raspberry ketone's production and use in perfumery, in cosmetics, and as a food additive to
impart a fruity odor in products such as soft drinks, sweets, puddings and ice creams(1) may result
in its release to the environment through various waste streams(SRC). [(1) Beekwilder J et al;
Biotechnology Journal 2(10): 1270-9 (2007)] **PEER REVIEWED**”

Environmental Fate:

“TERRESTRIAL FATE: Based on a classification scheme(1), an estimated Koc value of 217(SRC),
determined from a structure estimation method(2), indicates that raspberry ketone is expected to
have moderate mobility in soil(SRC). Volatilization of raspberry ketone from moist soil surfaces is
not expected to be an important fate process(SRC) given an estimated Henry's Law constant of
5.5X10-10 atm-cu m/mole(SRC), using a fragment constant estimation method(2). Although
raspberry ketone's estimated vapor pressure of 5.7X10-4 mm Hg(SRC), determined from a
fragment constant method(2), suggests that volatilization from dry soil may not occur(SRC),

Soil 82.1 720 1000

Sediment 0.179 3.24e+003 0



raspberry ketone has a strong odor reminiscent of raspberries(3) which suggests some
volatilization may occur(SRC). Aliphatic ketones, such as methyl ethyl ketone and dimethyl ketone,
absorb UV-light at wavelengths >290 nm and are susceptible to direct photolysis in sunlight(4,5);
therefore, raspberry ketone may be susceptible to direct photolysis on soil surfaces exposed to
sunlight(SRC). Data specific to the environmental biodegradation of raspberry ketone were not
available(SRC 2014). However, raspberry ketone is a mono-substituted phenol with a structure
suggesting that it may be biodegradable(SRC) in the environment(6). Analagous compounds,
phenol and p-ethylphenol, present at 100 mg/L, reached 85-90% of their theoretical BODs in 4
weeks using the Japanese MITI test which classified them as readily biodegradable(7). [(1) Swann
RL et al; Res Rev 85: 17-28 (1983) (2) US EPA; Estimation Program Interface (EPI) Suite. Ver.
4.11. Nov, 2012. Available from, as of Feb 4, 2014:
http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm (3) Fahlbusch KG et al; Flavors and
Fragrances. Ullmann's Encyclopedia of Industrial Chemistry. 7th ed. (1999-2014). New York, NY:
John Wiley & Sons. Online Posting Date: Jan 15, 2003. (4) Atkinson R; Atmos Environ 34: 2063-
101 (2000) (5) NIST; NIST Chemistry WebBook. Acetone (67-64-1). NIST Standard Reference
Database No. 69, June 2005 Release. Washington, DC: US Sec Commerce. Available from, as of
Feb 4, 2014: http://webbook.nist.gov (6) Howard P; pp. 286, 298 in Handbook of Property
Estimation Methods for Chemicals. Boethling RS, Mackay D, eds. Boca Raton, FL: Lewis Publ
(2000) (7) NITE; Chemical Risk Information Platform (CHRIP). Biodegradation and
Bioconcentration. Tokyo, Japan: Natl Inst Tech Eval. Available from, as of Feb 10, 2014:
http://www.safe.nite.go.jp/english/db.html **PEER REVIEWED**”

“AQUATIC FATE: Based on a classification scheme(1), an estimated Koc value of 217(SRC),
determined from a structure estimation method(2), indicates that raspberry ketone may adsorb
moderately to suspended solids and sediment(SRC). Volatilization from water surfaces is not
expected(3) based upon an estimated Henry's Law constant of 5.5X10-10 atm-cu m/mole(SRC),
developed using a fragment constant estimation method(2). According to a classification
scheme(4), an estimated BCF of 4.4(SRC), from an estimated log Kow of 1.48(2) and a regression-
derived equation(2), suggests the potential for bioconcentration in aquatic organisms is low.
Aliphatic ketones, such as methyl ethyl ketone and dimethyl ketone, absorb UV-light at
wavelengths >290 nm and are susceptible to direct photolysis in sunlight(5,6); therefore, raspberry
ketone may be susceptible to direct photolysis on water surfaces exposed to sunlight(SRC).
Raspberry ketone contains a phenol function, and phenols are susceptible to photo-oxidation via
peroxy and hydroxyl radicals in natural waters exposed to sunlight with a half-life on the order of
two weeks at the water's surface(7). Raspberry ketone is not expected to undergo hydrolysis in the
environment due to the lack of functional groups that hydrolyze under environmental conditions(3).
Data specific to the environmental biodegradation of raspberry ketone were not available(SRC
2014). However, raspberry ketone is a mono-substituted phenol with a structure suggesting that it
may be biodegradable(SRC) in the environment(8). Analagous compounds, phenol and p-
ethylphenol, present at 100 mg/L, reached 85-90% of their theoretical BODs in 4 weeks using the
Japanese MITI test which classified them as readily biodegradable(9). [(1) Swann RL et al; Res
Rev 85: 17-28 (1983) (2) US EPA; Estimation Program Interface (EPI) Suite. Ver. 4.11. Nov, 2012.
Available from, as of Feb 4, 2014: http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm(3) Lyman
WJ et al; Handbook of Chemical Property Estimation Methods. Washington, DC: Amer Chem Soc
pp. 7-4, 7-5, 15-1 to 15-29 (1990) (4) Franke C et al; Chemosphere 29: 1501-14 (1994) (5)
Atkinson R; Atmos Environ 34: 2063-101 (2000) (6) NIST; NIST Chemistry WebBook. Acetone (67-
64-1). NIST Standard Reference Database No. 69, June 2005 Release. Washington, DC: US Sec
Commerce. Available from, as of Feb 4, 2014: http://webbook.nist.gov(7) Mill T; p. 368 in Handbook
of Property Estimation Methods for Chemicals. Boethling RS, Mackay D, eds. Boca Raton, FL:
Lewis Publ (2000) (8) Howard P; pp. 286, 298 in Handbook of Property Estimation Methods for
Chemicals. Boethling RS, Mackay D, eds. Boca Raton, FL: Lewis Publ (2000) (9) NITE; Chemical
Risk Information Platform (CHRIP). Biodegradation and Bioconcentration. Tokyo, Japan: Natl Inst
Tech Eval. Available from, as of Feb 10, 2014: http://www.safe.nite.go.jp/english/db.html**PEER
REVIEWED**”

http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm
http://webbook.nist.gov/
http://www.safe.nite.go.jp/english/db.html


ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic
compounds in the atmosphere(1), raspberry ketone, which has an estimated vapor pressure of
5.7X10-4 mm Hg at 25 deg C(SRC), determined from a fragment constant method(2), will exist in
both the vapor and particulate phases in the ambient atmosphere. Vapor-phase raspberry ketone is
degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals(SRC);
the half-life for this reaction in air is estimated to be 8.5 hours(SRC), calculated from its rate
constant of 4.5X10-11 cu cm/molecule-sec at 25 deg C(SRC) that was derived using a structure
estimation method(2). Particulate-phase raspberry ketone may be removed from the air by wet and
dry deposition(SRC). Aliphatic ketones, such as methyl ethyl ketone and dimethyl ketone, absorb
UV-light at wavelengths >290 nm and are susceptible to direct photolysis in sunlight(3,4); therefore,
raspberry ketone may be susceptible to direct photolysis(SRC). [(1) Bidleman TF; Environ Sci
Technol 22: 361-367 (1988) (2) US EPA; Estimation Program Interface (EPI) Suite. Ver. 4.11. Nov,
2012. Available from, as of Feb 4, 2014: http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm (3)
Atkinson R; Atmos Environ 34: 2063-101 (2000) (4) NIST; NIST Chemistry WebBook. Acetone (67-
64-1). NIST Standard Reference Database No. 69, June 2005 Release. Washington, DC: US Sec
Commerce. Available from, as of Feb 4, 2014: http://webbook.nist.gov **PEER REVIEWED**”

Environmental Biodegradation:

“AEROBIC: Data specific to the environmental biodegradation of raspberry ketone were not
available(SRC, 2014). However, raspberry ketone is a mono-substituted phenol with a structure
suggesting that it may be biodegradable(SRC) in the environment(1). For example, phenol and p-
ethylphenol, present at 100 mg/L, reached 85-90% of their theoretical BODs in 4 weeks using an
activated sludge inoculum at 30 mg/L in the Japanese MITI test which classified them as readily
biodegradable(2). [(1) Howard P; pp. 286, 298 in Handbook of Property Estimation Methods for
Chemicals. Boethling RS, Mackay D, eds. Boca Raton, FL: Lewis Publ (2000) (2) NITE; Chemical
Risk Information Platform (CHRIP). Biodegradation and Bioconcentration. Tokyo, Japan: Natl Inst
Tech Eval. Available from, as of Feb 10, 2014: http://www.safe.nite.go.jp/english/db.html **PEER
REVIEWED**”

Environmental Abiotic Degradation:

“The rate constant for the vapor-phase reaction of raspberry ketone with photochemically-produced
hydroxyl radicals has been estimated as 4.5X10-11 cu cm/molecule-sec at 25 deg C(SRC) using a
structure estimation method(1). This corresponds to an atmospheric half-life of about 8.5 hours at
an atmospheric concentration of 5X10+5 hydroxyl radicals per cu cm(1). Raspberry ketone is not
expected to undergo hydrolysis in the environment due to the lack of functional groups that
hydrolyze under environmental conditions(2). Aliphatic ketones, such as methyl ethyl ketone and
dimethyl ketone, absorb UV-light at wavelengths >290 nm and are susceptible to direct photolysis
in sunlight(3,4). The rate of photolysis of methyl ethyl ketone has been approximated as 4 days(3);
therefore, direct photolysis of raspberry ketone, which contains a methyl ethyl ketone function, may
have some importance as an environmental fate process(SRC). Raspberry ketone also contains a
phenol function, and phenols are susceptible to photo-oxidation via peroxy and hydroxyl radicals in
natural waters exposed to sunlight with a half-life on the order of two weeks at the water's
surface(5). [(1) US EPA; Estimation Program Interface (EPI) Suite. Ver. 4.11. Nov, 2012. Available
from, as of Feb 4, 2014: http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm (2) Lyman WJ et al;
Handbook of Chemical Property Estimation Methods. Washington, DC: Amer Chem Soc pp. 7-4, 7-
5 (1990) (3) Atkinson R; Atmos Environ 34: 2063-101 (2000) (4) NIST; NIST Chemistry WebBook.
Acetone (67-64-1). NIST Standard Reference Database No. 69, June 2005 Release. Washington,
DC: US Sec Commerce. Available frpm, as of Feb 4, 2014: http://webbook.nist.gov (5) Mill T; p. 368
in Handbook of Property Estimation Methods for Chemicals. Boethling RS, Mackay D, eds. Boca
Raton, FL: Lewis Publ (2000)] **PEER REVIEWED**”

Environmental Bioconcentration:



“An estimated BCF of 4.4 was calculated in fish for raspberry ketone(SRC), using an estimated log
Kow of 1.48(1) and a regression-derived equation(1). According to a classification scheme(2), this
BCF suggests the potential for bioconcentration in aquatic organisms is low(SRC). [(1) US EPA;
Estimation Program Interface (EPI) Suite. Ver. 4.11. Nov, 2012. Available from, as of Feb 4, 2014:
http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm(2) Franke C et al; Chemosphere 29: 1501-
14 (1994)] **PEER REVIEWED**”

Soil Adsorption/Mobility:

“Using a structure estimation method based on molecular connectivity indices(1), the Koc of
raspberry ketone can be estimated to be 217(SRC). According to a classification scheme(2), this
estimated Koc value suggests that raspberry ketone is expected to have moderate mobility in soil.
[(1) US EPA; Estimation Program Interface (EPI) Suite. Ver. 4.11. Nov, 2012. Available from, as of
Feb 4, 2014: http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm (2) Swann RL et al; Res Rev
85: 17-28 (1983)] **PEER REVIEWED**”

Volatilization from Water/Soil:

“The Henry's Law constant for raspberry ketone is estimated as 5.5X10-10 atm-cu m/mole(SRC)
using a fragment constant estimation method(1). This Henry's Law constant indicates that
raspberry ketone is expected to be essentially nonvolatile from water surfaces(2). Raspberry
ketone's Henry's Law constant indicates that volatilization from moist soil surfaces is not expected
to be an important fate process(SRC). Although raspberry ketone's estimated vapor pressure of
5.7X10-4 mm Hg(SRC), determined from a fragment constant method(1), suggests that
volatilization from dry soil may not occur(SRC), raspberry ketone has a strong odor reminiscent of
raspberries(3) which suggests some volatilization may occur(SRC). [(1) US EPA; Estimation
Program Interface (EPI) Suite. Ver. 4.11. Nov, 2012. Available from, as of Feb 4, 2014:
http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm (2) Lyman WJ et al; Handbook of Chemical
Property Estimation Methods. Washington, DC: Amer Chem Soc pp. 15-1 to 15-29 (1990) (3)
Fahlbusch KG et al; Flavors and Fragrances. Ullmann's Encyclopedia of Industrial Chemistry. 7th
ed. (1999-2014). New York, NY: John Wiley & Sons. Online Posting Date: Jan 15, 2003] **PEER
REVIEWED**”

As taken from HSDB, 2014.

10.2. Aquatic toxicity

According to the Ecological Categorization results from the Canadian Domestic Substances List, 4-
(4-hydroxyphenyl)-2-butanone is not inherently toxic to aquatic organisms:

Pivotal value for iT (mg/l) 276.7

Toxicity to fathead minnow (LC50 in mg/l) as predicted by Topkat v6.1 276.7

Toxicity to fish (LC50 in mg/l) as predicted by Ecosar v0.99g 50.432

Toxicity to fish (LC50 in mg/l) as predicted by Aster 169.271547

Toxicity to fish (LC50 in mg/l) as predicted by PNN 10.93444

http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm


Data accessed December 2016 on the OECD website:
http://webnet.oecd.org/CCRWeb/Search.aspx

ECOSAR Version 1.11 provides the following aquatic toxicity data for CAS RN 5471-51-2:

Values used to Generate ECOSAR Profile

Log Kow: 1.484 (EPISuite Kowwin v1.68 Estimate)

Wat Sol: 1.346E+004 (mg/L, EPISuite WSKowwin v1.43 Estimate)

ECOSAR v1.11 Class-specific Estimations

Phenols

Toxicity to daphnia (EC50 in mg/l) as predicted by Topkat v6.1 4.7

Toxicity to fish, daphnia, algae or mysid shrimp (EC50 or LC50 in mg/l) as predicted by Ecosar
v0.99g

235.282

Toxicity to fish (LC50 in mg/l) as predicted by Neutral Organics QSAR in Ecosar v0.99g 1.25E+002

ECOSAR Class Organism Duration End Pt
Predicted

mg/L (ppm)

Phenols : Fish 96-hr LC50 70.409

Phenols : Daphnid 48-hr LC50 16.845

Phenols : Green Algae 96-hr EC50 81.464

Phenols : Fish ChV 6.590

Phenols : Daphnid ChV 3.207

Phenols : Green Algae ChV 38.521

Phenols : Fish (SW) 96-hr LC50 34.876

Phenols : Lemna gibba 7-day EC50 57.239

http://webnet.oecd.org/CCRWeb/Search.aspx


“Melanogenesis inhibition by raspberry ketone (RK) from Rheum officinale was investigated both in
vitro in cultivated murine B16 melanoma cells and in vivo in zebrafish and mice. ….. In zebrafish,
RK also inhibited melanogenesis by reduction of tyrosinase activity. ….. In contrast to the widely
used flavoring properties of RK in perfumery and cosmetics, the skin-whitening potency of RK has
been demonstrated in the present study. Based on our findings reported here, RK would appear to
have high potential for use in the cosmetics industry. [Lin CH et al; Int J Mol Sci 12 (8): 4819-35
(2011)] **PEER REVIEWED**”

As taken from HSDB, 2014.

10.3. Sediment toxicity

No data available to us at this time.

10.4. Terrestrial toxicity

ECOSAR Version 1.11 provides the following terrestrial toxicity data for CAS RN 5471-51-2:

Values used to Generate ECOSAR Profile

Log Kow: 1.484 (EPISuite Kowwin v1.68 Estimate)

Wat Sol: 1.346E+004 (mg/L, EPISuite WSKowwin v1.43 Estimate)

ECOSAR v1.11 Class-specific Estimations

Phenols

10.5. All other relevant types of ecotoxicity

Neutral Organic SAR : Fish 96-hr LC50 392.353

(Baseline Toxicity) : Daphnid 48-hr LC50 212.409

Green Algae 96-hr EC50 129.919

Fish ChV 36.254

Daphnid ChV 18.141

Green Algae ChV 30.596

ECOSAR Class Organism Duration End Pt Predicted mg/L (ppm)

Phenols : Earthworm 14-day LC50 248.030



According to the Ecological Categorization results from the Canadian Domestic Substances List, 4-
(4-hydroxyphenyl)-2-butanone is not bioaccumulative in the environment:

Data accessed December 2016 on the OECD website:
http://webnet.oecd.org/CCRWeb/Search.aspx

EPISuite provides the following data:

Bioaccumulation Estimates (BCFBAF v3.01):

“/OTHER TOXICITY INFORMATION/ Hyphal growth of two strains of the heterothallic fungus
Choanephora trispora was slightly inhibited by 0.3% p-hydroxyphenylbutanone but was unaffected
at a concentration of 0.03% . Formation of sporangia was strongly inhibited at 0.3% in both strains;
at 0.03% and 0.003%, strain A-9216 was unaffected while strain A-9159 showed stimulation.”
[Food and Cosmetics Toxicology 16: 781-2 (1978)] **PEER REVIEWED**

As taken from HSDB, 2014.
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A series of in vitro and in vivo studies evaluated the potential effects of tobacco flavoring 
and casing ingredients. Study 1 utilized as a reference control cigarette a typical commercial 
tobacco blend without flavoring ingredients, and a test cigarette containing a mixture of 165 
low-use flavoring ingredients. Study 2 utilized the same reference control cigarette as used in 
study 1 and a test cigarette containing eight high-use ingredients. The in vitro Ames Salmonella 
typhimunum assay did not show any increase in mutagenicity of smoke condensate from test 
cigarettes designed for studies 1 and 2 as compared to the reference. Sprague-Dawley rats were 
exposed by nose-only inhalation for 1 Wday, 5 daydwk for 13 wk to smoke from the test or 
reference cigarettes already described, or to air only, and necropsied after 13 wk of exposure 
or following 13 wk of recovery from smoke exposure. Exposure to smoke from reference or test 
cigarettes in both studies induced increases in blood carboxyhemoglobin (COHb) and plasma 
nicotine, decreases in minute volume, differences in body or organ weights compared to air 
controls, and a concentration-related hyperplasia, squamous metaplasia. and inflammation in 
the respiratory tract. AU these effects were greatly decreased or absent following the recovery 
period. Comparison of rats exposed to similar concentrations of test and reference cigarette 
smoke indicated no difference at any concentration. In summary, the results did not indicate 
any consistent differences in toxicologic effects between smoke from cigarettes containing the 
flavoring or casing ingredients and reference cigarettes, 
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nontobacco ingredients might increase or decrease the toxic ef- 
fects of inhaled tobacco smoke, and later pubhcations (LaVoie 
et al., 1980; Hoffman and Hoffman, 1997, 2001; World Health 
Organization, 2001) supported that hypothesis. Recently pub- 
lished research results (Gaworski et al., 1998; Paschke et al., 
2002; Rodgman, 2002a, 2002b; Rodgman and Green, 2002; 
Carmines, 2002; Rustemeier et al., 2002; Roemer et al., 2002; 
Vanscheeuwijck et al., 2002; Baker et al., 2004) have presented 
data from in vitro, and in vivo toxicity studies that indicate the 
addition of ingredients to tobacco does not increase the toxicity 
of the smoke. Baker et al. (2004), using a pyrolysis technique 
that mimics closely the combustion conditions inside burning 
cigarettes (Baker and Bishop, 2004), studied the effects of py- 
rolysis on the chemistry, in vitro genotoxicity and cytotoxicity, 
and inhalation toxicity in rodents of 29 1 single ingredients added 
to cigarettes. 

The studies described herein were designed to evaluate the 
potential influence of low-use flavonng ingredients and high-use 
mixed casing or flavoring ingredients on the biological activity 
of mainstream cigarette smoke. Test cigarettes containing flavor- 
ings or casings were analyzed and compared against an identi- 
cal reference cigarette respectively produced without flavors or 
casings. 

MATERIALS AND METHODS 

Cigarette Design 
In study 1, 165 low-use flavoring ingredients were added 

to a single test cigarette and compared to a reference cigarette 
without these ingredients. In study 2, eight high-use flavoring or 
casing ingredients were added to a single test cigarette and com- 
pared to the same reference cigarette that was used in study 1. 
Thus, the design covered these. ingredients as well as possible 
interactions between them andlor their combustion or pyrolysis 
products. The prototype cigarettes were designed to be repre- 
sentative of commercial, full flavor filter cigarettes. Test and 
reference cigarettes were constructed with conventional com- 
mercial equipment. 

The ingredients selected for evaluation in these studies com- 
prise low-use and high-use ingredients normally utilized in the 
manufacture of commercial cigarettes. The point of adbtion was 
chosen to mimic actual process conditions. Study 1 and study 2 
ingredients were incorporated into a flavoring or casing system 
at levels exceeding their normal use. Table 1 outlines the tobacco 
components of the blend used to construct the cigarettes in both 
study 1 and study 2. The blends were cased with a mixture 
of glycerin and water (at a ratio of 2:l) to provide the neces- 
sary moisture for standard processing. In preparation of study 1 
cigarettes, the ingredients were applied at arate of 10 kg11 000 kg 
leaf blend, that is, at 1 % on the test cigarettes, and the casing was 
applied at a rate of 30 kg11000 kg leaf blend. The study 2 ingre- 
dient system was applied at a rate of 31 kg11000 kg leaf blend 
(3.1%). The 165 ingredients included in the study 1 mixture ap- 
pear listed in order of descending application rate in Table 2, 

TABLE 1 
Blend composition of prototype cigarettes 

Percent of blend component in cigarettes 

Blend components Tobacco wet weight Tobacco dry weight 

Burley 24 
Virginia 28 
Oriental 14.8 
Reconstituted sheet 23.4 
Expanded tobacco 9.7 

along with the corresponding CAS-Number, regulatory identi- 
fiers (where applicable) and application rate. The seven casings 
and one flavoring included in the study 2 mixture appear listed in 
order of descending application rate in Table 3. Cellulose acetate 
filters with 32% average air dilution were used in all cigarettes. 
Monogram inks were not subject to these studies. 

Cigarette Performance 
A preliminary cigarette performance evaluation was carried 

out prior to the toxicology studies. Prior to characterization, the 
cigarettes were conditioned for a minimum of 48 h at a tempera- 
ture of 22 J; 1°C and a relative humidity (RH) of 60 & 2%, in ac- 
cordance with IS0 Standard 3402. Subsequently, the cigarettes 
were smoked on a 20-port Borgwaldt smoking machine under 
the conditions stipulated in IS0  Standard 3308. Therefore, the 
puffing regime for mainstream smoke used a 35 & 0.3 ml puff 
volume, with 2.0 & 0.05 s puff duration once every 60 k 0.5 s. 
Smoke samples were respectively collected in accordance with 
the analytical method. 

In Vitro Study Design 
The mutagenicity of total particulate matter (TPM) in study 

1 and 2 cigarettes was investigated using an Ames assay proto- 
col that conformed to OECD Guideline 471. For this purpose, 
prototype cigarettes containing a mixture of ingredients, refer- 
ence cigarettes without these ingredients, and 2R4F cigarettes 
(a standard reference cigarette developed and validated by the 
University of Kentucky) were smoked on a Borgwaldt RM200 
rotary smoking machine under the IS0 standard 3308 condition. 
TPM was collected in a standard fiberglass (Cambridge) trap 
with dimethyl sulfoxide (DMSO), and the DMSO solution was 
stored in the dark at -80°C prior to performance of the Ames as- 
say. Each sample was tested with and without S9 metabolic acti- 
vation in five slrains of Sal~nonella typhimuriurn: TA98, TA100, 
TA102, TA1535, and TA1537. Evaluation of the Ames assay 
data was carried out in terms of the mutagenic response, tal- 
ing into consideration the reproducibly dose-related increase in 
number of revertants, even if the increase was less than twofold. 
The mutagenic response to TPM from the reference and test 
cigarettes was compared using the linear portion of the slope 
(revertantslmg TPM). 



EFFECTS OF INGFEDIENTS ON CIGARETTE SMOKE TOXICITY 

TAJ3LE 2 
Ingredients added to test cigarettes in study 1 

Ingredient 
Application 

CAS no? FEMA CFRC CoEd rate (ppm) 

Benzyl alcohol 
Immortelle extract 
Coriander oil 
Balsam peru resinoid 
Anise star oil 
Celery seed oil 
Vanillin 
Potassium sorbate 
Propyl para-hydroxybenzoate 
Benzoin resinoid 
Cedarwood oil 
Clary extract 
Methy lcyclopentenolone 
Phenethyl alcohol 
Piperond 
Tea extract 
Vanilla oleoresin 
Brandy 
trans-Anethole 
Coffee extract 
5-Ethyl-3-hydroxy-4-methyl-2(5 H)-furanone 
Propionic acid 
Acetic acid 
Amy1 formate 
Angelica root oil 
Beeswax absolute 
Benzyl benzoate 
Benzyl propionate 
Cardamom oil 
beta-Carotene 
Ethyl acetate 
Ethyl butyrate 
Ethyl levulinate 
Eucalypt01 
Geranium oil 
Labdanum resinoid 
Lavandm oil 
Malt01 
Spearmint oil 
Ethyl hexanoate 
Acetylpyrazine 
Ethylmaltol 
Chamomile oil, Roman 
Citronella oil 
delta-Decalactone 
gamma-Decalactone 
Ethyl phenylacetate 

100-5 1-6 
8023-95-8 
8008-52-4 
8007-00-9 
8007-70-3 
89997-35-3 

121-33-5 
24634-6 1-5 

94-13-3 
9000-05-9 
8000-27-9 
8016-63-5 
80-71-7 
60-12-8 
120-57-0 

84650-60-2 
8024-06-4 

N.A. 
41 80-23-8 
84650-00-0 
698-10-2 
79-09-4 
64-19-7 
638-49-3 
80 15-64-3 
8012-89-3 
120-5 1-4 
122-63-4 

8000-66-6 
7235-40-7 
141-78-6 
105-54-4 
539-88-8 
470-82-6 
8000-46-2 
8016-26-0 
8022-15-9 
118-71-8 

8008-79-5 
123-66-0 

22047-25-2 
4940- 1 1-8 
8015-92-7 
8000-29- 1 
705-86-2 
706-14-9 
101-97-3 

2137 
2592 
2334 
21 17 
2096 
227 1 
3107 
292 1 
295 1 
2133 
N.A. 
2321 
2700 
2858 
2911 
N. A. 
3 106 
N.A. 
2086 
N. A. 
3153 
2924 
2006 
2068 
2088 
2126 
2138 
2150 
224 1 
N.A. 
2414 
2427 
2442 
2465 
2508 
2610 
2618 
2656 
3032 
2439 
3126 
3487 
2275 
2308 
2361 
2360 
2452 

172.515 
182.20 
182.20 

182.20 
N. A. 

182.20 
182.60 
182.3640 
172.515 
172.5 10 

N.A. 
182.20 
172.515 
172.515 
182.60 
182.20 
182.20 

N.A. 
182.60 
182.20 

N.A. 
184.1081 
184.1005 
172.515 
182.20 
184.1973 
172.515 
172.5 15 
182.20 
184.1245 
182.60 
182.60 
172.515 
172.515 
182.20 
172.5 10 
182.20 
172.515 
182.20 
172.515 

N.A. 
172.515 

58c 
225n 
154n 
298n 
23811 
52n 
107c 
N.A. 
N. A. 
439n 
252n 
415n 
758c 
68c 
104c 
45 In 
4741 
N. A. 
183c 
452n 
2300c 

3c 
2c 

497c 
5611 
N.A. 
262c 
413c 
180n 
N.A. 
191c 
264c 
373c 
182c 
324n 
13411 
257n 
148c 
285n 
3 10c 

2286c 
692c 
4811 
39n 
621c 
2230c 
2156c 

(Continz~ed on next page) 
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TABLE 2 
Ingredients added to test cigarettes in study 1 (Continued) 

Ingredient 
Application 

CAS no.' F E U  no.' CFRC C O E ~  rate (ppm) 

Ethyl valerate 
Ethyl vanillin 
Fennel sweet oil 
Glycyrrhizin arnmoniated 
gamma-Heptalactone 
3-Hexen-1 -01 
3-Hexenoic acid 
Hexyl alcohol 
Isoamyl phenylacetate 
Methyl phenylacetate 
Nerol 
Nerolidol 
Peruvian (bois de rose) oil 
Phenylacetic acid 
Pyruvic acid 
Rose absolute 
Sandalwood oil 
Sclareolide 
Triethyl citrate 
2,3 5-Trimethylpyrazine 
Olibanum absolute 
delta-Octalactone 
2-Hexenal 
Ethyl octadecanoate 
4-Hydroxy-3-pentenoic acid lactone 
Methyl 2-pyrrolyl ketone 
Methyl linoleate (48%) methyl 

linolenate (52%) mixture 
Petitgrain mandarin oil 
Propenylguaethol 
4-(2,6,6-Trimethylcyclohexa-1,3-dienyl) 

but-2-en-4-one 
2-Propionyl pyrrole 
Orange essence oil 
Benzyl phenylacetate 
2,3-Butanedione 
2,3,5,6-Tetramethylpyrazine 
Hexanoic acid 
Cinnamaldehyde 
Acetophenone 
2-Acetylthiazole 
Amyl alcohol 
Amyl butyrate 
Benzaldehyde 
Butyl butyrate 
Butyric acid 
Cinnamyl alcohol 

2462 
2464 
2485 
N.A. 
2539 
2563 
3170 
2567 
208 1 
2733 
2770 
2272 
2156 
2878 
2970 
2988 
3005 
3794 
3083 
3 244 
2816 
3214 
2560 
3490 
3293 
3202 
341 1 

2854 
2922 
3420 

3614 
2825 
2419 
2370 
3237 
2559 
2286 
2009 
3328 
2056 
2059 
2127 
2186 
222 1 
2294 

172.515 
182.60 
182.20 
184.1408 
172.515 
172.515 

N. A. 
172.515 
172.515 
172.515 
172.515 
172.515 
182.20 
172.515 
172.515 
182.20 
172.510 

N.A. 
184.1911 

N.A. 
172.510 

N. A. 
172.515 

N.A. 
N.A. 
N.A. 
N. A. 

182.20 
172.515 

N.A. 

N.A. 
182.20 
172.515 
184.1278 

N.A. 
172.515 
182.60 
172.515 

N. A. 
172.515 
172.515 
182.60 
172.515 
182.60 
172.515 

465c 
108c 
200n 
N.A. 
2253c 
750c 
2256c 
53c 

2161c 
215% 
201 8c 

67c 
4.411 
672c 
19c 

40511 
420n 
N.A. 
N.A. 
73% 
93n 

219% 
748c 
N. A. 
73 1c 
N.A. 
713c 

14211 
170c 
N. A. 

N. A. 
143n 
232c 
752c 
734c 
9c 

102c 
138c 
N.A. 
514c 
270c 
101c 
268, 

5c 
65c 

(Continued on next page) 
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TABLE 2 
Ingredients added to test cigarettes in study 1 (Continued) 

Ingredient 

DL-Citronellol 
Decanoic acid 
para-Dimethoxybenzene 
3,bDimethyl- l,2-cyclopentanedione 
Ethylbenzoate 
Ethyl heptanoate 
Ethyl isovalerate 
Ethyl myristate 
Ethyl octanoate 
Ethyl palmitate 
Ethyl propionate 
2-Ethyl-3-methylpyrazine 
Genet absolute 
Geraniol 
Geranyl acetate 
gamma-Hexalactone 
Hexyl acetate 
Isoamyl acetate 
lsoarnyl butyrate 
3,7-Dimethyl- l,6-octadiene-3-01 
Menthyl acetate 
Methyl isovalerate 
Methyl salicylate 
3-Methylpentanoic acid 
gamma-Nonalactone 
Oakmoss absolute 
Orris absolute 
Palmitic acid 
Phenethyl phenylacetate 
3-Propylidenephthalide 
Sage oil 
alpha-Terpineol 
Terpinyl acetate 
gamma-Undecalactone 
gamma-Valerolactone 
3-Butylidenphthalide 
Davana oil 
3,5-Dimethyl-1, 2-cyclopentanedione 
Ethyl cimamate 
Farnesol 
Geranyl phenylacetate 
alpha-hone 
Jasmine absolute 
Kola nut tincture 
Linalool oxide 
Linalyl acetate 
para-Methoxybenzaldehyde 

Application 
CAS no." FEMA no.b CFRC ~o~"ate (ppm) 

2309 
2364 
2386 
3268 
2422 
2437 
2463 
2445 
2449 
245 1 
2456 
3 155 
2504 
2507 
2509 
2556 
2565 
2055 
2060 
2635 
2668 
2753 
2745 
3437 
278 1 
2795 
N.A. 
2832 
2866 
2952 
3001 
3045 
3047 
3091 
3103 
3333 
2359 
3269 
2430 
247 8 
25 16 
2597 
2598 
2607 
3746 
2636 
2670 

172.515 
172.860 
172.515 

N.A. 
172.515 
172.515 
172.515 
172.515 
172.515 

N.A. 
172.515 

N.A. 
172.510 
182.60 
182.60 
172.515 
172.515 
172.515 
172.515 
182.60 
172.5 15 
172.515 
175.105 

N.A. 
172.515 
172.510 
172.510 
172.860 
172.515 
172.515 
182.20 
172.515 
172.515 
172.515 

N.A. 
N.A. 

172.510 
N. A. 

172.515 
172.515 
172.515 
172.515 
182.20 
182.20 
172.515 
182.60 
172.515 

59c 
1 lc  

2059c 
2234c 
261c 
36% 
442c 
385c 
392c 
634c 
402c 
548c 
436n 
60c 
201c 
2254c 
196c 
214c 
282c 
61c 

206c 
457c 
433c 
N.A. 
178c 
194n 
241n 
14c 

234c 
494c 
61n 
62c 

205c 
179c 
757c 
N.A. 
69n 

2235c 
323c 
78c 
231c 
14% 
245n 
149n 
N.A. 
203c 
1 O3c 

(Continued on next page) 
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TABLE 2 
Ingredients added to test cigarettes in study 1 (Continued) 

Application 
Ingredient CAS no.' F E M A ~ O . ~  C W  C O E ~  rate (pprn) 

2-Methylbutyric acid 
Myristic acid 
gamma-Octalactone 
Opoponax oil 
Tagetes oil 
3-Ethyl-2-hydroxy-2-cyclopenten-1-one 
4-Methylacetophenone 
Isobutyraldehyde 
3-Methylbutyraldehyde 
2,3-Dimethylpyrazine 
2,5-Dimethylpyrazine 
2,6-Dimethylpyrazine 
Dimethyltetrahydrobenzofuranone 
4-Hydroxy-2,5-dimethyl-3(2H)-furanone 
4-(para-Hydroxypheny1)-2-butanone 
alpha-lonone 
beta-lonone 
Isovaleric acid 
Lime oil 
Mace absolute 
Nutmeg oil 
Caprylic acid 
Phenylacetaldehyde 
5,6,7,8-Tetrahydroquinoxaline 
Thyme oil 
Valeraldehyde 

2695 
2764 
2796 
N. A. 
3040 
3152 
2677 
2220 
2692 
3271 
3272 
3273 
3764 
3 174 
2588 
2594 
2595 
3 102 
263 1 
N.A. 
2793 
2799 
2874 
N. A. 
3064 
3098 

172.515 
172.860 
172.515 
172.510 
172.510 

N.A. 
172.515 
172.515 
172.515 

N.A. 
N. A. 
N.A. 
N.A. 
N.A. 

172.515 
172.515 
172.515 
172.515 
182.20 
182.20 
182.20 
184.1025 
172.515 

N.A. 
182.20 
172.515 

2002c 0.65 
16c 0.65 

2273c 0.65 
313n 0.65 
44311 0.65 
759c 0.52 
156c 0.26 
92c 0.13 
94c 0.13 

N.A. 0.13 
2210c 0.13 
221 1.c 0.13 
N.A. 0.13 
536c 0.13 
75% 0.13 
141c 0.13 
142c 0.13 
8c 0.13 

14111 0.13 
296n 0.13 
296n 0.13 
1Oc 0.13 

1 16c 0.13 
721c 0.13 
456n 0.13 
93c 0.13 

Note. "n" Follows the name of natural source of flavorings and "c" follows the number of chemical substances. 
"Chemical Abstract Service registry number. 
'The Flavor and Extract Manufacturers Association reference number. 
'Code of Federal Regulations reference to Title 21 indicating regulatory status of material. 
dCouncil of Europe reference number. 

Inhalation Toxicity Study Design 
Groups of 30 Sprague-Dawley rats of each sex were exposed 

by nose-only inhalation for 1 Wday, 5 daysfwk for 13 consecu- 
tive weeks to concentrations of 0.06,0.2, or 0.8 m g L  WTPM of 
smoke from test cigarettes containing flavoring (study 1) or to 
flavoring or casing ingredients (study 2). Additional groups of 
30 ratslsex were exposed to the same concentrations of smoke 
from reference cigarettes, similar to the test cigarettes but with- 
out the flavoring or casing ingredients (as described above), 
or to filtered air only (sham controls). This exposure regimen 
(1 Wday, 5 dayslwk) reflects current laboratory practices for an- 
imal inhalation studies comparing the effects of smoke from test 
and reference cigarettes, and does not simulate human usage pat- 
terns. However, this difference should not influence the validity 
of the results. 

Each group of 30 ratslsex was subdivided into 2 groups: 
20 ratsfsex scheduled for necropsy immediately after 1.3 wk 

of exposure (interim sacrifice) and up to 10 ratslsex scheduled 
for necropsy following 13 wk of recovery from smoke expo- 
sure (final sacrifice). Target smoke concentrations were 0.06, 
0.2, or 0.8 mg WTPML for the test and reference cigarettes. An 
additional group of 30 ratslsex served as sham controls. 

Biological endpoints for the 13-wk exposure and 13-wk re- 
covery groups included clinical appearance, body weight, organ 
weights, and gross and microscopic lesions. Plasma nicotine, 
COHb, and respiratory parameters were measured periodically 
during the 13-wk exposure period and clinical pathology param- 
eters were measured at the end of the 13-wk exposure period. 

Smoke Generation and Exposure System 
Animal exposures were conducted in AMESA exposure units 

(C. H. Technologies, Westwood, NJ). The smoke exposure ma- 
chines were designed to contain 30 cigarettes on a smoking head 
that rotated 1 revolution per minute (Baumgartner and Coggm, 
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TABLE 3 
Ingredients added to study 2 test cigarettes 

Ingredient 
Application 

CAS no.' FEMA no.b CFRC CoEd rate (ppm) 

1 Invert sugar 
2 Block chocolate 
3 Plum extract 
4 Fig extract 
5 Molasse extract and tincture 
6 Gentian root extract 
7 Lovage extract 
8 Peppermint oil 

8013-17-0 
N.A. 

90082-87-4 
90028-74-3 
68476-78-8 
97676-22-7 
8016-31.-7 
8006-90-4 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
2506 
2650 
2848 

184-1859 
N.A. 
N.A. 
N.A. 
N.A. 

172-510 
172-510 
182-20 

N.A. 
N. A. 
371n 
198n 
371n 
214n 
261n 
282n 

.. . 

Note. "n" Follows the name of natural source of flavorings and "c" follows the number of chemical substances. 
"Chemical Abstract Service regisky number. 
bThe Flavor and Extract Manufacturer's Association reference number. 
'Code of Federal Regulations reference to Tide 21 indicating regulatory status of material. 
dCouncil of Europe reference number. 

1980; Ayres et al., 1990). A vacuum port aligned with, and drew 
a puff from, one test or reference cigarette at a time as the head 
rotated. Air was drawn through the vacuum port by a peristaltic 
pump operating at a flow rate of -1.05 Llmin, creating a 2-s, 
35-ml puff through each cigarette once each minute. The smoke 
vacuum flow rate was regulated by a concentration control unit 
consisting of a real-time aerosol monitor [(RAM)-1; M E ,  Inc., 
Bedford, MA], a computer, and an electronic flow controller 
(Emerson Electric Co., Brooks Instrument Division, Hatfield, 
PA). The computer monitored analog voltage output of the RAM 
and adjusted the amount of smoke that was drawn from the glass 
mixing bowl by the flow conboller until RAM voltage matched 
the calculated target voltage. The exposure units contained 3 
tiers, each with 24 animal exposure ports. The exposure ports 
were connected to a delivery manifold, which transferred smoke 
to the animal breathing zone, and to an outer concentric mani- 
fold that drew the exhaled and excess smoke to an exhaust duct. 
Each cigarette was retained for seven puffs. 

Exposure Atmosphere Characterization 
The protocol-prescribed limits for the smoke concentration 

(WTPML) were target 410% coefficient of variation (%CV). 
Smoke exposure concentrations were continuously monitored 
with a RAM at a representative exposure port. Mean exposure 
concentration was calculated from the mass collected on the 151- 
ter and the total volume of air drawn through the filter, which 
was determined by the sample time and flow rate. RAM volt- 
age readings were recorded during filter sample collection and 
were used to calculate a RAM response factor for subsequent 
exposures. 

Two filters per exposure group per week were chemically 
analyzed for total nicotine. Nicotine standard reference material 
(98%) was purchased from Aldrich Chemical Company, Inc. 
(Milwaukee, WI). The WTPMmicotine and C0:nicotine ratios 

were calculated for the exposure atmospheres. The concentration 
of CO in the test and reference atmospheres was determined 
using Horiba PIR-2000 CO analyzers (Horiba Instruments, Inc., 
Irvine, CA), monitored by DOS-based computers. 

Particle size distribution of the smoke was measured using 
Mercer-style cascade impactors designed specifically for the size 
range of particles found in cigarette smoke. The mass collected 
on each impactor stage was analyzed gravirnetrically for WTPM 
and the resulting data were interpreted by probit analysis (NEW- 
CAS; Hill et al., 1977) to obtain the particle size distribution, 
mass median aerodynamic diameter (MMAD), and geometric 
standard deviation (GSD). Temperature and RH of the expo- 
sure atmospheres were measured from a representative animal 
exposure port once every 2 wk for each exposure group. 

Animals and Animal Care 
Sprague-Dawley (Cr1:CD) rats 4-5 wk of age were purchased 

from Charles k v e r  Laboratories (Raleigh, NC), held for 13 
days in quarantine status prior to initial smoke exposure. Health 
screens were performed following group assignment and at 24 
days after arrival. These health evaluations included necropsy, 
microscopic examination of selected tissues and examination 
for parasites. The 24 days after arrival screening included sero- 
logical testing for antibodies to common viral pathogens. Vi- 
ral antibody testing was also performed on sera collected from 
10 sentinel rats at the end of the 13-wk exposure period and 
from another 10 at the end of the recovery period. All sera 
were tested for antibodies to Sendai virus, Kilham's rat virus 
(KRV)floolan's H-1 virus, pneumonia virus of mice (PVM), rat 
corona virus/sialodacryoadenitis virus, and Mycoplasma pzil- 
monis. During the 13-wk exposure period, the animals were 
housed in individual stainless-steel cages on open racks. Dur- 
ing the recovery period, the animals were housed in individual 
polycarbonate cages (Lab Products, Maywood, NJ) bedded with 
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ALPHA-dri alpha cellulose bedding (Sheperd Specialty Papers, 
Kalamazoo, MI). The cage space met the requirements stated 
in the current Guide for Care and Use of laboratory Animals 
(National Academy of Sciences, 1996). 

Body Weight and Clinical Observations 
All rats were observed twice daily for mortality and mori- 

bundity. Each rat was examined every 4 wk for clinical signs. 
Individual body weights were measured during the randomiza- 
tion procedure, on exposure day I, biweekly thereafter, and at 
necropsy. 

Respiratory Function Measurements 
Tidal volume (TV), respiratoly rate (RR), and minute volume 

(MV), derived from flow signals from spontaneously breathing 
animals, were measured in 4 rats/sex/group during wk 2, 8, and 
13 using whole-body phethysmography (Coggins et al., 198 1). 
Each animal was monitored once during a single exposure pe- 
riod. MV and the actual WTPM were used to estimate the av- 
erage total inhaled mass for the 1-h exposure period for each 
animal. 

Carboxyhemoglobin and Plasma Nicotine Determinations 
During wk 2 and 10, blood was collected from designated 

animals at the end of the 1-h smoke exposure. Animals were 
removed from the exposure unit and bleeding was initiated 
within -5 min. The blood samples were obtained from the retro- 
orbital plexus of carbon dioxide (C02)-anesthetized animals 
into tubes containing potassium ethylenediaminete traacetic acid 
(K+-EDTA). The sample tubes were immediately placed into 
an ice bath and maintained under these conditions until ana- 
lyzed for blood carboxyhemoglobin (COHb). Plasma nicotine 
was quantitatively determined using gas chromatography/mass 
spectrometry (GC/MS) with selected ion monitoring. 

Clinical Pathology 
On the day of the 13-wk interim sacrifice, the rats were anes- 

thetized with -70% C 0 2  in room air and blood samples were 
obtained from the retro-orbital plexus. One sample was collected 
in a tube (Monoject, Shemood Medical, St. Louis, MO) contain- 
ing K+-EDTA for hematologic determinations. Another sample 
was collected in a tube devoid of anticoagulant but containing a 
separator gel (Vacutainer, Franklin Lakes, NJ) for serum chem- 
istry analysis. The following parameters were determined using 
an Abbott Cell-Dyn 3700 (Abbott Diagnostics Systems, Abbott 
Park, IL) multiparameter hematology instrument: white blood 
cell (WBC) count, red blood cell (RBC) count, hemoglobin (Hb) 
concentration, volume of packed red cells (VPRC), the red cell 
indices (mean corpuscular volume IMCV], mean corpuscular 
hemoglobin [MCK], and mean corpuscular hemoglobin concen- 
tration [MCHC]), platelet count, and WBC differential counts. 
Results of the differential cell counts were reported as both rela- 
tive and absolute values. Reticulocytes were stained supravitally 
with new methylene blue and enumerated as reticulocytes per 

1000 enthrocytes using the Miller disc method (Brecher and 
Schneiderman, 1950). 

A Roche Hitachi 912 system (Roche Diagnostic Corp., 
Indianapolis, IN) chemistry analyzer was used to determine the 
following serum analytes: urea nitrogen (BUN), creatinine, glu- 
cose, total protein, albumin, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), gamma-glutamyl transpepti- 
dase (CGT), sodium, potassium, chloride, calcium, phosphorus, 
total bilirubin, cholesterol, and triglycerides. 

Necropsy and Tissue Collection 
A complete necropsy was done on all 13-wk exposure groups 

and 13-wk recovery group animals. Rats designated for sched- 
uled sacrifices or sacrificed due to moribund condition were 
weighed and anesthetized with 70% C02 in air, followed by 
exsanguination before cessation of heartbeat. All abnormali- 
ties were recorded on the individual animal necropsy forms. 
Lungs, liver, kidneys, testes, adrenals, spleen, brain, and heart 
from all scheduled sacrifice animals were weighed. These organ 
weights and the body weights at necropsy were used to calcu- 
late orgmbody weight ratios. In addition, orgarbrain weight 
ratios were calculated. The time fromremoval of the organ until 
weighing was minimized to keep tissues moist. 

A complete set of over 40 tissues was 1-emoved from each 
animal at necropsy and examined. All tissues were fixed in 10% 
neutral buffered formalin (NBF) except for the eyes, which were 
fixed in KarnovsLy's fixative. After the lungs were weighed, they 
were perfused with 10% NBF at 25 cm hydrostatic pressure. 

Histopathology 
All tissues were fixed in 10% NBF for a minimum of 48 h 

before being trimmed,. Paraffin blocks were microtomed at 
5 ,um. All sections were stained with hematoxylin and eosin 
(H&E) stains for standard histopathologic evaluation of mor- 
phologic changes. Duplicate slides of nasal tissues, larynx, 
lung, and trachea were stained with periodic acid-ScMJAlcian 
blue (PASIAB) stains for evaluation of goblet cell populations. 
The lungs, nasal cavity (four sections), nasopharynx, larynx 
(three cross sections), trachea (three transverse sections), tra- 
cheobronchial lymph nodes, rnediastinal (thymic) lymph nodes, 
heart, and all gross lesions were examined microscopically. The 
lungs were sectioned to present a maximal section of the main- 
stem bronchi. The nasal cavity was prepared in four sections us- 
ing the landmarks described by Young (1 98 1). Three transverse 
laryngeal sections were prepared from the base of the epiglottis, 
the venual pouch, and through the caudal larynx at the level 
of the vocal folds (Renne et al., 1992). In addition, sections of 
brain, adrenals, spleen, liver, kidneys, and gonads from animals 
in the sham control and the groups exposed to 0.8 mg/L of smoke 
from the test or reference cigarettes were examined microscop- 
ically. Exposure-related microscopic lesions were observed in 
the tissues from the rats exposed to 0.8 mg1L; target organs were 
examined microscopically in the lower concentration groups to 
ascertain a no-effect concentration. 
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Evaluation of Cell Proliferation Rates 
of Respiratory-Tract Tissues 

Cell proliferation rates were measured on respiratory tract 
tissues collected from 10 rats of each sex from each expo- 
sure group and the sham controls necropsied immediately after 
13 wk of exposure, using a monoclonal antibody to 5-bromo-2'- 
deoxyuridine (BrdU). Tissues evaluated using the BrdU assay 
included the respiratory epithelium lining the median nasal sep- 
tum and distal portions of maxillary and nasal turbinates, the 
transitional epithelium at the base of the epiglottis, the luminal 
epithelium dorsolateral to the ventral pouch, the luminal epithe- 
lium lining the cranial trachea, the luminal epithelium of the 
mainstem bronchi and adjacent bronchioles, and selected areas 
of alveolar epithelium. Data from both sides of bilaterally sym- 
metrical tissues (nose, ventral pouch, mainstem bronchi) were 
combined for tabulation of results. 

Statistical Methods 
Body weight, body weight gain, organ:body weight, and or- 

gan:brain weight ratios were statislically analyzed for each sex 
by exposure concentration group using the Xybion PATWTOX 
system. Data homogeneity was determined by Bartlett's test. 
Dunnett's t-test was performed on homogeneous data to iden- 
tify differences between each concentration group and the sham 
con@ol group, and between corresponding concentrations of test 
and reference cigarette smoke-exposed groups. Nonhomoge- 
neous data were analyzed using a modified t-test. Respiratory 
physiology, clinical pathology, COHb, and plasma nicotine data 
parameters were statistically evaluated using SAS software (Sta- 
tistical Analysis System, SAS, Inc., Cary, NC). One-way anal- 
ysis of variance (ANOVA) between exposure groups was f is t  
conducted, followed by Bartlett's test for homogeneity of vari- 
ance. A two-sided Dunnett's multiple comparison test was em- 
ployed to determine which exposure groups were different from 
the controls. An unpaired two-sided t-test was used to compare 
equivalent exposure groups between cigarette types. Differences 
were considered significant at p 1 .05.  The statistical evalua- 
tion of incidence and severity of lesions was made using the 
Kolmogorov-Srnirnov two-sample test (Siegel, 1956). All treat- 
ment group means were compared to the sham control mean, and 
means of groups exposed to the test cigarette smoke were com- 
pared to the corresponding reference cigarette smoke-exposed 
group means. Cell proliferation data were compared statistically 
using Tukey's studentized range test with SAS software. 

RESULTS 
Cigarette Performance 

The results of characterization of the test and reference 
cigarettes for study 1 and study 2 are presented in Tables 4 and 
5. These results show that the filler weight and the number of 
puffs per cigarette, nicotine yield, and nicotine-free dry partic- 
ulate matter (NFDPM) were comparable for test and reference 

TABLE 4 
Key parameters for laboratory control of prototype 

study 1 cigarettes 

Run average 

Parameter 
Test Reference 

Target cigarette cigarette 

Individual weights (g) 
Cigarette weight 
Standard deviation 
Non tobacco weight 
Net tobacco 

Air dilution (9%) 
Standard deviation 
Porosity of cigarette paper 

(cc/min/cbar/cm2) 
Expanded tobacco (%) 
Nicotine (mglcig) 
Nicotine (mglpuff) 
NFDPM (mglcig) 
NFDPM (mglpuff) 
CO ( mglcig) 
co (mdpuff) 
PufFsIcigarette 
Burning rate (mg tobaccolmin) 

Nore. Cig, cigarette. 

cigarettes in both studies. The yields of nicotine andNFDPM and 
the puff count were also comparable. These results are consis- 
tent with the neg l i~b le  differences in the configuration of both 
prototype cigarettes, which basically consist of the total relative 
amount of flavor ingredient contained in the test cigarettes (1% 
or 3% of the filler weight). A comparison of the burning rates in 
study 1 illustrates that the addition of the ingredients had little, 
if any effect on the burning characteristics of the test cigarettes. 

In Vitro Mutagenicity Assays 
Figures 1,2,3,  and 4 summarize the results of Ames assays 

on test cigarettes from study 1 and 2 with and without metabolic 
activation. TA100, TA98, and TA1537 strains showed a posi- 
tive response only with metabolic activation. No response was 
observed in TA 102 or TA1535. No sporadic responses in rever- 
tants were recorded. The highest sensitivity and specificity of the 
mutagenic response were observed using TA98 with metabolic 
activation. From the comparison of the data obtained for the test 
and reference cigarettes, it was concluded that the addition of 
ingredients did not result in a positive mutagenic response in any 
of the strains under the conditions already described. Hence, the 
use of the tested ingredients had no influence on the mutagenic 
activity of the cigarettes. 
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TABLE 5 
Key parameters for laboratory control of prototype study 2 cigarettes 

Parameter 

Individual weights (g) 
Cigarette weight 
Standard deviation 
Nontobacco weight 
Net tobacco 

Air dilution (%) 
Standard deviation 
Porosity of cigarette paper 

(cc/min/cbar/cm2) 
Expanded tobacco (%) 
Nicotine (mglcig) 
Nicotine (mglpuff) 
NFDPM (mglcig ) 
NFDPM (mglpufF) 
CO (mglcig) 
co (mglpufF) 
Puffslcigarette 

Target 

Note. Cig, cigarette. 

Exposure Atmosphere Characterization 
Tables 6 and 7 summarize the exposure data for the inhalation 

exposure periods for study. 1 and study 2. The mean exposure 
concentrations (WTPM) were all within 3% of the target concen- 
tration, with CVs of 6.6%, or less. Nicotine and CO concentra- 
tions correlated well with WTPM in reference and test cigarette 
smoke atmospheres in both study 1 and study 2. Particle sizes 
were slightly larger in the study 1 test and reference cigarette 
smokes. All concentrations of the smoke from each cigarette 
were highly respirable for the rat model under investigation. 

Body Weights and Clinical Observations 
No significant mortality occurred in either study. Exposure- 

related adverse clinical signs were absent. Clinical observations 
noted were minor in consequence and low in incidence. 

Mean body weight data for all groups on study throughout 
the exposure and recovery periods are illustrated in Figure 5. In 
study 1, mean body weights were consistently decreased com- 
pared to sham controls during the exposure period in male rats 
exposed to 0.8 mg/L of reference cigarette smoke and in males 
exposed to all 3 concentrations of test cigarette smoke. With the 
exception of day 71 (0.8 m g L  test), all female smoke-exposed 
groups in study 1 were comparable to sham control females 
throughout the study. h study 2, mean body weights were con- 
sistently decreased compared to sham controls in males exposed 
to 0.8 m g L  of test cigarette smoke and in females exposed to 
0.8 mglL of reference cigarette smoke. Mean body weights of 

Run average 

Test Reference 
cigarette cigarette 

smoke-exposed groups were similar to sham control weights 
during the recovery period of both study 1 and study 2. The only 
consistent statistical difference in body weight changes between 
the test and reference cigarette smoke-exposed groups in either 
study was the decreased mean body weight in males exposed 
to 0.8 mg/L of reference cigarette smoke during the exposure 
period of study I. 

Organ Weights 
Comparisons of selected group mean organ weights between 

smoke-exposed and sham controls in study 1 are presented in 
Table 8. Statistically significant differences in organ weights 
in groups of smoke-exposed rats were primarily low mean or- 
gan weights compared to their respective sham controls. There 
was no clear pattern of differences in any absolute or relative 
organ weight in smoke-exposed groups compared to sham con- 
trols, or in groups exposed to test versus reference cigarette 
smoke at either the interim sacrifice or the recovery sacrifices. 
Sham controls for the interim sacrifice of study 2 were inad- 
vertently not fasted overnight prior to necropsy, which made 
comparison of absolute and relative organ weights of smoke- 
exposed and sham control groups from the interim sacrifice of 
questionable scientific value; thus these comparisons were not 
made for study 2. Statistical comparison of absolute and rela- 
tive organ weights between groups exposed to test and reference 
cigarette smoke in study 2 showed very few statistically signifi- 
cant differences, none of which were considered toxicologically 
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700 Lot A 
600 1 

o Refsrenes 

Lot B 

MEAN SSD of Specific Activity (50 to 150 &plate) 

Reference ......... l576i141.9 Reference. ........ 1734q70.9 

.......... Sample.. ......... 1783i167.3 Sample. 17034151.2 

FIG. 2. Ames assay results, study 1 with TA98 metabolic activation. 

significant. Comparison of organ weights in rats necropsied fol- 
lowing the 13-wk recovery of study 2 indicated no consistent 
differences between sham control and smoke-exposed groups, 
or between groups exposed to similar concentrations of test and 
reference cigarette smoke. 

Respiratory Physiology 
Reductions in RR andlor TV resulted in consistently lower 

MV in rats exposed to test or reference cigarette smoke 
compared to sham controls in both study 1 and study 2. 
There was no consistent difference in MV between groups of 
rats exposed to test and reference cigarette smoke in either 
study. Because the overall MV in study 1 was similar among 
groups exposed to smoke, total inhaled mass was proportional 
to increasing smoke concentration in this study. In study 2, 
decreases in MV in gro;ps exposed to 0.8 or 0.2 mg/L compared 
to groups exposed to 0.06 mg/L caused total inhaled mass for 
the hgh  and middle dose groups to be lower in proportion to 
the exposure concentration of inhaled smoke. 

Clinical Pathology 
There were occasional statistically significant differences in 

hematology and clinical chemistry parameters from control val- 
ues in groups exposed to smoke from test or reference cigarettes 
in both study 1 and study 2. These differences did not occur 
in a dose-response pattern and were well withm &2 standard 
deviations of historic values for control Sprague-Dawley rats of 

comparable age. There were also statistically significant Wer -  
ences in several hematology and clinical chemistry parameters 
between groups exposed to similar concentrations of test and 
reference cigarette smoke. These differences are not considered 
to be of toxicologic significance, nor were they exposure related. 

Whole-blood COHb levels were increased in a graded dose- 
response fashion as a function of exposure concentration for 
all test and reference cigarette smoke-exposed groups in both 
studies. In study 2 rats bled during exposure wk 2, there was a 
statistically sipficant decrease in COHb levels in both sexes ex- 
posed to 0.8 mg/L of test cigarette smoke and in females exposed 
to 0.2 mg/L of test cigarette smoke, compared to groups exposed 
to reference cigarette smoke. There were no other clear differ- 
ences in whole blood COHb levels between the test and reference 
cigarette groups at equivalent exposure levels in either study. 

Plasma nicotine levels increased in a graded dose-response 
fashion for test and reference males and female groups in both 
studies. In study 2, test female groups exposed to 0.8 mg/L had 
significantly lower plasma nicotine levels than the 0.8 mg/L 
reference females at both 2- and 10-wk sampling. Comparing 
males to females at all exposure levels for test and reference 
cigarettes, the females consistently had higher plasma nicotine 
levels in both studies. 

Pathology 
Few gross lesions were observed in either study, with no evi- 

dence of changes atmibutable to exposure to smoke from the test 
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TABLE 6 
Study 1, exposure concentration data for rats exposed to mainstream smoke from test or reference cigarettes 

Concentration [mean f SD (%CV)] 

Measured exposure Nicotine CO Percent of 
concentration concentration concenbation target WTPM 

(mg WTPMIL; (wgk; (ppm; concentration Particle size 
n = 126) n = 28) n = 63) (mean =t SD) (MMAD, wrn) 

Test target 
exposure 
concentration 
(mg WTPML) 

0.800 
0.200 
0.060 

Reference 
target exposure 
concentration 
(mg WTPh4L) 

0.800 
0.200 
0.060 

Note. CO, carbon monoxide; WTPM, wet total particulate matter. 

0 Refwrenoe 

A Sample 

Lot B 

MEAN'SD of Specific Activity (50 to 150 &plate) 

Reference. ........ 1576+141.9 Reference. ........ 1734!170.9 

Sample.. ......... 1726'138.6 Sample-1 .......... 1701'107.9 

FIG. 4. Ames assay results, study 2 cigarettes with TA98 metabolic activation. 
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TABLE 7 
Study 2, exposurc concentration data for rats exposed to smoke from test or reference cigarettes 

Concentration [mean * SD (%CV)] 

Measured exposure Nicotine CO Percent of 
concentration concenbalion concenmation target WTPM 

(mg WTPML; ( ~ g k  (ppm; concenhation Particle size 
n = 134) n = 28) n = 67) (mean =k SD) (MMAD, pm) 

Test target 
exposure 
concentration 
(mg WTPML) 

0.8 0.798 f 0.040 (5.0) 56.8 f 2.6 (4.6) 646 f 34 (5.3) 100 + 5 0.65 f 0.01 
0.2 0.194 f 0.007 (3.6) 12.9 f 0.6 (4.7) 158 4 9 (5.7) 97 f 4 0.62 4 0.04 
0.060 0.060f  0.002 (3.3) 4.0&0.2(5.0) 5 4 f  3 (5.6) 100 & 3 0.66 f 0.03 

Reference 
target exposure 
concentration 
(mg W T P K )  

0.8 0.784 f 0.031 (4.0) 55.1 k 2.3 (4.2) 676 f 31 (4.6) 98f  4 0.57 4 0.03 
0.2 0.201 & 0.004 (1..8) 13.0 + 0.4 (3.4) 170 f 15 (8.7) 100 f 2 0.64 0.07 
0.060 0.060 +0.002(3.3) 4.1 f 0 . 2  (4.4) 57=k 3 (5.8) 99 4 3 0.66 & 0.06 

Note. CO, carbon monoxide; WTPM, wet total particulate matter. 

or the reference cigarettes. Exposure to smoke from reference 
or test cigarettes in both studies induced concentration-related 
proliferative, metaplastic, and inflammatory microscopic lesions 
in the respiratory tract after 13 wk of exposure. The incidence 
of exposure-related respiratory-tract lesions observed at micro- 
scopic examination of tissues from rats necropsied at the interim 
sacrifice immediately following 13 wk of exposure is summa- 
rized in Table 9 for study 1 and Table 10 for study 2. 

Hyperplasia of respiratory epithelium lining the anterior nasal 
cavity was present in all rats exposed to 0.8 mg/L in both stud- 
ies, a few rats exposed to 0.2 mg/L in both studies, and in 3/40 
rats exposed to 0.06 mg/L in study 1. Areas most severely and 
most frequently affected were the distal portions of the nasal and 
maxillary turbinates in sections of nose just caudal to the incisor 
teeth. In affected rats, the epithelium in the distal turbinates was 
up to six cells thick. There was also a clear dose response in the 
severity of nasal respiratory epithelial hyperplasia, with severity 
ranging from minimal to moderate. Comparison of incidence 
and severity data for nasal respiratory epithelial hyperplasia in 
rats exposed to similar concentrations of smoke from the test 
and reference cigarettes did not indicate any statistically signifi- 
cant differences in either study. Minimal goblet-cell hyperplasia 
was observed in the mucosal epithelium lining the median nasal 
septum in some smoke-exposed and sham control rats. Although 
not statistically significant compared to concurrent sham con- 
trols, the incidence of nasal goblet cell hyperplasia in male rats 
exposed to the 0.8-mg/L concentration of smoke from the refer- 
ence cigarette or test cigarette in study 1 were considered to be 

tox~cologically sigmficant. There was no clear difference in the 
incidence of goblet cell hyperplasia between groups exposed to 
similar concentrations of reference and test cigarette smoke in 
either study. 

Exposure to smoke from the reference or test cigarette in both 
study 1 and study 2 induced squamous metaplasia, hyperplasia, 
and hyperkeratosis of the transitional epithelium h i n g  the base 
of the epiglottis and the epithelium lining the dorsal border of 
the ventral pouch and the adjacent laryngeal lumen. In con- 
trol rats, the epithelium lining the base of the epiglottis was a 
mixture of ciliated columnar epithelium and slightly flattened, 
oval, rounded, or cuboidal cells one or two cells thick over a 
poorly defined basal cell layer (Renne et al., 1992). In affected 
smoke-exposed rats, the base of the epiglottis was covered by 
a stratified squamous epithelium up to eight cells thick with a 
variably keratinized surface layer and a distinct basal cell layer. 
There was a concentration-related increase in severity of squa- 
mous metaplasia and hyperplasia of epiglottis epithelium in rats 
exposed to test or reference cigarette smoke. Statistical analysis 
did not indicate any significant differences in incidence or sever- 
ity of these lesions between test and reference cigarette smoke- 
exposed groups in either study. Hyperkeratosis (accumulation 
of keratinized squamous cells on the surface) was observed in 
association with squamous metaplasia of the epithelium lining 
the base of the epiglottis in most rats exposed to smoke from 
reference or test cigarettes. Comparison of incidencelseverity 
of hyperkeratosis in the epiglottis between test and refer- 
ence cigarette smoke-exposed groups indicated a statistically 
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TABLE 8 
Organ weights for rats exposed to smoke from study 1 cigarettes (n = 20, g k SD) 

Test Reference 

Sham 0.06 mg 0.2 mg 0.8 mg 0.06 mg 0.2 mg 0.8 mg 
control WTPML WTPMn WTPML WTPMn WTPML WTPMn 

Males 
Heart 1.60k0.16 1.4840.15a.b 1.43f0.16a.C 1.55f0.15 1.60zk0.13 1.574~0.16 1.52f0.15 
Edneys 3.39 f 0.33 3.17 4 0.39 2.92 f 0.30a.' 3.05 1.0.33' 3.38 k 0.33 3.20 f 0.31 3.02 f 0.27' 
Lungs 1.95 f 0.22 1.89 f 0.17 1.82 f 0.23' 1.93 k 0.14 2.02 zk 0.28 1.98 f 0.26 1.89 f 0.15 
Adrenals 0.066 f 0.010 0.066 f 0.012 0.059 zk 0.010 0.064 f 0.012 0.062 f 0.007 0.064 f 0.008 0.063 f 0.008 

Females 
Heart 1.06 f 0.09 1.02 f 0.10 1.00 f 0.10' 1.05 f 0.12 1.03 f 0.09 1.07 f 0.09 1.09 f 0.12 
Kidneys 2.18 f 0.21 2.02 k 0.24 1.90 f 0.19' 1.93 4 0.18' 2.04 f 0.21 1.99 f 0.19" 1.95 f 0.19' 
Lungs 153f0 .13  1 .50i~0 .13  1.52f0.17c l S 2 f 0 . 1 5  1.55f0.14 1.50f0.17 1.60f0.19 
Adrenals 0.080 f 0.010 0.081 f 0.011 0.078 f 0.008 0.082 f 0.012 0.078 f 0.008 0.080 f 0.010 0.081 f 0.013 

" p  1.05, Dunnett's t-test of significance, compared to sham control. 
b p  1.05, Dunnett's t-test of significance, compared to 0.06 reference group. 
' p  1.05, Dunnett's t-test of significance, compared to 0.2 reference group. 

significant difference only in the 0.06-mgL groups from study 
1, in which females exposed to test cigarette smoke had a higher 
incidencelseverity than females exposed to reference cigarette 
smoke. Chronic inflammation was present in the submucosa of 
the epiglottis in some rats exposed to reference or test cigarette 
smoke in study 1, most frequently in rats exposed to the 0.8 mg/L 
smoke concentration. Squamous metaplasia, hyperplasia, and 
hyperkeratosis were also present in the epithelium Lining the 
opening of the ventral pouch and the adjacent laryngeal lumen 
in most rats exposed to smoke from the test or reference cigarette 
in both studies. In control rats, the epithelium lining the opening 
of the ventral pouch and adjacent laryngeal lumen was slightly 
flattened, oval, rounded, or cuboidal cells one or two cells thick 
with no discernible basal cell layer (Renne et al., 1992). In af- 
fected smoke-exposed rats, this area was covered by a stratified 
squamous epithelium from three to six cells thick with a variably 
keratinized surface layer and a distinct basal cell layer. Compar- 
ison of incidencelseverity of lesions at this site between test and 
reference cigarette smoke-exposed groups did not indicate any 
statistically significant differences in either study. Minimal or 
mild squamous metaplasia of the mucosal epithelium lining the 
caudal larynx was observed in 2/20 rats exposed to the 0.8 mgL 
concentration of smoke from the test cigarette and 1/20 rats ex- 
posed to the 0.8 mgL concentration of smoke from the reference 
cigarette in study 1. 

Exposure to smoke from reference or test cigarettes induced 
a dose-related increase in minimal hyperplasia of the mucosal 
epithelium lining the tracheal lumen in both sexes of rats in 
study 1 and in males in study 2. Comparison of incidence in 
groups exposed to similar concentrations of smoke from test and 
reference cigarettes did not indicate any statistical differences 
in either study. 

There were increased numbers of macrophages diffusely scat- 
tered through the pulmonary alveoli of rats exposed to smoke 
fromreference or test cigarettes in both studes, compared to con- 
current controls. There was some evldence of a dose response in 
the incidence and severity of macrophage accumulation in alve- 
oli of smoke-exposed rats. This increase was graded as minimal 
in the vast majority of affected rats. Comparison of incidence 
and severity data for macrophages in alveoli of rats exposed to 
smoke from the test and reference cigarettes did not indicate any 
statistically significant differences. Minimal goblet-cell hyper- 
plasia was observed in ABPAS-stained sections of the mainstem 
bronchi of some rats exposed to smoke from reference or test 
cigarettes in both studies. There was some evidence of a dose re- 
sponse in the incidence of this lesion. Analysis of data indicated 
a statistically significant increase compared to controls in rats of 
both sexes exposed to the 0.8 mgL concentration of smoke from 
reference cigarettes and in female rats exposed to the 0.8-mg/L 
concentration of smoke from the test cigarette in study 1, and in 
both sexes exposed to 0.8 mg/L of reference cigarette smoke in 
study 2. The incidence (7120) of goblet-cell hyperplasia in males 

1 

exposed to the 0.8-mgiL concentration of smoke from the test 
cigarette in both studies, although not statistically significant, 
was considered to be toxicologically significant. The incidence 
of bronchial goblet-cell hyperplasia was slightly higher in male 
rats exposed to smoke from reference cigarettes compared to 
similar concentrations of smoke from test cigarettes, but com- 
parison of incidence in groups exposed to similar concentrations 
of smoke from test and reference cigarettes did not indicate any 
statistical differences. There was a very low incidence of a va- 
riety of microscopic lesions m other tissues examined in both 
studies, with no evidence of an effect of exposure to smoke from 
the reference ox test cigarette on these tissues. 
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TABLE 9 
Study 1, summary of microscopic observations with average severity in rats 

Incidence of lesions (mean severity, if applicable) 
by target exposure concentration (mg WTPML) 

Test Reference 

Sham controls 0.06 0.2 0.8 0.06 0.2 0.8 

Noselturbinates 
Respiratory epithelium, hyperplasia 
Goblet-cell hyperplasia 
Suppurative inflammation 

Larynx 
Epiglottis, squarnous metaplasia 
Epiglottis, epithelial hyperplasia 
Epiglottis, hyperkeratosis 
Ventral pouch, squamous metaplasia 
Ventral pouch, epithelial hyperplasia 
Ventral pouch, hyperkeratosis 
Chronic inflammation 
Caudal larynx, squamous metaplasia 

Trachea 
Epithelial hyperplasia 

Lung 
Alveoli, macrophages 
Bronchi, goblet-cell hyperplasia 
Alveoli, hemorrhage 

Noselturbinates 
Respiratory epithelium, hyperplasia 
Goblet-cell hyperplasia 
Suppurative inflammation 

Larynx 
Epiglottis, squamous metaplasia 
Epiglottis, epithelial hyperplasia 
Epiglottis, hyperkeratosis 
Ventral pouch, squarnous metaplasia 
Ventral pouch, epithelial hyperplasia 
Ventral pouch, hyperkeratosis 
Chronic inflammation 
Caudal larynx, squamous metaplasia 

Trachea 
Epithelial hyperplasia 

Lung 
Alveoli, macrophages 
Bronchl, goblet-cell hyperplasia 
Alveoli, hemorrhage 

Males 
20" 20" 

4 (0.3) 20 (2.2) 
3 (0.2) 9 (0.5) 
O(0.0) l(0.1) 

20" 20" 
20 (2.9) 20 (3.0) 
20 (2.9) 20 (3.0) 
20 (1 .I) 19 (1.9) 
20 (2.4) 20 (2.8) 
20(2.4) 20(2.8) 
9 (0.6) 19 (1 .I) 
X(O.4) 16(0.9) 
O(0.0) l(O.1) 

2oa 2on 
b(0.3) lS(O.9) 

20" 20" 
14 (0.7) 20 (1.4) 
1 (0.1) 7 (0.4) 
0 (0.0) 0 (0.0) 

Females 
30' 20" 

7 (0.4) 20 (2.0) 
2(0.1) 7(0.4) 
O(0.0) O(O.0) 

20" 2oa 
ZO(3.0) 20(3.1) 
20 (3.0) 20 (3.1) 
20 (2.2) 20 (2.2) 
20 (2.7) 20 (3.0) 
20 (2.7) 20 (3.0) 
15 (1.3) 20 (1.8) 
2 (0.2) 10 (0.6) 
0 (0.0) 1 (0.1) 

20" 20" 
8 (0.4) 12 (0.6) 

20" 20" 
13 (0.7) 20 (1.2) 
3 (0.2) 10 (0.5) 
O(0.0) O(0.0) 

Note. Severity: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked. 
"Number of tissues or animals examined. 
"umber of diagnoses made. 
" p  i .0S, Kolrnogorov-Smimov test, compared to 0.06-mg/L reference group. 
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TABLE 10 
Study 2, summary of microscopic observations with average severity in rats 

Incidence of lesions (mean severity, if applicable) 
by target exposure concentration (mg WTPML) 

Test Reference 

Orgaddiagnosis Sham controls 0.06 0.2 0.8 0.06 0.2 0.8 

Nose/turbinates 
Respiratory epithelium, hyperplasia 
Goblet-cell hyperplasia 
Suppurative inflammation 

Larynx 
Epiglottis, squamous metaplasia 
Epiglottis, epithelial hyperplasia 
Epiglottis, hyperkeratosis 
Ventral pouch, squamous metaplasia 
Ventral pouch, epithelial hyperplasia 
Ventral pouch, hyperkeratosis 

Trachea 
Epithelial hyperplasia 

Lung 
Alveoli, macrophages 
Alveoli, hemorrhage 
Chronic inflammation 
Bronchi, goblet-cell hyperplasia 

Nose/turbinates 
Respiratory epithelium, hyperplasia 
Goblet-cell hyperplasia 
Suppurative inflammation 

Larynx 
Epiglottis, squamous metaplasia 
Epiglottis, epithelial hyperplasia 
Epiglottis, hyperkeratosis 
Ventral pouch, squamous metaplasia 
Ventral pouch, epithelial hyperplasia 
Ventral pouch, hyperkeratosis 

Trachea 
Epithelial hyperplasia 

Lung 
Alveoli, macrophages 
Perivascular lymphoid infiltrate 
Alveoli, hemorrhage 
Chronic inflammation 
Bronchi, goblet-cell hyperplasia 

Miles 
20" 20" 

2 (0.1) 20 (2.0) 
3(0.2) 3(0.2) 
O(O.0) O(0.0) 

20" 20" 
ZO(2.4) 20(3.0) 
ZO(2.4) 20(3.0) 
15 (1.2) 20 (2.0) 
18 (1.4) 20 (1.8) 
18 (1.4) 20 (1.8) 
6 (0.4) 16 (1.2) 

20" 20" 
g(0.5) ll(O.6) 

20" 20" 
16 (0.9) 20 (1.4) 
0 (0.0) 1 (0.1) 
O(O.0) O(0.0) 
1 (0.1) 4 (0.2) 

Females 
20" 20" 

4 (0.2) 20 (1.5) 
5 (0.3) 5 (0.3) 
O(O.0) O(O.0) 

20" 20" 
20 (2.8) 20 (2.8) 
20 (2.8) 20 (2.8) 
20 (2.0) 20 (2.2) 
lS(1.2) lg(1.9) 
14 (1.1) 19 (1.9) 
6 (0.5) 18 (1.4) 

2oa 20" 
1 (0.1) 2 (0.1) 

2OU 2oa 
10 (0.5) 19 (1.1) 
0 (0.0) 1 (0.1) 
O(O.0) O(O.0) 
O(O.0) O(O.0) 
O(0.0) 7(0.4) 

. - 

Note. Severity: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked. 
"Number of tissues or animals examined. 
bNumber of diagnoses made. 
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Examination of tissue sections from rats necropsied at the 
end of the recovery period demonstrated nearly complete re- 
gression of nasal and tracheal lesions and a substantial decrease 
in the incidence and severity of smoke-induced lesions in the 
larynx and lungs in rats exposed to smoke from test or refer- 
ence cigarettes in both studies. Macrophages observed in alve- 
oli of smoke-exposed and control recovery group rats were in 
small focal aggregates, as opposed to the diffuse hstribution of 
macrophages in lungs of rats necropsied at the interim sacrifice. 
There was no statistically significant difference in the incidence 
or severity of respiratory-tract lesions between recovery group 
rats previously exposed to similar concentrations of test and ref- 
erence cigarette smoke in either study. 

Evaluation of Cell Proliferation Rates 
There was a dose-related trend toward higher mean nuclear 

labeling rates in the epithelium lining the median nasal septum in 
groups exposed to progressively higher concentrations of test or 
reference cigarette smoke compared to sham controls, but the in- 
creases were statistically significant only in females exposed to 
0.8 mgL of test cigarette smoke in study 1 and males exposed to 
0.8 mg/L of reference cigarette smoke in study 2. Mean nuclear 
labeling rates of nasal epithelium lining the distal portions of the 
nasal and maxillary turbinates were statistically increased com- 
pared to control rates in both sexes of rats exposed to 0.8 mg/L 
of smoke from the test or reference cigarettes in both studies. 
Mean labeling rates in nasal and maxillary turbinates of study 1 
males exposed to 0.8 mg/L of test cigarette smoke were statisti- 
cally increased compared to labeling rates at these sites in males 
exposed to the same concentration of reference cigarette smoke. 

Mean nuclear labeling rates in laryngeal epithelium were 
increased compared to sham control groups at all dose levels 
in both studies. Labeling rates in laryngeal epithelium were 
statistically different between several test and reference cigarette 
smoke-exposed groups in both studies, with no clear trend. The 
histopathology findings of laryngeal epithelial hyperplasia in 
smoke-exposed rats confirmed the relative sensitivity of these 
laryngeal sites to smoke-induced hyperplastic changes. 

Mean nuclear labeling rates in the tracheal epithelium of rats 
exposed to smoke from test or reference cigarettes were not 
clearly different from those of sham controls of the same sex 
in either study. Labeling rates of bronchial, bronchiolar. and 
alveolar epithelium in both studies were difficult to evaluate 
due to wide standard deviations, low labeling rates, and variable 
sample sizes, and therefore labeling data from these sites were 
not used in evaluating effects of smoke exposure. 

DlSCUSSlON 
The studies described here were designed to evaluate the 

potential influence of ingredients on the chemical composition 
and the biological activity of mainstream cigarette smoke. Test 
cigarettes containing flavorings or casings were analyzed and 
compared against reference cigarettes identical except produced 
without flavors or casings. The configuration and ISO-condition 

tar, nicotine, and CO yields of dl cigarettes investigated are rep- 
resentative of American blend cigarettes. Both test and reference 
cigarettes had the same tobacco blend and humectant compo- 
sition (glycerine plus water) and were prepared by the same 
manufacturing process. Similarly, identical nontobacco materi- 
als (NTM) were used throughout. The weight of the filler re- 
mained constant between test and reference cigarettes. These 
studies illustrate that the application of 165 low-use flavoring 
or 8 high-use flavoring or casing ingredients had little, if any, 
observable effect on the deliveries or physical parameters of the 
cigarettes. 

From comparison of the mutagenicity data obtained in Ames 
assays of studies 1 and 2 test and reference cigarettes, it was 
concluded that the addition of these ingredients did not increase 
the mutagenic response of any of the strains of Salmonella ty- 
philnuriurn under the conhtions described, and the results did 
not suggest any mutagenic activity of the added ingredients. 

The objectives of the two inhalation toxicity studies were to 
compare the biologic activity of mainstream smoke from the two 
test cigarettes with reference cigarettes in a series of two 13-wk 
inhalation exposures, each followed by a 13-wkrecovery period. 
Data collected during the 13-wk exposures confirmed that both 
the particulate (WTPM, nicotine) and vapor (CO) phases of the 
inhalation atmospheres presented to the rats were well controlled 
and provided appropriate data for comparison of the responses 
of the study animals to smoke from the two cigarettes under 
investigation in each of the two studies. WTPM was used as 
the basis for exposure concentration in these studies, since the 
predominant known toxicologic effects of cigarette sinoke are 
associated with the mainstream particulate phase (Coggins et al., 
1980). 

Blood COHb concenhations demonstrated that exposure of 
rats to smoke from either the test or reference cigarette resulted 
in reproducible biomarkers of exposure consistent with the con- 
centration of CO in the smoke. Samples taken for plasma nico- 
tine analysis confirmed exposure to nicotine in test or reference 
smoke, which resulted in exposure-related increases in plasma 
nicotine concentrations. 

The only occurrence during either study that affected the 
utility of the data was the failure to fast the sham control rats 
prior to necropsy at the interim sacrifice immediately follow- 
ing the exposure period in study 2. This error did not allow 
direct comparison of the body and organ weights of controls 
with smoke-exposed groups sacrificed at that time point. 

Other investigations have noted effects similar to those we ob- 
served of cigarette smoke exposure on body weight, including 
the relative resistance of females to this change (Coggins et al., 
1989; Baker et al., 2004). We concluded that the decreased body 
weights in smoke-exposed groups in both studies compared to 
sham controls were the result of smoke exposure. However, we 
do not consider these eEects on body weight to be toxicologi- 
cally significant due to their recovery after sinoke exposure was 
terminated, and due to the lack of any concurrent clinical obser- 
vations that would indicate any significant dysfunction. 
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In study 1 there were a number of statistically significant 
differences in absolute or relative organ weights between test 
or reference cigarette smoke-exposed groups and sham controls 
necropsied immediately following 13 wk of smoke exposure. 
However, these statistical differences showed no clear dose- 
response pattern, and no exposure-related hstopathologc ef- 
fects were observed in any weighed organ except the lungs. It is 
possible that the increased lunghody weight ratios in study 1 rats 
exposed to 0.8-mg/L of smoke from test or reference cigarettes 
were related to the minimal increase in numbers of macrophages 
in alveoli of these rats. These increases in lunghody weight ratio 
more likely reflect the decreased body weight in these groups 
at the interim sacrifice. In any case, these and the other statisti- 
cal differences in absolute or relative organ weights in smoke- 
exposed rats compared to sham controls are not considered tox- 
icologically significant. There was no consistent difference in 
organ weights between groups of rats exposed to similar con- 
centrations of test and reference cigarette smoke in either study. 
Increases in total inhaled mass were proportional to increasing 
exposure concentration in study 1, but in study 2 decreases in 
MV in groups exposed to 0.8- or 0.2-mg/L relative to groups 
exposed to 0.06 mg/L caused total inhaled mass for the high 
and middle dose groups to be lower in propoaion to exposure 
concentration of smoke. 

Inhalation exposure to smoke from test or reference cigarettes 
in both studies clearly induced microscopic changes in the nasal 
cavity, larynx, trachea, and lungs of exposed rats. Results of 
histopathologic examination of the recovery groups illustrated 
that these respiratory-tract lesions were either completely re- 
solved or in the process of resolving by 13 wk after cessation of 
smoke exposure, and thus represent an adaptive response to the 
inhaled smoke. The nasal cavity and larynx were much more 
affected by inhaled smoke than the lungs in our studies, and 
the mucosal epithelium lining the base of the epiglottis and ad- 
jacent ventral pouch was the most affected site. The extreme 
susceptibility of the rodent laryngeal mucosa to inhaled smoke 
and other xenobiotics has been described in detail (Lewis, 1980, 
1991; Gopinath et al., 1987; Burger et al., 1989). Since the most 
notable cellular changes observed in the respiratory tract of ro- 
dents in response to inhaled smoke involve cellular proliferation 
and metaplasia, a quantitative measure of cell turnover in af- 
fected tissue is a useful tool to measure the effect of exposure. 
Cell prohferation rate measurements in nasal turbinates and la- 
ryngeal epithelium using nuclear labeling with BrdU correlated 
well with histopathology data, reinforcing the conclusion that 
exposure to smoke from test or reference cigarette smoke for 
13 wk clearly induced epithelial hyperplasia at these sites. Re- 
sults of BrdU labeling in the trachea and lungs were less clear, 
and probably reflect the more subtle effects of inhaled smoke on 
the epithelium at these sites. 

The effects of inhaled cigarette smoke on the respiratory tract 
of rats in both the studies described herein are similar to those 
described in a number of previously reportpd cigarette smoke 
inhalation studies in rats (Dalbey et al., 1980; Gaworski et al., 

1997; Coggins et al., 1989; Ayres et al., 2001; Vanscheeuwijck 
et al., 2002) and hamsters (Lewis, 1980; Wehner et al., 1990). 
Four recently published papers have described studies similar to 
those presented here, in which smokes from cigarettes with and 
without flavoring or casing ingredients were compared on the 
basis of chemical composition and biologic effects on rodents 
(Gaworski et al., 1998; Paschke et al., 2002; Carmines, 2002; 
Baker et al., 2004). Results of the studies presented here are con- 
sistent with the conclusions of these authors that the presence of 
flavoring and casing ingredients studied to date did not signifi- 
cantly change the type or extent of toxicologic effects observed 
in rodents inhaling cigarette smoke. . 
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SUMMARY 

The Scientific Panel on Food Additives, Flavourings, Processing Aids and Materials in Contact 
with Food (the Panel) is asked to advise the Commission on the implications for human health of 
chemically defined flavouring substances used in or on foodstuffs in the Member States. In 
particular the Scientific Panel is requested to consider JECFA’s evaluations of flavouring 
substances assessed since 2000, and to decide whether no further evaluation is necessary, as laid 
down in Commission Regulation (EC) No 1565/2000. These flavouring substances are listed in the 
register which was adopted by Commission Decision 1999/217/EC and its consecutive 
amendments. 
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The present consideration concerns 48 phenol and phenol derivatives evaluated by JECFA (55th 
meeting) and will be considered in relation to the European Food Safety Authority (EFSA) 
evaluation of 23 ring substituted phenolic substances evaluated in the Flavouring Group Evaluation 
22 (FGE.22). 

The Panel concluded that the 44 substances in the JECFA flavouring group of phenol derivatives 
are structurally related to the group of ring substituted phenolic substances evaluated by EFSA in 
FGE.22. 

Further four substances were evaluated by the JECFA in this group, one is not in the Register (2-
phenylphenol [JECFA-no: 735]), and phenol [FL-no: 04.041] and two phenyl esters, phenyl acetate 
and phenyl salicylate [FL-no: 09.688 and 09.689] will be considered together in a separate FGE. 

The Panel agrees with the application of the Procedure as performed by the JECFA for the 44 
substances considered in this FGE.  

For eight substances [FL-no: 04.037, 04.052, 04.053, 04.056, 07.046, 09.036, 09.102 and 09.288] 
the JECFA evaluation is only based on Maximised Survey-derived Daily Intake (MSDI) values 
derived from production figures from the USA. EU production figures are needed in order to 
finalise the evaluation of these substances.  

For all 44 substances evaluated through the Procedure use levels are needed to calculate the 
modified Theoretical Added Maximum Daily Intake mTAMDI in order to identify those flavouring 
substances that need more refined exposure assessment and to finalise the evaluation. 

In order to determine whether the conclusion for the 44 JECFA evaluated substances can be applied 
to the materials of commerce, it is necessary to consider the available specifications: 

Adequate specifications including complete purity criteria and identity are available for 41 of the 44 
JECFA evaluated substances. For one substance [FL-no: 07.046] information of the stereoisomeric 
composition is lacking and for two other substances [FL-no: 07.135 and 09.102] further information 
on the composition is requested.  

Thus, for nine substances [FL-no: 04.037, 04.052, 04.053, 04.056, 07.046, 07.135, 09.036, 09.102 
and 09.288] the Panel has reservations (only USA production volumes available and/or missing data 
on isomerism/composition). For the remaining 35 of the 44 JECFA evaluated phenol derivatives 
[FL-no: 04.005, 04.006, 04.007, 04.008, 04.009, 04.019, 04.022, 04.026, 04.027, 04.028, 04.031, 
04.036, 04.042, 04.044, 04.045, 04.046, 04.047, 04.048, 04.049, 04.050, 04.051, 04.057, 04.064, 
04.085, 07.005, 07.055, 07.124, 09.174, 09.228, 09.301, 09.429, 09.480, 09.518, 09.709 and 
09.711] the Panel agrees with the JECFA conclusion “No safety concern at estimated levels of 
intake as flavouring substances” based on the MSDI approach.  

KEYWORDS 

Phenol derivatives, JECFA, 55th meeting, phenyl, FGE.22 
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BACKGROUND 

Regulation (EC) No 2232/96 of the European Parliament and the Council (EC, 1996) lays down a 
procedure for the establishment of a list of flavouring substances, the use of which will be 
authorised to the exclusion of all other substances in the EU. In application of that Regulation, a 
register of flavouring substances used in or on foodstuffs in the Member States was adopted by 
Commission Decision 1999/217/EC (EC, 1999a), as last amended by Commission Decision 
2006/252/EC (EC, 2006). Each flavouring substance is attributed a FLAVIS-number (FL-number) 
and all substances are divided into 34 chemical groups. Substances within a group should have 
some metabolic and biological behaviour in common. 

Substances which are listed in the Register are to be evaluated according to the evaluation 
programme laid down in Commission Regulation (EC) No 1565/2000 (EC, 2000), which is broadly 
based on the opinion of the Scientific Committee on Food (SCF, 1999).  

Commission Regulation (EC) No 1565/2000 lays down that substances that are contained in the 
Register and will be classified in the future by Joint FAO/WHO Expert Committee on Food 
Additives (the JECFA) so as to present no safety concern at current levels of intake will be 
considered by the European Food Safety Authority (EFSA), who may then decide that no further 
evaluation is necessary. 

In the period 2000 – 2006, during its 55th, 57th, 59th, 61st, 63rd and 65th meetings, the JECFA 
evaluated about 900 substances which are in the EU register. 

TERMS OF REFERENCE 

EFSA is requested to consider the JECFA evaluations of flavouring substances assessed since 2000, 
and to decide whether no further evaluation is necessary, as laid down in Commission Regulation 
(EC) No 1565/2000 (EC, 2000). These flavouring substances are listed in the Register which was 
adopted by Commission Decision 1999/217 EC (EC, 1999a) and its consecutive amendments. 

ASSESSMENT 

The approach used by EFSA for safety evaluation of flavouring substances is referred to in 
Commission Regulation (EC) No 1565/2000 (EC, 2000), hereafter named the “EFSA Procedure”. 
This Procedure is based on the opinion of the Scientific Committee on Food (SCF, 1999), which 
has been derived from the evaluation procedure developed by the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA, 1995; JECFA, 1996a; JECFA, 1997a; JECFA, 1999b) 
hereafter named the “JECFA Procedure”. The AFC Panel (Panel) compares the JECFA evaluation 
of structurally related substances with the result of a corresponding EFSA evaluation, focussing on 
specifications, intake estimations and toxicity data, especially genotoxicity data. The evaluations by 
EFSA will conclude whether the flavouring substances are of no safety concern at their estimated 
levels of intake, whether additional data are required or whether certain substances should not be 
put through the EFSA Procedure. 

The following issues are of special importance. 
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Intake 

In its evaluation, the Panel as a default uses the Maximised Survey-derived Daily Intake (MSDI) 
approach to estimate the per capita intakes of the flavouring substances in Europe.  

In its evaluation, the JECFA includes intake estimates based on the MSDI approach derived from 
both European and USA production figures. The highest of the two MSDI figures is used in the 
evaluation by the JECFA. It is noted that in several cases, only the MSDI figures from the USA 
were available, meaning that certain flavouring substances have been evaluated by JECFA only on 
the basis of these  figures. For Register substances for which this is the case the Panel will need EU 
production figures in order to finalise the evaluation. 

When the Panel examined the information provided by the European Flavouring Industry on the use 
levels in various foods, it appeared obvious that the MSDI approach in a number of cases would 
grossly underestimate the intake by regular consumers of products flavoured at the use level 
reported by the Industry, especially in those cases where the annual production values were reported 
to be small. In consequence, the Panel had reservations about the data on use and use levels 
provided and the intake estimates obtained by the MSDI approach. It is noted that the JECFA, at its 
65th meeting considered ”how to improve the identification and assessment of flavouring agents, for 
which the MSDI estimates may be substantially lower than the dietary exposures that would be 
estimated from the anticipated average use levels in foods” (JECFA, 2006c). 

In the absence of more accurate information that would enable the Panel to make a more realistic 
estimate of the intakes of the flavouring substances, the Panel has decided also to perform an 
estimate of the daily intakes per person using a modified Theoretical Added Maximum Daily Intake 
(mTAMDI) approach based on the normal use levels reported by Industry. 

As information on use levels for the flavouring substances has not been requested by the JECFA or 
has not otherwise been provided to the Panel, it is not possible to estimate the daily intakes using 
the mTAMDI approach for the substances evaluated by the JECFA. The Panel will need 
information on use levels in order to finalise the evaluation. 

Threshold Criterion of 1.5 Microgram/Person/Day (Step B5) Used by the JECFA 

The JECFA uses the threshold of concern of 1.5 microgram/person/day as part of the evaluation 
procedure: 

“The Committee noted that this value was based on a risk analysis of known carcinogens which 
involved several conservative assumptions. The use of this value was supported by additional 
information on developmental toxicity, neurotoxicity and immunotoxicity. In the judgement of the 
Committee, flavouring substances for which insufficient data are available for them to be evaluated 
using earlier steps in the Procedure, but for which the intake would not exceed 1.5 microgram per 
person per day would not be expected to present a safety concern. The Committee recommended 
that the Procedure for the Safety Evaluation of Flavouring Agents used at the forty-sixth meeting be 
amended to include the last step on the right-hand side of the original procedure (“Do the condition 
of use result in an intake greater than 1.5 microgram per day?”) (JECFA, 1999b).  

In line with the opinion expressed by the Scientific Committee on Food (SCF, 1999), the Panel does 
not make use of this threshold criterion of 1.5 microgram per person per day. 
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Genotoxicity 

As reflected in the opinion of SCF (SCF, 1999), the Panel has in its evaluation focussed on a 
possible genotoxic potential of the flavouring substances or of structurally related substances. 
Generally, substances for which the Panel has concluded that there is an indication of genotoxic 
potential in vitro, will not be evaluated using the EFSA Procedure until further genotoxicity data are 
provided. Substances for which a genotoxic potential in vivo has been concluded, will not be 
evaluated through the Procedure. 

Specifications 

Regarding specifications, the Panel evaluation could lead to a different opinion than that of the 
JECFA, e.g. Panel requests additional information on isomerism. 

Structural Relationship  

In the consideration of the JECFA evaluated substances, the Panel will examine the structural 
relationship and metabolism features of the substances within the flavouring group and compare 
this with the corresponding FGE. 

1. Presentation of the Substances in the JECFA Flavouring Group 

1.1. Description  

1.1.1. JECFA Status 

The JECFA has evaluated a group of 48 flavouring substances consisting of phenol and phenol 
derivatives. One of the JECFA evaluated substances, 2-phenylphenol [JECFA-no: 735], is not in the 
Register. Further three substances will not be dealt with in this FGE: phenol itself [FL-no: 04.041] 
and two phenyl esters, phenyl acetate and phenyl salicylate [FL-no: 09.688 and 09.689]. These three 
substances will be considered together in a separate FGE. This consideration will therefore only 
deal with 44 JECFA evaluated substances. 

1.1.2. EFSA Considerations 

The Panel concluded that all the 44 substances in the JECFA flavouring group of phenol derivatives 
are structurally related to the group of 23 ring-substituted phenolic substances evaluated by EFSA 
in the Flavouring Group Evaluation 22 (FGE.22). 

1.2. Isomers 

1.2.1. JECFA Status 

None of the 44 Register substances in the group of the JECFA evaluated phenol derivatives have a 
chiral centre. One substance vanillylidene acetone [FL-no: 07.046] has a double bond 
corresponding to two possible geometric isomers. 

1.2.2. EFSA Considerations 

Information is lacking about the stereoisomerism for [FL-no: 07.046]. 
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1.3. Specifications 

1.3.1. JECFA Status 

The JECFA specifications are available for all 44 substances (JECFA, 2000d). See Table 1. 

1.3.2. EFSA Considerations 

The available specifications are considered adequate except that information on isomerism is 
lacking for [FL-no: 07.046], see Section 1.2 and further information on the composition of [FL-no: 
07.135 and 09.102] is requested. 

2. Intake Estimations 

2.1. JECFA Status 

For 36 substances evaluated through the JECFA Procedure intake data are available for the EU, see 
Table 3.1. For the remaining eight substances production figures are only available for the USA 

2.2. EFSA Considerations 

As production figures are only available for the USA for eight substances, MSDI values for the EU 
cannot be calculated for these [FL-no: 04.037, 04.052, 04.053, 04.056, 07.046, 09.036, 09.102 and 
09.288]. 

3. Genotoxicity Data 

3.1. Genotoxicity Studies – Text Taken from JECFA (JECFA, 2001b) 

In vitro 

Negative results were reported in the standard assay for reverse mutation in Salmonella 
typhimurium strains TA98, TA100, TA1535, and TA1537 incubated with ortho-cresol at up to 5000 
µg/plate (Douglas et al., 1980; Florin et al., 1980; Nestmann et al., 1980; Pool & Lin, 1982; 
Haworth et al., 1983; Massey et al., 1994); meta-cresol and para-cresol at up to 5000 µg/plate 
(Douglas et al., 1980); Florin et al., 1980; (Nestmann et al., 1980; Pool & Lin, 1982; Haworth et al., 
1983)); para-ethylphenol, 2,5-xylenol, 2,6-xylenol, and 3,4-xylenol at 367 µg/plate (Florin et al., 
1980) 4-(1,1-dimethyl)ethyl phenol at up to 2000 µg/plate (Dean et al., 1985); thymol at up to 1000 
µg/plate (Florin et al., 1980; Azizan & Blevins, 1995); resorcinol at up to 7700 µg/plate (Gocke et 
al., 1981; Haworth et al., 1983); guaiacol at up to 111 726 µg/plate (Douglas et al., 1980; Nestmann 
et al., 1980; Pool & Lin, 1982; Haworth et al., 1983; Aeschbacher et al., 1989)-dimethoxyphenol at 
up to 16 000 µg/plate (McMahon et al., 1979; Douglas et al., 1980; Florin et al., 1980; Pool & Lin, 
1982) and 2-hydroxyacetophenone at 408 µg/plate (Florin et al., 1980), with and without metabolic 
activation. However, in an assay with a modified minimal ZLM medium for Escherichia coli, the 
results varied by bacterial strain (Gocke et al., 1981). Resorcinol was mutagenic at doses of 550-
7700 µg/plate only in TA1535 without metabolic activation and in TA100 with metabolic 
activation. The same authors reported negative results in all five S. typhimurium strains with and 
without metabolic activation in the standard Vogel-Bonner medium, which contains a concentration 
of citrate and other ions that is two to four times higher (Gocke et al., 1981). Negative results with 
resorcinol at doses up to 3333 µg/plate were reported in another study when Vogel-Bonner medium 
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was used (Haworth et al., 1983). No mutagenicity was found in E. coli exposed to 2,6-
dimethoxyphenol at concentrations up to 1000 µg/ml (McMahon et al., 1979).  

Forward mutation was not induced in mouse lymphoma L5178YTk+/- cells by resorcinol at 125-
2000 µg/ml without metabolic activation (McGregor et al., 1988a). Positive results in this assay 
were reported with 2-phenylphenol at doses of 0.32-60 µg/ml without metabolic activation and 
0.32-5 µg/ml with activation, but these doses were cytotoxic (NTP, 1986e). 

Sister chromatid exchange was not induced in human lymphocytes by ortho-cresol at concentrations 
up to 54 µg/ml, meta-cresol at up to 108.µg/ml, para-cresol at up to 54 µg/ml, para-ethyl phenol at 
up to 27 µg/ml, 2,6-xylenol at up to 31 µg/ml, resorcinol at up to 28 µg/ml, 2,6-dimethoxyphenol at 
up to 77 µg/ml (Jansson et al., 1986; Jansson et al., 1988) or para-vinylphenol at up to 12 µg/ml 
(Jansson et al., 1986).  No evidence of sister chromatid exchange was found in human fibroblasts 
exposed to ortho-cresol at concentrations up to 433 µg/ml or to meta- or para-cresol at 865 µg/ml 
(Cheng & Kligerman, 1984), or in Chinese hamster ovary cells exposed to resorcinol at 0.6-2 µg/ml 
(Wild et al., 1981). Weakly positive results were reported with ortho-cresol at a concentration of 
865 µg/ml (Cheng & Kligerman, 1984). 

 

In vivo 

The results of assays for genotoxicity in vivo were predominantly negative. The frequency of 
micronucleated polychromatic erythrocytes was not increased in mice after intraperitoneal 
injections of resorcinol of doses of 55-220 mg/kg bw  (Gocke et al., 1981) [two doses of 220 mg/kg 
bw administered 24 h apart]. (Wild et al., 1981)).  

The ability of ortho-cresol [FL-no: 04.027], meta-cresol [FL-no: 04.026], and para-cresol [FL-no: 
04.028] to induce sister chromatid exchange was also studied in vivo (Cheng & Kligerman, 1984). 
Mouse bone-marrow cells, alveolar macrophages, and regenerating liver cells were examined after 
intraperitoneal administration of ortho- or meta-cresol at 200 mg/kg bw or para-cresol at 75 mg/kg 
bw. The results were negative. 

Conclusion on genotoxicity 

Overall, the 44 phenol derivatives in this group of flavouring substances are unlikely to be 
genotoxic in vivo. 

For a summary of in vitro genotoxicity data considered by JECFA see Table 2.1. 

3.2. Genotoxicity Studies - Text Taken from EFSA (EFSA, 2006h) 

In vitro / in vivo 

Data from in vitro tests are available for 12 candidate [FL-no: 04.020, 04.021, 04.065, 04.066, 
04.070, 04.076, 04.077, 04.080, 04.095, 07.142, 07.164 and 07.243] and 18 supporting substances. 
Data from in vivo tests are available for one candidate [FL-no: 04.077] and six supporting 
substances. Most studies are of limited or insufficient quality or are inadequately reported, thus for 
some of the studies the validity of the results could not be evaluated.  

Positive results were observed with three candidate substances [FL-no: 04.077, 04.080 and 07.142]. 

4-Methoxyphenol [FL-no: 04.077] did not induce gene mutations in bacteria (Haworth et al., 1983). 
In a gene mutation assay in mammalian cells (MLTK assay) a positive result was observed for 4-
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methoxyphenol without metabolic activation and a negative result with metabolic activation using 
an S9 homogenate (Rogers-Back, 1986). In the test without metabolic activation an increase in the 
percentage of small colonies was noted indicating a potential for chromosomal aberrations. 4-
Methoxyphenol induced chromosomal aberrations in CHO cells in the presence and absence of 
metabolic activation (Putman, 1986). 4-Methoxyphenol did not induce sister chromatid exchanges 
in human lymphocytes (Jansson et al., 1988), however, the study was of limited quality. Since 4-
methoxyphenol did not induce chromosomal aberration in vivo in rat bone marrow cells after oral 
application (Esber, 1986) the results observed in vitro with 4-methoxyphenol were considered to be 
of no concern. 

3,4-Methylenedioxyphenol [FL-no: 04.080] was reported to be negative in a bacterial mutagenicity 
assay in the presence and absence of metabolic activation while a positive result was reported in a 
gene mutation assay in mammalian cells (MLTK assay) both in the presence and absence of 
metabolic activation (Longfellow, 1985/1986). However, this information was only available as a 
very short abstract and the study reports were not available for evaluation. In vivo studies were not 
available for this candidate substance. 

Acetovanillone [FL-no: 07.142] was positive in a yeast assay without metabolic activation 
(Nestmann & Lee, 1983). This result is not considered to preclude the substance to be evaluated 
through the Procedure. The substance was negative in bacterial mutagenicity assays in the presence 
and absence of metabolic activation (Nestmann et al., 1980; Xu et al., 1984). However, reporting of 
the bacterial assays and the quality of data were insufficient and the validity of the results could not 
be evaluated.  

With the candidate substances 2-ethylphenol [FL-no: 04.070] and 2,4-dimethylphenol [FL-no: 
04.066] negative results were observed in bacterial gene mutation assays (Zeiger et al., 1992; 
Mortelmans et al., 1986; Pool & Lin, 1982). All other results observed in several assays with these 
two and seven further candidate substances for which data were available were negative. However, 
these data were of limited or insufficient quality and the validity of the studies could not be 
evaluated. 

With supporting substances positive and negative results were obtained in in vitro tests. 

2-Methylphenol [FL-no: 04.027], 3-methylphenol [FL-no: 04.026], 4-methylphenol [FL-no: 
04.028], 2-methoxyphenol [FL-no: 04.005], and 2,6-dimethoxyphenol [FL-no: 04.036] did not 
induce gene mutations in bacterial assays of acceptable quality (Haworth et al., 1983; Pool & Lin, 
1982). The validity of a positive result observed with 2-methylphenol FL-no: 04.027] in bacteria 
(Claxton, 1985) cannot be evaluated. 

2,6-Dimethylphenol [FL-no: 04.042] induced chromosomal aberrations in mammalian cells in the 
presence of S9 while the result was negative in the absence of metabolic activation (Völkner, 1994). 
The in vitro genotoxic potential of 2,6-dimethylphenol does not give rise to concern with respect to 
other alkylated phenols in this FGE, as they are alkyl substituted in either m- or p-positions. 
Phenols, substituted in m- or p-positition are expected to be metabolised differently from 2,6-
dimethylphenol. 

2-Methoxyphenol [FL-no: 04.005], 2-methoxy-4-methylphenol [FL-no: 04.007], 2-methylphenol 
[FL-no: 04.027] and a mixture of 2-methylphenol [FL-no: 04.027], 3-methylphenol [FL-no: 04.026] 
and 4-methylphenol [FL-no: 04.028] induced sister chromatid exchanges in human lymphocytes or 
CHO cells (Jansson et al., 1986) [FL-no: 04.005]; (Jansson et al., 1988) [FL-no: 04.007]; (Galloway 
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& Brusick, 1981) [FL-no: 04.027]; (Galloway & Brusick, 1980) [mixture]). In most cases the 
effects were observed in the presence and absence of metabolic activation. 

The mixture of 2-methylphenol FL-no: 04.027], 3-methylphenol FL-no: 04.026] and 4-
methylphenol FL-no: 04.028] resulted in an equivocal response in a UDS assay (Myhr & Brusick, 
1980) while induction of UDS was observed with 4-methylphenol FL-no: 04.028] in another in 
vitro study (Crowley & Margard, 1978). 

All other results observed in several in vitro assays with these and the remaining supporting 
substances were negative, however, these data were of limited or insufficient quality and the 
validity of the studies could not be evaluated. 

With the supporting substances 2-methylphenol [FL-no: 04.027], 3-methylphenol [FL-no: 04.026] 
and 4-methylphenol [FL-no: 04.028] negative results were obtained in in vivo SCE assays (Cheng 
& Kligerman, 1984). However, these data were of limited quality. 3-Methylphenol [FL-no: 04.026] 
did not induce chromosomal aberrations in mice (Ivett et al., 1989). However, the validity of the 
result cannot be evaluated as the study is inadequately reported. 2-Methylphenol [FL-no: 04.027] 
and carvacrol [FL-no: 04.031] did not induce mutations in Drosophila (Sernau, 1989; Kono et al., 
1995).  

Conclusion on genotoxicity 

Overall, the available genotoxicity data on the supporting substances would not preclude evaluation 
of the candidate substances through the Procedure. One of the candidate substances, 3,4-
methylenedioxyphenol [FL-no: 04.080] was reported to have genotoxic potential in vitro. In vivo 
studies were not available for this candidate substance. Therefore, the Panel decided that the 
Procedure could not be applied to this candidate substance until adequate genotoxicity data become 
available. 

For a summary of in vitro / in vivo genotoxicity data considered by EFSA see Table 2.2 and 2.3. 

3.3. EFSA Considerations 

2,6-Dimethylphenol was not mutagenic in four strains of Salmonella typhimurium, when tested for 
gene mutations by base-pair changes or frame shifts. Neither did it induce gene mutations at the 
HPRT locus in V79 Chinese Hamster cells (Castle & Larsen, 1997). 

2,6-Dimethylphenol induced structural chromosomal aberrations in vitro as determined by the 
chromosomal aberration test in the V79 Chinese hamster cell line. However, when tested in vivo, 
2,6-Dimethylphenol did not induce chromosomal aberrations in bone marrow cells of male or 
female Sprague-Dawley rats (Castle & Larsen, 1997). See Table 2.4 for a summary of these studies. 

The Panel concluded that the data available do not preclude evaluation of the 44 JECFA evaluated 
phenol derivatives through the Procedure. 

4. Application of the Procedure 

4.1. Application of the Procedure to 44 Phenol Derivatives by JECFA (JECFA, 2001a): 

According to the JECFA all 44 substances belong to structural class I using the decision tree 
approach presented by Cramer et al. (Cramer et al., 1978). 
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The JECFA concluded 43 phenol derivatives at step A3 in the JECFA Procedure – i.e. that the 
substances are expected to be metabolised to innocuous products (step 2) and that the intakes for the 
substances are below the threshold for structural class I (step A3). One substance [FL-no. 07.055], 
4-(p-hydroxyphenyl)-2-butanone, does not occur endogenously in humans, therefore the evaluation 
proceeded to step A5, where it was considered as of no safety concern at the estimated level of 
intake based on a 13-week study in which a NOAEL of 280 mg/kg bw/day provides a margin of 
safety of more than 1000. 

In conclusion the JECFA evaluated all 44 substances to be of no safety concern at the estimated 
levels of intake as flavouring substances based on the MSDI approach. 

The evaluations of the 44 phenol derivatives are summarised in Table 3.1: Summary of Safety 
Evaluation of phenol derivatives (JECFA, 2001a). 

4.2. Application of the Procedure to 23 Ring Substituted Phenolic Substances Evaluated by 
EFSA (EFSA, 2006h): 

Twentythree candidate substances were evaluated in FGE.22. Nineteen substances are classified 
into structural class I and three into structural class II using the decision tree approach presented by 
Cramer et al. (Cramer et al., 1978). 

One of the candidate substances, 3,4-methylenedioxyphenol [FL-no: 04.080], showed genotoxic 
potential in vitro. Therefore, the Panel concluded that the Procedure could not be applied to this 
candidate substance until adequate genotoxicity data become available. 

The remaining 22 substances were concluded at step A3 – i.e. that the substances are expected to be 
metabolised to innocuous products (step 2) and that the estimated daily intakes are below the 
thresholds for the structural classes I and II (step A3).  

In conclusion the Panel considered that the 22 substances evaluated through the Procedure were of 
no safety concern at the estimated levels of intake based on the MSDI approach. 

The stepwise evaluations of the 22 substances are summarised in Table 3.2: Summary of Safety 
Evaluation Applying the Procedure (EFSA / FGE.22) (see Table 3.2).  

4.3. EFSA Considerations 

The Panel agrees with the application of the Procedure as performed by the JECFA for the 44 
substances in the group of phenol derivatives. 

5. Conclusion 

The Panel concluded that the 44 substances in the JECFA flavouring group of phenol derivatives 
are structurally related to the group of ring substituted phenolic substances evaluated by EFSA in 
the Flavouring Group Evaluation 22 (FGE.22). 

Further four substances were evaluated by the JECFA in this group, one is not in the Register (2-
phenylphenol [JECFA-no: 735]), and phenol [FL-no: 04.041] and two phenyl esters, phenyl acetate 
and phenyl salicylate [FL-no: 09.688 and 09.689] will be considered together in a separate FGE. 

The Panel agrees with the application of the Procedure as performed by the JECFA for the 44 
substances considered in this FGE.  
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For eight substances [FL-no: 04.037, 04.052, 04.053, 04.056, 07.046, 09.036, 09.102 and 09.288] 
the JECFA evaluation is only based on MSDI values derived from production figures from the 
USA. EU production figures are needed in order to finalise the evaluation of these substances.  

For all 44 substances evaluated through the Procedure use levels are needed to calculate the 
mTAMDIs in order to identify those flavouring substances that need more refined exposure 
assessment and to finalise the evaluation. 

In order to determine whether the conclusion for the 44 JECFA evaluated substances can be applied 
to the materials of commerce, it is necessary to consider the available specifications: 

Adequate specifications including complete purity criteria and identity are available for 41 of the 44 
JECFA evaluated substances. For one substance [FL-no: 07.046] information of the stereoisomeric 
composition is lacking and for two other substances [FL-no: 07.135 and 09.102] further information 
on the composition is requested.  

Thus, for nine substances [FL-no: 04.037, 04.052, 04.053, 04.056, 07.046, 07.135, 09.036, 09.102 
and 09.288] the Panel has reservations (only USA production volumes available and/or missing data 
on isomerism/composition). For the remaining 35 of the 44 JECFA evaluated phenol derivatives 
[FL-no: 04.005, 04.006, 04.007, 04.008, 04.009, 04.019, 04.022, 04.026, 04.027, 04.028, 04.031, 
04.036, 04.042, 04.044, 04.045, 04.046, 04.047, 04.048, 04.049, 04.050, 04.051, 04.057, 04.064, 
04.085, 07.005, 07.055, 07.124, 09.174, 09.228, 09.301, 09.429, 09.480, 09.518, 09.709 and 
09.711] the Panel agrees with the JECFA conclusion “No safety concern at estimated levels of 
intake as flavouring substances” based on the MSDI approach.  
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TABLE 1: SPECIFICATION SUMMARY FOR JECFA EVALUATED SUBSTANCES IN THE PRESENT GROUP 

Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Phenol Derivatives 

FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 2) 

Boiling point, °C 3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. Index 4)
Spec.gravity 5) 

EFSA Comments 

04.005 
713 

2-Methoxyphenol 
OH

O  

2532 
173 
90-05-1 

Solid 
C7H8O2
124.14 

Slightly soluble 
Very soluble 

203-206 
28 
IR 
99 % 

1.540-1.545 
1.129-1.140 

 
According to JECFA: Melting 
point is "28° (liquid which may 
crystallize)". 

04.006 
709 

Thymol 

OH  

3066 
174 
89-83-8 

Solid 
C10H14O 
150.22 

Slightly soluble 
Moderately soluble 

232-233 
48 
IR 
98 % 

n.a. 
n.a. 

 
According to JECFA: Melting 
point is "48° (minimum)". 

04.007 
715 

2-Methoxy-4-methylphenol 
OH

O  

2671 
175 
93-51-6 

Liquid 
C8H10O2
138.17 

Slightly soluble 
Miscible 

220-222 
 
IR 
98 % 

1.534-1.538 
1.089-1.096 

 
 

04.008 
716 

4-Ethylguaiacol 
OH

O  

2436 
176 
2785-89-9 

Liquid 
C9H12O2
152.19 

Slightly soluble 
Miscible 

229-235 
 
IR 
98 % 

1.524-1.534 
1.056-1.066 

 
 

04.009 
725 

2-Methoxy-4-vinylphenol 
OH

O  

2675 
177 
7786-61-0 

Liquid 
C9H10O2
150.18 

Insoluble 
Miscible 

224 
 
IR 
96 % 

1.534-1.538 
1.090-1.096 

 
 

04.019 
706 

2,5-Dimethylphenol 

OH

 

3595 
537 
95-87-4 

Solid 
C8H10O 
122.17 

Slightly soluble 
Moderately soluble 

211-212 
70 
IR 
99 % 

n.a. 
n.a. 

 
According to JECFA: Melting 
point is "70° (minimum)". 

04.022 
694 

4-Ethylphenol 
OH

 

3156 
550 
123-07-9 

Solid 
C8H10O 
122.17 

Slightly soluble 
Very soluble 

218-219 
47-48 
IR 
99 % 

n.a. 
n.a. 

 
 

04.026 
692 

3-Methylphenol 
OH

 

3530 
617 
108-39-4 

Liquid 
C7H8O 
108.14 

Slightly soluble 
Miscible 

201 
 
IR 
98 % 

1.537-1.543 
1.028-1.033 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Phenol Derivatives 

FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 2) 

Boiling point, °C 3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. Index 4)
Spec.gravity 5) 

EFSA Comments 

04.027 
691 

2-Methylphenol 
OH

 

3480 
618 
95-48-7 

Solid 
C7H8O 
108.14 

Soluble 
Very soluble 

191 
31-32 
IR 
98 % 

1.544-1.548 
1.041-1.046 

 
According to JECFA: Melting 
point is "31-32° (liquid which 
may crystallize below 30°)". 

04.028 
693 

4-Methylphenol 
OH

 

2337 
619 
106-44-5 

Solid 
C7H8O 
108.14 

Slightly soluble 
Very soluble 

201-202 
32-36 
IR 
99 % 

n.a. 
n.a. 

 
 

04.031 
710 

Carvacrol 

OH  

2245 
2055 
499-75-2 

Liquid 
C10H14O 
150.22 

Insoluble 
Miscible 

236-238 
 
IR 
98 % 

1.521-1.528 
0.974-0.979 

 
 

04.036 
721 

2,6-Dimethoxyphenol O

OH

O  

3137 
2233 
91-10-1 

Solid 
C8H10O3
154.17 

Slightly soluble 
Moderately soluble 

261-262 
53 
IR 
98 % 

n.a. 
n.a. 

 
According to JECFA: Melting 
point is "53° (minimum)". 

04.037 
720 

4-Ethoxyphenol 
OHO

 

3695 
2258 
622-62-8 

Solid 
C8H10O2
138.17 

Slightly soluble 
Moderately soluble 

246-247 
64 
IR 
95 % 

n.a. 
n.a. 

 
According to JECFA: Melting 
point is "64° (minimum)". 

04.042 
707 

2,6-Dimethylphenol 

OH

 

3249 
11261 
576-26-1 

Solid 
C8H10O 
122.17 

 
Very soluble 

212 
45-49 
IR 
99 % 

n.a. 
n.a. 

SW 8). 
 

04.044 
697 

2-Isopropylphenol 
OH

 

3461 
11234 
88-69-7 

Liquid 
C9H12O 
136.19 

Slightly soluble 
Miscible 

213-214 
 
IR 
98 % 

1.525-1.530 
0.989-0.999 

 
 

04.045 
714 

2-(Ethoxymethyl)phenol 
OH

O  

3485 
11905 
20920-83-6 

Liquid 
C9H12O2
152.19 

Slightly soluble 
Miscible 

111-113 (26hPa) 
 
MS 
99 % 

1.517-1.523 
1.047-1.052 

 
 

04.046 
695 

2-Propylphenol 
OH

 

3522 
11908 
644-35-9 

Liquid 
C9H12O 
136.19 

Slightly soluble 
Miscible 

224 
 
IR 
96 % 

1.524-1.528 
0.988-0.996 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Phenol Derivatives 

FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 2) 

Boiling point, °C 3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. Index 4)
Spec.gravity 5) 

EFSA Comments 

04.047 
712 

Benzene-1,3-diol 

OH

HO

 

3589 
11250 
108-46-3 

Solid 
C6H6O2
110.11 

Soluble 
Moderately soluble 

277-281 
109 
IR 
98 % 

n.a. 
n.a. 

 
 

04.048 
708 

3,4-Dimethylphenol 
OH

 

3596 
11262 
95-65-8 

Solid 
C8H10O 
122.17 

Slightly soluble 
Moderately soluble 

225 
62-68 
IR 
98 % 

n.a. 
n.a. 

 
 

04.049 
717 

2-Methoxy-4-propylphenol 
OH

O  

3598 
 
2785-87-7 

Liquid 
C10H14O2
166.22 

Slightly soluble 
Miscible 

250 
 
IR 
98 % 

1.520-1.525 
1.034-1.040 

 
 

04.050 
696 

4-Propylphenol 
OH

 

3649 
 
645-56-7 

Liquid 
C9H12O 
136.19 

Insoluble 
Miscible 

232 
 
IR 
98 % 

1.523-1.527 
0.980-0.986 

 
 

04.051 
726 

4-Allyl-2,6-dimethoxyphenol O

OH

O  

3655 
11214 
6627-88-9 

Liquid 
C11H14O3
194.23 

Insoluble 
Miscible 

168 (14 hPa) 
 
IR 
98 % 

1.548-1.550 
1.089-1.095 

 
 

04.052 
723 

4-Ethyl-2,6-dimethoxyphenol O

OH

O  

3671 
11231 
14059-92-8 

Liquid 
C10H14O3
182.22 

Insoluble 
Miscible 

106 (0.3 hPa) 
 
MS 
98 % 

1.536-1.537 
1.075-1.080 

 
 

04.053 
722 

4-Methyl-2,6-dimethoxyphenol O

OH

O  

3704 
 
6638-05-7 

Solid 
C9H12O3
168.19 

Insoluble 
Moderately soluble 

145-146 (16hPa) 
37-42 
IR 
97 % 

n.a. 
n.a. 

 
 

04.056 
724 

2,6-Dimethoxy-4-propylphenol 

OH

O

O

 

3729 
 
6766-82-1 

Liquid 
C11H16O3
196.25 

Insoluble 
Miscible 

115 (0.5 hPa) 
 
IR 
98 % 

1.529-1.530 
1.071-1.076 

 
 

04.057 
711 

4-Vinylphenol 
OH

 

3739 
11257 
2628-17-3 

Solid 
C8H8O 
120.15 

Soluble 
Moderately soluble 

189 
68 
MS 
99 % 

n.a. 
n.a. 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Phenol Derivatives 

FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 2) 

Boiling point, °C 3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. Index 4)
Spec.gravity 5) 

EFSA Comments 

04.064 
733 

4-(1,1-Dimethylethyl)phenol 
OH

 

3918 
 
98-54-4 

Solid 
C10H14O 
150.22 

 
 

236 
98-101 
IR 
98 % 

n.a. 
n.a. 

SE 7), SW 8). 
 

04.085 
737 

2,3,6-Trimethylphenol 

OH

 

3963 
 
2416-94-6 

Solid 
C9H12O 
136.10 

Insoluble 
50% Soluble in ethyl 
alcohol 

228 
63-64 
IR 
99 % 

n.a. 
n.a. 

 
 

07.005 
730 

Vanillyl acetone O

O

OH

 

3124 
139 
122-48-5 

Solid 
C11H14O3
194.23 

Slightly soluble 
Moderately soluble 

187-188 (18hPa) 
40-41 
IR 
95 % 

n.a. 
n.a. 

 
 

07.046 
732 

Vanillylidene acetone   6) O

HO

O
(E)-isomer shown  

3738 
691 
1080-12-2 

Solid 
C11H12O3
192.21 

Slightly soluble 
Moderately soluble 

 
129-130 
IR 
97 % 

n.a. 
n.a. 

 
CASrn does not specify 
stereoisomer. 

07.055 
728 

4-(p-Hydroxyphenyl)butan-2-one 
OH

O  

2588 
755 
5471-51-2 

Solid 
C10H12O2
164.20 

Insoluble 
Moderately soluble 

 
80 
IR 
96 % 

n.a. 
n.a. 

 
According to JECFA: Melting 
point is "80° (minimum)". 

07.124 
727 

2-Hydroxyacetophenone O

OH  

3548 
11784 
118-93-4 

Liquid 
C8H8O2
136.15 

Slightly soluble 
Miscible 

215-220 
 
IR 
95 % 

1.556-1.560 
1.127-1.133 

 
 

07.135 
729 

2,4-Dihydroxyacetophenone   9) 

(OH)2

O

 

3662 
11884 
28631-86-9 

Solid 
C8H8O3
152.15 

Insoluble to slightly 
soluble 
Moderately soluble 

 
90 
IR 
96 % 

n.a. 
n.a. 

 
CASrn does not specify 
position of hydroxy groups, 
incompletely defined 
substance. According to 
JECFA: Melting point is "90° 
(minimum)". 

09.036 
699 

p-Tolyl acetate 

O

O

 

3073 
226 
140-39-6 

Liquid 
C9H10O2
150.18 

Slightly soluble 
Miscible 

208-212 
 
IR 
98 % 

1.499-1.503 
1.044-1.052 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Phenol Derivatives 

FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 2) 

Boiling point, °C 3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. Index 4)
Spec.gravity 5) 

EFSA Comments 

09.102 
704 

p-Tolyl dodecanoate   9) 

O

O  

3076 
378 
10024-57-4 

Liquid 
C19H30O2
290.45 

Insoluble 
 

208-210 (13hPa) 
 
NMR 
90 % 

1.494-1.500 
0.946-0.952 

 
According to JECFA: Min. 
assay value is "90" and 
secondary components "p-
Tolyl tetradecanoate, p-Tolyl 
decanoate, p-Tolyl 
hexadecanoate". 

09.174 
718 

2-Methoxyphenyl acetate O

O

O  

3687 
552 
613-70-7 

Liquid 
C9H10O3
166.18 

Insoluble to slightly 
soluble 
Miscible 

240-241 
 
IR 
98 % 

1.507-1.513 
1.127-1.134 

 
 

09.228 
698 

o-Tolyl acetate 
O

O  

3072 
2078 
533-18-6 

Liquid 
C9H10O2
150.18 

Insoluble 
Miscible 

208 
 
IR 
99 % 

1.497-1.503 
1.046-1.053 

 
 

09.288 
731 

4-(4-Acetoxyphenyl)butan-2-one 
O

O

O

 

3652 
 
3572-06-3 

Liquid 
C12H14O3
206.24 

Insoluble 
Miscible 

155 (3 hPa) 
 
IR 
93 % 

1.506-1.512 
1.096-1.100 

 
According to JECFA: Min. 
assay value is "93 (min. 95% 
combined o- and p- isomers)" 
and "contains 2-5% ortho 
isomer". 

09.301 
703 

p-Tolyl octanoate O

O  

3733 
 
59558-23-5 

Liquid 
C15H22O2
234.34 

Insoluble 
Miscible 

265 
 
MS 
96 % 

1.478-1.488 
0.952-0.960 

 
 

09.429 
701 

p-Tolyl isobutyrate 
O

O  

3075 
304 
103-93-5 

Liquid 
C11H14O2
178.23 

Insoluble 
Miscible 

237 
 
IR 
95 % 

1.484-1.490 
0.990-0.997 

 
 

09.480 
700 

o-Tolyl isobutyrate 
O

O  

3753 
681 
36438-54-7 

Liquid 
C11H14O2
178.23 

Insoluble 
Miscible 

107 (10 hPa) 
 
IR 
95 % 

1.482-1.488 
1.000-1.007 

 
 

09.518 
702 

4-Methylphenyl isovalerate O

O  

3387 
10545 
55066-56-3 

Liquid 
C12H16O2
192.26 

Insoluble 
Miscible 

103 (3 hPa) 
 
IR 
98 % 

1.485-1.489 
0.977-0.987 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Phenol Derivatives 

FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 2) 

Boiling point, °C 3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. Index 4)
Spec.gravity 5) 

EFSA Comments 

09.709 
705 

p-Tolyl phenylacetate O

O  

3077 
236 
101-94-0 

Solid 
C15H14O2
226.27 

Insoluble 
Moderately soluble 

310 
71 
IR 
97 % 

n.a. 
n.a. 

 
According to JECFA: Melting 
point is "71° (minimum)". 

09.711 
719 

Guaiacyl phenylacetate 

 

2535 
238 
4112-89-4 

Solid 
C15H14O3
242.27 

Insoluble 
Very soluble 

201 (3 hPa) 
40-43 
IR 
97 % 

n.a. 
n.a. 

 
 

O

O O

1) Solubility in water, if not otherwise stated. 
2) Solubility in 95%  ethanol, if not otherwise stated. 
3) At 1013.25 hPa, if not otherwise stated. 
4) At 20°C, if not otherwise stated. 
5) At 25°C, if not otherwise stated. 
6) Stereoisomeric composition not specified. 
7) SE: Missing data on solubility in ethanol. 
8) SW: Missing data on solubility. 
9) Composition of mixture not specified. 
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TABLE 2: GENOTOXICITY DATA 

Table 2.1: Genotoxicity Data (in vitro) for 44 Phenol Derivatives (JECFA, 2001b)  

 

Table 2.1: Summary of Genotoxicity Data for 44 Phenol Derivatives (JECFA, 2001b) 

FL-no 
JECFA-no 

EU Register name 
JECFA name 

Structural formula End-point Test system Concentration Results Reference 

In vitro 

Reverse mutation S. typhimurium TA98, TA100, TA102 1-111 726 µg/platea,b Negative (Aeschbacher et al., 1989) 
Reverse mutation S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
16 000 µg/platea,b Negative (Douglas et al., 1980) 

Reverse mutation S. typhimurium TA1535, TA1537, 
TA98, TA100 

33-10 000 µg/platea,b Negative (Haworth et al., 1983) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

16 000 µg/platea,b Negative (Nestmann et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

5000 µg/platea,b Negative (Pool & Lin, 1982) 

04.005 
713 

2-Methoxyphenol 

OH

O  

Sister chromatid exchange Human lymphocytes ≤ 31 µg/ml Positive (Jansson et al., 1988) 

Reverse mutation S. typhimurium TA97, TA98, TA100 1000 µg/mla,b Negative (Azizan & Blevins, 1995) 
Reverse mutation S. typhimurium TA98, TA100, TA1535, 

TA7537, TA1538 
451 µg/platea,b Negative (Florin et al., 1980) 

Sister chromatid Syrian hamster embryo cells 0.3-30 µg/ml Positive (Fukuda, 1987) 

04.006 
709 

Thymol 

OH  
Unscheduled DNA synthesis Syrian hamster embryo cells 0.3-10 µg/mla 

1-10 µg/mlb
Negative 
Positive 

(Fukuda, 1987) 

04.007 
715 

2-Methoxy-4-methylphenol 
OH

O  

Sister chromatid exchange Human lymphocytes ≤ 138 µg/ml Positive (Jansson et al., 1988) 

04.008 
716 

4-Ethylguaiacol 
OH

O  

Sister chromatid exchange Human lymphocytes 0-152 µg/ml Negative (Jansson et al., 1988) 

04.009 
725 

2-Methoxy-4-vinylphenol 
OH

O  

Sister chromatid exchange Human lymphocytes ≤ 75 µg/ml Positive (Jansson et al., 1988) 
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Table 2.1: Summary of Genotoxicity Data for 44 Phenol Derivatives (JECFA, 2001b) 

FL-no 
JECFA-no 

EU Register name 
JECFA name 

Structural formula End-point Test system Concentration Results Reference 

04.019 
706 

2,5-Dimethylphenol 

OH

 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

367 µg/platea,b Negative (Florin et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

367 µg/platea,b Negative (Florin et al., 1980) 

Sister chromatid exchange Human lymphocytes 0-27 µg/ml Negative (Jansson et al., 1986) 

04.022 
694 

4-Ethylphenol 

OH

 
Sister chromatid exchange Human lymphocytes 0-2.7 µ/ml Negative (Jansson et al., 1988) 
Reverse mutation S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
2000 µg/platea,b Negative (Douglas et al., 1980) 

Reverse mutation S. typhimurium TA98, A100, TA1535, 
TA1537, TA1538 

324 µg/platea,b Negative (Florin et al., 1980) 

Reverse mutation S. typhimurium TA 1535, TA1537, 
TA98, TA100 

3.3-333 µg/platea,b Negatived (Haworth et al., 1983) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537 TA1538 

2000 µg/platea,b Negatived (Nestmann et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

5000 µg/platea,b Negative (Pool & Lin, 1982) 

Sister chromatid exchange Human fibroblasts 86.5-865 µg/ml Negative (Cheng & Kligerman, 1984) 
Sister chromatid exchange Human lymphocytes 0-108 µg/ml Negative (Jansson et al., 1986) 

04.026 
692 

3-Methylphenol 

OH

 

Sister chromatid exchange Human lymphocytes 0-108 µg/ml Negative (Jansson et al., 1988) 
Reverse mutation S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
2.5 µl/platea,b Negative (Douglas et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

324 µg/platea,b Negative (Florin et al., 1980) 

Reverse mutation S. typhimurium TA 1535, TA1537, 
TA98, TA100 

1-100 µg/platea,b Negative (Smith et al., 1996) 

Reverse mutation S. typhimurium TA98, TA100 5 µg/platea,b Negative (Massey et al., 1994) 
Reverse mutation S. typhimurium TA98, TA100, TA7535, 

TA1537 TA1538 
2600 µg/platea,b Negativeb (Nestmann et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

5000 µg/platea,b Negative (Pool & Lin, 1982) 

Sister chromatid exchange Human fibroblasts 86.5-433 µg/ml 
865 µg/ml 

Negative 
Positive 

(Cheng & Kligerman, 1984) 

Sister chromatid exchange Human lymphocytes 0-54 µg/ml Negative (Jansson et al., 1986) 

04.027 
691 

2-Methylphenol 

OH

 

Sister chromatid exchange Human lymphocytes 0-54 µg/ml Negative (Jansson et al., 1988) 
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Table 2.1: Summary of Genotoxicity Data for 44 Phenol Derivatives (JECFA, 2001b) 

FL-no 
JECFA-no 

EU Register name 
JECFA name 

Structural formula End-point Test system Concentration Results Reference 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

1000 µg/platea,b Negative (Douglas et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

324 µg/platea,b Negative (Florin et al., 1980) 

Reverse mutation S. typhimurium TA 1535, TA1537, 
TA98, TA100 

3.3-333 µg/platea,b Negative (Haworth et al., 1983) 

Reverse mutation S. typhimurium TA98, TA 100 5 µg/platea,b Negative (Massey et al., 1994) 
Reverse mutation S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
1000 µg/platea,b Negatived (Nestmann et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

5000 µg/platea,b Negative (Pool & Lin, 1982) 

Sister chromatid exchange Human fibroblasts 86.5-865 µg/ml Negative (Cheng & Kligerman, 1984) 
Sister chromatid exchange Human lymphocytes 0-54 µg/ml Negative (Jansson et al., 1986) 

04.028 
693 

4-Methylphenol 

OH

 

Sister chromatid exchange Human lymphocytes 0-54 µg/ml Negative (Jansson et al., 1988) 
Reverse mutation S. typhimurium TA98, TA700, TA1535, 

TA1537, TA1538 
16 000 µg/platea,b Negative (Douglas et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

463 µg/platea,b Negative (Florin et al., 1980) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537 

0.1-1000 µg/mla,b Negative (McMahon et al., 1979) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

5000 µg/platea,b Negative (Pool & Lin, 1982) 

Reverse mutation E. coli 1-1000 µg/mla,b Negative (McMahon et al., 1979) 
Sister chromatid exchange Human lymphocytes 0-77 µg/ml Negative (Jansson et al., 1986) 

04.036 
721 

2,6-Dimethoxyphenol 

O

OH

O  

Sister chromatid exchange Human lymphocytes 0-77 µg/ml Negative (Jansson et al., 1988) 
Reverse mutation S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
367 µg/platea,b Negative (Florin et al., 1980) 

Sister chromatid exchange Human lymphocytes 0-31 µg/ml Negative (Jansson et al., 1986) 

04.042 
707 

2,6-Dimethylphenol 

OH

 Sister chromatid exchange Human lymphocytes 0-31 µg/ml Negative (Jansson et al., 1988) 
Reverse mutationc S. typhimurium TA1535 550-7700 µg/platea 

0-7700 µg/plateb
Positive 
Negative 

(Gocke et al., 1981) 

Reverse mutationc S. typhimurium TA100 550-7700 µg/plateb 

0-7700 µg/platea
Positive 
Negative 

(Gocke et al., 1981) 

04.047 
712 

Benzene-1,3-diol HO

OH

 

Reverse mutations S. typhimurium TA98, TA1537, 
TA1538 

0-7700 µg/platea,b Negative (Gocke et al., 1981) 
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Table 2.1: Summary of Genotoxicity Data for 44 Phenol Derivatives (JECFA, 2001b) 

FL-no 
JECFA-no 

EU Register name 
JECFA name 

Structural formula End-point Test system Concentration Results Reference 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

0-7700 µg/platea,b Negative (Gocke et al., 1981) 

Reverse mutation S. typhimurium TA 1535, TA1537, 
TA98, TA100 

33-3333 µg/platea,b Negative (Haworth et al., 1983) 

Forward mutation Mouse lymphoma cells 125-2000 µg/mla Positive (McGregor et al., 1988b) 
Sister chromatid exchange Human lymphocytes 0-28 µg/ml Negative (Jansson et al., 1986) 
Sister chromatid exchange Human lymphocytes 0-28 µg/ml Negative (Jansson et al., 1988) 
Sister chromatid exchange Chinese hamster embryo cells 0.6-2.2 µg/ml Negative (Wild et al., 1981) 

04.048 
708 

3,4-Dimethylphenol 
OH

 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

367 µg/platea,b Negative (Florin et al., 1980) 

04.057 
711 

4-Vinylphenol 
OH

 

Sister chromatid exchange Human lymphocytes 0-12 µg/ml Negative (Jansson et al., 1988) 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

0.2-2000 µg/platea,b Negative (Dean et al., 1985) 

Reverse mutation E. coli. WP2 and WP2 uvrA 0.2-2000 µg/platea,b Negative (Dean et al., 1985) 
Mitotic gene conversion S. cerevisiae JD1 0.2-2000 µg/platea,b Negative (Dean et al., 1985) 

04.064 
733 

4-(1,1-Dimethylethyl)phenol 

OH

 

Chromosomal aberration Rat liver cell lines RL1, RL2 Not specifiede Negative (Dean et al., 1985) 
07.124 
727 

2-Hydroxyacetophenone 

 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

408 µg/platea,b Negative (Florin et al., 1980) O

OH

a Without metabolic activation. 
b With metabolic activation. 
c ZLM medium used in place of Vogel-Bonner medium. 
d Presumably non-mutagenic, but solubility did not allow testing in amounts that result in lethality. 
e Concentrations selected corresponded to 0.5, 0.25, and 0.125 of the concentration that caused 50% growth, inhibition (not specified) as determined in an assay for cytotoxicity. 

 

Table 2.2: Genotoxicity (in vitro) EFSA / FGE.22 

Substances listed in brackets are JECFA evaluated substances in FGE.22 
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Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 

Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

2.5 µl/plate 
(26,200µg/plate) 

Negative1, 2 (Douglas et al., 1980) 17 

Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535; TA1537; TA1538

324 µg/plate Negative1, 2 (Florin et al., 1980) 17 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

5 concentrations from 1 
to 100 µg/plate 

Negative1, 2 (Haworth et al., 1983) 17 
Acceptable quality. Published summary report 
including detailed results from studies on 250 
chemicals tested in various laboratories within 
the NTP. In accordance with OECD guideline 
471 (1983). 

Ames assay S. typhimurium  
TA98; TA100 

5 µg/plate Negative1, 2 (Massey et al., 1994) 17 

Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

Up to 2600 µg/plate 
(range not reported) 

Negative1, 2, 3 (Nestmann et al., 1980) 17 
Insufficient quality as main details of method 
and results were not reported. Additionally, the 
test was not repeated. 

Ames assay S. typhimurium  
TA98; TA100; TA1535; 
TA1537; TA1538 

4 concentrations from 5 
to 5000 µg/plate 

Negative1, 2 (Pool & Lin, 1982) 17 
Acceptable quality. 

Ames assay 
(preincubation assay) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

1000 µg/plate Negative1, 2 (Canter, 1981) 17 

Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

500 µg/plate Negative1, 2 (Nuodex Inc., 1980a) 17 

Ames assay S. typhimurium  
TA98; TA100 

Not reported Negative4 Positive5 (Claxton, 1985) 17 
Result cannot be evaluated since it was reported 
only as a very short summary in table format. 
The paper was on methodological aspects of the 
assay and not specifically on this compound. 

Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.5 mM (54 µg/ml) 

Negative (Jansson et al., 1986; Jansson et 
al., 1988) 

17 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

(2-Methylphenol [04.027]) 

Sister chromatid exchange Human fibroblasts 86.5 - 865 µg/ml 
without S9 

Equivocal (Cheng & Kligerman, 1984) 17 
Limited quality. Only the highest concentration 
resulted in a result statistically significantly 
different from control (1.2-fold increase only). 
A second experiment was not performed. 
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Sister chromatid exchange Chinese Hamster ovary cells 4 concentrations from 
12.5 to 75 nl/ml 
(78.6 µg/ml) without 
S9, 
11 concentrations from 
1.56 to 700 nl/ml (733 
µg/ml) with S9 

Positive1 Positive2 (Galloway & Brusick, 1981) 17 
Acceptable quality. Statistically significant 
dose-related increase (up to two-fold). 

Sister chromatid exchange Chinese hamster  
ovary cells 

Up to 500 nl/ml 
(524 µg/ml)4

Positive1, 2 (Galloway & Brusick, 1980) 17 
Acceptable quality but limited relevance 
because the test material was a mixture of p-
cresol, m-cresol and o-cresol (33 1/3 % each). 

Unscheduled DNA synthesis Rat primary hepatocytes 7 concentrations from 
0.5 to 50 nl/ml 
(52.4 µg/ml)4

Equivocal (Myhr & Brusick, 1980) 17  
Limited relevance because the test material was 
a mixture of p-cresol, m-cresol and o-cresol (33 
1/3 % each). Response was not dose-related. A 
slight response was observed at concentrations 
up to 5.0 nl/ml, while UDS was not observed at 
concentrations from 10 to 50 nl/ml.  

DNA Repair assay E. coli W3110 5000 µg/ml Negative1, 2 (Pepper Hamilton and Scheetz, 
1980) 

17 
Test substance included 60 %  o-cresol. 

DNA repair assay E. coli 5000 µg/ml Negative1, 2 (Nuodex Inc., 1980b) 17. 
(3-Methylphenol [04.026]) Ames assay S. typhimurium  

TA98; TA100; TA1535;  
TA1537; TA1538 

2000 µg/plate Negative1, 2 (Douglas et al., 1980) 17. 

 Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

324 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium 
TA98; TA100; TA1535;  
TA1537 

5 concentrations from 
3.3 to 333 µg/plate 

Negative1, 2 (Haworth et al., 1983) 17. 
Acceptable quality. Published summary report 
including detailed results from studies on 250 
chemicals tested in various laboratories within 
the NTP. In accordance with OECD guideline 
471 (1983). 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

Up to 2000 µg/plate 
(range not reported) 

Negative1, 2, 3 (Nestmann et al., 1980) 17. 
Insufficient quality as main details of method 
and results were not reported. Additionally, the 
test was not repeated. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

5 concentrations from 
0.5 to 5000 µg/plate 

Negative1, 2 (Pool & Lin, 1982)  17. 
Acceptable quality. 

 Ames assay 
(preincubation assay) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

3333 µg/plate Negative1, 2 (Canter, 1981)  17. 
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 Sister chromatid exchange Human lymphocytes 5 concentrations up to 1 

mmol/L (108 µg/ml) 
Negative (Jansson et al., 1986); 

(Jansson et al., 1988)  
17. 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

 Sister chromatid exchange Human fibroblasts 865 µg/ml Negative (Cheng & Kligerman, 1984)  17 
 Sister chromatid exchange Chinese hamster ovary cells Up to 500 nl/ml 

(524 µg/ml)4
Positive1, 2 (Galloway & Brusick, 1980) 17. 

Acceptable quality but limited relevance 
because the test material was a mixture of p-
cresol, m-cresol and o-cresol (33 1/3 % each). 

 Unscheduled  
DNA synthesis 

Rat primary hepatocytes 10 µg/ml Negative (Cifone, 1988a) 17. 

 Unscheduled  
DNA synthesis 

Rat primary hepatocytes 7 concentrations from 
0.5 to 50 nl/ml 
(51.7 µg/ml)4

Equivocal (Myhr & Brusick, 1980)  17. 
Limited relevance because the test material was 
a mixture of p-cresol, m-cresol and o-cresol (33 
1/3 % each). Response was not dose-related. A 
slight response was observed at concentrations 
up to 5.0 nl/ml, while UDS was not observed at 
concentrations from 10 to 50 nl/ml.  
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(4-Methylphenol [04.028]) Ames assay S. typhimurium  

TA98; TA100; TA1535; 
TA1537; TA1538 

1000 µg/plate Negative1, 2 (Douglas et al., 1980) 17. 

 Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

324 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

5 concentrations from 
3.3 to 333 µg/plate 

Negative1, 2 (Haworth et al., 1983) 17. 
Acceptable quality. Published summary report 
including detailed results from studies on 250 
chemicals tested in various laboratories within 
the NTP. In accordance with OECD guideline 
471 (1983). 

 Ames assay S. typhimurium  
TA98; TA100 

5 µg/plate Negative1, 2 (Massey et al., 1994) 17. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535; TA1537; TA1538

Up to 1000 µg/plate 
(range not reported) 

Negative1, 2, 3 (Nestmann et al., 1980) 17. 
Insufficient quality as main details of method 
and results were not reported. Additionally, the 
test was not repeated. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

5 concentrations from 
0.5 to 5000 µg/plate 

Negative1, 2 (Pool & Lin, 1982) 17. 
Acceptable quality. 

 Ames assay 
(preincubation assay) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

1000 µg/plate Negative1, 2 (Canter, 1981) 17. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

1 µl/plate 
(1030 µg/plate) 

Negative1, 2 (Crowley & Margard, 1978) 17. 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.5 mmol/L (54 µg/ml) 

Negative (Jansson et al., 1986) 17. 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

 Sister chromatid exchange Human fibroblasts 865 µg/ml Negative (Cheng & Kligerman, 1984) 17. 
 Sister chromatid exchange Chinese hamster ovary cells Up to 500 nl/ml 

(524 µg/ml)4
Positive1, 2 (Galloway & Brusick, 1980) 17. 

Acceptable quality but limited relevance 
because the test material was a mixture of p-
cresol, m-cresol and o-cresol (33 1/3 % each). 

 Unscheduled DNA synthesis Human lymphocytes 25 µM 
(2.7 µg/ml) 

Negative (Daugherty & Franks, 1986) 17. 
Not relevant since only an inhibition of UV-
induced UDS was measured.. Additionally, a 
result is reported only for one concentration 
(resulting in inhibition by 30 %) and a negative 
control was not included. 

 Unscheduled DNA synthesis Rat primary hepatocytes 7 concentrations from 
0.5 to 50 nl/ml 
(51.5 µg/ml) 

Equivocal (Myhr & Brusick, 1980) 17. 
Limited relevance because the test material was 
a mixture of p-cresol, m-cresol and o-cresol (33 
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1/3 % each). Response was not dose-related. A 
slight response was observed at concentrations 
up to 5.0 nl/ml, while UDS was not observed at 
concentrations from 10 to 50 nl/ml. 

 Unscheduled DNA synthesis WI-38 human embryonic lung fibroblast 
cells 

Not unambiguously 
reported 

Positive (Crowley & Margard, 1978) 17. 
Unpublished study report of limited  quality 
because concentrations were not unambiguously 
reported and only 3 concentrations have been 
tested. However, the result was reproducible. 
Liquid scintillation counting.  

2-Ethylphenol [04.070] Ames assay 
(preincubation method) 

S. typhimurium  
TA97; TA98; TA100; TA1535 

5 doses from 0.01 to 10 
mg/plate 

Negative1, 2 (Zeiger et al., 1992) Acceptable quality. 

 Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

3 µmol/plate 
(367 µg/plate) 

Negative1, 2 (Florin et al., 1980) Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.25 mmol/L 
(30.5 µg/ml) 

Negative6 (Jansson et al., 1986) Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535; TA1537 

3 µmol/plate 
(366 µg/plate) 

Negative1, 2 (Florin et al., 1980) Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

3-Ethylphenol [04.021] 

Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.25 mmol/L 
(30.5 µg/ml) 

Negative6 (Jansson et al., 1986) Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

(4-Ethylphenol [04.022]) Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

367 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay  S. typhimurium  
TA98; TA100 

Not reported Negative1, 2 (Epler et al., 1979) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Only two strains tested. 
Results not reported in detail. 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.25 mmol/L  
(27 µg/ml) 

Negative (Jansson et al., 1986) 17. 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

(4-(1,1-Dimethyl)ethyl phenol 
[04.064]) 

Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

2000 µg/plate Negative1, 2 (Dean et al., 1985) 17. 
Insufficiently reported. Validity cannot be 
evaluated as the results were not reported in 
detail. 

 Mutation assay E. coli WP2 and WP2 uvrA 2000 µg/plate Negative1, 2 (Dean et al., 1985) 17. 
Insufficiently reported. Validity cannot be 
evaluated as main details of the method (e.g. 
concentration range tested) were not reported. 
Additionally, the result was not reported in 
detail. 
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 Mutation assay S. cerevisiae  

JD1 
2000 µg/plate Negative1, 2 (Dean et al., 1985) 17. 

Insufficiently reported. Validity cannot be 
evaluated as main details of the method (e.g. 
concentration range tested) were not reported. 
Additionally, the result was not reported in 
detail. 

 Chromosomal aberration assay Rat liver cell RL1, RL2 Not specifically 
indicated7

Negative (Dean et al., 1985) 17. 
Insufficiently reported. Validity cannot be 
evaluated as main details of the method (e.g. 
concentrations tested) were not reported. 
Additionally, the result was not reported in 
detail. 

 Chromosome aberration assay Chinese hamster lung cells Not reported Negative8 (Kusakabe et al., 2002) 17. 
 Mouse lymphoma assay L5178Y tk +/-  

mouse lymphoma cells 
80 µg/ml Negative (Honma et al., 1999b) 17. 

2,3-Dimethylphenol [04.065] Ames assay S. typhimurium  
TA98; TA100 

Not reported Negative1, 2 (Epler et al., 1979) Insufficient quality. Not in accordance with 
OECD guideline 471. Only two strains tested. 
Results not reported in detail. 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.5 mmol/L 
(61 µg/ml) 

Negative6 (Jansson et al., 1986) Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

2,4-Dimethylphenol [04.066] Ames assay 
(preincubation method) 

S. typhimurium  
TA97; TA98; TA100;  
TA1535; TA1537 

0, 0.33, 1, 3.3, 10, 33 
µg/plate 

Negative1, 2 (Mortelmans et al., 1986) Acceptable quality. 

 Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

3 µmol/plate9 

(366 µg/plate) 
Negative1, 2 (Florin et al., 1980) Insufficient quality. Not in accordance with 

OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

5 concentrations from 
0.5 to 5000 µg/plate10

Negative1, 2 (Pool & Lin, 1982) Acceptable quality. 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.1 mmol/L 
(12 µg/ml) 

Negative6 (Jansson et al., 1986) Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

(2,5-Dimethylphenol [04.019]) Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

367 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium  
TA98; TA100 

Not reported Negative1, 2 (Epler et al., 1979) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Only two strains tested. 
Results not reported in detail. 

(2,6-Dimethylphenol [04.042]) Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

367 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium  5 mg/plate Negative1, 2 (Schechtman et al., 1980) 17. 
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(preincubation method) TA98; TA100; TA1535;  
TA1537; TA1538 

(5000 µg/plate) 

 Chromosome aberration assay  Chinese hamster V79 cells 3 concentrations from 
10 to 100 µg/ml 
(without S9) and 5 
concentrations from 30 
to 600 µg/ml (with S9) 

Negative1 Positive2 (Völkner, 1994) 17. 
Acceptable quality. This GLP-study was in 
accordance with OECD guideline 473 (1983). A 
final report was not available and the draft was 
not signed. However, the results and conclusions 
available as draft report are considered valid. 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.25 mmol/L  
(31 µg/ml) 

Negative (Jansson et al., 1986) 17 . 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

(3,4-Dimethylphenol [04.048]) Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

367 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium  
TA98; TA100 

Not reported Negative1, 2 (Epler et al., 1979) 17 
Insufficient quality. Not in accordance with 
OECD guideline 471. Only two strains tested. 
Results not reported in detail. 

3,5-Dimethylphenol [04.020] Ames assay 
(plate incorporation, 
preincubation, spot test, and 
treat-and-plate methods) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538;  
E. coli  
WP2; WP2uvrA 

6 concentrations from 
125 to 4000 µg/plate 

Negative1, 2 (Dean et al., 1985) Insufficiently reported. Validity cannot be 
evaluated as the results were not reported in 
detail. 

 Mitotic gene conversion assay  S. cerevisiae JD1  
 

Not reported Negative1, 2 (Dean et al., 1985) Insufficiently reported. Validity cannot be 
evaluated as main details of the method (e.g. 
concentration range tested) were not reported. 
Additionally, the result was not reported in 
detail. 

 Chromosome aberration assay Rat liver cells RL4 3 concentrations from 
0.125 to 0.5 of GI50 
(50% growth 
inhibition). Values in 
µg/ml or µmol/ml not 
reported. 

Negative1, 2 (Dean et al., 1985) Insufficiently reported. Validity cannot be 
evaluated as main details of the method (e.g. 
concentrations tested) were not reported. 
Additionally, the result was not reported in 
detail. 

2,4,6-Trimethylphenol [04.095] Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

3 µmol/plate10 

(409 µg/plate) 
Negative1, 2 (Florin et al., 1980) Insufficient quality. Not in accordance with 

OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium  
TA98; TA100 

Not reported Negative1, 2 (Epler et al., 1979) Insufficient quality. Not in accordance with 
OECD guideline 471. Only two strains tested. 
Results not reported in detail. 

(Thymol [04.006]) Ames assay S. typhimurium  
TA97; TA98; TA100 

1000 µg/ml Negative1, 2 (Azizan & Blevins, 1995) 17. 
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Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537;  
TA1538 

451 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay 
(preincubation method) 

S. typhimurium  
TA97; TA98; TA100 

Not reported Negative1, 2 (Azizan & Blevins, 1995) 17. 

 Sister chromatid exchange SHE cells 5 concentrations from 
0.3 to 30 µg/ml 

Equivocal (Fukuda, 1987) 17. 
Validity cannot be evaluated since the study was 
published in Japanese (e.g. presence or absence 
of S9 is not clear). However, the results reported 
in a table were not dose-related. 

 Unscheduled DNA synthesis SHE cells 4 concentrations from 
0.3 to 10 µg/ml 

Equivocal (Fukuda, 1987) 17. 
Validity cannot be fully evaluated since the 
study was published in Japanese (e.g. presence 
or absence of S9 is not clear). However, the 
results reported in a table were not dose-related. 

(Carvacrol [04.031]) Ames assay S. typhimurium  
TA98; TA100 

2 concentrations (8 and 
16 ppm) 

Negative1, 2 (Kono et al., 1995) 17. 
Not in accordance with OECD guideline 471 
(only two strains used and only two 
concentrations tested). In Japanese with a short 
summary in English. 

 Ames assay 
(plate incorporation assay) 

S. typhimurium  
TA98; TA100 

3 concentrations from 
0.6 to 2.5 µmol/plate 

Negative1, 2 (Stammati et al., 1999) 17. 
This study was not in accordance with OECD 
guideline 471 (only two strains used and only 3 
concentrations tested). 

 Bacterial DNA repair test E. coli  
WP2 trpE65; CM8781 
trpE65; uvrA155, 
 recA56, lexA 

4 concentrations from 
2.5 to 6 µmol/paper disk 

Positive (Stammati et al., 1999) 17. 
Effects were measured as inhibition zones. This 
assay is considered to be of minor relevance. 
Positive results from such assays may be 
interpreted as an indication of a genotoxic 
potential which needs to be clarified by other 
assays. 

 SOS Chromotest E. coli PQ37 4 concentrations (not 
unambiguously 
reported) 

Negative (Stammati et al., 1999) 17. 
Concentrations not unambiguously reported, 
only without S9 tested. This assay is considered 
to be of minor relevance. Positive results from 
such assays may be interpreted as an indication 
of a genotoxic potential which needs to be 
clarified by other assays. 

(4-Vinylphenol [04.057]) Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.1 mmol/L  
(12 µg/ml) 

Negative (Jansson et al., 1988) 17. 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  
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Table 2.2: Summary of Genotoxicity Data (in vitro) EFSA / FGE.22 
Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 
(2-Methoxyphenol [04.005]) Ames assay S. typhimurium  

TA98; TA100; TA102 
111,726 µg/plate Negative1, 2 (Aeschbacher et al., 1989) 17. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

16,000 µg/plate Negative1, 2 (Douglas et al., 1980) 17. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

5 concentrations from 
333 to 11,740 µg/plate 
in one experiment and 5 
concentrations from 33 
to 3333 µg/plate in two 
further experiments 
performed in another 
laboratory 

Negative1, 2 (Haworth et al., 1983) 17. 
Acceptable quality. Published summary report 
including detailed results from studies on 250 
chemicals tested in various laboratories within 
the NTP. Three experiments performed in two 
laboratories. In accordance with OECD 
guideline 471 (1983). 

 
 

Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

Up to 16,000 µg/plate 
(range not reported) 

Negative1, 2 (Nestmann et al., 1980) 17. 
Insufficient quality as main details of method 
and results were not reported. Additionally, the 
test was not repeated. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

5 conentrations from 0.5 
to 5000 µg/plate 

Negative1, 2 (Pool & Lin, 1982) 17. 
Acceptable quality. 

 Sister chromatid exchange Human lymphocytes 5 concentration up to 
0.5 mmol/L  
(62 µg/ml) 

Positive (Jansson et al., 1988) 17. 
Acceptable quality. Only the highest 
concentration resulted in a statistically 
significant increase. The effect was very waek 
but reproducible. 

3-Methoxyphenol [04.076] Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

30 µmol/plate 
(3724 µg/plate) 

Negative1, 2 (Florin et al., 1980) Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 1 
mmol/L 
(124 µg/ml) 

Negative6 (Jansson et al., 1986) Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

4-Methoxyphenol [04.077] Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

5 concentrations from 
3.3 to 167 µg/plate in 
the first experiment and 
5 concentrations from 
100 to 5000 µg/plate in 
the second experiment 
performed in another 
laboratory 

Negative2, (Haworth et al., 1983) Acceptable quality. Published summary report 
including detailed results from studies on 250 
chemicals tested in various laboratories within 
the NTP. Experiments performed in two 
laboratories. In accordance with OECD 
guideline 471 (1983). 

 Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

30 µmol/plate 
(3724 µg/plate) 

Negative1, 2 (Florin et al., 1980) Not in accordance with OECD guideline 471. 
Inadequate study design (Spot test). 

 Ames assay 
(plate incorporation method) 

S. typhimurium TA100; TA1530 Up to 4 µmol/plate Negative1, 2, 12 (Bartsch et al., 1980) As only two strains were used the quality of the 
study must be considered insufficient for the 
purpose of this Flavouring Group Evaluation 
Validity cannot be evaluated as details of the 
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Table 2.2: Summary of Genotoxicity Data (in vitro) EFSA / FGE.22 
Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 

result were not reported. 
 Mouse lymphoma assay Mouse L5178Y TK +/- lymphocytes 27 to 2000 µg/ml 

(without S9) 
1.3 to 100 µg/ml (with 
S9) 

Positive1 

Negative2
(Rogers-Back, 1986) The validity of this unpublished report cannot 

fully be evaluated since all pages in table format 
are lacking. 

 Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.05 mmol/L 
(6.2 µg/ml) 

Negative6 (Jansson et al., 1986) Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

 Chromosome aberration assay Chinese hamster ovary cells 954, 1269, and 1692 
µg/ml (each in the 
presence and absence of 
S9) 

Positive1, 2 (Putman, 1986) The validity of this unpublished report cannot 
fully be evaluated since all pages in table format 
are lacking. 

 Unscheduled DNA synthesis Human lymphocytes 25 µM 
(3.1 µg/ml) 

Equivocal (Daugherty & Franks, 1986) Not relevant since only an inhibition of UV-
induced UDS was measured. Additionally, a 
result is reported only for one concentration 
(resulting in inhibition by 30 %) and a negative 
control was not included. 

(2-Methoxy-4-methylphenol [04.007]) Sister chromatid exchange Human lymphocytes 5 concentrations up to 1 
mmol/L 
(138 µg/ml) 

Positive (Jansson et al., 1988) 17. 
Acceptable quality. The effect was weak 
(twofold increase) but dose-related and 
statistically significant. 

(4-Ethylguaiacol [04.008]) Sister chromatid exchange Human lymphocytes 5 concentration up to 1 
mmol/L 
(152 µg/ml) 

Negative (Jansson et al., 1988) 17. 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

(2,6-Dimethoxyphenol [04.036]) Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

16,000 µg/plate Negative (Douglas et al., 1980) 17. 

 Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

463 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537 

1000 µg/ml Negative1, 2 (McMahon et al., 1979) 17. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

5 concentrations from 
0.5 to 5000 µg/plate 

Negative1, 2 (Pool & Lin, 1982) 17. 
Acceptable quality. 

 Mutation assay E. coli 1000 µg/ml Negative1, 2 (McMahon et al., 1979) 17. 
 Sister chromatid exchange Human lymphocytes 4 concentrations up to 

0.5 mmol/L 
(77 µg/ml) 

Negative (Jansson et al., 1986) 17. 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated).  

4-Hydroxy-3,5- 
dimethoxyacetophenone [07.164] 

Ames assay 
(plate incorporation assay) 

S. typhimurium  
TA97; TA98; TA100; TA102 

6 concentrations from 
10 to 4000 µg/plate 

Negative1, 2 (Pfuhler et al., 1995) Limited quality. Strain TA 1535 was not used 
although recommended by OECD 471 (1983 
and 1997) which may be acceptable but the test 
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Table 2.2: Summary of Genotoxicity Data (in vitro) EFSA / FGE.22 
Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 

was not repeated. 
 Ames assay S. typhimurium  

TA98; TA100; TA1535;  
TA1537; TA1538 

Up to 1 mg/plate (range 
not reported) 

Negative1, 2 (Nestmann et al., 1980) Insufficient quality as main details of method 
and results were not reported. Additionally, the 
test was not repeated. 

 Mutagenicity assay S. cerevisiae D7; XV185-14C Not reported Negative1 (Nestmann & Lee, 1983) Insufficient quality. Details of concentrations 
and results not reported. 

 Sister chromatid exchange Human peripheral lymphocytes 4 concentrations from 
3.3 to 100 µg/ml 

Negative1, 2 (Pfuhler et al., 1995) Limited quality as the test was not repeated in 
an independent experiment. Otherwise in 
accordance with OECD 479 (1986). 

(2-Methoxy-4-vinylphenol [04.009]) Sister chromatid exchange Human lymphocytes 5 concentrations up to 
0.5 mmol/L 
(75 µg/ml) 

Equivocal (Jansson et al., 1988) 17. 
Limited quality (selection of maximum 
concentration not justified and experiment not 
repeated). Weak effect (only the highest 
concentration resulted in a twofold increase of 
SCE frequency which was statistically 
significant but was not repeated in a second 
experiment).  

3,4- Methylenedioxyphenol [04.080] Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA102 

4 concentrations from 1 
to 10 µM/plate 
(1381 µg/plate) 

(Not applicable)13 (Kaur & Saini, 2000) Limited relevance. Antimutagenic activity was 
investigated only. The substance was tested only 
in combination with mutagens. 

 Ames Assay 
(plate incorporation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

33 - 3333 µg/plate Negative1, 2, 14 (Longfellow, 1985/1986) Validity cannot be evaluated. The information 
was generated from the Chemical 
Carcinogenesis Research Information System 
database. Details of methods and results were 
not available. 

 Mouse lymphoma assay Mouse L5178Y TK +/- lymphocytes 25 - 215 µg/ml Positive1, 2 (Longfellow, 1985/1986) Validity cannot be evaluated. The information 
was generated from the CCRIS database. Details 
of methods and results were not available. 

(2-Hydroxyacetophenone [07.124]) Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

408 µg/plate Negative1, 2 (Florin et al., 1980) 17. 
Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

4- Hydroxy acetophenone [07.243] Ames assay 
(preincubation method) 

S. typhimurium  
TA98; TA100; TA1535;  
TA1537 
 

30 µmol/plate 
(4085 µg/plate) 

Negative1, 2 (Florin et al., 1980) Insufficient quality. Not in accordance with 
OECD guideline 471. Inadequate study design 
(Spot test). 

Acetovanillone [07.142] Ames assay 
(preincubation and plate 
incorporation methods) 

S. typhimurium  
TA98; TA100 

Not reported Negative1, 2 (Xu et al., 1984) Insufficient quality. Not in accordance with 
OECD guideline 471. Only two strains used. 
Concentration range not reported. Details of 
results not reported. 

 Ames assay S. typhimurium  
TA98; TA100; TA1535;  
TA1537; TA1538 

Up to 1 mg/plate (range 
not reported) 

Negative1, 2 (Nestmann et al., 1980) Insufficient quality as main details of method 
and results were not reported. Additionally, the 
test was not repeated. 

 Mutagenicity assay S. cerevisiae D7;  
S. cerevisiae XV185-14C 

6 concentrations from 
100 to 1000 µg/ml 

Negative15

Positive15
(Nestmann & Lee, 1983) Tested only without S9, however the positive 

results reported seem to be reliable. 
(Vanillyl acetone [07.005]) Ames assay S. typhimurium  1000 µg/plate Negative2, 16 (Mikulasova & Bohovicova, 17. 
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Table 2.2: Summary of Genotoxicity Data (in vitro) EFSA / FGE.22 
Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 

(plate incorporation method) TA98; TA100 2000) 
 DNA Repair test E. coli  

WP2, WP2uvrA, CM611;  
CM561 

2000 µg/ml Negative (Mikulasova & Bohovicova, 
2000) 

17. 

GI = Growth inhibition. 
IP = Intraperitoneal. 
1) Without metabolic activation. 
2 ) With metabolic activation. 
3) Presumably non-mutagenic but solubility did not allow testing in amounts that result in lethality. 
4) Negative results in TA100, with and without S9 metabolic activation. 
5) Positive results in TA98, with and without metabolic activation. 
6) The use of metabolic activation was not reported. 
7) The concentrations selected for this assay corresponded to 0.5, 0.25, and 0.125 of the concentration causing 50 % growth inhibition (this concentration was not specified) as determined from a cytotoxicity assay. 
8) Test substance was negative in a short-term assay without S9 metabolic activation and in a long-term assay (48 hrs.) with and without S9 metabolic activation. The test substance gave positive results in the short-term assay with S9 metabolic activation. 
9) Tested quantitatively with TA100. Substance was cytotoxic at 30 µmol/plate. 
10) 5000 µg/plate resulted in cytotoxicity which was defined as a thinning of the background lawn. 
11) Tested quantitatively with TA98. Substance was cytotoxic at 30 µmol/plate. 
12) The presentation of the result in the publication obviously led the petitioner to the interpretion that the substance was positive in TA1530 but this is not correct. From the footnotes of the publication it becomes clear that the substance was tested  in TA100 
and TA1530 and that the result was negative. However, as only two strains were used the quality of the study must be considered insufficient for the purpose of this Flavouring Group Evaluation. 
13) Antimutagenicity study. Sesamol greatly reduced the mutagenic effects of t-BOOH. 
14) Test with both rat and mouse S-9 metabolic activation. 
15) Negative response for gene conversion (strain D7) and a positive response for reversion (strain XV185-14C). 
16) Dose level was the highest non-toxic dose level examined. At 2500 µg/ml cytotoxicity was observed. 
17) Summarised by JECFA, 55th meeting (JECFA, 2001b). 
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Table 2.3: Genotoxicity (in vivo) EFSA / FGE.22 

Substances listed in brackets are JECFA evaluated substances in FGE.22 
Table 2.3: Summary of Genotoxicity Data (in vivo) EFSA / FGE.22 
Chemical Name [FL-no]  Test System Test Object  Route Dose Result  Reference  Comments 
(2-Methylphenol [04.027]) In vivo Sister chromatid 

exchange 
Mouse bone marrow cells, alveolar 
macrophages, and regenerating liver cells 

 IP injection 0, 200 mg/kg Negative (Cheng & Kligerman, 1984) 1 
Limited quality since only two animals 
were used and only 20 metaphases 
were analysed for each cell type from 
each animal. Only one dose tested. 

 In vivo Sex- linked 
recessive lethal test 

D. melanogaster Oral 0, 100, 500, 1000 
µg/ml 

Negative (Sernau, 1989) 1 
Acceptable quality. GLP study 
generally in accordance with OECD 
477 (1984). 

(3-Methylphenol [04.026]) In vivo Sister chromatid 
exchange 

Mouse bone marrow cells, alveolar 
macrophages, and regenerating liver cells 

IP injection 0, 200 mg/kg Negative (Cheng & Kligerman, 1984) 1 
Limited quality since only three 
animals were used and only 20 
metaphases were analysed for each 
cell type from each animal. Only one 
dose tested. 

 In vivo Chromosome 
aberration assay 

Mouse bone marrow Oral (gavage) 0, 96, 320, 960 mg/kg Negative (Ivett et al., 1989) 1 
GLP study in accordance with OECD 
guideline 475 (1984).  
However, the validity of the result 
cannot be evaluated as all pages with 
results in table format are lacking. 

(4-Methylphenol [04.028]) In vivo Sister chromatid 
exchange 

Mouse bone marrow cells, alveolar 
macrophages, and regenerating liver cells 

IP injection 0, 75 mg/kg Negative (Cheng & Kligerman, 1984) 1 
Limited quality since only three 
animals were used and only 20 
metaphases were analysed for each 
cell type from each animal. Only one 
dose tested. 

(Carvacrol [04.031]) 
 

In vivo Spot test D. melanogaster BINSC; Oregon-R  1.40 ppm;  
0.35 ppm 

Negative (Kono et al., 1995) 1 
Validity cannot be evaluated. 
Publication is in Japanese with a short 
summary in English. Results reported 
only for two doses in table format. Not 
clear if control groups were treated 
concomitantly. 

4-Methoxyphenol [04.077] In vivo Chromosome 
aberration assay 

Rat Oral (gavage) 0, 100, 333, 1000 
mg/kg bw 

Negative (Esber, 1986) The study design was in accordance 
with OECD guideline 475 (1984). The 
study was incompletely reported, 
however, the study report contained 
sufficient  details to conclude that the 
outcome of the study is negative. 

1)  Summarised by JECFA, 55th meeting (JECFA, 2001b). 
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Table 2.4: Additional Genotoxicity Studies (in vitro / in vivo) not Included in JECFA Evaluation 

 

Table 2.4: Additional Genotoxicity Studies (in vitro/ in vivo) not Included in JECFA Evaluation 

FL-no 
JECFA-no 

EU Register name 
JECFA name 

Structural formula End-point Test system Concentration Results Reference 

In vitro 

Reverse mutation S. typhimurium TA98, TA100, 
TA1535, TA1537 10, 33.3, 100, 333, 1000, 

2500, 5000 µg/platea

Negative (Poth, 1994b) 

Chromosomal aberration V79 Chinese hamster cells 
30, 100, 300 µg/ml (18 
hours)b, 600 µg/ml (28 
hours)b

Positive (Völkner, 1994) 

Chromosomal aberration V79 Chinese hamster cells 
10, 30, 100 µg/ml (18 
hours)c, 100 µg/ml (28 
hours)c

Negative (Völkner, 1994) 

04.042 
707 

2,6-Dimethylphenol 

OH

 

HPRT assay V79 Chinese hamster cells 
30, 300, 350, 400 µg/mlc

30, 100, 200, 300, 600 
µg/mlb

Negative (Poth, 1994a) 

In vivo 

04.042 
707 

2,6-Dimethylphenol 

OH

 

Chromosomal aberration Rat bone marrow 
350, 700, 1400 mg/kg bwd 

300, 600, 1200 mg/kg bwe

Negative (Gudi & Putman, 1966) 

a With and without metabolic activation. 

b With metabolic activation. 

c Without metabolic activation. 

d Male rats. 

e Female rats. 
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TABLE 3: SUMMARY OF SAFETY EVALUATION TABLES 

Table 3.1: Summary of Safety Evaluation of 44 Phenol Derivatives (JECFA, 2001a)  

 

Table 3.1: Summary of Safety Evaluation of 44 JECFA Evaluated Phenol Derivatives (JECFA, 2001a) 

FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI (μg/capita/day) 
 

Class 2) 
Evaluation procedure path 
3) 

Outcome on the 
named compound  
[4) or 5)] 

EFSA conclusion on the 
named compound 
(Procedure steps, intake 
estimates, NOAEL, 
genotoxicity) 
 

EFSA conclusion on the 
material of commerce 

04.005 
713 

2-Methoxyphenol 
OH

O  

44 
16 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.006 
709 

Thymol 

OH  

51 
160 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.007 
715 

2-Methoxy-4-methylphenol 
OH

O  

31 
3 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.008 
716 

4-Ethylguaiacol 
OH

O  

6.9 
0.4 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.009 
725 

2-Methoxy-4-vinylphenol 
OH

O  

2.6 
1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.019 
706 

2,5-Dimethylphenol 

OH

 

0.49 
0.03 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.022 
694 

4-Ethylphenol 
OH

 

3.5 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.026 
692 

3-Methylphenol 
OH

 

0.12 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 
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Table 3.1: Summary of Safety Evaluation of 44 JECFA Evaluated Phenol Derivatives (JECFA, 2001a) 

FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI (μg/capita/day) 
 

Class 2) 
Evaluation procedure path 
3) 

Outcome on the 
named compound  
[4) or 5)] 

EFSA conclusion on the 
named compound 
(Procedure steps, intake 
estimates, NOAEL, 
genotoxicity) 
 

EFSA conclusion on the 
material of commerce 

04.027 
691 

2-Methylphenol 
OH

 

250 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.028 
693 

4-Methylphenol 
OH

 

0.97 
1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.031 
710 

Carvacrol 

OH  

14 
0.3 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.036 
721 

2,6-Dimethoxyphenol O

OH

O  

5.4 
12 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.037 
720 

4-Ethoxyphenol 
O OH

 

ND 
0.4 

Class I 
A3: Intake below threshold 

4) 7) 7) 

04.042 
707 

2,6-Dimethylphenol 

OH

 

1.7 
1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.044 
697 

2-Isopropylphenol 
OH

 

14 
0.3 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.045 
714 

2-(Ethoxymethyl)phenol 
OH

O  

1.5 
0.01 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.046 
695 

2-Propylphenol 
OH

 

0.12 
1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.047 
712 

Benzene-1,3-diol HO

OH

 

1.2 
0.3 

Class I 
A3: Intake below threshold 

4) 6) 6) 
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Table 3.1: Summary of Safety Evaluation of 44 JECFA Evaluated Phenol Derivatives (JECFA, 2001a) 

FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI (μg/capita/day) 
 

Class 2) 
Evaluation procedure path 
3) 

Outcome on the 
named compound  
[4) or 5)] 

EFSA conclusion on the 
named compound 
(Procedure steps, intake 
estimates, NOAEL, 
genotoxicity) 
 

EFSA conclusion on the 
material of commerce 

04.048 
708 

3,4-Dimethylphenol 
OH

 

5.7 
1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.049 
717 

2-Methoxy-4-propylphenol 
OH

O  

180 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.050 
696 

4-Propylphenol 
OH

 

0.049 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.051 
726 

4-Allyl-2,6-dimethoxyphenol O

OH

O  

0.012 
6 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.052 
723 

4-Ethyl-2,6-dimethoxyphenol O

OH

O  

ND 
1 

Class I 
A3: Intake below threshold 

4) 7) 7) 

04.053 
722 

4-Methyl-2,6-dimethoxyphenol O

OH

O  

ND 
0.04 

Class I 
A3: Intake below threshold 

4) 7) 7) 

04.056 
724 

2,6-Dimethoxy-4-propylphenol O

OH

O  

ND 
0.1 

Class I 
A3: Intake below threshold 

4) 7) 7) 

04.057 
711 

4-Vinylphenol 
OH

 

0.12 
6 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.064 
733 

4-(1,1-Dimethylethyl)phenol 
OH

 

0.012 
0.01 

Class I 
A3: Intake below threshold 

4) 6) 6) 

04.085 
737 

2,3,6-Trimethylphenol 

OH

 

0.24 
0.3 

Class I 
A3: Intake below threshold 

4) 6) 6) 
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Table 3.1: Summary of Safety Evaluation of 44 JECFA Evaluated Phenol Derivatives (JECFA, 2001a) 

FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI (μg/capita/day) 
 

Class 2) 
Evaluation procedure path 
3) 

Outcome on the 
named compound  
[4) or 5)] 

EFSA conclusion on the 
named compound 
(Procedure steps, intake 
estimates, NOAEL, 
genotoxicity) 
 

EFSA conclusion on the 
material of commerce 

07.005 
730 

Vanillyl acetone O

O

OH

 

34 
83 

Class I 
A3: Intake below threshold 

4) 6) 6) 

07.046 
732 

Vanillylidene acetone O

HO

O
(E)-isomer shown  

ND 
0.1 

Class I 
A3: Intake below threshold 

4) 7) 7) 
CASrn does not specify 
stereoisomers. Stereoisomeric 
composition to be specified.  

07.124 
727 

2-Hydroxyacetophenone O

OH  

0.12 
0.01 

Class I 
A3: Intake below threshold 

4) 6) 6) 

07.135 
729 

2,4-Dihydroxyacetophenone 

(OH)2

O

 

0.012 
0.1 

Class I 
A3: Intake below threshold 

4) 6) CASrn does not specify 
position of hydroxy groups, 
incompletely defined 
substance. Composition of 
mixture to be specified 

09.036 
699 

p-Tolyl acetate O

O

 

ND 
70 

Class I 
A3: Intake below threshold 

4) 7) 7) 

09.102 
704 

p-Tolyl dodecanoate 

O

O

ND 
0.3 

Class I 
A3: Intake below threshold 

4) 7) 7) 
According to JECFA: Min. 
assay value is "90" and 
secondary components "p-
Tolyl tetradecanoate, p-Tolyl 
decanoate, p-Tolyl 
hexadecanoate". Composition 
of mixture to be specified.  

09.174 
718 

2-Methoxyphenyl acetate O

O

O  

0.012 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

09.228 
698 

o-Tolyl acetate 
O

O  

0.12 
40 

Class I 
A3: Intake below threshold 

4) 6) 6) 
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Table 3.1: Summary of Safety Evaluation of 44 JECFA Evaluated Phenol Derivatives (JECFA, 2001a) 

FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI (μg/capita/day) 
 

Class 2) 
Evaluation procedure path 
3) 

Outcome on the 
named compound  
[4) or 5)] 

EFSA conclusion on the 
named compound 
(Procedure steps, intake 
estimates, NOAEL, 
genotoxicity) 
 

EFSA conclusion on the 
material of commerce 

09.288 
731 

4-(4-Acetoxyphenyl)butan-2-one O

O

O  

ND 
0.1 

Class I 
A3: Intake below threshold 

4) 7) 7) 

09.301 
703 

p-Tolyl octanoate O

O  

0.024 
1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

09.429 
701 

p-Tolyl isobutyrate 
O

O
 

0.037 
0.01 

Class I 
A3: Intake below threshold 

4) 6) 6) 

09.480 
700 

o-Tolyl isobutyrate 
O

O  

0.024 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

09.518 
702 

4-Methylphenyl isovalerate O

O  

0.37 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

09.709 
705 

p-Tolyl phenylacetate O

O  

0.61 
0.1 

Class I 
A3: Intake below threshold 

4) 6) 6) 

09.711 
719 

Guaiacyl phenylacetate O

O O

 

0.37 
2 

Class I 
A3: Intake below threshold 

4) 6) 6) 

07.055 
728 

4-(p-Hydroxyphenyl)butan-2-one 
OH

O  

2400 
3800 

Class I 
A3: Intake above threshold, 
A4: Not endogenous, A5: 
Adequate NOAEL exists 

4) 6) 6) 

1) EU MSDI: Amount added to food as flavour in (kg / year) x 10E9 / (0.1 x population in Europe (= 375 x 10E6) x 0.6 x 365)  =  µg/capita/day. 
2) Thresholds of concern: Class I = 1800, Class II = 540, Class III = 90 µg/person/day. 
3) Procedure path A substances can be predicted to be metabolised to innocuous products  Procedure path B substances cannot. 
4) No safety concern based on intake calculated by the MSDI approach of the named compound. 
5) Data must be available on the substance or closely related substances to perform a safety evaluation. 
6) No safety concern at estimated levels of intake as flavouring substances based on the MSDI approach. 
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7) MSDI  based on USA production figure. 
 
ND: not determined 
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (EFSA / FGE.22) 
 

Table 3.2: Summary of Safety Evaluation Applying the Procedure (based on intakes calculated by the MSDI approach) 

FL-no EU Register name Structural formula MSDI 1) 
(μg/capita/day) 

Class 2) 
Evaluation procedure path 3) 

Outcome on the named 
compound 
[ 4) or 5] 

Outcome on the 
material of commerce 
[6), 7), or 8)] 

Evaluation remarks 

04.020 3,5-Dimethylphenol OH

 

0.037 Class I 
A3: Intake below threshold 

4) 6)  

04.021 3-Ethylphenol OH

 

0.073 Class I 
A3: Intake below threshold 

4) 6)  

04.061 2,6-Dimethoxy-4-vinylphenol O

OH

O  

1.2 Class I 
A3: Intake below threshold 

4) 6)  

04.065 2,3-Dimethylphenol OH

 

0.013 Class I 
A3: Intake below threshold 

4) 6)  

04.066 2,4-Dimethylphenol OH

 

0.011 Class I 
A3: Intake below threshold 

4) 6)  

04.070 2-Ethylphenol OH

 

0.037 Class I 
A3: Intake below threshold 

4) 6)  

04.072 3-Isopropylphenol OH

 

0.0012 Class I 
A3: Intake below threshold 

4) 6)  

04.073 4-Isopropylphenol 
OH

 

0.24 Class I 
A3: Intake below threshold 

4) 6)  

04.076 3-Methoxyphenol 
O

OH

 

0.011 Class I 
A3: Intake below threshold 

4) 6)  

04.077 4-Methoxyphenol 
O OH

 

0.12 Class I 
A3: Intake below threshold 

4) 6)  
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (based on intakes calculated by the MSDI approach) 

FL-no EU Register name Structural formula MSDI 1) 
(μg/capita/day) 

Class 2) 
Evaluation procedure path 3) 

Outcome on the named 
compound 
[ 4) or 5] 

Outcome on the 
material of commerce 
[6), 7), or 8)] 

Evaluation remarks 

04.078 5-Methyl-2-(tert-butyl)phenol OH

 

0.061 Class I 
A3: Intake below threshold 

4) 6)  

04.095 2,4,6-Trimethylphenol 
OH

 

0.0097 Class I 
A3: Intake below threshold 

4) 6)  

07.142 Acetovanillone OH

O

O  

2.2 Class I 
A3: Intake below threshold 

4) 6)  

07.154 1-(3,5-Dimethoxy-4-
hydroxyphenyl)propan-1-one 

O

O

OH

O

 

0.026 Class I 
A3: Intake below threshold 

4) 6)  

07.164 4-Hydroxy-3,5-
dimethoxyacetophenone 

O

O

OH

O

 

0.24 Class I 
A3: Intake below threshold 

4) 6)  

07.243 4-Hydroxyacetophenone O

OH  

0.016 Class I 
A3: Intake below threshold 

4) 6)  

09.253 2-Isopropyl-5-methylphenyl acetate O

O

 

1.1 Class I 
A3: Intake below threshold 

4) 6)  

09.337 Carvacryl acetate 
O O

 

0.61 Class I 
A3: Intake below threshold 

4) 6)  

09.893 2-Isopropyl-5-methylphenyl formate OO

 

0.52 Class I 
A3: Intake below threshold 

4) 6)  
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (based on intakes calculated by the MSDI approach) 

FL-no EU Register name Structural formula MSDI 1) 
(μg/capita/day) 

Class 2) 
Evaluation procedure path 3) 

Outcome on the named 
compound 
[ 4) or 5] 

Outcome on the 
material of commerce 
[6), 7), or 8)] 

Evaluation remarks 

04.080 3,4-Methylenedioxyphenol OH

O

O

 

1.7 Class I 
No evaluation 

  a) 

04.091 Ethyl 4-hydroxybenzyl ether 

OH

O

 

0.0012 Class II 
A3: Intake below threshold 

4) 6)  

04.092 4-Hydroxybenzyl methyl ether 
OH

O

 

0.61 Class II 
A3: Intake below threshold 

4) 6)  

07.234 5-Paradol 
O

HO

O

 

0.012 Class II 
A3: Intake below threshold 

4) 6)  

F

Consideration of 
subst
 
 

 

© European Foo

7) Tentatively regarded as presenting no safety concern (based on intake calculated by the MSDI approach) pending further information on the purity of the material of commerce. 
6) No safety concern at estimated level of intake of the material of commerce meeting the specification of Table 1 (based on intake calculated by the MSDI approach) 

1) MSDI: Amount added to food as flavour in (kg / year) x 10E9 / (0.1 x population in Europe (= 375 x 10E6) x 0.6 x 365)  =  µg/capita/day 

3) Procedure path A substances can be predicted to be metabolised to innocuous products.  Procedure path B substances cannot. 

5) Data must be available on the substance or closely related substances to perform a safety evaluation. 

8) No conclusion can be drawn due to lack of information on the purity of the material of commerce. 

4) No safety concern based on intake calculated by the MSDI approach of the named compound. 

2) Thresholds of concern: Class I = 1800, Class II = 540, Class III = 90 µg/person/day 

a) Evaluation deferred pending further genotoxicity data 
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1. IDENTIFICATION1. IDENTIFICATION1. IDENTIFICATION1. IDENTIFICATION
RASPBERRY KETONE (OXYPHENYLON)RASPBERRY KETONE (OXYPHENYLON)RASPBERRY KETONE (OXYPHENYLON)RASPBERRY KETONE (OXYPHENYLON)Product Description:Product Description:Product Description:Product Description:
5471-51-2CAS #CAS #CAS #CAS #

FEMA NumberFEMA NumberFEMA NumberFEMA Number 2588

Other means of identificationOther means of identificationOther means of identificationOther means of identification
500420Vigon Item #Vigon Item #Vigon Item #Vigon Item #
Concentrated aromatic and flavor ingredient which may be used in flavor and fragrance
compounds according to legal and IFRA or FEMA GRAS/FDA guidelines.

Recommended useRecommended useRecommended useRecommended use

For Manufacturing Use OnlyRecommended restrictionsRecommended restrictionsRecommended restrictionsRecommended restrictions

24 Hour Emergency Response Information
INFOTRAC (ACCT# 78928);
1-800-535-5053 WITHIN THE U.S.A.
1-352-323-3500 OUTSIDE THE U.S.A.

Web Site: www.vigon.com
For information call: 570-476-6300

Company
Vigon International, LLC
127 Airport Road
E. Stroudsburg, PA 18301

Manufacturer/Importer/Supplier/Distributor informationManufacturer/Importer/Supplier/Distributor informationManufacturer/Importer/Supplier/Distributor informationManufacturer/Importer/Supplier/Distributor information
ManufacturerManufacturerManufacturerManufacturer

Vigon International, LLC
AddressAddressAddressAddress 127 Airport Road
Company nameCompany nameCompany nameCompany name

WebsiteWebsiteWebsiteWebsite
TelephoneTelephoneTelephoneTelephone For information call: 570-476-6300

Emergency phone numberEmergency phone numberEmergency phone numberEmergency phone number INFOTRAC (ACCT# 78928);
1-800-535-5053 WITHIN THE U.S.A.
1-352-323-3500 OUTSIDE THE U.S.A.

E-mailE-mailE-mailE-mail

United States

www.vigon.com
regulatory@vigon.com

E. Stroudsburg, PA 18301

2. HAZARD(S) IDENTIFICATION2. HAZARD(S) IDENTIFICATION2. HAZARD(S) IDENTIFICATION2. HAZARD(S) IDENTIFICATION
Not classified.Physical hazardsPhysical hazardsPhysical hazardsPhysical hazards
Not classified.Health hazardsHealth hazardsHealth hazardsHealth hazards
Not classified.Environmental hazardsEnvironmental hazardsEnvironmental hazardsEnvironmental hazards

Label elementsLabel elementsLabel elementsLabel elements
None.Hazard symbolHazard symbolHazard symbolHazard symbol

Signal wordSignal wordSignal wordSignal word None.

Hazard statementHazard statementHazard statementHazard statement The substance does not meet the criteria for classification.

Precautionary statementPrecautionary statementPrecautionary statementPrecautionary statement
PreventionPreventionPreventionPrevention Observe good industrial hygiene practices.

ResponseResponseResponseResponse Wash hands after handling.

StorageStorageStorageStorage Store away from incompatible materials.
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DisposalDisposalDisposalDisposal Dispose of waste and residues in accordance with local authority requirements.
Hazard(s) not otherwiseHazard(s) not otherwiseHazard(s) not otherwiseHazard(s) not otherwise
classified (HNOC)classified (HNOC)classified (HNOC)classified (HNOC)

WARNING! May form combustible dust concentrations in air. Avoid breathing dust.

Supplemental informationSupplemental informationSupplemental informationSupplemental information 100% of the substance consists of component(s) of unknown acute dermal toxicity. 100% of the
substance consists of component(s) of unknown acute inhalation toxicity. 100% of the substance
consists of component(s) of unknown acute hazards to the aquatic environment. 100% of the
substance consists of component(s) of unknown long-term hazards to the aquatic environment.

3. COMPOSITION/INFORMATION ON INGREDIENTS3. COMPOSITION/INFORMATION ON INGREDIENTS3. COMPOSITION/INFORMATION ON INGREDIENTS3. COMPOSITION/INFORMATION ON INGREDIENTS
SubstancesSubstancesSubstancesSubstances

CAS numberCAS numberCAS numberCAS number %%%%Chemical nameChemical nameChemical nameChemical name Common name and synonymsCommon name and synonymsCommon name and synonymsCommon name and synonyms
4-(4-Hydroxyphenyl)butan-2-one
2-Butanone, 4-(4-hydroxyphenyl)-
OXYPHENYLON

5471-51-24-(4-HYDROXYPHENYL)-2-
BUTANONE

100

4. FIRST-AID MEASURES4. FIRST-AID MEASURES4. FIRST-AID MEASURES4. FIRST-AID MEASURES
If breathing is difficult, remove to fresh air and keep at rest in a position comfortable for breathing.
For breathing difficulties, oxygen may be necessary. Call a physician if symptoms develop or
persist.

InhalationInhalationInhalationInhalation

Take off immediately all contaminated clothing. Get medical attention if irritation develops and
persists. Wash skin thoroughly with soap and water for several minutes.

Skin contactSkin contactSkin contactSkin contact

Remove contact lenses, if present and easy to do. Get medical attention if irritation develops and
persists. Promptly wash eyes with plenty of water while lifting the eye lids.

Eye contactEye contactEye contactEye contact

Call a physician or poison control center immediately. If swallowed, rinse mouth with water (only if
the person is conscious). Do not induce vomiting. If vomiting occurs, the head should be kept low
so that stomach vomit doesn't enter the lungs.

IngestionIngestionIngestionIngestion

Dusts may irritate the respiratory tract, skin and eyes.Most importantMost importantMost importantMost important
symptoms/effects, acute andsymptoms/effects, acute andsymptoms/effects, acute andsymptoms/effects, acute and
delayeddelayeddelayeddelayed

Not available.Indication of immediate medicalIndication of immediate medicalIndication of immediate medicalIndication of immediate medical
attention and special treatmentattention and special treatmentattention and special treatmentattention and special treatment
neededneededneededneeded

Ensure that medical personnel are aware of the material(s) involved, and take precautions to
protect themselves. Show this safety data sheet to the doctor in attendance.

General informationGeneral informationGeneral informationGeneral information

5. FIRE-FIGHTING MEASURES5. FIRE-FIGHTING MEASURES5. FIRE-FIGHTING MEASURES5. FIRE-FIGHTING MEASURES
Water spray, fog, CO2, dry chemical, or alcohol resistant foam.Suitable extinguishing mediaSuitable extinguishing mediaSuitable extinguishing mediaSuitable extinguishing media
Do not use a solid water stream as it may scatter and spread fire.Unsuitable extinguishing mediaUnsuitable extinguishing mediaUnsuitable extinguishing mediaUnsuitable extinguishing media
Explosion hazard: Avoid generating dust; fine dust dispersed in air in sufficient concentrations, and
in the presence of an ignition source is a potential dust explosion hazard. Fire may produce
irritating, corrosive and/or toxic gases.

Specific hazards arising fromSpecific hazards arising fromSpecific hazards arising fromSpecific hazards arising from
the chemicalthe chemicalthe chemicalthe chemical
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Firefighters must use standard protective equipment including flame retardant coat, helmet with
face shield, gloves, rubber boots, and in enclosed spaces, SCBA. Structural firefighters protective
clothing will only provide limited protection. Wear self-contained breathing apparatus with a full
facepiece operated in the positive pressure demand mode when fighting fires.

Special protective equipmentSpecial protective equipmentSpecial protective equipmentSpecial protective equipment
and precautions for firefightersand precautions for firefightersand precautions for firefightersand precautions for firefighters

In case of fire and/or explosion do not breathe fumes. Use standard firefighting procedures and
consider the hazards of other involved materials. Move containers from fire area if you can do so
without risk. Water runoff can cause environmental damage. Ventilate closed spaces before
entering them. Keep run-off water out of sewers and water sources. Dike for water control.

Fire fightingFire fightingFire fightingFire fighting
equipment/instructionsequipment/instructionsequipment/instructionsequipment/instructions

Use water spray to cool unopened containers.Specific methodsSpecific methodsSpecific methodsSpecific methods
Static charges generated by emptying package in or near flammable vapor may cause flash fire.General fire hazardsGeneral fire hazardsGeneral fire hazardsGeneral fire hazards

6. ACCIDENTAL RELEASE MEASURES6. ACCIDENTAL RELEASE MEASURES6. ACCIDENTAL RELEASE MEASURES6. ACCIDENTAL RELEASE MEASURES
Keep unnecessary personnel away. Eliminate all sources of ignition. Avoid contact with skin or
inhalation of spillage, dust or vapor. Do not touch damaged containers or spilled material unless
wearing appropriate protective clothing. Ventilate closed spaces before entering them.

Personal precautions, protectivePersonal precautions, protectivePersonal precautions, protectivePersonal precautions, protective
equipment and emergencyequipment and emergencyequipment and emergencyequipment and emergency
proceduresproceduresproceduresprocedures

Eliminate all ignition sources (no smoking, flares, sparks or flames in immediate area). Sweep up
and place in a clearly labeled container for chemical waste. Wash contaminated area with water.
Use only non-sparking tools. Avoid the generation of dusts during clean-up. Collect and dispose of
spillage as indicated in section 13 of the SDS. This material and its container must be disposed of
as hazardous waste.

Never return spills in original containers for re-use.

Methods and materials forMethods and materials forMethods and materials forMethods and materials for
containment and cleaning upcontainment and cleaning upcontainment and cleaning upcontainment and cleaning up

Prevent further leakage or spillage if safe to do so. Do not contaminate water. Avoid release to the
environment. Retain and dispose of contaminated wash water. Contact local authorities in case of
spillage to drain/aquatic environment.

Environmental precautionsEnvironmental precautionsEnvironmental precautionsEnvironmental precautions

7. HANDLING AND STORAGE7. HANDLING AND STORAGE7. HANDLING AND STORAGE7. HANDLING AND STORAGE
Take precautionary measures against static discharges when there is a risk of dust explosion.
Minimize dust generation and accumulation. Routine housekeeping should be instituted to ensure
that dusts do not accumulate on surfaces. Dry powders can build static electricity charges when
subjected to the friction of transfer and mixing operations.  Provide adequate precautions, such as
electrical grounding and bonding, or inert atmospheres. Do not handle or store near an open
flame, heat or other sources of ignition. Assume that this material is capable of producing a dust
explosion if ignited as a dust cloud.
Take precautionary measures against static discharges. Avoid breathing vapor. Avoid breathing
dust. Avoid contact with eyes, skin, and clothing. Avoid prolonged exposure. Wash thoroughly
after handling.

Precautions for safe handlingPrecautions for safe handlingPrecautions for safe handlingPrecautions for safe handling

Keep container closed. Handle containers with care. Open slowly in order to control possible
pressure release. Store in a cool, well-ventilated area.

Conditions for safe storage,Conditions for safe storage,Conditions for safe storage,Conditions for safe storage,
including any incompatibilitiesincluding any incompatibilitiesincluding any incompatibilitiesincluding any incompatibilities

8. EXPOSURE CONTROLS/PERSONAL PROTECTION8. EXPOSURE CONTROLS/PERSONAL PROTECTION8. EXPOSURE CONTROLS/PERSONAL PROTECTION8. EXPOSURE CONTROLS/PERSONAL PROTECTION
This substance has no PEL, TLV, or other recommended exposure limit.Occupational exposure limitsOccupational exposure limitsOccupational exposure limitsOccupational exposure limits
No biological exposure limits noted for the ingredient(s).Biological limit valuesBiological limit valuesBiological limit valuesBiological limit values
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Use explosion-proof ventilation equipment to stay below exposure limits. It is recommended that all
dust control equipment such as local exhaust ventilation and material transport systems involved
in handling of this product contain explosion relief vents or an explosion suppression system or an
oxygen-deficient environment. Ensure that dust-handling systems (such as exhaust ducts, dust
collectors, vessels, and processing equipment) are designed in a manner to prevent the escape of
dust into the work area (i.e., there is no leakage from the equipment). Use only appropriately
classified electrical equipment and powered industrial trucks.

Appropriate engineering controlsAppropriate engineering controlsAppropriate engineering controlsAppropriate engineering controls

Individual protection measures, such as personal protective equipmentIndividual protection measures, such as personal protective equipmentIndividual protection measures, such as personal protective equipmentIndividual protection measures, such as personal protective equipment
Wear safety glasses with side shields (or goggles).Eye/face protectionEye/face protectionEye/face protectionEye/face protection

Skin protectionSkin protectionSkin protectionSkin protection
Chemical resistant gloves.Hand protectionHand protectionHand protectionHand protection

Not available.OtherOtherOtherOther
Dust mask.Respiratory protectionRespiratory protectionRespiratory protectionRespiratory protection

Wear appropriate thermal protective clothing, when necessary.Thermal hazardsThermal hazardsThermal hazardsThermal hazards

When using, do not eat, drink or smoke. Always observe good personal hygiene measures, such
as washing after handling the material and before eating, drinking, and/or smoking.  Routinely
wash work clothing and protective equipment to remove contaminants.

General hygiene considerationsGeneral hygiene considerationsGeneral hygiene considerationsGeneral hygiene considerations

9. PHYSICAL AND CHEMICAL PROPERTIES9. PHYSICAL AND CHEMICAL PROPERTIES9. PHYSICAL AND CHEMICAL PROPERTIES9. PHYSICAL AND CHEMICAL PROPERTIES
Refer to Spec SheetAppearanceAppearanceAppearanceAppearance
Powder\Crystal.Physical statePhysical statePhysical statePhysical state
Powder. Crystalline powder.FormFormFormForm
Refer to Spec SheetColorColorColorColor
Characteristic.OdorOdorOdorOdor

Odor thresholdOdor thresholdOdor thresholdOdor threshold Not available.

pHpHpHpH Not available.

Melting point/freezing pointMelting point/freezing pointMelting point/freezing pointMelting point/freezing point 181.4 °F (83 °C)

Initial boiling point and boilingInitial boiling point and boilingInitial boiling point and boilingInitial boiling point and boiling
rangerangerangerange

413.6 °F (212 °C)

Flash pointFlash pointFlash pointFlash point 212.0 °F (100.0 °C) Closed Cup

Evaporation rateEvaporation rateEvaporation rateEvaporation rate Not available.
Not available.Flammability (solid, gas)Flammability (solid, gas)Flammability (solid, gas)Flammability (solid, gas)

Upper/lower flammability or explosive limitsUpper/lower flammability or explosive limitsUpper/lower flammability or explosive limitsUpper/lower flammability or explosive limits
Explosive limit - lower (%)Explosive limit - lower (%)Explosive limit - lower (%)Explosive limit - lower (%) Not available.

Explosive limit - upper (%)Explosive limit - upper (%)Explosive limit - upper (%)Explosive limit - upper (%) Not available.

Vapor pressureVapor pressureVapor pressureVapor pressure 0.003 mm Hg at 20°C

Vapor densityVapor densityVapor densityVapor density 5.7

Relative densityRelative densityRelative densityRelative density Not available.

Solubility(ies)Solubility(ies)Solubility(ies)Solubility(ies)
Solubility (water)Solubility (water)Solubility (water)Solubility (water) Insoluble
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Partition coefficientPartition coefficientPartition coefficientPartition coefficient
(n-octanol/water)(n-octanol/water)(n-octanol/water)(n-octanol/water)

Not available.

Auto-ignition temperatureAuto-ignition temperatureAuto-ignition temperatureAuto-ignition temperature Not available.

Decomposition temperatureDecomposition temperatureDecomposition temperatureDecomposition temperature Not available.

ViscosityViscosityViscosityViscosity Not available.

Other informationOther informationOther informationOther information
DensityDensityDensityDensity 1.17 g/cm3 at 20 °C

Not explosive.Explosive propertiesExplosive propertiesExplosive propertiesExplosive properties

Flammability classFlammability classFlammability classFlammability class Combustible IIIB estimated

Molecular formulaMolecular formulaMolecular formulaMolecular formula C10H12O2

Molecular weightMolecular weightMolecular weightMolecular weight 164.2 g/mol
164.2 g/mol
Not oxidizing.Oxidizing propertiesOxidizing propertiesOxidizing propertiesOxidizing properties

10. STABILITY AND REACTIVITY10. STABILITY AND REACTIVITY10. STABILITY AND REACTIVITY10. STABILITY AND REACTIVITY
The product is stable and non-reactive under normal conditions of use, storage and transport.ReactivityReactivityReactivityReactivity
Material is stable under normal conditions.Chemical stabilityChemical stabilityChemical stabilityChemical stability
No dangerous reaction known under conditions of normal use.Possibility of hazardousPossibility of hazardousPossibility of hazardousPossibility of hazardous

reactionsreactionsreactionsreactions
Keep away from heat, sparks and open flame. Avoid temperatures exceeding the flash point.
Contact with incompatible materials. Minimize dust generation and accumulation.

Conditions to avoidConditions to avoidConditions to avoidConditions to avoid

Strong oxidizing agents.Incompatible materialsIncompatible materialsIncompatible materialsIncompatible materials
No hazardous decomposition products if stored and handled as indicated.Hazardous decompositionHazardous decompositionHazardous decompositionHazardous decomposition

productsproductsproductsproducts

11. TOXICOLOGICAL INFORMATION11. TOXICOLOGICAL INFORMATION11. TOXICOLOGICAL INFORMATION11. TOXICOLOGICAL INFORMATION
Information on likely routes of exposureInformation on likely routes of exposureInformation on likely routes of exposureInformation on likely routes of exposure

InhalationInhalationInhalationInhalation Irritating to respiratory system.

Skin contactSkin contactSkin contactSkin contact Causes mild skin irritation.

Eye contactEye contactEye contactEye contact Dust may irritate the eyes. Causes mild eye irritation.

IngestionIngestionIngestionIngestion Knowledge about health hazard is incomplete.

Symptoms related to theSymptoms related to theSymptoms related to theSymptoms related to the
physical, chemical andphysical, chemical andphysical, chemical andphysical, chemical and
toxicological characteristicstoxicological characteristicstoxicological characteristicstoxicological characteristics

Dusts may irritate the respiratory tract, skin and eyes.

Information on toxicological effectsInformation on toxicological effectsInformation on toxicological effectsInformation on toxicological effects

Acute toxicityAcute toxicityAcute toxicityAcute toxicity Not known.

Due to partial or complete lack of data the classification is not possible.Skin corrosion/irritationSkin corrosion/irritationSkin corrosion/irritationSkin corrosion/irritation
Due to partial or complete lack of data the classification is not possible.Serious eye damage/eyeSerious eye damage/eyeSerious eye damage/eyeSerious eye damage/eye

irritationirritationirritationirritation

Respiratory or skin sensitizationRespiratory or skin sensitizationRespiratory or skin sensitizationRespiratory or skin sensitization
Respiratory sensitizationRespiratory sensitizationRespiratory sensitizationRespiratory sensitization Due to partial or complete lack of data the classification is not possible.
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Due to partial or complete lack of data the classification is not possible.Skin sensitizationSkin sensitizationSkin sensitizationSkin sensitization
Due to partial or complete lack of data the classification is not possible.Germ cell mutagenicityGerm cell mutagenicityGerm cell mutagenicityGerm cell mutagenicity

CarcinogenicityCarcinogenicityCarcinogenicityCarcinogenicity Due to partial or complete lack of data the classification is not possible.

IARC Monographs. Overall Evaluation of CarcinogenicityIARC Monographs. Overall Evaluation of CarcinogenicityIARC Monographs. Overall Evaluation of CarcinogenicityIARC Monographs. Overall Evaluation of Carcinogenicity
Not listed.

OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)
Not listed.

US. National Toxicology Program (NTP) Report on CarcinogensUS. National Toxicology Program (NTP) Report on CarcinogensUS. National Toxicology Program (NTP) Report on CarcinogensUS. National Toxicology Program (NTP) Report on Carcinogens
Not listed.

Due to partial or complete lack of data the classification is not possible.Reproductive toxicityReproductive toxicityReproductive toxicityReproductive toxicity

Specific target organ toxicity -Specific target organ toxicity -Specific target organ toxicity -Specific target organ toxicity -
single exposuresingle exposuresingle exposuresingle exposure

Due to partial or complete lack of data the classification is not possible.

Specific target organ toxicity -Specific target organ toxicity -Specific target organ toxicity -Specific target organ toxicity -
repeated exposurerepeated exposurerepeated exposurerepeated exposure

Due to partial or complete lack of data the classification is not possible.

Aspiration hazardAspiration hazardAspiration hazardAspiration hazard Due to partial or complete lack of data the classification is not possible.

12. ECOLOGICAL INFORMATION12. ECOLOGICAL INFORMATION12. ECOLOGICAL INFORMATION12. ECOLOGICAL INFORMATION
The product is not classified as environmentally hazardous. However, this does not exclude the
possibility that large or frequent spills can have a harmful or damaging effect on the environment.

EcotoxicityEcotoxicityEcotoxicityEcotoxicity

  No data is available on the degradability of this substance.      Persistence and degradabilityPersistence and degradabilityPersistence and degradabilityPersistence and degradability
No data available.Bioaccumulative potentialBioaccumulative potentialBioaccumulative potentialBioaccumulative potential
No data available.Mobility in soilMobility in soilMobility in soilMobility in soil

Other adverse effectsOther adverse effectsOther adverse effectsOther adverse effects No other adverse environmental effects (e.g. ozone depletion, photochemical ozone creation
potential, endocrine disruption, global warming potential) are expected from this component.

13. DISPOSAL CONSIDERATIONS13. DISPOSAL CONSIDERATIONS13. DISPOSAL CONSIDERATIONS13. DISPOSAL CONSIDERATIONS
Do not discharge into drains, water courses or onto the ground. Do not allow this material to drain
into sewers/water supplies. Do not contaminate ponds, waterways or ditches with chemical or
used container. Dispose of contents/container in accordance with
local/regional/national/international regulations.

Disposal instructionsDisposal instructionsDisposal instructionsDisposal instructions

Dispose in accordance with all applicable regulations.Local disposal regulationsLocal disposal regulationsLocal disposal regulationsLocal disposal regulations
Not established.Hazardous waste codeHazardous waste codeHazardous waste codeHazardous waste code
Empty containers or liners may retain some product residues. This material and its container must
be disposed of in a safe manner (see: Disposal instructions).

Waste from residues / unusedWaste from residues / unusedWaste from residues / unusedWaste from residues / unused
productsproductsproductsproducts

Since emptied containers may retain product residue, follow label warnings even after container is
emptied. Empty containers should be taken to an approved waste handling site for recycling or
disposal.

Contaminated packagingContaminated packagingContaminated packagingContaminated packaging

14. TRANSPORT INFORMATION14. TRANSPORT INFORMATION14. TRANSPORT INFORMATION14. TRANSPORT INFORMATION
ADNADNADNADN

Not regulated as dangerous goods.
ADRADRADRADR

Not regulated as dangerous goods.
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RIDRIDRIDRID
Not regulated as dangerous goods.

DOTDOTDOTDOT

Not regulated as dangerous goods.
BULKBULKBULKBULK

DOTDOTDOTDOT

Not regulated as dangerous goods.
NON-BULKNON-BULKNON-BULKNON-BULK

IATAIATAIATAIATA
Not regulated as dangerous goods.

IMDGIMDGIMDGIMDG
Not regulated as dangerous goods.

15. REGULATORY INFORMATION15. REGULATORY INFORMATION15. REGULATORY INFORMATION15. REGULATORY INFORMATION
This product is a "Hazardous Chemical" as defined by the OSHA Hazard Communication
Standard, 29 CFR 1910.1200.

US federal regulationsUS federal regulationsUS federal regulationsUS federal regulations

Toxic Substances Control Act (TSCA)Toxic Substances Control Act (TSCA)Toxic Substances Control Act (TSCA)Toxic Substances Control Act (TSCA)

TSCA Section 12(b) Export Notification (40 CFR 707, Subpt. D)TSCA Section 12(b) Export Notification (40 CFR 707, Subpt. D)TSCA Section 12(b) Export Notification (40 CFR 707, Subpt. D)TSCA Section 12(b) Export Notification (40 CFR 707, Subpt. D)
Not regulated.

CERCLA Hazardous Substance List (40 CFR 302.4)CERCLA Hazardous Substance List (40 CFR 302.4)CERCLA Hazardous Substance List (40 CFR 302.4)CERCLA Hazardous Substance List (40 CFR 302.4)
Not listed.

SARA 304 Emergency release notificationSARA 304 Emergency release notificationSARA 304 Emergency release notificationSARA 304 Emergency release notification
Not regulated.

OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)OSHA Specifically Regulated Substances (29 CFR 1910.1001-1053)
Not listed.

SARA 302 Extremely hazardous substanceSARA 302 Extremely hazardous substanceSARA 302 Extremely hazardous substanceSARA 302 Extremely hazardous substance
Superfund Amendments and Reauthorization Act of 1986 (SARA)Superfund Amendments and Reauthorization Act of 1986 (SARA)Superfund Amendments and Reauthorization Act of 1986 (SARA)Superfund Amendments and Reauthorization Act of 1986 (SARA)

Not listed.

YesSARA 311/312 HazardousSARA 311/312 HazardousSARA 311/312 HazardousSARA 311/312 Hazardous
chemicalchemicalchemicalchemical

Combustible dustClassified hazardClassified hazardClassified hazardClassified hazard
categoriescategoriescategoriescategories

SARA 313 (TRI reporting)SARA 313 (TRI reporting)SARA 313 (TRI reporting)SARA 313 (TRI reporting)
Not regulated.

Other federal regulationsOther federal regulationsOther federal regulationsOther federal regulations
Clean Air Act (CAA) Section 112 Hazardous Air Pollutants (HAPs) ListClean Air Act (CAA) Section 112 Hazardous Air Pollutants (HAPs) ListClean Air Act (CAA) Section 112 Hazardous Air Pollutants (HAPs) ListClean Air Act (CAA) Section 112 Hazardous Air Pollutants (HAPs) List

Not regulated.
Clean Air Act (CAA) Section 112(r) Accidental Release Prevention (40 CFR 68.130)Clean Air Act (CAA) Section 112(r) Accidental Release Prevention (40 CFR 68.130)Clean Air Act (CAA) Section 112(r) Accidental Release Prevention (40 CFR 68.130)Clean Air Act (CAA) Section 112(r) Accidental Release Prevention (40 CFR 68.130)

Not regulated.
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Not regulated.Safe Drinking Water ActSafe Drinking Water ActSafe Drinking Water ActSafe Drinking Water Act
(SDWA)(SDWA)(SDWA)(SDWA)

16. OTHER INFORMATION, INCLUDING DATE OF PREPARATION OR LAST REVISION16. OTHER INFORMATION, INCLUDING DATE OF PREPARATION OR LAST REVISION16. OTHER INFORMATION, INCLUDING DATE OF PREPARATION OR LAST REVISION16. OTHER INFORMATION, INCLUDING DATE OF PREPARATION OR LAST REVISION
03-16-2013Issue dateIssue dateIssue dateIssue date
11-08-2021Revision dateRevision dateRevision dateRevision date

Version #Version #Version #Version # 07
Refer to NFPA 654, Standard for the Prevention of Fire and Dust Explosions from the
Manufacturing, Processing, and Handling of Combustible Particulate Solids, for safe handling.

Further informationFurther informationFurther informationFurther information

Health: 1
Flammability: 1
Physical hazard: 0

HMIS® ratingsHMIS® ratingsHMIS® ratingsHMIS® ratings

List of abbreviationsList of abbreviationsList of abbreviationsList of abbreviations ACGIH: American Conference of Governmental Industrial Hygienists.
ADR: European Agreement concerning the International Carriage of Dangerous Goods by Road.
AICIS: Australian Inventory of Industrial Chemicals.
CAS: Chemical Abstract Service.
IARC: International Agency for Research on Cancer.
IATA: International Air Transport Association.
IBC Code: International Code for the Construction and Equipment of Ships Carrying Dangerous
Chemicals in Bulk.
IMDG: International Maritime Dangerous Goods.
MARPOL: International Convention for the Prevention of Pollution from Ships.
RID: Regulations concerning the International Carriage of Dangerous Goods by Rail.
STEL: Short term exposure limit.
TWA: Time Weighted Average.
Vigon International, LLC cannot anticipate all conditions under which this information and its
product, or the products of other manufacturers in combination with its product, may be used.  It is
the user’s responsibility to ensure safe conditions for handling, storage and disposal of the
product, and to assume liability for loss, injury, damage or expense due to improper use. The
information in the sheet was written based on the best knowledge and experience currently
available. The above information relates only to this product and not to its use in combination with
any other material or any particular process and is designed only as guidance for the safe
handling, use, processing, storage, transportation, and disposal and should not be considered as a
guarantee or quality specification. This product has not been evaluated for safe use in e-cigarettes
or any vaping application where the product(s) is/are intentionally vaporized and inhaled. Vigon
International, Inc. has performed no testing on these products in e-cig/vaping applications. It is the
sole responsibility of the individual(s) purchasing this product to assess its’ safety in the final
application. The above information relates only to this product and not to its use in combination
with any other material or any particular process and is designed only as guidance for the safe
handling, use, processing, storage, transportation, disposal, and should not be considered as a
guarantee or quality specification.  The above information is based on data provided by and
collected from recognized sources such as distributors, manufacturers, and technical groups and
is considered to be accurate to the best of Vigon’s knowledge as of the date of this document.  It is
the responsibility of the user to review all safety information about this product and determine its
safety and suitability in their own processes and operations.  Appropriate warnings and safe
handling procedures should be provided to all handlers and users, taking into account the intended
use and the specific conditions and factors relating to such use in accordance with all applicable
laws and regulations.

DisclaimerDisclaimerDisclaimerDisclaimer
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Product and Company Identification: Alternate Trade Names
HAZARD(S) IDENTIFICATION: Prevention
HAZARD(S) IDENTIFICATION: Response
HAZARD(S) IDENTIFICATION: Storage
COMPOSITION/INFORMATION ON INGREDIENTS: Composition comments
EXPOSURE CONTROLS/PERSONAL PROTECTION: Appropriate engineering controls
EXPOSURE CONTROLS/PERSONAL PROTECTION: Other
Physical & Chemical Properties: Multiple Properties
Toxicological Information: Toxicological Data
TOXICOLOGICAL INFORMATION: Eye contact
OTHER INFORMATION, INCLUDING DATE OF PREPARATION OR LAST REVISION: Reference
s OTHER INFORMATION, INCLUDING DATE OF PREPARATION OR LAST REVISION: List of
abbreviations

Revision informationRevision informationRevision informationRevision information


