
Toxicological profile for
Triethyl citrate

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

Triethyl 2-hydroxypropane-1,2,3-tricarboxylate (PubChem)

1.2. Synonyms

Triethyl citrate; 1,2,3-Propanetricarboxylic acid, 2-hydroxy-,  triethyl ester; Citric acid,  triethyl ester;
Citroflex  2;  Ethyl  citrate;  Eudraflex;  EINECS  201-070-7;  FEMA  No.  3083;  2-Hydroxy-1,2,3-
propanetricarboxylic acid, triethyl ester; 4-03-00-01276 (Beilstein Handbook Reference); AI3-00659;
BRN 1801199; HSDB 729; Hydragen CAT; NSC 8907; Triaethylcitrat [German]; Triethyl 2-hydroxy-
1,2,3-propanetricarboxylate;  Triethylester  kyseliny  citronove  [Czech];  UNII-8Z96QXD6UM;  1,2,3-
Propanetricarboxylic  acid,  2-hydroxy-,  1,2,3-triethyl  ester;  2-Hydroxy-1,2,3-propanetricarboxylic
acid, delta triethyl ester (ChemIDplus); JECFA 629; INS 1505; CoE 11762

1.3. Molecular formula

C12-H20-O7

1.4. Structural Formula

(ChemIDplus) 



1.5. Molecular weight (g/mol)

276.3

1.6. CAS registration number

77-93-0

1.7. Properties

1.7.1. Melting point

(°C):  -55  (ChemSpider;  EPISuite,  2017;  HSDB,  2015);  <25  (ChemIDplus;  ChemSpider);  -46
(ChemSpider)

1.7.2. Boiling point

(°C): 294 (ChemIDplus; ChemSpider; EPISuite, 2017; Merck, 2013); 142 (ChemSpider) 

1.7.3. Solubility

About 6.9% in water (Merck, 2013); 65 g/L (ChemIDplus; EPISuite, 2017)

1.7.4. pKa

No data available to us at this time.

1.7.5. Flashpoint

(°C): 32, 176 or 230 (ChemSpider); 151 (IPCS, 1999); 155 (closed cup) (HSDB, 2015); 151 (closed
cup) (PubChem)

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 under recommended storage conditions (HSDB, 2015)

1.7.10. Vapor pressure

(mm Hg at 25°C): 0.000687 (extrapolated) (EPISuite, 2017; HSDB, 2015)

1.7.11. log Kow

0.33  (estimated)  (ChemIDplus;  EPISuite,  2017);  1.3  at  35°C  (CIR,  2012);  1.49  (estimated)
(ChemSpider)

 

2. General information

2.1. Exposure

Cosmetics Yes Food Yes (Burdock, 2010)

Environment No evidence Pharmaceuticals No evidence

No evidence of its presence in tobacco naturally.

Reported levels from use as a flavouring (ppm): (FEMA, 1994)

Food category Usual Max Food category Usual Max

Alcoholic 
beverages

0.02 0.03 Gelatins, puddings 0.01 0.02

Baked goods 0.04 0.12 Hard candy 0.01 0.04

Chewing gum 0.50 0.50  Nonalcoholic 
beverages

0.01 0.03

Frozen dairy 0.01 0.07 Soft candy 0.03 0.08

Estimated intake from flavouring use: 0.03884 mg/kg bw/day.

As taken from Burdock, 2010.

“Citrate-containing  ingredients  are  allowed as  active  ingredients  in  the USA,  at  a maximum  daily
dosage of 8 g, in antacid over-the-counter (OTC) products” (CIR, 2012).

Triethyl  citrate  is  used  as  a  “plasticizer  for  cellulose  derivatives  and  natural  resins;  plasticizer  in
pharmaceutical excipients” (CIR, 2012).

Used  as  a masking,  perfuming  and  plasticizer  ingredient  in  cosmetics  in  the  EU.  As  taken  from



CosIng (Cosmetic substances and  ingredients database). Accessed September 2018, available at
http://ec.europa.eu/growth/tools-databases/cosing/ 

“In 2009, the R. J. Reynolds Tobacco Co. released a line of dissolvable tobacco products that are
marketed as an alternative  to smoking in places where smoking is prohibited. These products are
currently available in Indianapolis, IN, Columbus, OH, and Portland, OR. This paper describes the
chemical characterization  of  four  such products by  gas  chromatography-mass  spectrometry  (GC-
MS). The dissolvable tobacco products were extracted and prepared by ultrasonic extraction using
acetone,  trimethylsilyl  derivatization,  and  headspace  solid  phase  microextraction  (SPME).  The
following  compounds  were  identified  in  the  dissolvables  using  either  ultrasonic  extractions  or
trimethylsilyl derivatization: nicotine, ethyl citrate, palmitic acid, stearic acid, sorbitol, glycerol, and
xylitol.  The  following  compounds  were  identified  in  the  dissolvables  using  headspace  SPME:
nicotine,  ethyl  citrate,  cinnamaldehyde,  coumarin,  vanillin,  and  carvone.  With  the  exception  of
nicotine,  the  compounds  identified  thus  far  in  the  dissolvables  are  either  flavoring  compounds or
binders. The concentration of free nicotine in the dissolvables was determined from the Henderson-
Hasselbalch equation and by measuring the pH and nicotine concentration by GC-MS. The results
presented here are  the  first  to  reveal  the complexity of dissolvable  tobacco products and may be
used to assess potential oral health effects”  (Rainey et al. 2011. Journal of Agricultural and Food
Chemistry  59,  2745-2751).  As  taken  from
http://www.ncbi.nlm.nih.gov/pubmed/21332188?dopt=AbstractPlus 

Triethyl citrate (CAS RN 77-93-0)  is  listed as an  ingredient  in  inside  the home and personal care
products by the US Department of Health and Human Services (2018).

Triethyl citrate  is  listed as a  fragrance  ingredient by  IFRA (2016) and  the US EPA (US EPA Inert
Finder Database, 2018).

“If, as indicated for ATBC in section 3.1.2, triethylcitrate is extracted more or less as effectively as
the phthalates from PVC and the same concentrations are used in the polymers, a migration of up
to 10 mg/10cm2/min could be expected  from toys when chewed/mouthed by small children.  If  the
released  substance  is  fully  hydrolysed  this  will  give  a  total  daily  dose  of  about  than  120
microgram/kg ethanol if a child weighing 5 kg chews the toys during 3 hours. Such a dose is without
toxicological concern.”

As  taken  from  EUROPEAN  COMMISSION,  SCIENTIFIC  COMMITTEE  ON  TOXICITY,
ECOTOXICITY  AND  THE  ENVIRONMENT  (CSTEE),  Brussels,  28/9/1999,  available  at
http://ec.europa.eu/health/ph_risk/committees/sct/documents/out45_en.pdf 

“PROBABLE ROUTES OF HUMAN EXPOSURE:

According  to  the  2012 TSCA  Inventory Update Reporting  data,  9  reporting  facilities  estimate  the
number of persons reasonably likely to be exposed during the manufacturing, processing, or use of
triethyl citrate in the United States may be as low as   <10 workers and as high as 99 workers per
plant;  the  data  may  be  greatly  underestimated  due  to  confidential  business  information  (CBI)  or
unknown values(1).[(1) US EPA; Chemical Data Reporting (CDR). Non-confidential 2012 Chemical
Data Reporting information on chemical production and use in the United States. Available from, as
of June 3, 2015: http://www.epa.gov/cdr/pubs/guidance/cdr_factsheets.html] **PEER REVIEWED** 

…..Occupational exposure to triethyl citrate may occur through dermal contact with this compound
at  workplaces  where  triethyl  citrate  is  produced  or  used.  Use  data  indicate  that  the  general
population  may  be  exposed  to  triethyl  citrate  via  ingestion  of  food  and  dermal  contact  with
consumer products containing triethyl citrate(SRC).”

As taken from HSDB, 2015

“Used  as  plasticizer  (cellulose  acetate,  cellulose  nitrate,  vinyl  acetate,  natural  resins,  and  hair
fixative finishing sprays), softener, agglutinant, perfume base, food emulsifier, and flavor preserving
agent; Also used in paint removers and for treatment of bloat in ruminants.” 

As taken from Haz-Map, 2017

National Occupational Exposure Survey (1981 - 1983)



Estimated Numbers of Employees Potentially Exposed to Specific Agents by Occupation*

Agent 
Name

CITRIC ACID, TRIETHYL ESTER 

CAS # 77-93-0

RTECS # GE8050000

Agent Code X7556

Code Occupation Description (1980) Total # 
Employees

(Male & 
Female)

Total # 
Female

Employees

095 REGISTERED NURSES  3,679 500

096 PHARMACISTS  94 71

235 TECHNICIANS, N.E.C.  105 7

453 JANITORS AND CLEANERS  221  
518 INDUSTRIAL MACHINERY REPAIRERS  62  
684 MISCELLANEOUS PRECISION WORKERS, N.E.C.  71  
725 MISCELLANEOUS METAL AND PLASTIC PROCESSING MACHINE 

OPERATORS 
45  

734 PRINTING MACHINE OPERATORS  379 28

754 PACKAGING AND FILLING MACHINE OPERATORS  1,313 568

756 MIXING AND BLENDING MACHINE OPERATORS  788 59

757 SEPARATING,  FILTERING,  AND  CLARIFYING  MACHINE 
OPERATORS 

26 6

766 FURNACE, KILN, AND OVEN OPERATORS, EXC. FOOD  45  
768 CRUSHING AND GRINDING MACHINE OPERATORS  34  
777 MISCELLANEOUS MACHINE OPERATORS, N.E.C.  1,925 1,373

796 PRODUCTION INSPECTORS, CHECKERS, AND EXAMINERS  128 96

849 CRANE AND TOWER OPERATORS  23  
859 MISCELLANEOUS MATERIAL MOVING EQUIPMENT OPERATORS  193  
877 STOCK HANDLERS AND BAGGERS  138  
888 HAND PACKERS AND PACKAGERS  1,451 1,130

889 LABORERS, EXCEPT CONSTRUCTION  777 154

TOTAL 11,496 3,993

*(1) The estimates for each occupation apply across the surveyed industries in which the agent was
observed.  Not  all  industries  were  surveyed,  and  not  all  agents  were  observed  in  all  surveyed
industries.  (2)  When  using  the  estimates, standard  errors  associated  with  estimates  should  be
considered. (3) Potential exposures to a chemical agent are categorized as actual (i.e., the surveyor
observed  the  use  of  the  specific  agent)  or  tradename  (i.e.,  the  surveyor  observed  the  use  of  a
tradename  product  known  to  contain  the  specific  agent).  The  estimates  presented  in  the  table
combine both categories.

As  taken  from  NIOSH,  available  at
https://web.archive.org/web/20111024124426/http://www.cdc.gov/noes/noes2/x7556occ.html 

2.2. Combustion products

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

Compound

 
Two stage heating One stage heating

Abundance Area% Abundance Area%

triethyl citrate 2517011881 92.46 2420965227 99.28

         
Total ion chromatogram 2722398873 100 2438465585 100

 

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



Ingredient

CAS Number

Formula  or 
structure

Chemical 
Class

Mol. 
Wt.  (M) 
bp  or 
mp 
(°C)

Max. 
cig. 
appln. 
level 
(ppm)

Purity  of 
sample 
pyrolysed 
(%)

Composition  of  pyrolysate 
(Compound, %)

Max. 
level in 
smoke 
(ug)

Triacetyl citrate

CAS 77-93-0

Tri ester M=276

bp  127 
at  1 
mm Hg

700 99 Triacetyl citrate                     96.2

Diethyl malonate                    1.3

Ester?                                     0.4

Triethyl acetylcitrate               0.2

1 unidentified compound        1.9

340

5

1

0.7

7

2.3. Ingredient(s) from which it originates

“Citrate alkyl esters are typically produced via the condensation of the appropriate alcohol with citric
acid” (CIR, 2012).

“By esterification of ethyl alcohol with citric acid” (Burdock, 2010).

“Natural occurrence: Reported  found in Morello cherry, sour cherry and red currant. Also reported
found in raw cabbage and white wine” (Burdock, 2010)

 

3. Status in legislation and other official guidance

Food UK Yes EU Yes USA Yes

ADI Using its procedure for  the safety evaluation of  flavouring agents, JECFA concluded 
that  triethyl  citrate did not  represent a safety  concern at  current estimated  levels of 
intake (2.4 and 3.4 mg/day in the US and Europe respectively). The 1984 JECFA ADI 
of 20 mg/kg bw was maintained (JECFA, 1999).
A website reports that the US Government has approved the use of triethyl citrate as 
a tobacco additive (Anon).

Codex Alim. INS 1505

C of E no. 1505 FEMA no. 3083

TLV (ACGIH) Not listed

Cosmetics 
(UK)

Listed, Cosmetics Bench Ref.

 

FIFRA REQUIREMENTS:

Unless specifically excluded, residues resulting from the use of the following substance as either an
inert  or  an  active  ingredient  in  a  pesticide  chemical  formulation,  including  antimicrobial  pesticide
chemicals, is exempted from the requirement of a tolerance under FFDCA section 408, if such use
is  in  accordance  with  good  agricultural  or  manufacturing  practices.  Citric  acid,  triethyl  ester  is
included  on  this  list.  [40  CFR  180.950  (USEPA);  U.S.  National  Archives  and  Records
Administration's  Electronic  Code  of  Federal  Regulations.  Available  from,  as  of  April  20,  2015:
http://www.ecfr.gov] **PEER REVIEWED** 

FDA Requirements: 

An ingredient whose use in food or food packaging is subject to a prior sanction or approval within
the meaning  of  section  201(s)(4)  of  the  Act  is  exempt  from  classification  as  a  food  additive.  ...
Substances classified as plasticizers, when migrating from food-packaging material shall include ...
triethyl  citrate.  [21  CFR  181.27  (USFDA);  U.S.  National  Archives  and  Records  Administration's
Electronic Code of Federal Regulations. Available  from, as of April 20, 2015: http://www.ecfr.gov]
**PEER REVIEWED** 

Substance added directly to human food affirmed as generally recognized as safe (GRAS). [21 CFR



184.1911  (USFDA);  U.S.  National  Archives  and  Records  Administration's  Electronic  Code  of
Federal  Regulations.  Available  from,  as  of  April  20,  2015:  http://www.ecfr.gov  **PEER
REVIEWED** 

As taken from HSDB, 2015

 

No safety concern

“3400 µg/person per day in Europe and 2400 µg/person per day in the United States”

As  taken  from  INCHEM,  2000,  WHO  FOOD  ADDITIVES  SERIES:  44;  available  at 
http://www.inchem.org/documents/jecfa/jecmono/v44jec10.htm 

ADI = 0-20 mg/kg bw (1984)

As  taken  from  WHO,  2018  available  at  http://apps.who.int/food-additives-contaminants-jecfa-
database/chemical.aspx?chemID=3286  

The  FAO/WHO  Joint  Expert  Committee  on  Food  Additives  (JECFA)  established  in  1979  a
temporary ADI of 10 mg/kg bw. This was changed in 1984 to an ADI of 20 mg/kg bw. The Scientific
Committee for Food agreed in 1981 and 1990, respectively, to these values (CSTEE/98/17 - Add.
37/b). The Scientific Committee for Food has placed triethyl citrate on its positive list, List 1 of 1995,
Substances, e.g.  food additives,  for which an ADI, a  temporary ADI  (t-ADI), a MTDI, a PMTDI, a
PTWI  or  the  classification  “acceptable”  has  been  established  by  this  Committee  or  by  JECFA
(CSTEE/98/17 - Add. 37). JECFA at its meeting in June 1999 evaluated the use of triethyl citrate as
a  flavouring  agent  according  to  the  Procedure  for  the  Safety  Evaluation  of  Flavouring  Agents.
Based on estimated intake for Europeans of 3400 microgram/person/day, it was concluded that the
intake exceeds  the exposure  threshold of concern (1800 microgram/person/day), but  that  there  is
no safety concern for its use as a flavouring agent (JECFA, 1999).

As  taken  from  EUROPEAN  COMMISSION,  SCIENTIFIC  COMMITTEE  ON  TOXICITY,
ECOTOXICITY  AND  THE  ENVIRONMENT  (CSTEE),  Brussels,  28/9/1999,  available  at
http://ec.europa.eu/health/ph_risk/committees/sct/documents/out45_en.pdf 

 

Summary of Evaluations Performed by the Joint FAO/WHO Expert Committee on Food Additives

TRIETHYL CITRATE

INS: 1505

COE No.: 11762

FEMA No.: 3083

JECFA No.: 629

Chemical names: TRIETHYL 2-HYDROXY-1,2,3-PROPANETRICARBOXYLATE

Synonyms: ETHYL  CITRATE;  TRIETHYL  2-HYDROXY-1,2,3-PROPANE 
TRICARBOXYLATE

Functional class: CARRIER SOLVENT; SEQUESTRANT; FLAVOURING AGENT

Latest evaluation: 1999

ADI: 0-20 mg/kg bw (1984)

Comments: No safety concern at  current  levels of  intake when used as a  flavouring agent. 
The 1984 ADI of 0-20 mg/kg bw was maintained at the fifty-third meeting (1999).

Report: TRS 896-JECFA 53/67

Specifications: COMPENDIUM ADDENDUM 11/FNP 52 Add. 11/89 (METALS LIMITS) (2003)

Tox monograph: FAS 44-JECFA 53/229

Addendum: FAS 19-JECFA 28/115

Previous status: 2000, COMPENDIUM ADDENDUM 8/FNP  52 Add.8/158. R  (FLAVOUR) 1999, 



COMPENDIUM ADDENDUM 7/FNP 52 Add. 7/132. N,T (FLAVOUR) 1984, TRS 
710-JECFA  28/19,  FNP  31/2-JECFA  28/125  (COMPENDIUM/1543),  FAS  14-
JECFA  23/93  (1979).  0-20.  FU.  R 1981,  TRS  669-JECFA  25/31.  0-10 
(TEMPORARY).  TE.  S 1979,  TRS  648-JECFA  23/18,  FNP  12-JECFA  23/115, 
FAS 14-JECFA 23/93. 0-10 (TEMPORARY). TE. N

 

6 Feb 04       

As  taken  from  INCHEM,  2004  available  at
http://www.inchem.org/documents/jecfa/jeceval/jec_2316.htm 

 

MSDI (EU): 2900 ug/capita/day

As  taken  from  Flavouring  Group  Evaluation  10,  Revision  3  (FGE10  Rev3).  The  EFSA  Journal
(2012); 10(3): 2563 available at http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2012.2563/epdf 

 

Included on  the FDA’s  list of Substances Added to Food  (formerly EAFUS) as a  flavor enhancer,
flavoring agent or adjuvant, formulation aid, sequestrant, and solvent or vehicle, and covered under
21 CFR  sections  175.300  (Resinous  and  polymeric  coatings),  175.320  (Resinous  and  polymeric
coatings for polyolefin films) and 181.27 (Plasticizers)

As taken from FDA, 2018a,b 

Triethyl citrate is generally recognized as safe (GRAS) as a direct human food ingredient under 21
CFR section 184.1911 (FDA, 2018b).

Estimated intake from use as a flavouring is 2900 µg/person/day in the EU (EFSA, 2012) and, in the
US, 3400 µg/person/day (JECFA, 1999) or 38.84 µg/kg bw/day (Burdock, 2010).

Triethyl citrate is listed  in the US EPA Inert Finder Database (2018) as cleared for food, non-food
and  fragrance use pesticide  products.  For  food use,  it  is  regulated under  40 CFR Part  180.950e
(Tolerances  and  exemptions  for  pesticide  chemical  residues  in  food:  Tolerance  exemptions  for
minimal risk active and inert ingredients) (US EPA, 2018a).

Triethyl citrate is considered safe for use in animal feed for all animal species at 5 mg/kg complete
feed (EFSA, 2013).

Triethyl  citrate  (CAS RN 77-93-0)  is  listed  in  the US EPA Toxic Substances Control Act  (TSCA)
inventory and also  in  the US EPA CDR list  (Chemical Data Reporting Rule). The CDR  regulation
requires companies that manufacture (including import) certain chemicals at certain volumes in the
U.S. to report to EPA every four years through its CDR.

The  TSCA  inventory  and  2012  CDR  list  are  available  at
https://iaspub.epa.gov/sor_internet/registry/substreg/searchandretrieve/searchbylist/search.do

There is a REACH dossier on triethyl citrate (ECHA, 2018a).

Triethyl  citrate  (CAS  RN  77-93-0)  is  not  classified  for  packaging  and  labelling  under  Regulation
(EC) No. 1272/2008 (ECHA, 2018b).

Included on the US EPA’s list of Safer Chemical Ingredients (US EPA, 2018b).

Triethyl  citrate  is  permitted  for  use  as  a  flavouring  in  the EU  for  all  categories  of  flavoured  food
under Regulation (EU) 872/2012 (European Commission, 2012).

Triethyl citrate has been given GRAS (generally recognized as safe) status by FEMA (Hall RL and
Oser BL, 1965).

1,2,3-Propanetricarboxylic  acid,  2-hydroxy-,  triethyl  ester  (CAS  RN  77-93-0)  is  included  on  New
Zealand’s  Inventory  of  Chemicals  and  may  be  used  as  a  single  component  chemical  under  an
appropriate group standard (NZ EPA, 2006)



Triethyl citrate (E1505) is authorised for use as a food additive in the EU under legislation (EU) nos
1129/2011 and 2015/0647 (European Commission, 2015).

 

4. Metabolism/Pharmacokinetics

4.1. Metabolism/metabolites

“Rat, mouse and human, liver homogenates cleaved 1 mol triethyl citrate to 1 mol citric acid and 3
mol ethanol, Bruns et al 1962. 

Triethyl citrate  is an odourless, nearly colourless, oily  liquid. No absorption or metabolism studies
have  been  reported,  however,  it  is  expected  that  the  compound would  rapidly metabolize  in  the
body and liberate the citrate ion which would be handled through the usual biochemical pathways
(FASEB, 1976).

It is likely that triethyl citrate will be hydrolyzed to its component parts, citrate and ethanol in vivo.”

As  taken  from  INCHEM,  2000,  WHO  FOOD  ADDITIVES  SERIES:  44;  available  at 
http://www.inchem.org/documents/jecfa/jecmono/v44jec10.htm

 

“Samples  of  freshly  collected  rat  or  human  serum  were  spiked  with  triethyl  citrate  and  the
disappearance  of  the  triethyl  citrate  measured  over  a  4  hr  period.  Triethyl  citrate  was  rapidly
hydrolysed by rat serum (15 min.), but occurred at a much slower rate in human serum and was not
complete at the end of the 4 hr test period (Figdor & Ballinger, 1981).”

“Rat-, mouse- and human-liver homogenates as well as serum enzymes hydrolyse triethyl citrate to
1 mol citric acid and 3 mol ethanol/mol ester (Burns & Werners, 1962). Metabolism"> Comments">”

“Although  it seems unlikely  that unchanged triethyl citrate would be absorbed,  in vitro studies are
available to show that both the liver and blood serum have enzyme systems capable of hydrolysing
the ester.”

As  taken  from  INCHEM,  1984,  WHO  FOOD  ADDITIVES  SERIES:  19;  available  at 
http://www.inchem.org/documents/jecfa/jecmono/v19je12.htm

“Data  presented  to  the  Scientific  Committee  for  Food  in  1990  showed  that  triethyl  citrate  is
hydrolysed  in  vivo  to  citric  acid  and  ethanol,  compounds  with  well-defined,  low  toxic  potential
(CSTEE/98/17 - Add. 37/b). Triethyl citrate appeared to be hydrolysed at a slower rate with human
serum compared to rat serum (CSTEE/98/17 - Add. 37/d).”

As  taken  from  EUROPEAN  COMMISSION,  SCIENTIFIC  COMMITTEE  ON  TOXICITY,
ECOTOXICITY  AND  THE  ENVIRONMENT  (CSTEE),  Brussels,  28/9/1999,  available  at 
http://ec.europa.eu/health/ph_risk/committees/sct/documents/out45_en.pdf 

METABOLISM/ METABOLITES:

Triethyl  citrate  is  hydrolyzed  in  vivo  to  citric  acid  and  ethanol.  Triethyl  citrate  appeared  to  be
hydrolyzed  at  a  slower  rate  with  human  serum  compared  to  rat  serum.  [European  Commission/
Scientific  Committee  on  Toxicity,  Ecotoxicity  and  the  Environment  (CSTEE).  Opinion  on  the
Toxicological Characteristics and Risks of Certain Citrates and Adipates Used as a Substitute  for
Phthalates as Plasticisers  in Certain Soft PVC Products.  (September 1999). Available  from, as of
May  5,  2015:
 http://ec.europa.eu/health/scientific_committees/environmental_risks/sctee/index_en.htm 
**PEERREVIEWED**   

Samples  of  freshly  collected  rat  or  human  serum  were  spiked  with  triethyl  citrate  and  the
disappearance  of  the  triethyl  citrate  measured  over  a  4  hr  period.  Triethyl  citrate  was  rapidly
hydrolysed by rat serum (15 min), but hydrolysis occurred at a much slower rate  in human serum



and was not complete at  the end of  the 4 hr  test period.  [WHO/FAO; Expert Committee on Food
Additives. Triethyl citrate (WHO Food Additives Series 19). (April 1979). Available from, as of May
5, 2015: http://www.inchem.org/] **PEER REVIEWED** 

Rat-, mouse- and human-liver homogenates as well as serum enzymes hydrolyse triethyl citrate to
1 mol  citric  acid  and 3 mol  ethanol/mol  ester.  [WHO/FAO; Expert Committee  on Food Additives.
Triethyl citrate  (WHO Food Additives Series 19).  (April 1979). Available  from, as of May 5, 2015:
http://www.inchem.org/] **PEER REVIEWED** 

/Triethyl  citrate/  is  expected  to  be  extensively  metabolized  by  esterases  and  cytochrome  P450
enzymes  and  break-down  in  the  beta-oxidation  or  citric  acid  cycle  or  in  cases  subsequent
glucuronidation. The substance  is assumed to be excreted (if not metabolized completely  in beta-
oxidation and citric  cycle) as metabolites  (i.e.  conjugates with  glucuronic acid)  via urine  and  to  a
lower extent via bile. [European Chemicals Agency (ECHA); Registered Substances, Triethyl citrate
(CAS Number: 77-93-0) (EC Number: 201-070-7) (September 12, 2014). Available from, as of May
6, 2015: http://echa.europa.eu/en/information-on-chemicals] **PEER REVIEWED**

As taken from HDSB, 2015

4.2. Absorption, distribution and excretion

In  order  to  assess  the  toxicological  behavior  of  triethyl  citrate,  the  available  experimental  and
predicted physico-chemical data have been evaluated. The substance is expected to be absorbed
very  well.  The  absorption  of  any  metabolite  of  the  substances  of  interest  is  fast  and  complete.
Concerning the absorption after exposure via inhalation, as the chemical has a low vapor pressure,
it is clear, that the substance is poorly available after inhalation. Given its lipophilicity (LogPow 1.17)
-  if  absorbed  -  it  is  expected  to  be  absorbed directly  across  the  respiratory  tract  epithelium. The
substance  is  expected  to  be  also  poorly  absorbed  following  dermal  exposure  into  the  stratum
corneum and to a certain extent into the epidermis, due to its molecular weight and its LogPow. In
addition, the systemic toxicity via the skin is assumed to be low and this has been proven with the
results of the acute dermal study with triethyl citrate,  in which a LD50 of 5000 mg/kg bw has been
obtained. Concerning the distribution in the body, triethyl citrate is expected to be mainly available
in the circulatory system (due to its water solubility). The experimentally determined LogPow value,
the water solubility and predicted behavior concerning absorption of the substance triethyl citrate do
not  indicate  a  potential  for  accumulation.  [European  Chemicals  Agency  (ECHA);  Registered
Substances,  Triethyl  citrate  (CAS  Number:  77-93-0)  (EC  Number:  201-070-7)  (September  12,
2014).  Available  from,  as  of  May  6,  2015:  http://echa.europa.eu/en/information-on-chemicals]
**PEER REVIEWED**

As taken from HSDB, 2015

4.3. Interactions

“Three commonly used flavor industry solvents (propylene glycol, triacetin, and triethyl citrate) were
tested for their capacity to interfere with the ability of alpha-, beta-, and gamma-cyclodextrin to form
molecular inclusion complexes with flavors. Six flavor compounds (ethyl butyrate, ethyl heptanoate,
l-menthol,  methyl  anthranilate,  neral,  and  geranial)  were  measured  by  headspace  gas
chromatography above 2:1 water/ethanol containing appropriate additions of cyclodextrin and flavor
solvent.  The  smallest  and most  polar  solvent molecule  represented  by  propylene  glycol  had  the
least effect on  cyclodextrin/flavorant complex  formation.  In  contrast,  triacetin,  intermediate  in  size
among  the  three  flavor  diluents  studied,  had  the  greatest  effect,  even  though,  based on at  least
some  computed  molecular  parameters,  it  appears  to  be  more  polar  than  triethyl  citrate.  The
explanation  for  this  apparent  anomaly may  lie  in  differences  in  the  extent  to  which  triacetin  and
triethyl  citrate  are  able  to  interact  with  cyclodextrins  by  means  of  partial  interaction  with  the
hydrophobic  cavities  of  the  latter.  Reineccius  et  al.,  The  effect  of  solvent  interactions  on  alpha-,
beta-, and gamma-cyclodextrin/flavor molecular inclusion complexes.” 



As  taken  from Reineccius et  al., The effect of  solvent  interactions  on alpha-,  beta-, and gamma-
cyclodextrin/flavor molecular inclusion complexes.; J Agric Food Chem. 2005, Jan 26; 53(2):388-92. 

“The United States Pharmacopeia (USP) apparatus 3 dissolution procedure was used to study the
effects of  simulated high  fat  food,  an oil  soak, on  the  release of a model drug,  chlorpheniramine
maleate, from controlled release ethylcellulose (Aquacoat) coated beads as a function of plasticizer
type and concentration and coating level. Drug release was affected by the type and concentration
of plasticizer and the level of coating. Beads plasticized with triethyl citrate or dibutyl sebacate had
faster  drug  release  rates  after  soaking  in  oil.  The  oil  caused  films  to  detach  from  the  bead,
producing uneven ridges and cracks in the coating. The glass transition temperature was increased
for dibutyl sebacate plasticized films soaked in oil, but was not affected for triethyl citrate plasticized
films.  Similar  results  were  found  for  puncture  strength,  percent  elongation,  and  modulus  of
elasticity”.

As  taken  from Williams et  al.,  (1997).  In vitro method  to  investigate  food effects  on drug  release
from film coated beads; Pharm. Dev. Technol.; VOL 2 ISS 1 1997, P1-9.

“Triethyl  citrate  inhibited  the  transdermal  absorption  of  viprostol,  a  synthetic  prostaglandin  E2,
through  the  skin  of  male  hypertensive  rats.  This  effect  was  demonstrated  by  the  statistically
significant decrease in blood radioactivity levels following the topical application of [14C]viprostol in
triethyl citrate compared to those found with the use of petrolatum (pet.) or silicone as the vehicle. A
comparison of metabolic profiles also demonstrated slower hydrolysis of viprostol to free acid with
the use of triethyl citrate as the vehicle” (CIR, 2012).

Triethyl  citrate  inhibited  the  transdermal  absorption  of  viprostol,  a  synthetic  prostaglandin  E2,
through  to  the  skin  of male  hypersensitive  rats.  This  effect was demonstrated  by  the  statistically
significant decrease in blood radioactivity levels following the application of [14C] viprostol in triethyl
citrate  compared  to  those  found  with  the  use  of  petrolatum  (pet)  or  silicone  as  the  vehicle.  A
comparison of metabolic profiles also demonstrated slower hydrolysis of viprostol to free acid with
the use of triethyl citrate as the vehicle. [Cosmetic Ingredient Review; Safety Assessment of Citric
Acid, Inorganic Citrate Salts, and Alkyl Esters as Used in Cosmetics. Int J Toxicol 33 (2 suppl): 16S-
46S. [Epub ahead of print] (2014) http://www.cir-safety.org/ingredients] **PEER REVIEWED**

As taken from HSDB, 2015

 

5. Toxicity

5.1. Single dose toxicity

Oral LD50 in the rat – 7ml/kg Finkelstein et al 1959.

Oral LD50 in the cat – 3.5ml/kg Finkelstein et al 1959.

Intraperitoneal LD50 in mouse – 1.75g/kg Meyers et al 1964.

Dermal LD50 in guinea pig - >10ml/kg Fasset 1963.

Dermal LD50 in rabbit - >5g/kg Levenstein 1975.

“The oral LD50 value for triethyl citrate in rats is approximately 7 g/kg (CSTEE/98/17 - Add. 2).” As
taken from EUROPEAN COMMISSION, SCIENTIFIC COMMITTEE ON TOXICITY, ECOTOXICITY
AND  THE  ENVIRONMENT  (CSTEE),  Brussels,  28/9/1999,  available  at 
http://ec.europa.eu/health/ph_risk/committees/sct/documents/out45_en.pdf 

 

Organism Test 
Type

Route Reported Dose 
(Normalized 
Dose)

Effect Source



cat LD50 oral 3500mg/kg 
(3500mg/kg)

BEHAVIORAL: 
CONVULSIONS  OR 
EFFECT  ON  SEIZURE 
THRESHOLD

BEHAVIORAL:  ATAXIA

GASTROINTESTINAL: 
NAUSEA  OR 
VOMITING

Food  and  Cosmetics 
Toxicology.  Vol.  17,  Pg. 
389, 1979.

guinea pig LD50 oral >  25mL/kg 
(25mL/kg)

  German 
Offenlegungsschrift 
Patent  Document.  Vol. 
#2703360, 

mouse LD50 intraperitoneal 1750mg/kg 
(1750mg/kg)

BEHAVIORAL: 
SOMNOLENCE 
(GENERAL 
DEPRESSED 
ACTIVITY)

VASCULAR:  OTHER 
CHANGES

Journal  of 
Pharmaceutical 
Sciences.  Vol.  53,  Pg. 
774,  1964.

rabbit LD50 skin >  5gm/kg 
(5000mg/kg)

  Food  and  Cosmetics 
Toxicology.  Vol.  17,  Pg. 
389, 1979.

rat LC50 inhalation 1300ppm/6H 
(1300ppm)

LUNGS,  THORAX,  OR 
RESPIRATION:  ACUTE 
PULMONARY  EDEMA

LUNGS,  THORAX,  OR 
RESPIRATION: 
PLEURAL  EFFUSION

LUNGS,  THORAX,  OR 
RESPIRATION: 
DYSPNEA

"Industrial  Hygiene  and 
Toxicology,"  2nd  ed., 
Patty,  F.A.,  ed.,  New 
York, John Wiley & Sons, 
Inc.,  1958-63Vol.  2,  Pg. 
1892, 1963.

rat LD50 intraperitoneal 4gm/kg 
(4000mg/kg)

BEHAVIORAL: 
ALTERED SLEEP TIME 
(INCLUDING  CHANGE 
IN RIGHTING  REFLEX)

LUNGS,  THORAX,  OR 
RESPIRATION: 
RESPIRATORY 
DEPRESSION

Iyakuhin  Kenkyu.  Study 
of Medical Supplies.  Vol. 
16, Pg. 214, 1985.

rat LD50 oral 5900mg/kg 
(5900mg/kg)

BEHAVIORAL: 
ALTERED SLEEP TIME 
(INCLUDING  CHANGE 
IN RIGHTING  REFLEX)

LUNGS,  THORAX,  OR 
RESPIRATION: 
RESPIRATORY 
DEPRESSION

Iyakuhin  Kenkyu.  Study 
of Medical Supplies.  Vol. 
16, Pg. 214, 1985.

rat LD50 subcutaneous 6600mg/kg 
(6600mg/kg)

BEHAVIORAL: 
ALTERED SLEEP TIME 
(INCLUDING  CHANGE 
IN RIGHTING  REFLEX)

LUNGS,  THORAX,  OR 

Iyakuhin  Kenkyu.  Study 
of Medical Supplies.  Vol. 
16, Pg. 214, 1985.



RESPIRATION: 
RESPIRATORY 
DEPRESSION

As taken from ChemIDplus. Available at https://chem.nlm.nih.gov/chemidplus/ 

The  corneal  reflex  in  rabbit  eyes was  temporarily  eliminated  upon  instillation  of  3  drops  of  a  5%
suspension  of  triethyl  ...  citrate  in  3%  acacia  ...  The  anesthetic  effect  was  confirmed  by  the
intradermal administration of 0.1 mL of a 2% solution of triethyl ... citrate into an area of the shaved
back of guinea pigs. Triethyl citrate resulted  in insensitivity to pricking of the area  lasting 12 to 20
minutes  ...[Cosmetic  Ingredient Review; Safety Assessment of Citric Acid,  Inorganic Citrate Salts,
and Alkyl Esters as Used in Cosmetics. Int J Toxicol 33 (2 suppl): 16S-46S. [Epub ahead of print]
(2014) http://www.cir-safety.org/ingredients] **PEER REVIEWED** 

Symptoms  produced  by  single  oral  doses  of  ...  triethyl  /citrate/  are  similar  in  both  rats  and  cats
include signs of weakness, depression and  finally hyperirritability with convulsions and  respiratory
failure.  Onset  of  symptoms  was  quite  rapid  ...  in  some  cases  symptoms  continued  for  2  days.
[Patty,  F.  (ed.).  Industrial  Hygiene  and  Toxicology:  Volume  II:  Toxicology.  2nd  ed.  New  York:
Interscience Publishers, 1963., p. 1892] **PEER REVIEWED** 

Intravenous administration of a 100 mg/kg bw dose of triethyl citrate to rabbits produced a marked
increase in motor activity and respiration. [WHO/FAO; Expert Committee on Food Additives. Triethyl
citrate  (WHO  Food  Additives  Series  14).  (April  1979).  Available  from,  as  of  May  5,  2015:
http://www.inchem.org/] **PEER REVIEWED** 

Non-Human Toxicity Values: 

LD50 Guinea pig  dermal >10 ml/kg  [Clayton, G.D.,  F.E. Clayton  (eds.) Patty's  Industrial Hygiene
and Toxicology. Volumes 2A, 2B, 2C, 2D, 2E, 2F: Toxicology. 4th ed. New York, NY: John Wiley &
Sons Inc., 1993-1994., p. 3058]

LD50 Mouse ip 1750 mg/kg [Lewis, R.J. Sr. (ed) Sax's Dangerous Properties of Industrial Materials.
11th  Edition.  Wiley-Interscience,  Wiley  &  Sons,  Inc.  Hoboken,  NJ.  2004.,  p.  3546]  **PEER
REVIEWED** 

LD50 Rat  inhalation 3500 pppm [Clayton, G.D., F.E. Clayton (eds.) Patty's Industrial Hygiene and
Toxicology. Volumes  2A,  2B,  2C,  2D,  2E,  2F:  Toxicology.  4th  ed.  New York,  NY:  John Wiley  &
Sons  Inc., 1993-1994., p. 3058]LD50 Rat oral 7.0 g/kg  [Clayton, G.D., F.E. Clayton (eds.) Patty's
Industrial Hygiene and Toxicology. Volumes 2A, 2B, 2C, 2D, 2E, 2F: Toxicology. 4th ed. New York,
NY: John Wiley & Sons Inc., 1993-1994., p. 3058]

LD50  Rat  oral  3.2-6.4  g/kg  [Clayton,  G.D.,  F.E.  Clayton  (eds.)  Patty's  Industrial  Hygiene  and
Toxicology. Volumes  2A,  2B,  2C,  2D,  2E,  2F:  Toxicology.  4th  ed.  New York,  NY:  John Wiley  &
Sons Inc., 1993-1994., p. 3058]LD50 Cat oral 35,000 mg/kg [Lewis, R.J. Sr. (ed) Sax's Dangerous
Properties of Industrial Materials. 11th Edition. Wiley-Interscience, Wiley & Sons, Inc. Hoboken, NJ.
2004., p. 3546] **PEER REVIEWED** 

As taken from HSDB, 2015 

 

Species Route LD50 (mg/kg bw) Reference

Rat p.o. 8 000 Finkelstein  &  Gold, 
1955

Cat p.o. 4 000 Finkelstein  &  Gold, 
1955

As  taken  from  INCHEM,  1979,  WHO  FOOD  ADDITIVES  SERIES:  14;  TRIETHYL  CITRATE;
available at  http://www.inchem.org/documents/jecfa/jecmono/v14je21.htm 

 

LD50  rat  =  6990.9  mg/kg,  25.3  mmol/kg  (Registry  of  cytotoxicity  data  (ZEBET),  accessed



September  2018,  available  at
https://ntp.niehs.nih.gov/iccvam/docs/acutetox_docs/finalrpt/fins7all.pdf) 

 

Inhalation toxicity:

6-hr LC50 rat: 1300-3500 ppm (Fassett, cited in BIBRA, 1998).

Six guinea pigs survived a 6-hr exposure at 1700 ppm vapour (Fassett, cited in BIBRA, 1998)

5.2. Repeated dose toxicity

Young rats were fed triethyl citrate at an initial rate of 1, 2 and 4 g/kg bw for eight weeks. Urinalysis,
blood  counts  and  growth  measurement,  performed  periodically,  revealed  no  toxic  effects.  At
necropsy,  no  gross  abnormalities  were  seen  in  the  thoracic  or  abdominal  organs.  Histological
sections  of  the  heart,  lungs,  gastrointestinal  tract,  liver,  pancreas,  spleen  and  kidneys  were
comparable in appearance to those from the untreated controls. [WHO/FAO; Expert Committee on
Food Additives. Triethyl citrate (WHO Food Additives Series 14). (April 1979). Available from, as of
May 5, 2015: http://www.inchem.org/] **PEER REVIEWED** 

Cats receiving daily doses of 7% of  the LD50 (280 mg/kg bw)  for eight weeks did not differ  from
control animals with respect  to weight, blood count, hemoglobin, blood sugar and blood nitrogen.
However, weakness, ataxia and depression appeared after the fourth or fifth dose and progressed.
After  treatment  was  discontinued,  the  animals  recovered  within  24-96  days.  [WHO/FAO;  Expert
Committee  on  Food  Additives.  Triethyl  citrate  (WHO  Food  Additives  Series  14).  (April  1979).
Available from, as of May 5, 2015: http://www.inchem.org/] **PEER REVIEWED**

Subchronic or Prechronic Exposure/ Ethyl /citrate/ esters were fed to rats at levels of 0.5, 1, and 2%
for period of 6 wk. No notable effects were seen on wt gain, blood count, blood chemistry, urinalysis
or histopathology. [Patty, F. (ed.). Industrial Hygiene and Toxicology: Volume II: Toxicology. 2nd ed.
New York: Interscience Publishers, 1963., p. 1892]

Cats tolerated oral dose of 0.25 cc/kg of triethyl citrate ... daily for period of 8 wk but showed mild
symptoms  of  poisoning  after  fourth  &  fifth  doses,  consisting  of  weakness,  ataxia  &  depression.
[Clayton, G.D., F.E. Clayton (eds.) Patty's Industrial Hygiene and Toxicology. Volumes 2A, 2B, 2C,
2D, 2E, 2F: Toxicology. 4th ed. New York, NY: John Wiley & Sons Inc., 1993-1994., p. 3058]

Feeding  triethyl  citrate  (highest  dose  approx.  4  g/kg/d)  mixed  in  the  diet  to  rats  for  6-8  weeks
apparently did not result in deleterious effects on growth and nutrition, blood parameters or gross or
histological  appearance of  the  thoracic  and abdominal  organs.  [European Commission/  Scientific
Committee  on  Toxicity,  Ecotoxicity  and  the  Environment  (CSTEE).  Opinion  on  the  Toxicological
Characteristics and Risks of Certain Citrates and Adipates Used as a Substitute for Phthalates as
Plasticisers  in  Certain  Soft  PVC  Products.  p.8  (September  1999).  Available  from,  as  of  May  5,
2015:      http://ec.europa.eu/health/scientific_committees/environmental_risks/sctee/index_en.htm
  **PEER REVIEWED** 

Two young adult male and two young adult  female beagle dogs were given daily doses of  triethyl
citrate of 0.05 and 0.25 mL/kg bw for six months. Measurement of body and organ weights, blood
and urinalysis  and  the  results  of  histological  examination  of  tissues  revealed  no  adverse  effects.
Increasing the daily dose to 2.5 to 3.5 mL/kg bw for seven to 12 weeks resulted in liver pathology in
three  treated  animals. A  fourth  dog  that had previously  reacted adversely  to  a 2 mL/kg  bw dose
showed  no  histological  changes  after  receiving  1.5  mL/kg  bw  daily  for  an  additional  month.
[WHO/FAO; Expert Committee on Food Additives. Triethyl citrate (WHO Food Additives Series 14).
(April 1979). Available from, as of May 5, 2015: http://www.inchem.org/] **PEER REVIEWED**

As taken from HSDB, 2015 
 

“Level causing no toxicological effect - Rat: 4% in the diet (40,000 ppm) equivalent to 2 g/kg body
weight.”  As  taken  from  INCHEM,  1984,  WHO  FOOD  ADDITIVES  SERIES:  19;  available  at 



http://www.inchem.org/documents/jecfa/jecmono/v19je12.htm

Diet of two months to rats: NOEL (mg/kg bw per day) = 4000 [Finkelstein & Gold (1959)]

Gavage of two months to cats: NOEL (mg/kg bw per day) = <285 [Finkelstein & Gold (1959)]

As  taken  from  INCHEM,  2000,  WHO  FOOD  ADDITIVES  SERIES:  44;  available  at 
http://www.inchem.org/documents/jecfa/jecmono/v44jec10.htm 

“Feeding  triethyl  citrate  (highest  dose  approx.  4  g/kg/d)  mixed  in  the  diet  to  rats  for  6-8  weeks
apparently did not result in deleterious effects on growth and nutrition, blood parameters or gross or
histological appearance of the thoracic and abdominal organs (CSTEE/98/17 - Add 2).”

“No  other  toxicological  data  on  triethyl  citrate  have  been  available  to  the  CSTEE,  although  the
Scientific  Committee  for  Food  refers  to  an  older,  inadequate  long-term  study  in  the  rat
(CSTEE/98/17 - Add. 37/b).”

As  taken  from  EUROPEAN  COMMISSION,  SCIENTIFIC  COMMITTEE  ON  TOXICITY,
ECOTOXICITY  AND  THE  ENVIRONMENT  (CSTEE),  Brussels,  28/9/1999,  available  at
http://ec.europa.eu/health/ph_risk/committees/sct/documents/out45_en.pdf

Short-term studies:

Mouse

“A group of 20 mice given intraperitoneal doses of 350 mg/kg bw of triethyl citrate daily for 14 days
had a slightly  lower mean growth  rate  than control animals. No differences were seen  in  the  two
groups  in  erythrocyte  and  leucocyte  blood  cell  count,  clotting  time  and  haemoglobin  levels.
Examination  of  the  liver,  lung  and  kidney  tissues  of  two  animals  at  necropsy  revealed  no
pathological cellular changes.

Rat

Young  rats  were  fed  triethyl  citrate  at  an  initial  rate  of  1,  2  and  4  g/kg  bw  for  eight  weeks
(Finkelstein  &  Gold,  1955).  Urinalysis,  blood  counts  and  growth  measurement,  performed
periodically,  revealed  no  toxic  effects.  At  necropsy,  no  gross  abnormalities  were  seen  in  the
thoracic or abdominal organs. Histological sections of  the heart,  lungs, gastrointestinal  tract,  liver,
pancreas, spleen and kidneys were comparable in appearance to those from the untreated controls.

Cat

Cats receiving daily doses of 7% of  the LD50 (280 mg/kg bw)  for eight weeks did not differ  from
control animals with respect to weight, blood count, haemoglobin, blood sugar and blood nitrogen.
However, weakness, ataxia and depression appeared after the fourth or fifth dose and progressed.
After  treatment  was  discontinued,  the  animals  recovered  within  24-96  days  (Finkelstein  &  Gold,
1959).

Dog

Two young adult male and two young adult  female beagle dogs were given daily doses of  triethyl
citrate of 0.05 and 0.25 ml/kg bw for six months. Measurement of body and organ weights, blood
and  urinalysis  and  the  results  of  histological  examination  of  tissues  revealed  no  adverse  effects
(Hodge, 1954). Increasing the daily dose to 2.5 to 3.5 ml/kg bw for seven to 12 weeks resulted  in
liver pathology in three  treated animals. A  fourth dog that had previously reacted adversely to a 2
ml/kg bw dose showed no histological changes after receiving 1.5 ml/kg bw daily for an additional
month.

Long-term studies:

Rat

Three groups of 15 male and 15  female weanling Sprague-Dawley  rats were  fed diets containing
0.33, 1.0 and 3.0% triethyl citrate in a two-year feeding study (LaWall & Harrison, 1954). The initial
doses were  from 0.2  to 2.0 g/kg bw. Weight gain and food  intake were reduced below that of  the
control  groups when  the  level  of  the  compound  in  the  diet was  increased.  (No  specific  numbers



were  given  for  these  results.)  No  adverse  effects  of  haematologic,  urinalysis,  survival,  gross  or
histopathologic parameters could be attributed to triethyl citrate.”

As  taken  from  INCHEM,  1979,  WHO  FOOD  ADDITIVES  SERIES:  14;  TRIETHYL  CITRATE;
available at   http://www.inchem.org/documents/jecfa/jecmono/v14je21.htm 

 

Subacute toxicity:

Mice given daily  Intraperitoneal doses of  350 mg  triethyl  citrate  for 14  days  inhibited weight  gain
with no changes in blood chemistry or histology, Meyers et al 1964. Rats given triethyl citrate in diet
at dose up to 2% caused no observed changes, Finkelstein et al 1959. At 5% in the diet of rats for
12 days one out of eight rats died and body weights were reduced Yoshida et al. 

Caused no changes in blood chemistry or histology, Finkelstein et al 1959.

There was some evidence that type of effects produced may have resulted from binding of calcium
by  release  of  citrate  ion  with  resultant  hypocalcemia.  [Clayton,  G.D.,  F.E.  Clayton  (eds.)  Patty's
Industrial Hygiene and Toxicology. Volumes 2A, 2B, 2C, 2D, 2E, 2F: Toxicology. 4th ed. New York,
NY: John Wiley & Sons Inc., 1993-1994., p. 3058]

At  ...  296  ppm  rats  tolerated  6-hr  daily  exposure  for  ...  62  days  with  no  reported  symptoms.  At
higher  concn,  /3500  ppm/  symptoms  were  ...  gasping,  weakness  &  post-mortem  examination
showed  pleural  infusion;  some  pulmonary  edema  was  probably  present.  [Clayton,  G.D.,  F.E.
Clayton  (eds.)  Patty's  Industrial  Hygiene  and  Toxicology.  Volumes  2A,  2B,  2C,  2D,  2E,  2F:
Toxicology. 4th ed. New York, NY: John Wiley & Sons Inc., 1993-1994., p. 3058]A group of 20 mice
given intraperitoneal doses of 350 mg/kg bw of triethyl citrate daily for 14 days had a slightly lower
mean growth rate than control animals. No differences were seen in the two groups in erythrocyte
and leucocyte blood cell count, clotting  time and hemoglobin  levels. Examination of  the liver,  lung
and  kidney  tissues  of  two  animals  at  necropsy  revealed  no  pathological  cellular  changes.
[WHO/FAO; Expert Committee on Food Additives. Triethyl citrate (WHO Food Additives Series 14).
(April 1979). Available from, as of May 5, 2015: http://www.inchem.org/] **PEER REVIEWED** 

As taken from HSDB, 2015 
 
Rats exposed at 296 ppm on 6 hr/day for 62 days showed no overt signs of toxicity, whereas higher
(unspecified) concentrations caused gasping, weakness and lung damage (Fassett, cited in BIBRA,
1998).
 

Type of 
Test

Route of 
Exposure or 
Administration

Species/Test 
System

Dose Data Toxic Effects Reference

TDLo  - 
Lowest 
published 
toxic dose

Intraperitoneal Rodent - mouse 4900 
mg/kg/14D 
(intermittent)

Nutritional  and 
Gross  Metabolic 
-  weight  loss  or 
decreased 
weight gain

JPMSAE  Journal  of 
Pharmaceutical Sciences. 
(American 
Pharmaceutical  Assoc., 
2215  Constitution  Ave., 
NW,  Washington,  DC 
20037)  V.50-  1961- 
Volume(issue)/page/year: 
53,774,1964

TDLo  - 
Lowest 
published 
toxic dose

Oral Mammal - cat 15904 
mg/kg/8W 
(continuous)

Behavioral  - 
somnolence 
(general 
depressed 
activity) 
Behavioral  - 
muscle 
weakness 
Behavioral  - 
ataxia

TXAPA9  Toxicology  and 
Applied  Pharmacology. 
(Academic  Press,  Inc.,  1 
E.  First  St.,  Duluth,  MN 
55802)  V.1-  1959- 
Volume(issue)/page/year: 
1,283,1959



As taken from RTECS, 1997 

Safety Evaluation 

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 284.0 
mg/kg 
bw/day

COSMOS  TTC 
(NON-CANCER)

Critical study: DOG (Chronic Toxicity) Oral exposure for 180 day

NOAEL/LOAEL 
Owner

Original 
NOAEL

Original 
LOAEL

Critical 
Sites

Critical 
Effects

US FDA CFSAN 284.0 
mg/kg 
bw/day

Not 
established

  • NO 
EFFECTS

Safety Evaluation Comments: no comments available.
Source Document:  no source document available 

As taken from the COSMOS database available at http://www.cosmostox.eu/what/COSMOSdb/ 

5.3. Reproduction toxicity

“At  doses  ranging  from  0.5  to  10  mg/kg  b.w.  triethyl  citrate  was  nonteratogenic  in  the  chicken
embryo. When injected into the air cell, the LD50 was 1349.86 mg/kg bw (67.49 mg/egg) (Verrett,
1976).”

As  taken  from  INCHEM,  1979,  WHO  FOOD  ADDITIVES  SERIES:  14;  TRIETHYL  CITRATE;
available at  http://www.inchem.org/documents/jecfa/jecmono/v14je21.htm 

5.4. Mutagenicity

In vitro

Test system Test 
conditions

Endpoint Activation Result References

Salmonella 
typhimurium, 
strains  TA1535, 
TA1537  and 
TA1538

Details  not 
provided  in 
expert review

Mutation with  and 
without S9

-ve Litton 
Bionetics  Inc., 
1976  (cited  in 
JECFA, 1979)

Saccharomyces 
cerevisiae  D4 
yeast

Details  not 
provided  in 
expert review

Mutation with  and 
without S9

-ve Litton 
Bionetics  Inc., 
1976  (cited  in 
JECFA, 1979)

+ve,  positive;  -ve,  negative;  ?,  equivocal;  with,  with  metabolic  activation;  without,  without  metabolic 
activation

 

“Triethyl  citrate  was  not  mutagenic  in  plate  and  suspension  tests  using  the  Ames  Salmonella
microsome mutagenesis assay in strains TA 1535, TA 1537 and TA 1538 and the Saccharomyces
cerevesiae  D4  yeast  assay  with  and  without  tissue  homogenate  activating  systems  (Litton
Bionetics, Inc., 1976).”

As  taken  from  INCHEM,  1979,  WHO  FOOD  ADDITIVES  SERIES:  14;  TRIETHYL  CITRATE;
available at  http://www.inchem.org/documents/jecfa/jecmono/v14je21.htm 

Ames test using triethyl citrate (0.4%-1.6%) on Salmonella typhimurium TA1535, TA1537, TA1538
was  negative  with  and  without  metabolic  activation.  /From  table/  [Cosmetic  Ingredient  Review;
Safety Assessment of Citric Acid,  Inorganic Citrate Salts, and Alkyl Esters as Used  in Cosmetics.
Int  J  Toxicol  33  (2  suppl):  16S-46S.  [Epub  ahead  of  print]  (2014)  http://www.cir-



safety.org/ingredients] **PEER REVIEWED** 

Suspension  test  using  triethyl  citrate  (0.4%-1.6%)  on  Salmonella  typhimurium  TA1535,  TA1537,
TA1538,  and  triethyl  citrate  (0.425%-1.7%)  on  Saccharomyces  cerevisiae  D4,  with  and  without
metabolic activation was negative /From table/ [Cosmetic Ingredient Review; Safety Assessment of
Citric  Acid,  Inorganic  Citrate  Salts,  and  Alkyl  Esters  as  Used  in  Cosmetics.  Int  J  Toxicol  33  (2
suppl):  16S-46S.  [Epub  ahead  of  print]  (2014)  http://www.cir-safety.org/ingredients]  **PEER
REVIEWED**

As taken from HSDB, 2015

5.5. Cytotoxicity

Triethyl citrate inhibited the growth of strain L mouse fibroblasts (Rosenbluth et al. 1967).

5.6. Carcinogenicity

Species Test conditions Evidence of 
carcinogenicity

Reference

Rat,  Sprague-Dawley, 
groups  of  15  of  each 
sex

Up  to  3%  in  diet 
(roughly  1.5  g/kg 
bw/day) for 2 yr.

 
Only a summary report, 
inadequate  detail  on 
the  range  of  tissues 
examined

None

 
[This  study  would  be 
considered  inadequate 
by  modern  standards, 
which  require  that 
groups  of  about  50 
animals/sex  be 
exposed,  on  5-7 
days/wk,  at  several 
dose levels, for lifetime, 
and  that  a 
comprehensive  range 
of  tissues  and  organs 
be  examined 
microscopically]

LaWall  and  Harrison, 
1954  (cited  in  JECFA, 
1979).

Page

5.7. Irritation/immunotoxicity

Not irritating to rabbit skin full strength, Levenstein 1975. Not irritating to humans at 20% (Epstein
1975)

At 20% no sensitisation reactions in humans (Epstein 1975).

“Triethyl  citrate,  at  concentrations  up  to  100%,  was  not  an  irritant  in  guinea  pigs  or  rabbits….
Triethyl citrate, applied undiluted during epidermal induction, was a strong sensitizer in a guinea-pig
maximization test, but 20% in pet. was not a primary  irritant or sensitizer  in human studies”  (CIR,
2012).

“Triethyl citrate, 33.3%, did produce irritation in rabbit eyes” (CIR, 2012).

“it did  not  show any  evidence of sensitising  capacity  or skin  irritation  in humans  (CSTEE/98/17  -
Adds. 5, 54).” 

“Triethyl  citrate  is  a  strong  sensitiser  in  guinea  pigs  using  the  maximisation  test  in  which  the
compound was injected adjuvant, although no sensitising capacity for humans was apparent from a
repeated  insult patch  test. Further,  it  failed  to  induce  irritation  in human skin. Thus,  triethyl  citrate
will not readily lead to sensitisation when in contact with normal human skin. However, it cannot be
ruled out  that  it will  induce sensitisation when  in contact with human skin or mucous membranes
that is damaged or affected in such a way that inflammatory responses are present.”

As  taken  from  EUROPEAN  COMMISSION,  SCIENTIFIC  COMMITTEE  ON  TOXICITY,



ECOTOXICITY  AND  THE  ENVIRONMENT  (CSTEE),  Brussels,  28/9/1999,  available  at 
http://ec.europa.eu/health/ph_risk/committees/sct/documents/out45_en.pdf

Triethyl  citrate  20%  in  pet  (petrolatum)  was  not  a  primary  irritant  or  sensitizer  in  human
studies.[Cosmetic Ingredient Review; Safety Assessment of Citric Acid, Inorganic Citrate Salts, and
Alkyl Esters as Used in Cosmetics. Int J Toxicol 33 (2 suppl): 16S-46S. [Epub ahead of print] (2014)
http://www.cir-safety.org/ingredients] **PEER REVIEWED** 

The  ethyl  /citrate/  esters  have  no  effect  on  skin  of  guinea  pig  &  are  not  skin  sensitizers.  /Ethyl
citrate/ [Clayton, G.D., F.E. Clayton (eds.) Patty's Industrial Hygiene and Toxicology. Volumes 2A,
2B, 2C,  2D,  2E,  2F:  Toxicology.  4th  ed. New York, NY:  John Wiley & Sons  Inc.,  1993-1994.,  p.
3058] **PEER REVIEWED**

Triethyl citrate, applied undiluted during epidermal induction, was a strong sensitizer in a guinea pig
maximization test. [Cosmetic Ingredient Review; Safety Assessment of Citric Acid, Inorganic Citrate
Salts, and Alkyl Esters as Used in Cosmetics. Int J Toxicol 33 (2 suppl): 16S-46S. [Epub ahead of
print] (2014) http://www.cir-safety.org/ingredients] **PEER REVIEWED** 

Triethyl citrate, at concentrations up to 100%, was not an irritant in guinea pigs or rabbits. [Cosmetic
Ingredient Review; Safety Assessment  of Citric Acid,  Inorganic Citrate Salts,  and Alkyl Esters  as
Used in Cosmetics. Int J Toxicol 33 (2 suppl): 16S-46S. [Epub ahead of print] (2014) http://www.cir-
safety.org/ingredients] **PEER REVIEWED** 

Triethyl  citrate,  33.3%,  did  produce  irritation  in  rabbit  eyes.  [Cosmetic  Ingredient  Review;  Safety
Assessment  of  Citric  Acid,  Inorganic  Citrate  Salts,  and Alkyl  Esters  as Used  in  Cosmetics.  Int  J
Toxicol  33  (2  suppl):  16S-46S.  [Epub  ahead of  print]  (2014)  http://www.cir-safety.org/ingredients]
**PEER REVIEWED** 

As taken from HSDB, 2015

5.8. All other relevant types of toxicity

Total  particulate matter  (TPM)  from  heated  (tobacco  or  nicotine)  product(s)  containing  citric  acid
was 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 TPM was not increased by the addition of citric acid when compared
to TPM from 3R4F cigarettes. The table below provides tested level(s) and specific endpoint(s).

 

 
Endpoint

 
Tested level (ppm)

 
Reference

 
In vitro genotoxicity 2081 JTI KB Study Report(s)

In vitro cytotoxicity 2081 JTI KB Study Report(s)

 

“The CIR Expert Panel (Panel) assessed the safety of citric acid, 12 inorganic citrate salts, and 20
alkyl citrate esters as used in cosmetics, concluding that these ingredients are safe in the present
practices of use and concentration....... a number of  the citrates are  reported  to  function as  skin-
conditioning agents but other functions are also reported. The Panel reviewed available animal and
clinical  data,  but  because  citric  acid,  calcium citrate,  ferric  citrate, manganese  citrate,  potassium
citrate, sodium citrate, diammonium citrate,  isopropyl citrate, stearyl citrate, and  triethyl citrate are
generally  recognized  as  safe  direct  food  additives,  dermal  exposure  was  the  focus  for  these
ingredients in this cosmetic ingredient safety assessment.” As taken from Fiume MM et al 2014. Int.
J.  Toxicol.  33(2  suppl),  16S-46S.  PubMed,  2015  available  at 
http://www.ncbi.nlm.nih.gov/pubmed/24861367

 

6. Functional effects on



6.1. Broncho/pulmonary system

No data available to us at this time.

6.2. Cardiovascular system

No data available to us at this time.

6.3. Nervous system

Rat

“In Wistar rats dose intraperitoneally at 400 mg/kg bw triethyl citrate produced a loss of the righting
reflex, an effect reversible within 15 minutes.

Rabbit

Intravenous administration of a 100 mg/kg bw dose of triethyl citrate to rabbits produced a marked
increase in motor activity and respiration (Meyer et al., 1964).”

As  taken  from  INCHEM,  1979,  WHO  FOOD  ADDITIVES  SERIES:  14;  TRIETHYL  CITRATE;
available at  http://www.inchem.org/documents/jecfa/jecmono/v14je21.htm 

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

Triethyl  citrate  blocked  nerve  conduction  in  the  rat  and  produced  cord  depression  ,  temporarily
abolished the corneal reflex in the rabbit eye, exhibited local anaesthetic activity in the guinea pig,
and decreased blood pressure  in  rabbits and cats, causing smooth muscle depression or cardiac
depression, Meyers et al 1964.

“The corneal  reflex  in  rabbit eyes was  temporarily eliminated upon  instillation of 3 drops of a 5%
suspension of  triethyl or tributyl citrate  in 3% acacia;  the number of animals used was not stated.
The anesthetic effect was confirmed by the intradermal administration of 0.1 ml of a 2% solution of
triethyl  or  tributyl  citrate  into  an  area  of  the  shaved  back  of  guinea  pigs;  again,  the  number  of
animals used was not stated. Triethyl citrate resulted  in insensitivity  to pricking of the area  lasting
12-20 min” (CIR, 2012).

 

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  triethyl  citrate  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
triethyl citrate. Table below provides tested level(s) and specific endpoint(s). 

     



Endpoint Tested level (ppm) Reference

 

Smoke chemistry

    819      

 

 
Baker et al., 2004a 

 

6.5
780

 

 
JTI KB Study Report(s)

 

   1440    Roemer et al., 2014

In vitro genotoxicity

    819      

 

 
Baker et al., 2004c

 

  6.5   
 
Renne et al., 2006 

 

6.5
 600

 

 
JTI KB Study Report(s) 

 

  1440    Roemer et al., 2014

In vitro cytotoxicity

     819      

 

 
Baker et al., 2004c

 

6.5
600

 

 
JTI KB Study Report(s) 

 

1440    Roemer et al., 2014

Inhalation study

30   
 
Gaworski et al., 1998 

 

819   
 
Baker et al., 2004c 

 

6.5   
 
Renne et al., 2006 

 

6.5
600

 

 
JTI KB Study Report(s)

 

  1440    Schramke et al., 2014

Skin painting
   6.5      

 

 
JTI KB Study Report(s)

 

In vivo genotoxicity 1440    Schramke et al., 2014

 

9. Heated/vapor emissions toxicity

No data available to us at this time.

 



10. Ecotoxicity

10.1. Environmental fate

EPISuite provides the following data: 

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

6.39E-010 atm-m3/mole (6.48E-005 Pa-m3/mole)

Group Method: Incomplete

Exper Database: 3.84E-09 atm-m3/mole (3.89E-004 Pa-m3/mole)

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

HLC: 2.549E-009 atm-m3/mole (2.583E-004 Pa-m3/mole)
VP: .000198 mm Hg (source: MPBPVP)
WS: 2.82E+004 mg/L (source: WSKOWWIN)]

 

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

0.33 (KowWin est)

Log Kaw used:            -6.804 (exp database)

Log Koa (KOAWIN v1.10 estimate): 7.134

Log Koa (experimental database): None

Probability of Rapid Biodegradation (BIOWIN 
v4.10):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):

0.9546
0.9999
2.7971 (weeks)
3.9826 (days)
1.2373
0.9889
0.9086

Ready Biodegradability Prediction: YES

 
  
Hydrocarbon Biodegradation (BioHCwin v1.01):Structure incompatible with current estimation 
method!

 

 
Sorption to aerosols (25 Dec C)[AEROWIN 
v1.00]:Vapor pressure (liquid/subcooled): 

0.0916 Pa (0.000687 mm Hg))
 

Log Koa (Koawin est):  7.134  

Kp  (particle/gas  partition  coef.  (m3/ug)):Mackay 
model:                                     Octanol/air  (Koa) 
model:                 

 3.28E-0053.34E-006
 

 
Fraction  sorbed  to  airborne  particulates  (phi):  Junge-Pankow 
model:

0.00118

Mackay model: 0.00261

Octanol/air (Koa) model: 0.000267

Atmospheric Oxidation (25 deg C) [AopWin v1.92]:
Hydroxyl Radicals Reaction: OVERALL OH Rate Constant =

7.3255 E-12 cm3/molecule-sec

Half-Life = 1.460 Days (12-hr day; 1.5E6 OH/cm3)

Half-Life = 17.521 Hrs

Ozone Reaction: No Ozone Reaction Estimation

Fraction  sorbed  to  airborne  particulates  (phi):      0.0019  (Junge-Pankow,  Mackay
avg)                                                                             0.000267  (Koa method)Note:  the sorbed  fraction may  be  resistant
atmospheric oxidation

Soil Adsorption Coefficient (KOCWIN v2.00):Koc :
21.02 L/kg (MCI method)

Log Koc: 1.323       (MCI method)

Koc : 3.673 L/kg (Kow method)

Log Koc: 0.565       (Kow method)

Aqueous Base/Acid-Catalyzed Hydrolysis (25 deg C) 
[HYDROWIN v2.00]:Total Kb for pH > 8 at 25 deg C:

1.349E-002 L/mol-sec

Kb Half-Life at pH 8: 1.628 years



Kb Half-Life at pH 7: 16.279 years 

           

(Total Kb applies only to esters, carbmates, alkyl halides)

 

 Volatilization from Water:
Henry  LC:  3.84E-009  atm-m3/mole  (Henry  experimental 
database) Half-Life from Model River:

2.534E+005 hours (1.056E+004 days)

Half-Life from Model Lake: 2.765E+006 hours (1.152E+005 days)

Removal In Wastewater Treatment: 

Total removal: 1.86 percent

Total biodegradation: 0.09 percent

Total sludge adsorption: 1.76 percent

Total to Air: 0.00 percent

(using 10000 hr Bio P,A,S) 
  

Level III Fugacity Model: 

  Mass Amount(percent) Half-Life(hr) Emissions(kg/hr)

Air 0.0756 35 1000

Water 26.6 360 1000

Soil 73.3 720 1000

Sediment 0.0721 3.24e+003 0

Persistence Time: 664 hr

      

The  Ecological  Categorization  Results  from  the  Canadian  Domestic  Substances  List  state  that
1,2,3-propanetricarboxylic acid, 2-hydroxy-, triethyl ester (CAS RN 77-93-0) is not persistent in the
environment:

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 0.9889

TOPKAT probability of biodegradation 0.996

EPI Predicted hydrolysis half-life (days) 5.95E+003

EPI Predicted Ozone reaction half-life (days) 999

EPI Predicted Atmospheric Oxidation half-life (days) 1.46

Data accessed August 2017 on the OECD website:  http://webnet.oecd.org/CCRWeb/Search.aspx

10.2. Aquatic toxicity

According to the Ecological Categorization List from the Canadian Domestic Substances List, 1,2,3-
propanetricarboxylic  acid,  2-hydroxy-,  triethyl  ester  (CAS  RN  77-93-0)  is  not  inherently  toxic  to
aquatic organisms:

 
Pivotal value for iT (mg/l) 27.068988

Toxicity to fish (LC50 in mg/l) as predicted by Ecosar v0.99g 327.2

Toxicity to fish (LC50 in mg/l) as predicted by Aster 27.068988

Toxicity to fish (LC50 in mg/l) as predicted by PNN 84.67954

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

7,262.123

Toxicity to fish (LC50 in mg/l) as predicted by Neutral Organics QSAR in cosar v0.99g 2.54E+003

Data accessed August 2017on the OECDwebsite: http://webnet.oecd.org/CCRWeb/Search.aspx 



 

ECOSAR version 1.11 reports the following aquatic toxicity data for CAS RN 77-93-0:

Values used to Generate ECOSAR Profile:

Log Kow:     0.334 (EPISuite Kowwin v1.68 Estimate)

Wat Sol:       6.5E+004 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations
Esters

ECOSAR 
Class                                  

Organism Duration End 
Pt

Predicted
mg/L (ppm)

Esters                           : Fish 96-hr LC50 347.109

Esters                           : Daphnid 48-hr LC50 862.461

Esters                           : Green 
Algae

96-hr EC50 477.933

Esters                           : Fish   ChV 37.044

Esters                           : Daphnid   ChV 952.216

Esters                           : Green 
Algae

  ChV 71.326

Esters                           : Fish (SW) 96-hr LC50 584.769

Esters                           : Mysid 96-hr LC50 1307.163

Esters                           : Fish (SW)   ChV 62.101

Esters                           : Mysid (SW)   ChV 2.87e+006 *

 

Neutral   Organic  SAR 
  : 

Fish 96-hr LC50 7116.854

(Baseline Toxicity)       : Daphnid 48-hr LC50 3464.793

  Green 
Algae

96-hr EC50 1366.275

  Fish   ChV 580.205

  Daphnid   ChV 220.212

  Green 
Algae

  ChV 254.013

Note:  *  =  asterisk  designates:  Chemical  may  not  be  soluble  enough  to  measure  this  predicted
effect. If the effect level exceeds the water solubility by 10X, typically no effects at saturation (NES)
are reported.

10.3. Sediment toxicity

No data available to us at this time.

10.4. Terrestrial toxicity

ECOSAR version 1.11 reports the following terrestrial toxicity data for CAS RN 77-93-0:

Values used to Generate ECOSAR Profile:

Log Kow:     0.334 (EPISuite Kowwin v1.68 Estimate)

Wat Sol:       6.5E+004 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations
Esters

ECOSAR Class           
  

Organis
m

Duration End Pt Predicted 
mg/L (ppm
)

Esters            Earthwor 14-day LC50 12408.355



                : m

10.5. All other relevant types of ecotoxicity

EPISuite provides the following data:

 

Bioaccumulation Estimates (BCFBAF v3.01):Log  BCF 
from regression-based method:

0.500 (BCF = 3.162 L/kg wet-wt)

Log Biotransformation Half-life (HL): -3.8667 days (HL = 0.0001359 days)

Log BCF Arnot-Gobas method (upper trophic): -0.030 (BCF = 0.9342)

Log BAF Arnot-Gobas method (upper trophic): -0.030 (BCF = 0.9342)

log Kow used:  0.33 (estimated)

 

The  Ecological  Categorization  Results  from  the  Canadian  Domestic  Substances  List  state  that
1,2,3-propanetricarboxylic acid, 2-hydroxy-, triethyl ester (CAS RN 77-93-0) is not bioaccumulative
in the environment:

Log Kow predicted by KowWin 0.33

Log BAF T2MTL predicted by Gobas 0.0301788598698057

Log BCF 5% T2LTL predicted by Gobas 0.0244981718843084

Log BCF Max predicted by OASIS 1.10626438336973

Log BCF predicted by BCFWIN 0.5

Data accessed August 2017 on the OECD website:  http://webnet.oecd.org/CCRWeb/Search.aspx

 

11. References for conventional products

· Anon  [undated].  Ingredients  added  to  tobacco  in  the manufacture  of  cigarettes  by  the  six
major  American  cigarette  companies.  599  ingredient  list  published  1994.  Available  at
http://www.free-cigarettes.com/cigarette-additives.html 

· Baker R and Bishop L. (2004). The pyrolysis of tobacco ingredients. J. Anal. Appl. Pyrolysis 71, 223–
311.

· Baker R et al. (2004a). The effect of tobacco ingredients on smoke chemistry. Part I: Flavourings and
additives. Food and Chemical Toxicology 42s, S3-S37.

· Baker R et  al.  (2004c). An  overview of  the effects  of  tobacco  ingredients  on  smoke  chemistry  and
toxicity. Food and Chemical Toxicology 42s, S53-S83.

· BIBRA (1998). Toxicity Profile: Triethyl citrate. BIBRA International Ltd.

· Bruns  F  H  et  al  (1962).  Zum  Stoffwechsel  van  Triathylcitrat  und  Acetyltriathylcitrat.  Klin.  Wschr.
40,1169.

· Burdock GA (2010). Fenaroli’s Handbook of Flavor Ingredients. Sixth Edition. CRC Press. ISBN 978-
1-4200-9077-2.

· ChemIDplus. Accessed September 2018. Available at https://chem.nlm.nih.gov/chemidplus/ 

· ChemSpider.  Record  for  triethyl  citrate  (CAS  RN  77-93-0).  Undated,  accessed  September  2018.
Available at http://www.chemspider.com/Chemical-Structure.13850879.html 

· CIR  (2012).  Cosmetic  Ingredient  Review.  Final  report  on  the  safety  assessment  of  citric  acid,
inorganic  citrate  salts,  and  alkyl  citrate  esters  as  used  in  cosmetics.  Available  at  http://www.cir-
safety.org/sites/default/files/citric032012FR.pdf 

· CosIng  (Cosmetic  substances  and  ingredients  database).  Record  for  triethyl  citrate.  Undated,
accessed September  2018. Available at http://ec.europa.eu/growth/tools-databases/cosing/

· COSMOS Database. Integrated In Silico Models for the Prediction of Human Repeated Dose Toxicity



of COSMetics to Optimise Safety. Database version 1.0. Record for triethyl citrate (CAS RN 77-93-0).
Accessed September 2018. Available at http://www.cosmostox.eu/what/COSMOSdb/

· Doull et al.  (1994). A safety  assessment of  the  ingredients added  to  tobacco  in  the manufacture  of
cigarettes. Available at http://legacy.library.ucsf.edu/tid/thy03c00

· Doull et al.  (1998). A safety  assessment of  the  ingredients added  to  tobacco  in  the manufacture  of
cigarettes. Available at http://legacy.library.ucsf.edu/tid/wzp67e00

· ECHA  (2018a).  European Chemicals  Agency.  Information on Chemicals.  Record  for  triethyl  citrate.
Last  updated  28  September  2018.  Available  at:  https://echa.europa.eu/information-on-
chemicals/registered-substances 

· ECHA (2018b). European Chemicals Agency. Classification and Labelling (C&L) Inventory database.
Last  updated  28  September  2018.  Available  at  https://echa.europa.eu/information-on-chemicals/cl-
inventory-database

· ECOSAR  (undated).  Record  for  1,2,3-propanetricarboxylic  acid,  2-hydroxy-,  triethyl  ester  (CAS RN
77-93-0). Accessed August 2017. (ECOSAR content has not been updated since 2012, version 1.11.)
Available  to  download,  through  EPISuite,  at  https://www.epa.gov/tsca-screening-tools/epi-suitetm-
estimation-program-interface 

· EFSA  (2012). EFSA Panel  on Food Contact Materials, Enzymes, Flavourings and Processing  Aids
(CEF);  Scientific  Opinion  on  Flavouring  Group  Evaluation  10,  Revision  3  (FGE.10Rev3):  Aliphatic
primary and secondary saturated and unsaturated alcohols, aldehydes, acetals, carboxylic acids and
esters containing an additional oxygenated functional group and lactones from chemical groups 9, 13
and  30.  EFSA  Journal  10(3):2563.  Available  at
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2012.2563/epdf 

· EFSA (2013). EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP);
Scientific  Opinion  on  the  safety  and  efficacy  of  straight-chain  primary  aliphatic
alcohols/aldehydes/acids,  acetals  and  esters  with  esters  containing  saturated  alcohols  and  acetals
containing saturated aldehydes  (chemical group 1) when used as  flavourings  for  all animal  species
EFSA  Journal  11(4),  3169.  Available  at
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2013.3169/epdf 

· Eilers  H  and  Alexeyev  OA  (2016).  Effect  of  GT-peptide  and  triethyl  citrate  on  P.  Acnes  biofilm
formation,  viability  and  dispersion.  J.  Drugs  Dermatol.  15(6),  778-81.  PubMed,  2017  available  at
https://www.ncbi.nlm.nih.gov/pubmed/27272091 

· EPISuite (undated). Record for 1,2,3-propanetricarboxylic acid, 2-hydroxy-, triethyl ester (CAS RN 77-
93-0). Accessed  August  2017.  (EPISuite  content  has  not  been  updated  since  2012,  version  4.11.)
EPISuite is available to download at https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-
program-interface 

· EPISuite (2017). Record for 1,2,3-propanetricarboxylic acid, 2-hydroxy-, triethyl ester (CAS RN 77-93-
0).  EPISuite  version  4.11.  Last  updated  June  2017.  EPISuite  is  available  to  download  at
https://www.epa.gov/tsca-screening-tools/download-epi-suitetm-estimation-program-interface-v411 

· Epstein W L (1975). Report to RIFM, 15 August. 

· EUROPEAN  COMMISSION,  SCIENTIFIC  COMMITTEE  ON  TOXICITY,  ECOTOXICITY  AND  THE
ENVIRONMENT  (CSTEE),  Brussels,  28/9/1999,
http://ec.europa.eu/health/ph_risk/committees/sct/documents/out45_en.pdf 

· European  Commission  (2012).  Database  of  food  flavourings.  Last  modified  17  September  2012.
Accessed September 2018. Available at https://webgate.ec.europa.eu/foods_system/ 

· European  Commission  (2015).  Database  of  food  additives.  Last  modified  25  February  2015.
Accessed September 2018. Available at https://webgate.ec.europa.eu/foods_system/  

· Fassett D W (undated). Unpublished data cited in Patty, 1963 (cited in BIBRA, 1998).

· FDA (2018a). US Food and Drug Administration. Substances Added to Food (formerly EAFUS). Last
updated  5  September  2018.  Accessed  September  2018.  Available  at
https://www.accessdata.fda.gov/scripts/fdcc/?set=FoodSubstances 

· FDA  (2018b). US  Food  and Drug  Administration.   Electronic  Code  of  Federal  Regulations  (eCFR).
Current as of 27 September 2018. Accessed September 2018. Available at https://www.ecfr.gov/cgi-
bin/ECFR?page=browse



· Finkelstein  M  et  al  (1959).  Toxicology  of  the  citric  acid  esters:  …  triethyl  citrate  …  Toxic.  appl.
Pharmac. 1, 283.

· Fiume MM et al  (2014). Safety Assessment  of Citric Acid,  Inorganic Citrate Salts, and Alkyl Citrate
Esters  as  Used  in  Cosmetics.  Int.  J.  Toxicol.  33(2  suppl),  16S-46S.  PubMed,  2015  available  at
http://www.ncbi.nlm.nih.gov/pubmed/24861367 

· Gaworski C.L. et  al.  (1998). Toxicologic  evaluation of  flavor  ingredients added  to cigarette  tobacco:
13-week inhalation exposures in rats. Inhalation Toxicology, 10:357-381.

· Hall RL and Oser BL (1965). Recent Progress in the Consideration of Flavoring Ingredients Under the
Food  Additives  Amendment.  III.  GRAS  Substances,  Food  Technology  253,  151.  Available  at 
https://www.femaflavor.org/sites/default/files/3.%20GRAS%20Substances(2001-3124)_0.pdf 

· Haz-Map (2017). Record for triethyl citrate (CAS RN 77-93-0). Last updated October 2017. Accessed
September  2018. Available at https://hazmap.nlm.nih.gov/ 

· HSDB  (2015).  Record  for  triethyl  citrate.  Hazardous  Substances  Databank  Number:  729.  Last
updated  23  December  2015.  Accessed  September  2018.  Available  at
https://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm 

· IFRA  (2016).  International Fragrance Association.  IFRA Volume of Use Survey 2016: Transparency
List. Accessed September 2018 Available at http://www.ifraorg.org/en/ingredients# 

· INCHEM  (1979).  WHO  FOOD  ADDITIVES  SERIES:  14;  TRIETHYL  CITRATE;  available  at
http://www.inchem.org/documents/jecfa/jecmono/v14je21.htm

· INCHEM  (1984).  WHO  FOOD  ADDITIVES  SERIES:  19;  available  at
http://www.inchem.org/documents/jecfa/jecmono/v19je12.htm

· INCHEM  (2000).  WHO  FOOD  ADDITIVES  SERIES:  44;  available  at
http://www.inchem.org/documents/jecfa/jecmono/v44jec10.htm

· INCHEM  (2004).  Record  for  triethyl  citrate.  6  February  2004.  Available  at
http://www.inchem.org/documents/jecfa/jeceval/jec_2316.htm 

· IPCS  (1999).  Triethyl  citrate.  International  Chemical  Safety  Card  1350.  Peer  reviewed  18  October
1999.  Accessed  September  2018.  Available  at
http://www.inchem.org/documents/icsc/icsc/eics1350.htm

· JECFA (1979). 23rd Meeting of the Joint FAO/WHO Expert Committee on Food Additives. WHO Food
Additive Series No. 14. http://www.inchem.org/documents/jecfa/jecmono/v14je21.htm.

· JECFA (1999). 53rd Meeting of the Joint FAO/WHO Expert Committee on Food Additives. WHO Food
Additive Series No. 44. http://www.inchem.org/documents/jecfa/jecmono/v44jec10.htm.

· JTI KB Study Report (s).

· JTI Study Report (s).

· LaWall and Harrison (1954). Consultants, Philadelphia. Unpublished report prepared for Fleischmann
Laboratories (cited in JECFA, 1979).

· Levenstein I (1975). Report to RIFM, 30 May.

· Litton Bionetics Inc. (1976). FDA-75-10, LBI Project No. 2468. Unpublished data submitted to the FDA
(cited in JECFA, 1979).

· Merck  (2013).  The  Merck  Index.  An  encyclopaedia  of  chemicals,  drugs  and  biologicals.  Fifteenth
edition. O’Neil MJ et al. ed. Royal Society of Chemistry. ISBN 978-1-84073-670-1

· Meyers D B et al (1964). Toxicity of plastics used in medical practice. II. J. pharm. Sci. 53, 774.

· NIOSH. National Institute for Occupational Safety and Health. National Occupational Exposure Survey
(1981-1983).  Record  for  citric  acid,  triethyl  ester  (CAS  RN  77-93-0).  Accessed  September  2018.
Available  at
https://web.archive.org/web/20111024124426/http://www.cdc.gov/noes/noes2/x7556occ.html

· NZ EPA (2006). New Zealand Environmental Protection Authority. Inventory of Chemicals. Record for
1,2,3-propanetricarboxylic acid, 2-hydroxy-, triethyl ester (CAS RN 77-93-0). Date added to inventory:
1  December  2006.  Accessed  September  2018.  Available  at:  https://www.epa.govt.nz/database-
search/new-zealand-inventory-of-chemicals-nzioc/view/14982 



· OECD  (undated). Organisation  for  Economic  Co-operation  and  Development.  The  Global  Portal  to
Information  on  Chemical  Substances  (eChemPortal).  1,2,3-Propanetricarboxylic  acid,  2-hydroxy-,
triethyl  ester  (CAS  RN  77-93-0).  Accessed  August  2017.  Available  via
http://webnet.oecd.org/CCRWeb/Search.aspx 

· PubChem (2018). Record for triethyl citrate (CAS RN 77-93-0). Created 26 March 2005. Last modified
29 September 2018. Available at https://pubchem.ncbi.nlm.nih.gov/compound/6506 

· Rainey  CL  et  al.  (2011).  Chemical  characterization  of  dissolvable  tobacco  products  promoted  to
reduce  harm.  Journal  of  Agricultural  and  Food  Chemistry  59,  2745-2751.  Abstract  available  at
http://www.ncbi.nlm.nih.gov/pubmed/21332188?dopt=AbstractPlus 

· Registry  of  cytotoxicity  (RC)  data  (ZEBET).  Accessed  September  2018.  Available  at
https://ntp.niehs.nih.gov/iccvam/docs/acutetox_docs/finalrpt/fins7all.pdf 

· Reineccius  et  al.  The  effect  of  solvent  interactions  on alpha-,  beta-,  and  gamma-cyclodextrin/flavor
molecular inclusion complexes.; J Agric Food Chem. 2005, Jan 26; 53(2):388-92. 

· Renne R  et  al.  (2006).  Effects  of  Flavoring  and  Casing  Ingredients  on  the  Toxicity  of  Mainstream
Cigarette Smoke in Rats. Inhalation Toxicology, 18:685-706.

· Roemer  E  et  al.,  (2014).  Toxicological  assessment  of  kretek  cigarettes  Part  6:  The  impact  of
ingredients added to kretek cigarettes on smoke chemistry and in vitro toxicity. Regulatory Toxicology
and Pharmacology 70; S66-80.

· Rosenbluth S A et al (1967). Growth changes in mammalian cell cultures by plastic additives (effect of
triethyl citrate). J. biomed. Mater. Res. 1, 197.

· RTECS (1997). Registry of Toxic Effects of Chemical Substances. Record for citric acid, triethyl ester
(CAS RN 77-93-0). Last updated January 1997. Accessed September 2018.

· Schramke  H  et  al.,  (2014).  Toxicological  assessment  of  kretek  cigarettes  Part  7:  The  impact  of
ingredients added to kretek cigarettes on inhalation toxicity. Regulatory Toxicology and Pharmacology
70; S81-89.

· US Department of Health and Human Services (2018). Household Products Database. Last updated
June 2018. Accessed September 2018. Available at https://hpd.nlm.nih.gov/index.htm

· US  EPA  (2018a).  US  Environmental  Protection  Agency.  Electronic  Code  of  Federal  Regulations
(eCFR).  Current  as  of  27  September  2018.  Accessed  September  2018.  Available  at
http://www.ecfr.gov/cgi-bin/ECFR?page=browse 

· US  EPA  (2018b).  Safer  Chemical  Ingredients  List.  Last  updated  27  September  2018.  Accessed
September 2018. Available at https://www.epa.gov/saferchoice/safer-ingredients

· US  EPA  2012  CDR  list  (Chemical  Data  Reporting  Rule).  Accessed  September  2018.  Available  at
https://iaspub.epa.gov/sor_internet/registry/substreg/searchandretrieve/searchbylist/search.do

· US EPA  Inert  Finder Database  (2018).  Last  updated  27  August  2018.  Accessed  September  2018.
Available at https://iaspub.epa.gov/apex/pesticides/f?p=INERTFINDER:1:0::NO:1 

· US  EPA  TSCA  inventory.  Accessed  September  2018.  Available  at
https://iaspub.epa.gov/sor_internet/registry/substreg/searchandretrieve/searchbylist/search.do 

· WHO  (2018).  Evaluations  of  the  Joint  FAO/WHO  Expert  Committee  on  Food  Additives  (JECFA).
Record  for  triethyl  citrate. World Health Organization. Available at  http://apps.who.int/food-additives-
contaminants-jecfa-database/chemical.aspx?chemID=3286 

· Williams et  al.  (1997).  In  vitro method  to  investigate  food  effects  on  drug  release  from  film  coated
beads; Pharm. Dev. Technol.; VOL 2 ISS 1 1997, P1-9.

 

12. Other information

Jin Y et al. (2014). Application of Triethyl Citrate to Filters in Virginia Type Cigarettes. Beiträge zur
Tabakforschung  26(4),  176-182.  Available  at  http://www.degruyter.com/view/j/cttr.2015.26.issue-
4/cttr-2015-0005/cttr-2015-0005.xml?rskey=Axfq06&result=1 

 



13. Last audited

October 2018

 

 



Substance Rpt No. Year Conclusion* 21 CFR SectionID Code

The citrate ion is widely distributed in plants and animals and is a naturally occurring component of the diet. It is a 
common metabolite in oxidative metabolism and an important component of bone. Exogenous citrate administered to 
infants and adults as a component of commonly consumed diets is considered completely metabolizable. The addition 
of citric acid to foods is considered equivalent to adding citrate salts except in foods of very high acidity. The amount of 
citrate added to foods by foods processors is about 500mg per person per day. This amount occurs naturally in 2 
ounces of orange juice and does not constitute a significant addition to the total body load. Although data on acute and 
chronic effects of orally administered sodium citrate, calcium citrate and potassium citrate are limited, no biological 
effects of the citrate-containing substances evaluated in this report cause concern about the safety of these GRAS 
substances used in reasonable amounts and in accordance with prescribed tolerances and limitations. 
In light of the foregoing, the Select Committee concludes that: There is no evidence in the available information on 
citric acid, sodium citrate, potassium citrate, calcium citrate, ammonium citrate, isopropyl citrate, stearyl citrate, and 
triethyl citrate that demonstrates, or suggests reasonable grounds to suspect, a hazard to the public when used at 
levels that are now current or that might reasonably be expected in the future.

SCOGS Opinion:

* denotes Type of Conclusion 1, 2, 3, 4, or 5.  Definitions of conclusion types can be found at the end of this report..

Triethyl citrate 84 1977 1 184.191177-93-0



    TRIETHYL CITRATE 

    Explanation 

         The citrate ion is widely distributed in plant and animal tissues 
    and is a naturally occurring component of man's diet. It is a common 
    metabolic intermediate in oxidative metabolism. Citrate was evaluated 
    by the ninth session of the JECFA and was given an ADI not limited. 

    BIOLOGICAL DATA 

    BIOCHEMICAL ASPECTS 

         Triethyl citrate is an odourless, nearly colourless, oily liquid. 
    No absorption or metabolism studies have been reported, however, it is 
    expected that the compound would rapidly metabolize in the body and 
    liberate the citrate ion which would be handled through the usual 
    biochemical pathways (FASEB, 1976). 

    TOXICOLOGICAL STUDIES 

    Acute toxicity 

                             LD50
    Species     Route      (mg/kg bw)         Reference 

    Rat         p.o.          8 000           Finkelstein & Gold, 1955 

    Cat         p.o.          4 000           Finkelstein & Gold, 1955 

    Short-term studies 

    Mouse 

         A group of 20 mice given intraperitoneal doses of 350 mg/kg bw of 
    triethyl citrate daily for 14 days had a slightly lower mean growth 
    rate than control animals. No differences were seen in the two groups 
    in erythrocyte and leucocyte blood cell count, clotting time and 
    haemoglobin levels. Examination of the liver, lung and kidney tissues 
    of two animals at necropsy revealed no pathological cellular changes. 

    Rat 

         Young rats were fed triethyl citrate at an initial rate of 1, 2 
    and 4 g/kg bw for eight weeks (Finkelstein & Gold, 1955). Urinalysis, 
    blood counts and growth measurement, performed periodically, revealed 
    no toxic effects. At necropsy, no gross abnormalities were seen in the 
    thoracic or abdominal organs. Histological sections of the heart, 
    lungs, gastrointestinal tract, liver, pancreas, spleen and kidneys 
    were comparable in appearance to those from the untreated controls. 



    Cat 

         Cats receiving daily doses of 7% of the LD50 (280 mg/kg bw) for 
    eight weeks did not differ from control animals with respect to 
    weight, blood count, haemoglobin, blood sugar and blood nitrogen. 
    However, weakness, ataxia and depression appeared after the fourth or 
    fifth dose and progressed. After treatment was discontinued, the 
    animals recovered within 24-96 days (Finkelstein & Gold, 1959). 

    Dog 

         Two young adult male and two young adult female beagle dogs were 
    given daily doses of triethyl citrate of 0.05 and 0.25 ml/kg bw for 
    six months. Measurement of body and organ weights, blood and 
    urinalysis and the results of histological examination of tissues 
    revealed no adverse effects (Hodge, 1954). Increasing the daily dose 
    to 2.5 to 3.5 ml/kg bw for seven to 12 weeks resulted in liver 
    pathology in three treated animals. A fourth dog that had previously 
    reacted adversely to a 2 ml/kg bw dose showed no histological changes 
    after receiving 1.5 ml/kg bw daily for an additional month. 

    Long-term studies 

    Rat 

         Three groups of 15 male and 15 female weanling Sprague-Dawley 
    rats were fed diets containing 0.33, 1.0 and 3.0% triethyl citrate in 
    a two-year feeding study (LaWall & Harrison, 1954). The initial doses 
    were from 0.2 to 2.0 g/kg bw. Weight gain and food intake were reduced 
    below that of the control groups when the level of the compound in the 
    diet was increased. (No specific numbers were given for these 
    results.) No adverse effects of haematologic, urinalysis, survival, 
    gross or histopathologic parameters could be attributed to triethyl 
    citrate. 

    Special studies on reproduction and teratology 

         At doses ranging from 0.5 to 10 mg/kg b.w. triethyl citrate was 
    nonteratogenic in the chicken embryo. When injected into the air cell, 
    the LD50 was 1349.86 mg/kg bw (67.49 mg/egg) (Verrett, 1976). 

    Special studies on mutagenesis 

         Triethyl citrate was not mutagenic in plate and suspension tests 
    using the Ames Salmonella microsome mutagenesis assay in strains TA 
    1535, TA 1537 and TA 1538 and the Saccharomyces cerevesiae D4 yeast 
    assay with and without tissue homogenate activating systems (Litton 
    Bionetics, Inc., 1976). 

    Special studies on neurological activity 

    Rat 

         In Wistar rats dose intraperitoneally at 400 mg/kg bw triethyl 
    citrate produced a loss of the righting reflex, an effect reversible 
    within 15 minutes. 

    Rabbit 



         Intravenous administration of a 100 mg/kg bw dose of triethyl 
    citrate to rabbits produced a marked increase in motor activity and 
    respiration (Meyer et al., 1964). 

    Comments 

         Citrate was evaluated by the ninth session of JEFCA (1966)1 and 
    ADI not limited was given. It is likely that triethyl citrate will be 
    hydrolyzed to its component parts, citrate and ethanol in vivo. Data 
    from two-year feeding studies suggest that rats can tolerate up to 
    2.0 g/kg. Dogs tolerated up to 0.25 ml/kg bw for six months without 
    effects. 

         Triethyl citrate was not mutagenic in several microbiological 
    assays. 

    EVALUATION 

    Level causing no toxicological effect 

    Rat: 2 g/kg bw 

    Estimate of temporary acceptable daily intake for man 

    0-10 mg/kg bw 

    FURTHER WORK OR INFORMATION 

    Required by 1981. 

         Repeat metabolic studies in several species, preferably including 
    man. 

1  Changed to 1973 on draft which was seventeenth session. 
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    1.  EVALUATION 

    1.1  Introduction 

         The Committee evaluated a group of 47 flavouring agents that 
    includes aliphatic primary alcohols, aldehydes, carboxylic acids, 
    acetals, and esters containing additional oxygenated functional groups 
    (see Table 1) using the Procedure for the Safety Evaluation of 
    Flavouring Agents (Figure 1, p. 122). 

         The Committee previously evaluated eight members of this group 
    for other functional uses. Fumaric acid (No. 618) was first considered 
    by the Committee at its tenth meeting (Annex 1, reference 13), and at 
    its thirty-fifth meeting (Annex 1, reference 88) the Committee 
    established a group ADI of 'not specified'1 for fumaric acid and its 
    salts. Triethyl citrate (No. 629) was first considered by the 
    Committee at its twenty-third meeting (Annex 1, reference 50), and at 



    its twenty-eighth meeting (Annex 1, reference 66) the Committee 
    established an ADI of 0-20 mg/kg bw. Diethyl tartrate (No. 622) was 
    first considered by the Committee at its twenty-third meeting (Annex 
    1, reference 50), but an evaluation was not possible on the basis of 
    the data available at that time. As no additional data were available 
    to the Committee at its twenty-fifth meeting (Annex 1, reference 56), 
    no ADI was allocated. The Committee also evaluated related terpenoid 
    flavouring agents, including linalool, linalyl acetate, citronellol, 
    citral, and geranyl acetate, and established a group ADI of 0-0.5 
    mg/kg bw at its twenty-third meeting (Annex 1, reference 50). 

    1.2  Estimated daily per capita intake 

         The estimated  per capita intake of these agents, modified to 
    calculate intake of flavouring agents (see p. 121), was derived from 
    surveys in Europe and the United States. The total annual production 
    of the 47 substances in this group is 200 tonnes in Europe and 1700 
    tonnes in the United States, which is equivalent to a total estimated 
    daily  per capita intake of 28 mg in Europe and 300 mg in the United 
    States. 

         Fumaric acid (No. 618) and (-)-malic acid (No. 619) account for 
    approximately 59% of the total daily  per capita intake of these 47 
    substances in Europe and 88% in the United States. The estimated total 
    daily consumption of fumaric acid resulting from its use as a 
    flavouring agent is approximately 0.9 mg/person in Europe and 219 
    mg/person in the United States. The total daily consumption of 
    (-)-malic acid is estimated to be 16 mg/person in Europe and 58 
    mg/person in the United States. 

         Of the 47 substances evaluated, 25 have been detected as natural 
    components of traditional foods (Maarse et al., 1994).  

    1.3  Metabolism 

         Studies on the absorption, metabolism, and elimination of 
    aliphatic primary alcohols, aldehydes, carboxylic acids, acetals, and 
    esters with additional oxygenated functional groups show that these 
    substances are readily hydroly-sed and absorbed and are completely 
    metabolized. Many of these substances or their metabolites are 
    endogenous in humans. 

1 ADI 'not specified' is a term applicable to a food component of very 
    low toxicity which, on the basis of the available chemical, 
    biological, toxicological, and other data, the total dietary intake of 
    the substance arising from its use at the levels necessary to achieve 
    the desired effect and from its acceptable background in food, does 
    not, in the opinion of the Committee, represent a hazard to health. 
    For this reason and for those stated in the evaluation, the 
    establishment of an ADI expressed in numerical form is deemed 
    unnecessary. 

         Many of the substances in this group are esters or diesters and 
    are expected to undergo hydrolysis to their corresponding alcohol 
    (saturated linear or branched-chain aliphatic primary alcohols or 
    branched-chain hydroxy or keto alcohols). The presence of a second 
    oxygenated functional group has little if any effect on the hydrolysis 
    of these esters. ß-Keto acids and derivatives such as acetoacetic acid 
    easily undergo decarboxylation and, with alpha-keto and 
    alpha-hydroxyacids, yield breakdown products which are incorporated 
    into normal biochemical pathways. The gamma-keto acids and related 
    substances may undergo complete or partial ß-oxidation to yield 
    metabolites, which are eliminated in the urine. The omega-substituted 
    derivatives are readily oxidized and/or excreted in the urine. The 
    simple aliphatic di-and tricarboxylic acids either occur endogenously 
    in humans or are structurally related to endogenous substances. These 
    substances are metabolized through the fatty acid ß-oxidation pathway 
    or the tricarboxylic acid cycle. 

    1.4  Application of the Procedure for the Safety Evaluation of 
         Flavouring Agents 

    Step 1.   In applying the Procedure for the Safety Evaluation of 
              Flavouring Agents (Figure 1, p. 122) to the above-mentioned 
              aliphatic primary alcohols, aldehydes, carboxylic acids, 
              acetals, and esters containing additional oxygenated 
              functional groups, the Committee assigned all 47 substances 
              to structural class I (Cramer et al., 1978). 

    Step 2.   Metabolic data on individual members of the group are 
              limited, but the common structural features and common 
              pathways of metabolism allow some general conclusions to be 
              drawn on the likely metabolic fate of these agents. Fourteen 
              substances are found normally in human metabolism, and 28 
              substances in the group are esters or diesters that would be 
              expected to be metabolized to innocuous products. There was 
              evidence that the other substances in the group, including 
              acetals, derivatives of beta-keto and beta-hydroxy acids, 
              gamma-keto and gamma-hydroxy acids, and aliphatic di-and 
              tricarboxylic acids, are also metabolized to innocuous 
              products. For all substances in this group, therefore, the 
              evaluation should proceed via the left-hand side of the 



              decision-tree. 

        Table 1.  Summary of results of the safety evaluation of 47 aliphatic primary alcohols, aldehydes, 
    carboxylic acids, acetals, and esters containing additional oxygenated functional groups 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    2-Oxobutyric acid                     589    600-18-0    No             N/R            N/R            No safety concern 

    Methyl 2-hydroxy-4-methylpentanoate   590    40348-72-9  No             N/R            N/R            No safety concern 

    Methyl 2-oxo-3-methyl-pentanoate      591    3682-42-6   No             N/R            N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Citronelloxyacetaldehyde              592    7492-67-3   No             N/R            N/R            No safety concern 

    3-Oxobutanal dimethyl acetal          593    5436-21-5   No             N/R            N/R            No safety concern 

    Ethyl 3-hydroxybutyrate               594    5405-41-4   No             N/R            N/R            No safety concern 

    Ethyl acetoacetate                    595    141-97-9    Yes            Yesb           N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Butyl acetoacetate                    596    591-60-6    No             N/R            N/R            No safety concern 

    Isobutyl acetoacetate                 597    7779-75-1   No             N/R            N/R            No safety concern 

    Isoamyl acetoacetate                  598    2308-18-1   No             N/R            N/R            No safety concern 



    Geranyl acetoacetate                  599    10032-00-5  No             N/R            N/R            No safety concern 

    Methyl 3-hydroxyhexanoate             600    21188-58-9  No             N/R            N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Ethyl 3-hydroxyhexanoate              601    2305-25-1   No             N/R            N/R            No safety concern 

    Ethyl 3-oxohexanoate                  602    3249-68-1   No             N/R            N/R            No safety concern 

    Ethyl 2,4-dioxohexanoate              603    13246-52-1  No             N/R            N/R            No safety concern 

    3-(Hydroxymethyl)-2-heptanone         604    65405-68-7  No             NR             N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    1,3-Nonanediol acetate                605    1322-17-4   No             N/R            N/R            No safety concern 
    (mixed esters)                                

    Laevulinic acid                       606    123-76-2    No             N/R            N/R            No safety concern 

    Ethyl laevulinate                     607    539-88-8    No             N/R            N/R            No safety concern 

    Butyl laevulinate                     608    2052-15-5   No             N/R            N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 



    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    1,4-Nonanediol diacetate              609    67715-81-5  No             N/R            N/R            No safety concern 

    Hydroxycitronellol                    610    107-74-4    No             N/R            N/R            No safety concern 

    Hydroxycitronellal                    611    107-75-5    No             N/R            N/R            No safety concern 

    Hydroxycitronellal dimethyl           612    141-92-4    No             N/R            N/R            No safety concern 
    acetal 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Hydroxycitronellal diethyl            613    7779-94-4   No             N/R            N/R            No safety concern 
    acetal 

    Diethyl malonate                      614    105-53-3    No             N/R            N/R            No safety concern 

    Butyl ethyl malonate                  615    17373-84-1  No             N/R            N/R            No safety concern 

    Dimethyl succinate                    616    106-65-0    No             N/R            N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Diethyl succinate                     617    123-25-1    No             N/R            N/R            No safety concern 

    Fumaric acidc                         618    110-17-8    Yes            Yesd           N/R            No safety concern 



    (-)-Malic acid                        619    97-67-6     Yes            Yesd           N/R            No safety concern 

    Diethyl malate                        620    7554-12-3   No             N/R            N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Tartaric acid (+-, --, ±-, meso-)     621    87-69-4     Yes            No             Yes. NOEL      No safety concern 
                                                                                           was 1200  
                                                                                           mg/kg bw 
                                                                                           per day in 
                                                                                           a two-year 
                                                                                           study in rats   

    Diethyl tartrate                      622    87-91-2     No             N/R            N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Adipic acid                           623    124-04-9    Yes            No             Yes. The NOEL   
                                                                                           for the  
                                                                                           structurally  
                                                                                           related  
                                                                                           compound, 
                                                                                           dibutyl 
                                                                                           sebacate, was   
                                                                                           6200 mg/kg bw 
                                                                                           per day in a 
                                                                                           two-year 
                                                                                           study in rats   

    Diethyl sebacate                      624    110-40-7    No             N/R            N/R            No safety concern 

    Dibutyl sebacate                      625    109-43-3    No             N/R            N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Ethylene brassylate                   626    105-95-3    No             N/R            N/R            No safety concern 



    Aconitic acid                         627    499-12-7    No             N/R            N/R            No safety concern 

    Ethyl aconitate (mixed esters)        628    -           No             N/R            N/R            No safety concern 

    Triethyl citratec                     629    77-93-0     Yes            Yesd           N/R            No safety concern 

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    Tributyl acetylcitrate                630    77-90-7     No             N/R            N/R            No safety concern 

    3-Methyl-2-oxobutanoic acid           631    759-05-7    No             N/R            N/R            No safety concern 
    and sodium salt                              3715-29-6    

    3-Methyl-2-oxopentanoic acid          632    1460-34-0   No             N/R            N/R            No safety concern 
    and sodium salt                              3715-31-9 

    4-Methyl-2-oxopentanoic acid          633    816-66-0    No             N/R            N/R            No safety concern 
    and sodium salt                              4502-00-5    

    Table 1. (continued) 

    Substance                             JECFA  CAS No.     Step A3a       Step A4        Step A5        Conclusion based 
    and structure                         No.                Does intake    Is the         Adequate NOEL  on current intake 
                                                             exceed the     substance or   for substance  
                                                             threshold for  are its        or related  
                                                             human intake?  metabolites    substance? 
                                                                            endogenous? 

    2-Oxopentandioic acid                 634    328-50-7    No             N/R            N/R            No safety concern 

    3-Hydroxy-2-oxopropionic acid         635    1113-60-6   No             N/R            N/R            No safety concern 



    All of the substances in the group are in structural class I, the human intake threshold of which is 1800 µg per person 
    per day, and all of the substances in the group are metabolized to innocuous products. 

    a The threshold for human inatke of substances in class I is 1800 µg per day. 
    b Ethyl acetoacetate is expected to be hydrolysed to acetoacetic acid, which is endogenous in humans. 
    c The ADI for this substance was maintained. 
    d Fumaric acid, (-)-malic acid, and triethyl citrate are components of the tricarboxylic acid cycle.   

    Step A3.  The estimated daily  per capita intakes in Europe and the 
              United States of 41 of the substances in this group are 
              below the threshold of concern for substances in class I 
              (1800 µg), indicating that they would not raise concern for 
              safety. The intakes of six substances, namely, ethyl 
              acetoacetate (No. 595; 1900 µg/person per day in Europe and 
              3900 µg/person per day in the United States), fumaric acid 
              (No. 618; 220 000 µg/person per day in the United States); 
              (-)-malic acid (No. 619; 16 000 µg/person per day in Europe 
              and 58 000 µg/person per day in the United States), tartaric 
              acid (No. 621; 4400 µg/person per day in Europe and 14 000 
              µg/person per day in the United States), adipic acid (No. 
              623; 18 000 µg/person per day in the United States), and 
              triethyl citrate (No. 629; 3400 µg/person per day in Europe 
              and 2400 µg/person per day in the United States), are 
              greater than the threshold for human intake for class I 
              (1800 µg). The evaluation of the safety of these six 
              substances therefore proceeds to step A4. 

    Step A4.  Four of the six substances for which the intake exceeds the 
              threshold of concern for class I are endogenous in humans. 
              Three of these four substances, namely, fumaric acid (No. 
              618), (-)-malic acid (No. 619), and triethyl citrate (No. 
              629), are components of the tricarboxylic acid cycle. The 
              fourth substance, ethyl acetoacetate (No. 595), is expected 
              to be hydrolysed to acetoacetic acid, which is endogenous in 
              humans and is formed from the condensation of two acetyl 
              coenzyme A units in the fatty acid pathway. For tartaric 
              acid and adipic acid, the evaluation should proceed to 
              step A5. 

    Step A5.  The NOEL for tartaric acid in a two-year study of toxicity 
              in rats was 1200 mg/kg bw per day, the highest dose tested, 
              which provides adequate margins of safety (> 10 000 and 
              > 1000) for the known levels of intake (74 and 230 µg/kg bw 
              per day in Europe and the United States, respectively). No 
              NOEL was available for adipic acid, but the NOEL for the 
              structurally related material, dibutyl sebacate, in a 
              two-year study in rats was 6200 mg/kg bw per day, which 
              provides adequate margins of safety (> 100 000 000 and > 
              10 000 times) for the known levels of intake of adipic acid 
              (0.2 and 300 µg/kg bw per day in Europe and the United 
              States, respectively). These substances would not therefore 
              be expected to raise concern. 

         Table 1 summarizes the stepwise evaluation of the 47 aliphatic 
    primary alcohols, aldehydes, carboxylic acids, acetals, and esters 
    containing additional oxygenated functional groups used as flavouring 
    agents. 

    1.5  Consideration of combined intake 

         All of the 47 aliphatic primary alcohols, aldehydes, carboxylic 
    acids, acetals, and esters containing additional oxygenated functional 
    groups that were evaluated would be efficiently metabolized by common 
    biochemical pathways to innocuous substances. 

         In the unlikely event that foods containing all 47 substances 
    were consumed simultaneously on a daily basis, the total estimated 
    daily per capita intake of these substances in Europe and the United 
    States would exceed the threshold for human intake of substances in 
    class I. The Committee considered that such intake would not give rise 
    to perturbations outside the physiological range. 

    1.6  Conclusions 

         The Committee concluded that the safety of flavouring agents in 
    this group would not raise concern when they were used at he current 
    levels of estimated intake. 

         No data on toxicity were available for application of the 
    Procedure to 45 of the 47 substances in this group. For the remaining 
    two substances, tartaric acid (No. 621) and adipic acid (No. 623), the 
    data on toxicity were consistent with the results of the safety 
    evaluation made with the Procedure. 

         The ADIs for fumaric acid and its salts and for triethyl citrate 
    were maintained at the present meeting. 

    2.  RELEVANT BACKGROUND INFORMATION 

    2.1  Explanation 

         Forty-seven aliphatic primary alcohols, aldehydes, carboxylic 



    acids, acetals, and esters containing additional oxygenated functional 
    groups are included in this group of flavouring agents (see Table 1). 
    The substances were selected on the basis of the criteria that all 
    members of the group are simple aliphatic primary alcohols, aldehydes, 
    carboxylic acids, acetals, and esters and contain additional 
    oxygenated functional groups. Eight substances in this group (Nos 589, 
    591, 603, 631-635) are alpha-keto acids, esters, or related 
    substances; five substances (Nos 590, 619-622) are alpha-hydroxy 
    acids, esters, or related substances; 12 substances (Nos 593-602, 614, 
    615) are beta-keto or beta-hydroxy alcohols, aldehydes, carboxylic 
    acids, and related acetals and esters; five substances (Nos 605-609) 
    are gamma-keto acids, esters, or related substances; four substances 
    (Nos 610-613) are omega-substituted alcohols, aldehydes, or acetals; 
    and 22 substances (Nos 614-631) are simple, aliphatic di-and 
    tricarboxylic acids or their esters. 

    2.2  Additonal considerations on intake 

         The total annual production of each of the 47 substances in this 
    group is shown in Table 2.  

    2.3  Biological data 

    2.3.1  Absorption, metabolism, and elimination 

    2.3.1.1  Ester and diesters 

         Twenty-eight substances in this group (Nos 590, 591, 594-603, 
    605, 607-609, 614-617, 620, 622, 624-626, and 628-630) are esters or 
    diesters, including one cyclic diester, which are expected to undergo 
    hydrolysis to their corresponding alcohol (saturated linear or 
    branched-chain aliphatic primary alcohols or branched-chain hydroxy or 
    keto alcohols) and acid components (alpha, beta-, or gamma-keto or 
    hydroxy acids or simple aliphatic acids, diacids, or triacids), which 
    would be further metabolized. Hydrolysis occurs in the intestinal 
    tract, blood, and liver and in most tissues and is catalysed by 
    carboxylesterases or esterases, the most important of which are the 
    B-esterases (Anders, 1989; Heymann, 1980). Acetyl esters are the 
    preferred substrates of C-esterases (Heymann, 1980). The presence of a 
    second oxygenated functional group has little if any effect on 
    hydrolysis of these esters.  

         Evidence for hydrolysis of these esters has come from various 
    experiments. Incubation of aqueous methyl 2-oxo-3-methylpentanoate 
    (No. 591) with a 2% pancreatin solution (pH 7.5) resulted in virtually 
    complete hydrolysis (> 98%) within 80 min (Leegwater & Van Straten, 
    1979). Dibutyl sebacate (No. 625) in 10% acacia solution was also 
    hydrolysed  in vitro in a 10% crude pancreatic lipase solution 
    (Smith, 1953). 14C-Tributylacetyl citrate (No. 630) administered to 
    male Sprague-Dawley rats by gavage at a dose of 70 mg/kg bw was 
    rapidly absorbed (half-life, 1 h) and partially hydrolysed. More than 
    87% of the radiolabel was eliminated within 24 h of dosing. At least 
    nine urinary metabolites representing 59-70% of the dose were 
    detected. Five were identified as the partially hydrolysed mono-, di-, 
    and trialkylesters of citric acid. Three metabolites representing 
    25-26% of the dose were identified in the faeces. Approximately 2% was 
    eliminated as 14CO2 (Hiser et al., 1992). Hydrolysis of the cyclic 
    diester ethylene brassylate (No. 626) would be expected to occur on 
    the basis of the hydrolysis of structurally related lactones like 
    omega-6-hexadecenlactone. In simulated intestinal fluid, 
    omega-6-hexadecenlactone underwent nearly complete hydrolysis (92%) to 
    its open-chain form within 15 min (Morgareidge, 1962a). 

         The alcohol, aldehyde, and acid components of these esters, 
    diesters, and cyclic diester are completely metabolized. At higher 
    concentrations, they may be conjugated with glucuronic acid and 
    excreted.  

    2.3.1.2  alpha-Keto-and alpha-hydroxy acids and their esters 

         alpha-Keto-and alpha-hydroxyacids and their esters (Nos 589-591, 
    603, 631-635) would be expected to be metabolized in the same way as 
    endogenous alpha-ketoacids formed from oxidative deamination of amino 
    acids, such as isoleucine, methionine, and valine,  in vivo. 
    2-Oxobutyric acid (alpha-ketobutyric acid, No. 589) is produced 
    endogenously in humans as a product of methionine degradation and 
    undergoes alpha-decarboxylation to yield propionyl-coenzyme A, which 

    ultimately enters the tricarboxylic acid cycle as succinyl-coenzyme A. 
    Nos 631-635 are intermediates formed endogenously from the oxidative 
    deamination of valine, isoleucine, leucine, glutamic acid, and serine, 
    respectively (Voet & Voet, 1990). 

    2.3.1.3  Acetals 

         Three substances in this group are acetals (Nos 593, 612, and 
    613), which are likely to undergo uncatalysed hydrolysis  in vivo to 
    yield their component aldehydes and alcohols. 3-Oxobutanal dimethyl 
    acetal (No. 593) would be expected to undergo hydrolysis to yield 
    methanol and acetoacetaldehyde, which may be oxidized to acetoacetic 
    acid. More than 99% of hydroxycitronellal dimethyl acetal (No. 612) 
    was hydrolysed to the terpenoid hydroxycitronellal and methanol in 
    simulated gastric juice (pH 2.1) after 1 h, and > 6% was hydrolysed 



    in intestinal fluid (pH 7.5) after 2 h (Morgareidge, 1962b). 
    Hydroxy-citronellal diethyl acetal (No. 613) would be expected to 
    undergo similar metabolism. 

    2.3.1.5  beta-Keto-and beta-hydroxy acids and their esters 

         Esters of beta-keto or beta-hydroxy acids (Nos 594-603, 605) are 
    hydrolysed to acetoacetic acid or its beta-hydroxy or aldehyde 
    precursor. The last two can be oxidized  in vivo to acetoacetic acid, 
    which is endogenous in humans and is formed from the condensation of 
    two acetyl coenzyme A units in the fatty acid pathway. It is released 
    from the liver into the bloodstream and transported to peripheral 
    tissues, where it is converted to acetyl coenzyme A and is completely 
    metabolized. When the endogenous levels are high, beta-ketoacids may 
    undergo non-enzymatic decarboxylation, which for acetoacetic acid 
    yields acetone and carbon ioxide (Voet & Voet, 1990). 

    2.3.1.6  gamma-Keto and gamma-hydroxy acids and their esters 

         Small amounts of gamma-hydroxy and gamma-keto acids and related 
    substances (Nos 606-609) are expected to be completely metabolized to 
    carbon dioxide. With greater exposure, the ketone function may be 
    reduced to the corresponding secondary alcohol (Bosron & Ting-Kai, 
    1980) and excreted as the glucuronic acid conjugate (Williams, 1959). 
    Products of partial beta-oxidation or glucuronic acid conjugation have 
    been identified in the urine. For example, a 1-g dose of the 
    structurally related substance gamma-hydroxybutyrate was excreted in 
    human urine unchanged and as S-3,4-dihydroxybutyrate and glycolate 
    (Lee, 1977). 

    2.3.1.7  omega-Substituted derivatives 

         omega-Substituted derivatives (Nos 610-613) may undergo complete 
    oxidation or conjugation with glucuronic acid and are then excreted 
    primarily in the urine. Products of incomplete oxidation and reduction 
    have also been observed. In rabbits, orally administered 
    hydroxycitronellal (No. 611) is reduced to hydroxy-citronellol (No. 
    610) and oxidized to hydroxycitronellic acid, both of which are 
    excreted in the urine (Ishida et al., 1989). 

    2.3.1.8  Aliphatic di- and tricarboxylic acids and their esters 

         The simple aliphatic di- and tricarboxylic acids either occur 
    endogenously in humans (Nos 618, 619, 627, and 634) or are 
    structurally related to endogenous substances (Nos 621-626, and 630). 
    The esters of these acids (616, 617, 620, 628, and 629) are 
    hydrolysed, as discussed above. Succinic acid, derived from the esters 
    (Nos 616 and 617), fumaric acid (No. 618), (-)-malic acid (No. 619), 
    aconitic acid (No. 627), citric acid derived from triethyl citrate 
    (No. 629), and 2-oxopentandioic acid (No. 634) are components of the 
    tricarboxylic acid cycle (Voet & Voet, 1990). Fumaric acid is present 
    in the blood, brain, liver, muscle, and kidney of normal rats 
    (Marshall et al., 1949), and citric, tartaric, malic, aconitic, 
    fumaric, and adipic acids are present in adult human urine (Osteux & 
    Laturaze, 1954). alpha-Ketoglutaric acid is an intermediate metabolite 
    of citric acid, fumaric acid, and succinic acid and is formed by 
    alpha-oxidation (Krebs et al., 1938; Simola & Krusius, 1938). 

         Simple aliphatic di-and tricarboxylic acids and their esters (Nos 
    614-635) are metabolized (after hydrolysis in the case of esters) in 
    the fatty acid beta-oxidation pathway or tricarboxylic acid cycle. 
    When 14C-labelled (-)-malic acid (No. 619) was administered to male 
    albino Wistar rats by gavage at a dose of 2.5 mg/kg bw, 93% of the 
    radiolabel was recovered in expired air, urine, and faeces (Daniel, 
    1969). Radiolabelled adipic acid fed to rats by stomach tube at a dose 
    of 200-300 mg/kg bw was partially or completely metabolized, and the 
    radiolabelled products identified in the urine included glutamic acid, 
    lactic acid, beta-ketoadipic acid, and citric acid. The presence of 
    the beta-oxidation metabolite beta-ketoadipic acid indicates that 
    adipic acid participates in beta-oxidation in the fatty acid pathway 
    (Rusoff et al., 1960). 

         The linear and branched-chain aliphatic primary alcohol 
    components would be oxidized in the presence of alcohol dehydrogenase 
    to their corresponding aldehydes which, in turn, would be oxidized to 
    their corresponding carboxylic acids (Bosron & Ting-Kai, 1980; Levi & 
    Hodgson, 1989; Feldman & Weiner, 1972). The resulting carboxylic acids 
    would be metabolized in the fatty acid pathway and tricarboxylic acid 
    cycle (Voet & Voet, 1990). Branched-chain diols or keto alcohols may 
    undergo oxidation to their corresponding aldehydes and carboxylic 
    acid, which would be further metabolized or excreted. 

    2.4  Toxicological studies 

    2.4.1  Acute toxicity 

         The available data on this group of aliphatic primary alcohols, 
    aldehydes, carboxylic acids, acetals, and esters which contain 
    additional oxygenated functional groups demonstrate that they have 
    little acute toxicity when given orally. Oral LD50 values have been 
    reported for 29 of the 47 substances in the group; these range from 
    1628 to > 34 000 mg/kg bw in male and female rats and from 1900 to > 
    31 000 mg/kg bw in male and female mice (Smyth et al., 1949, 1951; 
    Smith, 1953; Smyth et al., 1954; Horn et al., 1957; Finkelstein & 



    Gold, 1959; Wolven & Leverstein, 1962; Jenner et al., 1964; 

    Levenstein, 1969; Smyth et al., 1969; Hart & Wong, 1971; Levenstein, 
    1973; Moreno, 1973; Pellmont, 1973; Shelanski & Moldovan, 1973; 
    Lawrence et al., 1974; Moreno, 1976, 1977; Vernot et al., 1977; 
    Moreno, 1978; Pellmont, 1978; Moreno et al., 1979; Moreno, 1980; 
    Levenstein, 1981; Hoechst, 1995). 

    2.4.2  Short-term and long-term studies of toxicity 

         The results of short-term and long-term studies of the toxicity 
    of the substances in this group are shown in Table 3. Details of the 
    studies which were critical to the evaluation of the safety of 
    tartaric acid and adipic acid are given below. 

    2.4.2.1  Tartaric acid (No. 621) 

         Rats 

         The toxicity of fumaric, tartaric, oxalic, and maleic acids was 
    compared in groups of 12 weanling Osborne-Mendel rats of each sex, 
    with 24 of each sex in the control group. The animals were given diets 
    containing tartaric or fumaric acid at concentrations of 0, 0.1, 0.5, 
    0.8, or 1.2%, equivalent to 100, 500, 800, or 1200 mg/kg bw per day. 
    The mortality rates in treated groups were not different from those of 
    controls, and there was no statistically significant difference in 
    body-weight gain or weekly food consumption. Necropsy performed on 
    most animals at two years did not reveal any macroscopic changes. 
    Histopathological examination of a wide range of tissues revealed no 
    treatment-related changes. The NOEL was 1200 mg/kg bw per day 
    (Fitzhugh & Nelson, 1947). 

         Rabbits 

         In a study of the toxicity of citric, fumaric, and tartaric 
    acids, 15 New Zealand rabbits (sex not specified) weighing 1-3 kg were 
    given the sodium salt of tartaric acid in the diet at a concentration 
    of 7.7% for 150 days, equivalent to 2300 mg/kg bw per day. A control 
    group was fed ground diet alone. Each animal was examined daily, and 
    food intake and body weights were determined weekly. Haematological 
    and urinary analyses were performed after 60 days of treatment on five 
    treated and six control rabbits. Two animals were examined grossly 30 
    days after treatment, and one animal was examined after 60 days. The 
    testis was examined histologically. At 100 days, half of the surviving 
    rabbits were examined grossly, and the liver, kidney, and testis were 
    examined microscopically. At the end of the study at 150 days, all 
    animals were killed and examined grossly and histologically. 
    Haematological and urinary analyses showed no changes. No significant 
    gross or histopathological changes attributable to tartaric acid were 
    observed (Packman et al., 1963). 

        Table 3.  Results of short-term and long-term studies of the toxicity of aliphatic 
    primary alcohols, aldehydes, carboxylic acids, acetals, and esters with additional 
    oxygenated functional groups 

    No.   Substance             Species     Sex   No. test      Route     Duration     NOEL         Reference 
                                                  groupsa/no.                          (mg/kg bw 
                                                  per test                             per day) 
                                                  groupb

    595   Ethyl acetoacetate    Rat         M/F   3/32          Diet      28-29 days   300          Cook et al. (1992) 

    606   Laevulinic acid       Rat         NR    2/3           Diet      16 days      1000         Tischer et al. (1942) 

    611   Hydroxycitronellal    Rat         M/F   2/20, 2/60    Diet      2 years      250          Bar & Griepentrog  
                                                                                                    (1967) 

    614   Diethyl malonate      Rat         M/F   2/20          Diet      13 weeks     < 500c,d     Posternak (1964) 

    614   Diethyl malonate      Rat         M/F   2/20-32       Diet      90 days      406          Posternak et al.  
                                                                                                    (1969) 

    618   Fumaric acid          Rat         M/F   8/12          Diet      2 years      1200         Fitzhugh & Nelson  
                                                                                                    (1947) 

    618   Fumaric acid          Rat         NR    2/14, 14/20   Diet      2 years      1380         Levey et al. (1946) 

    618   Fumaric acid          Guinea-pig  M/F   NR            Diet      1 year       400          Levey et al. (1946) 

    618   Fumaric acide         Rabbit      NR    3/15          Diet      150 days     2070         Packman et al. (1963) 

    621   Tartaric acid         Rat         M/F   8/12          Diet      2 years      1200         Fitzhugh & Nelson  
                                                                                                    (1947) 

    621   Tartaric acide        Rabbit      NR    3/15          Diet      150 days     2300c        Packman et al.  
                                                                                                    (1963) 

    621   Tartaric acid         Dog         NR    1/4           Oral      90-114 days  < 990c       Krop et al. (1945) 

    Table 3. (continued) 



    No.   Substance             Species     Sex   No. test      Route     Duration     NOEL         Reference 
                                                  groupsa/no.                          (mg/kg bw 
                                                  per test                             per day) 
                                                  groupb

    624   Diethyl sebacate      Rat         M/F   2/10          Diet      17-18 or     1000         Hagan et al. (1967) 
                                                                          27-28  
                                                                          weeks 

    625   Dibutyl sebacate      Rat         M     4/10          Diet      1 year       1250         Smith (1953) 

    625   Dibutyl sebacate      Rat         M     5/16          Diet      2 years      6250         Smith (1953) 

    629   Triethyl citrate      Rat         M/F   3/7           Diet      2 months     4000         Finkelstein  
                                                                                                    & Gold (1959) 

    629   Triethyl citrate      Cat         NR    1/6           Gavage    2 months     < 285        Finkelstein  
                                                                                                    & Gold (1959) 

    630   Tributyl              Rat         M/F   2/4           Diet      2 months     5000         Finkelstein  
          acetylcitrate                                                                             & Gold (1959) 

    630   Tributyl              Cat         NR    1/2           Gavage    2 months     < 5700c      Finkelstein  
          acetylcitrate                                                                             & Gold (1959) 

    M, male; F, female; NR, not reported 
a  Number of test groups does not include controls. 
b  Number per test group comprises male and female animals. 
c  Only one dose tested 
d  Changes in relative liver weight and glomerular and renal tubular histological appearance observed 
e  Administered as the sodium salt 

         Dogs 

         As part of a comparison of the toxicity of hydroxyacetic acid, 
    citric acid, and tartaric acid, four dogs (sex not specified) received 
    tartaric acid daily in a gelatin capsule at a dose of 990 mg/kg bw per 
    day for periods of 90 to 114 days. The changes in body weight varied 
    from a 30% gain to a 32% loss. Haematological and urinary parameters 
    were examined. Urinary casts (gelled protein) were observed in all 
    dogs and were graded as hyaline (clear) in three dogs. Blood chemical 
    parameters remained normal except in one dog which showed azotaemia 
    (increased concentrations of urea in the blood) and died at 90 days, 
    according to the authors due to nephrotoxicity. There was no NOEL 
    (Krop et al., 1945). 

    2.4.2.2  Diethyl sebacate (No. 624) 

         Rats 

         In a study of the toxicity of about 50 flavouring agents, groups 
    of five weanling Osborne-Mendel rats of each sex were fed diethyl 
    sebacate (referred to in the paper as ethyl sebacate) at a dietary 
    concentration of 1000 mg/kg for 27-28 weeks or 10 000 mg/kg for 17-18 
    weeks, equivalent to 100 and 1000 mg/kg bw per day. A group of 10 
    males and 10 females served as controls. Body weights, food intake, 
    and general condition were recorded weekly, and haematological 
    examinations were performed at the end of the study. All tissues were 
    examined grossly at necropsy. The livers, kidneys, spleens, hearts, 
    and testes from six controls and eight animals at the high dose, 
    evenly divided by sex, were weighed and examined microscopically. 
    There was no difference in growth rate or food consumption between 
    test and control animals, and haematological examination revealed 
    normal values. No macroscopic or microscopic changes were observed in 
    the tissues. The NOEL was 1000 mg/kg bw per day (Hagan et al., 1967). 

    2.4.2.3  Dibutyl sebacate (No. 625) 

         Rats 

         Groups of 10 male Sprague-Dawley rats, five weeks old, were fed 
    dibutyl sebacate at dietary concentrations of 0, 0.01, 0.05, 0.25, or 
    1.25%, equivalent to 0, 10, 50, 250, and 1250 mg/kg bw per day, for 
    one year. Body weight and food intake were measured periodically 
    throughout the study. Measurement of haematological parameters and 
    microscopic examination at necropsy revealed no adverse effects 
    (Smith, 1953). 

         Groups of 16 five-to six-week-old male Sprague-Dawley rats were 
    given dibutyl sebacate in the diet at concentrations of 0 (two control 
    groups), 0.01, 0.05, 0.25, 1.25, or 6.25%, equivalent to 0, 10, 50, 
    250, 1250, and 6250 mg/kg bw per day, for two years. Administration of 
    dibutyl sebacate did not adversely affect the growth or survival of 
    the animals. Body weight and food intake were measured periodically 
    throughout the study. Measurement of haematological parameters and 
    microscopic examination at necropsy revealed no adverse effects. The 
    lesions observed in older control and treated rats at necropsy 
    included inflammatory changes in the lungs, enlarged and discoloured 



    kidneys, and fatty changes in the liver. The incidence of these gross 
    lesions was not considered to be associated with the administration of 
    dibutyl sebacate. The NOEL was 6250 mg/kg bw per day (Smith, 1953).  

    2.4.4  Genotoxicity 

         The results of tests for the genotoxicity of substances in this 
    group are shown in Table 4.  

    2.4.5  Other relevant studies 

    2.4.5.1  Adipic acid (No. 623) 

         In a study of teratogenicity, groups of 20-24 pregnant rats were 
    given adipic acid by oral intubation on days 6-15 of gestation at 
    doses of 0, 3, 13, 62, or 288 mg/kg bw per day. A sixth group of 24 
    pregnant females was given aspirin at a dose of 250 mg/kg bw per day 
    as a positive control. The maternal parameters evaluated included 
    clinical signs of toxicity, body weight, and food consumption. The 
    fetuses were removed surgically from all dams on day 20. The numbers 
    of implantation sites, resorption sites, and live births were counted, 
    and the body weights of live pups and external, visceral, and skeletal 
    abnormalities were evaluated. Administration of adipic acid had no 
    adverse effect on the maternal parameters evaluated, nor did it 
    adversely affect fetal survival or the number of abnormalities in soft 
    or skeletal tissues (Morgareidge, 1973). 

         In a study of potential peroxisome proliferation, male Fischer 
    344 rats were fed adipic acid at a dietary concentration of 2%, 
    equivalent to about 2000 mg/kg bw per day, for three weeks. Control 
    animals received powdered Purina rat chow alone. No effect on hepatic 
    peroxisomes or their associated enzymes was observed in treated 
    animals (Moody & Reddy, 1978).  

    2.4.5.2  Tartaric acid (No. 621) 

         The potential immunotoxicity of tartaric acid was evaluated in a 
    rapid screening protocol in which groups of 10-20 female CD1 or 
    B6C3F1 mice were given the material orally at doses up to 3000 mg/kg 
    bw per day (doses not specified) for five days. A group of control 
    animals was also evaluated. The animals received an infectious 
    challenge on day 3 of dosing and immunization on day 5, and the 
    antibody plaque-forming cell response was measured four days later. 
    Deaths and survival were monitored for 10 days after infection. There 
    were no statistically significant differences in spleen weight, thymus 
    weight, spleen cellularity, anti-sheep red blood cell or 
    plaque-forming cell response, or death due to  Listeria infection 
    between test and control animals (Vollmuth et al., 1989). 

        Table 4. Results of studies of the genotoxicity of aliphatic primary alcohols, aldehydes, carboxylic acids, 
    acetals, and esters with additional oxygenated functional groups 

    No.  Substance             End-point         Test system               Concentration        Results       Reference 

    595  Ethyl acetoacetate    Gene mutation     B. subtilis               20 mg/disc           Negative      Oda et al.  
                                                 H17, M45 rec+/-                                              (1978) 

    595  Ethyl acetoacetate    Gene mutation     B. subtilis               20 ml/disc           Positive      Yoo (1986) 
                                                 H17, M45 rec+/-

    595  Ethyl acetoacetate    Gene mutation     E. coli WP2 uvrA          25-320 mg/plate      Positive      Yoo (1986) 

    595  Ethyl acetoacetate    Gene mutation     B. subtilis               10-20 ml/ml          Weakly        Kuroda et al.  
                                                 H17, M45 rec+/-                                positive      (1984) 
                                                 (test tube)                

    595  Ethyl acetoacetate    Chromosomal       Chinese hamster           2 mg/ml              Negative      Ishidate et al.  
                               aberration        cells                                                        (1984) 

    595  Ethyl acetoacetate    Gene mutation     S. typhimurium            25 mg/plate          Negativea     Ishidate et al.  
                                                 TA92, TA1535, TA100,                                         (1984) 
                                                 TA1537, TA94, TA98  
                                                 (preincubation 
                                                 protocol) 

    595  Ethyl acetoacetate    Gene mutation     S. typhimurium TA97,      0.01-10 mg/plate     Negativea     Fujita & Sasaki  
                                                 TA102 (preincubation                                         (1987) 
                                                 protocol) 

    610  Hydroxycitronellol    Gene mutation     S. typhimurium TA1535,    3.6 mg/plate         Negativea     Wild et al.  
                                                 TA100, TA1537, TA1538,                                       (1983) 
                                                 TA98 

    610  Hydroxycitronellol    Micronucleus      Mouse                     1204 mg/kg bw        Negative      Wild et al.  
                               formation                                                                      (1983) 

    610  Hydroxycitronellol    Gene mutation     D. melanogaster           10 mmol/L            Negative      Wild et al.  
                                                                                                              (1983) 

    611  Hydroxycitronellal    Gene mutation     S. typhimurium TA1535,    3.6 mg/plate         Negativea     Wild et al.  



                                                 TA100, TA1537, TA1538,                                       (1983) 
                                                 TA98 

    Table 4. (continued) 

    No.  Substance             End-point         Test system               Concentration        Results       Reference 

    611  Hydoxycitronellal     Micronucleus      Mouse                     861 mg/kg bw         Negative      Wild et al. 
                               formation                                                                      (1983) 

    611  Hydoxycitronellal     Gene mutation     D. melanogaster           37 mmol/L            Negative      Wild et al.  
                                                                                                              (1983) 

    612  Hydroxycitronellal    Gene mutation     S. typhimurium TA1535,    3.6 mg/plate         Negativea     Wild et al.  
         dimethyl acetal                         TA100, TA1537, TA1538,                                       (1983) 
                                                 TA98 

    612  Hydroxycitronellal    Micronucleus      Mouse                     763 mg/kg bw         Negative      Wild et al.  
         dimethyl acetal       formation                                                                      (1983) 

    612  Hydroxycitronellal    Gene mutation     D. melanogaster           25 mmol/L            Negative      Wild et al.  
         dimethyl acetal                                                                                      (1983) 

    614  Diethyl malonate      Gene mutation     S. typhimurium TA98,      3 mmol/plate         Negativea     Florin et al.  
                                                 TA100, TA1535, TA1537     (480 mg/plate)b                    (1980) 

    616  Dimethyl succinate    Gene mutation     S. typhimurium TA100,     20 000 mg/plate      Negativea     Andersen & Jensen  
                                                 TA1535, TA1537, TA98                                         (1984) 

    616  Dimethyl succinate    Gene mutation     S. typhimurium TA97,      10 mg/plate          Negativea     Zeiger et al. 
                                                 TA98, TA102, TA104,                                          (1992) 
                                                 TA1535, TA1538 

    618  Fumaric acid          Gene mutation     S. typhimurium TA100      1000 mg/plate        Negativea     Rapson et al.  
                                                                                                              (1980) 

    618  Fumaric acid          Gene mutation     S. typhimurium TA98,      2000 mg/plate        Negative      Zeiger et al.  
                                                 TA100, TA1535, TA97                                          (1988) 
                                                 (preincubation 
                                                 protocol) 

    619  (-)-Malic acid        Gene mutation     S. typhimurium TA97,      2000 mg/plate        Negativea     Al-Ani & Al-Lami  
                                                 TA98, TA100, TA104                                           (1988) 

    Table 4. (continued) 

    No.  Substance             End-point         Test system               Concentration        Results       Reference 

    623  Adipic acid           Gene mutation     E. coli WP2 uvrA          5000 mg/plate        Negativea     Shimizu et al.  
                                                                                                              (1985) 

    623  Adipic acid           Gene mutation     S. typhimurium TA100,     5000 mg/plate        Negativea     Shimizu et al.  
                                                 TA98,                                                        (1985) 

    623  Adipic acid           Gene mutation     D. melanogaster           4000 ppm             Negative      Ramel & Magnusson  
                                                                                                              (1979) 

    625  Dibutyl sebacate      Gene mutation     S. typhimurium TA1535,    3.6 mg/plate         Negativea     Wild et al.  
                                                 TA100, TA1537, TA1538,                                       (1983) 
                                                 TA98 

    625  Dibutyl sebacate      Micronucleus      Mouse                     2829 mg/kg bw        Negative      Wild et al.  
                               formation                                                                      (1983) 

    625  Dibutyl sebacate      Gene mutation     D. melanogaster           19 mmol/L            Negative      Wild et al.  
                                                                                                              (1983) 

    626  Ethylene brassylate   Gene mutation     S. typhimurium TA1535,    3.6 mg/plate         Negativea     Wild et al.  
                                                 TA100, TA1537, TA1538,                                       (1983) 
                                                 TA98 

    627  Aconitic acid         Gene mutation     S. typhimurium TA100,     20 000 mg/plate      Negativea     Andersen & Jensen 
                                                 TA1535, TA1537, TA98                                         (1984) 

a  With and without metabolic activation 
b  Calculation based on relative molecular mass of 160.17 
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NOTICE

This report is one of a series concerning ~he health aspects of using
the Generally Recognized as Safe (GRAS) or prior sanctioned food substances
as food ingredients, being made by the Federation of American Societies
for Experimental Biology (FASEB) under contract no. 223-75- 2004 with the
Food and Drug Administration (FDA), U. S. Department of Health. Education.
and Welfare. The Federation recognizes that the safety of GRAS substances
is of national significance, and that its resources are particularly suited to
marshalling the opinions of knowledgeable scientists to assist in these
evaluations. The Life Sciences Research Office (LSRO), established by
FASEB in 1962 to make scientific assessments in the biomedical sciences.
is conducting these studies.

Qualified scientists were selected as consultants to review and
evaluate the available information on each of the GRAS substances. These
scientists, designated the Select Committee on GRAS Substances, were
chosen for their experience and judgment with due consideration for balance
and breadth in the appropriate professional disciplines. The Select Com­
mittee's evaluations are being made independendently of FDA or any other
group, governmental or nongovernmental. The Select Committee accepts
responsibility for the content of each report. Members of the Select Com­
mittee who ha ve contributed to this report are named in Section VII.

Tentative reports are made available to the public for review in the
Office of the Hearing Clerk, Food and Drug Administration. after announce­
ment in the Federal Register. and opportunity is provided for any interested
person to appear before the Select Committee at a public hearing to make
oral presentation of data, information, and views on the substances covered
by the report. The data, information, and views presented at the hearing
are considered by the Select Committee in reaching its final conclusions.
Reports are approved by the Select Committee and the Director of LSRO,
and subsequently reviewed and approved by the LSRO Advisory Committee
(which consists of representatives of each constituent society of FASEB)
under authority delegated by the Executive Committee of the Federation Board.
Upon completion of these review procedures the reports are approved and
transmitted to FDA by the Executive Director of FASEB.

While this is a report of the Federation of American Societies for
Experimental Biology, it does not necessarily reflect the opinion of all of
the individual members of its constituent societies.

)I-.d I).~L __
Kerifleth D. Fisher, Ph. D., Director
Life Sciences Research Office
FASEB
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1. INTRODUCTION

This report concerns the health aspects of using citric acid, sodium
elt rate. potass ium cit rate. calcium citrate. ammonium citrate, triethyl
citrate. isopropyi citrate. and stearyl citrate as food ingredients. It has
been based partly on the information contained in two scientific literature
reviews (monographs) furnished by FDA (1,2), which summarize the world's
scientific literature from 1920 through 1973/4.* To assure completeness and
currency as of the date of this report this information has been supplemented
by searches of over 30 scientific and statistical reference sources and com­
pendia that are generally available; use of new. relevant books and reviews
and the literature citations contained in them; consideration.of current
literature citations obtained through computer retrieval systems of the
National Library of Medicine; searches for relevant data in the files of FDA;
and by the combined knowledge and experience of members of the Select Com­
mittee and the LSRO staff. In addition, an announcement was made in the
Federal Register of September 2, 1977 (42 FR 44284-44285) that opportunity
would be provided for any interested person to appear before the Select Com­
mittee at a public hearing to make oral presentation, or in lieu of an oral
presentation. submit a wri.tten statement of data. information and views on
the health aspects of using citric acid. sodium citrate. potassium citrate.
calcium citrate. ammonium citrate. triethyl citrate. isopropyl citrate. and
stearyl citrate as food ingredients. The Select Committee received no
requests for a public hearing but received one statement on ammonium
cit rate (dibasic) from Pfizer. Incorporated. New York. New York.

As indicated in the Food. Drug. and Cosmetic Act [21 USC 321(s)J.
GRAS substances are exempt from the premarket ing clearance that is re­
quired fo'r food additives. It is stated in the Act and in the Code of Federal
Regulations (3) [21 CFR 170. 3 and 170. 30J that GRAS means general recog­
nition of safety by experts qualified by scientific training and experience to
evaluate the safety of substances on the basis of scientific data derived from
published literature. These sections of the Code also indicate that expert
judgment is to be based on the evaluation of results of credible toxicological
testing or. for those substances used in food prior to January 1, 1958. on a
reasoned judgment founded in experience with common food use. and is to
take into account reasonably anticipated patterns of consumption. cumulative
effects in the diet. and safety factors appropriate for the utilization of ani­
mal experimentation data. FDA (2) recognizes further [21 CFR 170. 30J
that it is impossible to provide assurance that any substance is absolutely
safe for human consumption.

::'The documents (PB-223 850/9 and PB-241 967/9) are available from
the National Technical Information Service. U. S. Department of Commerce.
P.O. Box 1553. Springfield. Virginia 22161.
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The Select Committee on GRAS Substances of LSRO is making its
evaluat ions of these substances in full recognition of the foregoing provisions.
In reaching its conclusions on safety, the Committee, in accordance with
FDA' s guidelines, is relying primarily on the absence of substantive evidence
of, or reasonable grounds to suspect. a significant risk to the public health.
While the Committee realizes that a conclusion based on such reasoned judg­
ment is expected even in instances where the available information is quali­
tatively or quantitatively limited, it recognizes that there can be instances
where, in the judgment of the Committee, there are insufficient data upon
which to base a conclus ion. T he Committee, is aware that its conclusions
will need to be reviewed as new or better information becomes available.

In this context, the LSRO Select Committee on GRAS Substances has
reviewed the available information on citric acid. sodium citrate, potassium
citrate, calcium citrate, ammonium citrate, triethyl citrate, isopropyl
citrate, and stearyl citrate and submits its interpretation and assessment
in this report. which is intended for the use of FDA in determining the
future status of these substances under the Federal Food, Drug, and Cos­
metic Act.
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II. BACKGROUND INFORMATION

Citric acid. 2-hydroxy-1. 2. 3, -propanetricarboxylic acid, and its
salts are natural constituents and common metabolites of plants and animals.
Citric acid is an intermediary compound in the Krebs cycle linking oxidative
metabolism of carbohydrate, protein and fat. T he concentration of naturally
occurring citrate is relatively higher in fruits. particularly citrus fruits and
jUices. than in vegetables and animal tissues (4-6). Typical concentrations.
fresh weight, are about 1 percent in orange juice and up to 8 percent in un­
ripe lemon juice as compared to less than O. 1 percent in peas. corn, and
cabbage and about O. 1 percent in human milk.

Citric acid (21 CFR 182.6033 and 182.1033J. calcium citrate [21 CFR
182.6195 and 182. 1195J. potassium citrate [21 CFR 182.6625 and 182.1625J.
and sodium citrate [21 CFR 182.6751 and 182.1751] are GRAS substances
listed in the Code of Federal Regulations (3) as sequestrants and as multiple
purpose GRAS food substances; calcium citrate [21 CFR 182.5195 J is listed
also as a nutrient and/ or dietary supplement. Identity standards provide for
the addition of citric acid, calcium citrate, potassium citrate and sodium
citrate as optional ingredients to certain cheese,S [21 CFR 133]. ice cream
[21 CFR 135J, jellies and preserves [21 CFR 150], canned vegetables [21
CFR 155.156], nonalcoholic beverages [21 CFR 165J. and dressings [21 CFR
169 J.

Under provisions of the Code of Federal Regulations (7). citric acid
is used to increase the effectiveness of ant ioxidants in lard or shortening at
0.01 percent; in dry sausage at 0.001 percent; and in fresh pork sausage and
dried meats at O. 01 pe r'cent. It may be used to protect the flavor of oleo­
margarine and to flavor chili con carne at levels sufficient for that purpose.
Citric acid or sodium citrate may be used as a curing accelerator in com­
bination with a curing agent and as an ant icoagulant at O. 2 percent with beef
blood. Sodium citrate. potassium citrate and ammonium citrate are prior
sanctioned food ingredients that may be used as stabilizers in manufacturing
food packaging material [21 CFR 181. 29] (3). Such uses do not contribute
signifLcantly to total citrate intake from all sources.

Food grade specifications Limit citric acid. potassium citrate and
sodium citrate to 3 ppm arsenic and 10 ppm heavy metals (as Pb); calcium
citrate may contain 3 ppm arsenic and 20 ppm heavy metals (as Pb) but is
limited to 10 ppm lead (8.9). These citrates are water soluble. white or
colorless powders or crystalline solids that are most frequently used in
foods for pH control and as flavoring agents or flavoring enhancers (10).
The metal ion complexing properties of citrates make them useful as seques­
trants, antioxidants. and preservatives.
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Food grade specifications are not given for aU forms of the citrate
salts. The form of potassium citrate described in the Food Chemicals
Codex (8) is C a H6K3 0,· H2 0; specifications are not given for monopotassium
citrate. In the case of sodium citrate, specifications are given for trisodium
citrate, CaH6Na307' 2H 2 0, and not for disodium citrate. For diammonium
citrate, CaR 14 NP7' no food grade specificat ions are listed.

T he isopropyl, steary~, and ethyl este rs of citric acid are evaluated
separately in this report, although these esters share some of the properties
of the citrate salts and yield citrate by hydrolysis. The Code of Federal
Regulations (3) lists as GRAS: monoisopropyL citrate [21 CFR 182.6511 J,
stearyl citrate [21 CFR 182.6851] with a tolerance of 0.15 percent, and
isopropyl citrate [21 CFR i82. 6386J with a tolerance of 0.02 percent as
sequestrants. The Code lists triethyl citrate [21 CFR 182.1911J in dried
egg whites with a tolerance of 0.25 percent as a multiple purpose GRAS food
substance. Monoisopropyl citrate, mono-, di-, and tristearyl citrate,
and triethylcitrate [21 CFR 181.27] may be used as plasticizers in the
manufacture of food packaging mate rials. The standard of identity for
margarine and oleomargarine [21 CFR 166.110J permi.ts the use of up to
0.15 percent stearyl citrate, or up to 0.02 percent isopropyl citrate mixture.

T riethyl citrate is odorless, nearLy colorless, oily liquid and the
food grade material may contain no more than 3 ppm arsenic and 10 ppm
heavy metals as lead (8). Extremely low concentrations of triethyl citrate
occur naturally in sour che rries and red currants (11). Expressed as a
weighted mean, its usual level of addition to ce rtain foods by food category
in 1970 was: baked goods, 36 ppm; frozen dairy products, 6 ppm; soft candy,
32 ppm; gelatin and pUddings, 7 ppm; nonalcoholic beverages, 12 ppm; alcoholic
beverages, 15 ppm: hard candy, 9 ppm; and cheWing gum, 502 ppm (l 0).
Maximum average levels of addition are known to be higher in most instances,
for example, m'aximum average level of addition to baked goods was 125 ppm
(12) .

The composition of commercially available isopropyl citrate is 65 to
80 percent monoisopropyl, 15 to 30 percent diisopropyl, and 5 to 10 percent
triisopropyl citrate (13). In 1970, it was added to one category of foods,
the category of fats and oils; the weighted mean level of addition of isopropyl
citrate ranged from a usual level of 33 ppm to a maximum of 100 ppm, which
is half of the permitted level of 200 ppm (10).

Stearyl citrate is also a mixture; it contains 10 to 15,70 to 80, and
10 to 15 percent, respectively, of the monostearyl, distearyl, and tristearyl
derivatives (13). Its use in food was not reported in a 1970 survey of the
food industry (l0).

Food grade specifications for isopropyl citrate and stearyl citrate
are not given in the Food Chemicals Codex (8).
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III. CONSUMER EXPOSURE DAT A

A Nat ional Research Council (NRC) subcommittee surveyed the 1970
industrial food use of GRAS substances and calculated possible average daily
intakes for each GRAS substance resulting from its addition to processed
foods (10). This calculation was based on Market Research Corporation
of America data on the mean frequency of eating foods by food category,
U. S. Department of Agriculture data on mean portion size of foods in these
categories and the assumption that all food products within a given category
contained the GRAS substance when it was added to any product in that
category. The NRC subcommittee suggested these calculated possible in­
takes often represent considerable overestimates of the actual av.erage
daily intakes, and the Select Committee believes this is true for the case
of the cit rates evaluated in this report.

For the age group 2 to 65+ years, the calculated possible average
intakes for citric acid, sodium citrate, potassium citrate, triethyl citrate,
calcium citrate, and isopropyl citrate were 3100, 1600, 280, 7.4, 6, and
0.6 mg per day, respectively. The actual average daily intakes are prob.,.
ably nearer to the quant iUes used by the food industry expressed on a pe r
capita basis as shown in Table 1. These per capita estimates are about
tenfold smaller and are derived from NRC survey data which represents the
poundage used in 1970 by the survey respondents. If the pe r capita figures
are expressed as citrate ion, about 480 mg of citrate was added per capita
to foods by industrial processing. Thus, the addition of these compounds
to foods represents only a fraction of the daily citrate intake for most indi­
viduals, e. g. one 8-ounce glass of orange juice provides about 2 g of citric
acid.

For adults, ci.tric acid and sodium citrate are the major sources of
added citrate. They were added to at least one food product in nearly all
of the food categories used in the NRC survey. The level of addition was
usually below 0.5 percent, expressed as a weighted mean (10). Potassium
citrate was added at similar levels but was used in fewer food categories.
Calcium citrate was added to foods in only two categories; it was used as a
firming agent in gelatins, puddings, and fillings, and as a nutrient supple­
ment in baby formulas.

Ammonium citrate was not i.ncluded in the list of GRAS substances
utilized by the National Research Council in their 1970 su rvey of industry.
However, one or more of the respondents to the survey indicated that the"
substance was added to foods (10). The Select Committee has been informed
that ammonium citrate is used in the media for cheese cultures where it
functions as a buffer and fe rmentation aid reSUlting in a usual level in cheese
and whey of O. 00295 percent with a corresponding maximum level of
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TABLE I

Quantity of Citrates Added Annually to Foods and Per Capita Daily Intake
Calculated Therefrom (10)

Substance

Citric acid
Sodium citrate
Potassium citrate
Isopropyl citrate
Calcium citrate
Triethyl citrate

Relative Total quantity Per capita
quantities added daily "intake lie

addeda 1970b

1970/1960 kg mg

1 27,000,000 360
6 12, 000, 000 160
5 440,000 5. 9
1 30,000 0.4
4 14,000 O. 2
1 8,000 O. 1

a Based only on the reports of those respondents to the National Research
Council (NRC) survey submitting information for both 1960 and 1970.

b Recalculated to 100 percent from data estimated to represent 60 percent
of actual usage.

C Based on a U. S. population of 205 million.

0.00516 percent (14). These levels of use appear consistent with levels
reported for ammonium salts previously reviewed by the Select Committee
(15 ).

The NRC subcommittee1s calculated possible average daily intakes
of added cit rates for the 0 to 5 month age group are for citric acid, 610 mg;
potassium citrate, 560 mg; and calcium citrate, 330 mg. The relative con­
tribution of these compounds to the intake of added citrates differs from
that of the 2 to 65+ year age group in part from the form.ulation of certain
baby formulas with potassium and calcium citrate. Citric acid is used in
many categories of baby foods at a weighted mean level of addition below
0.5 percent. There was no reported addition of the isopropyl, stearyl and
ethyl esters of citric acid to baby foods.

Consumer exposure to the citrate esters appears to be small. based
on 1970 usage data. Stearyl citrate was included in the NRC survey and no
addition of this compound to foods was reported. The calculated possible
average daily intake of isopropyl citrate for persons over age 2 years was
about 0.6 mg and the per capita industrial usage was about 0.4 mg per day.
Fewer than four industrial firms reported adding isopropyl citrate to any
product in the category of fats and oils. T riethyl citrate was used in a
greater variety of foods than isopropyl citrate but the per capita industrial
usage was less, O. 1 mg daily.
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IV. BIOLOGICAL STUDIES

This report emphas izes biological studies in which citric acid,
cit rates, and citrate esters were given orally. Results obtained by parent­
eral administration of these compounds such as the use of citrate as an
ant icoagulant are not relevant to an evaluation of the safety of cit rates and
cit ric acid as food ingredients. The major physiological effects from large
amounts of citric acid taken oraUy are related to its strong carboxylic acid
nature and to its ion chelating properties, particularly in binding calcium
ions.

A. Citric acid and its sodium, potassium, calcium and ammonium salts

Absorption and metabolism

T he biochemical reactions involved in the biosynthes is and metabolism·
of citric acid are well established because of its involvement in the Krebs
cycle (6). The human body contains about 80 g of citrate, most of this as a
component of bone. Whole blood citrate concentrat ion is about 2 mg per dl,
and 0.2 to 1. 0 g of citrate is excreted daily in urine (16,17). Orallyadmin­
istered citric acid is well absorbed and largely metaboli zed. Exogenous as
well as endogenous citric acid can be completely metabolized andse rve as
a source of energy, furnishing 2.47 kcal per g. Infants demonstrate efficient
metabolism of cit ric acid and the kidney tubules reabsorb most (about 90 per­
cent) of the filtered load of citric acid (18,19).

Acute toxicity

The acute oral LDso of citric acid (produced by Candida sp fermenta­
tion of normal paraffin) in mice was about 5 g per kg body weight and 12 g
per kg body weight in rats (20). The oral LDso of sodium citrate in mice
was 7.1 g per kg, all mice tested at a dose of 4. 8 g per kg survived (21).
The signs of acute toxicity from orally administered citric acid in mice and
rats are those of organic acidosis and of calcium deficiency. Animals given
citric acid orally in lethal doses demonstrated hemorrhage of the gastric
mucosa at necropsy.

Acute oral toxicity studies of citric acid in man have not been reported.
On the basis of tolerated chronic oral doses of citric acid in dogs and rabbits,
Nazario (22) est imated that an adult 70 kg man should be able to tolerate 53 g
of citric acid daily without damage to health. However, he reviewed one
report of a young woman who vomited and almost died after ingesting 25 g
of citric acid as a single dose.
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Short-term studies

Six young rats weighing about 75 g were fed a diet supplemented
with 2. 5 percent citric acid (about 2 g per kg body weight) for 9 days (23).
The experimental group showed weight loss or no appreciable gain in weight
during the first few days and then recovered their expected rate of growth.

Rogers et al. (24) found no benefit to the growth of male, weanling
rats (50 to 60 g)during a 2-week period from the addition of 2.47 percent
diammonium citrate (2.5 g per kg per day) to a basal diet containing 16 per­
cent amino acids when the diet contained the necessary level of indispensable
amino acids and the total dispensable amino acid nitrogen was not low. How­
ever. growth was reduced if two or more of the glutamic -proline-arginine
group of am mo acids w-e"re" omTt£ecl.

Yokotani et al. (20) fed groups of 10 SD-JCL male rats (98 to 112 g
body weight) citric acid (a refined product of yeast fermentation) for 6 weeks
at 1. 2, 2.4, and 4.8 percent of the diet; measured mean intakes of citric
acid were 1. 15. 2.26, and 4.67 g per kg body weight per day, respectively.
Food intake was depressed as compared to a control group by 0.7, 2.6, and
4 percent, respectively. Growth rate was slightly reduced at aU levels of
intake. Total plasma protein concentration was significantly less than that
of controls only at the 2.4 percent dietary level; slight decreases in blood
cell counts and hemoglobin were not statistically significant. At the highest
dietary level. plasma cholesterol concentration decreased, serum glutamic
oxalacetic transaminase activity increased, the thymus weights were lower,
and slight atrophy of the thymus and splenic follicles was found at necropsy.

Daily oral citric acid administration of 600 mg per kg (1. 2 percent
in the diet) to rats for more than 90 days produced no abnormalities in body
weight gain. blood, histopathology of the viscera or reproduction (25). Also,
daily oral administration of citric acid to dogs, 1. 38 g per kg, for 112 to
120 days was shown to produce no behavioral, biochemical or histopathological
abnormalities.

Wehrbein et al. (26) included diammonium citrate for the partial
replacement of nonessential amino acid nitrogen in experimental diets fed
to replicate groups of three male and three female young Yorkshire-Hampshire
pigs. The basal diet fed the control group contained 16 percent crude protein
(Nx6. 25) at the start of the experiment. and when the pigs reached a weight
of about 50.5 kg the protein content was reduced to 14 percent. The experi­
mental diets provided diammonium citrate at an average rate of 230, 465,
and 930 mg per kg by replaclng 5, 10, and 20 percent of the nitrogen of the
basal diet with an equimolar mixture of diammonium citrate and diammonium
phosphate. The experiment lasted 81 days. Average daily weight gain and
feed intake decreased with increasing levels of added salts. In comparison
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to controls. the growth depression was only significant at the 20 percent
replacement level. The depressed feed intake and growth were partly
reversed by addition of lysine. methionine and tryptophan to the experiment­
al diets. The total blood nitrogen was not affected by feeding the ammonium
salts; however. there was a significant depression in blood urea nitrogen
levels with increasing levels of the salts.

Rats maintained on a "high protein diet l1 and given a single oral
dose of [N16

) ammonium citrate (about 70 mg per kg) excreted the ammonia
nitrogen almost quantitatively within 48 hours. while rats on a "low protein
diet l

! incorporated a significant fraction of the ammonia nitrogen into pro­
teins (27). Similar results occurred after administration of diammonium
citrate (about 5 mg per kg) to a human subject on a normal diet and to a
patient suffering from Addison's disease on a low protein diet. The authors
concluded that ammonia is extensively utilized for protein synthesis only
when the re is a deficiency of dietary amino acids. ...:

Premature infants fed a formula with added citri.c acid, 680 mg per
kg pe r day. developed metabolic acidosis without clinical signs when a high
protein diet (3. 19 g protein pe r 100 ml formula) but not when a lowe r pro­
tein diet (1. 62 g protein per 100 mt) was given (28).

Swendseid et al. (29) found that a combination of diammonium citrate
and glycine was as effect ive as a mixture of nonessent ial amino acids in
maintaining nitrogen equilibrium of four young adult subjects fed minim'at
amounts of essential nitrogen in the form of egg protein in a basal diet.
Diammonium citrate (430 to 580 mg per kg) included in the experimental
diets as an ,isoni.trogenous mixture with glycine for periods of 6 or 7 days
was better utilized as a source of nonessential nitrogen than glycine alone
under the experimental conditions.

Scrimshaw et al. (30) replaced isonitrogenously up to 30 percent of
the nitrogen contributed by the essential amino acid of whole egg protein with
a mixture of glycine and diammonium cit rate (each providing equal amounts
of nitrogen) without affecting the nutritive value of egg protein in the experi­
mental diets fed to groups of three and eight 17- to 22-year-old· male subjects.
The eleven subjects received sufficient calorie intake to maintain body weight.
In one experiment, three subjects received protein at 0.42 g per kg per day
for 13 days, then the protein intake was adjusted by O. 06 g per kg per day
for 5-day periods to establish minimum requirements as determined by
urinary nitrogen excretion. At this point, the protein of the diet was replaced
isonitrogenously by the glycine-diammonium citrate mixture at the rate of
0.06 g per kg for 5-day periods. One 71 kg subject eating a basal diet pro­
viding 0.36 g protein per kg was adjudged by the investigators as probably
receiving too much of a dilution when 33 percent of the protein nitrogen had
been replaced; on this diet the subject was· receiving 77 mg diammonium
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citrate per kg per day. In a subsequent experiment, the nitrogen contributed
by egg protein was increased from 78.6 percent, used in the first experiment,
to 90 percent and four of the eight subjects showed no significant difference
in urinary nitrogen excret ion at a dilution of 40 pe rcent for 8 to 12 days and
one 70 kg subject did not increase urinary nitrogen at 50 percent for 4 addi­
tional days (124 mg diammonium citrate per kg per day).

Kies et al. (31) measured the nitrogen retention of 10 male subjects
fed a basal diet and an isonitrogenous mixture of glycine and diammonium
nitrate as a nonspecific nitrogen source. The basal diet provided suboptimal
amounts of protein and a daily nitrogen intake of 4. 5 g, of which 4 g nitrogen
was from dry skim milk solids, white degerminated corn meal, enriched
white flour or unenriched polished rice. When added, the salt mixture pro­
vided 4 or 8 g of nitrogen daily (215 or 430 mg diammonium citrate per kg
body weight), and it was taken in three divided doses in water solution with
meals. Nitrogen balance was measured during 5-day periods when the sub­
jects had daliy nitrogen intakes of 4. 5 g (basal diet alone), 8.5 g or 12.5 g.
A negative balance occurred on all diets except one, the basal diet containing
milk solids supplemented with 8 g of the glycine and diammonium citrate
m i.xture. However, the degree of nitrogen loss was reduced at each level of
total dietary nitrogen increase, and the authors concluded that the non­
specific nit rogen source had a sparing effect on protein requ irements.

Long-term studies
•
Long-term toxicity studies on citric acid have been carried out in

rats. Three successive generations of albino Wistar rats were fed citric
acid in the diet at O. 15, 0.45, and 1.20 percent, providing an average intake
of 100,300, and 800 mg per kg per day, respectively (32,33). No effects
were noted on growth, reproduction, mortality or blood components after the
feeding period of up to 12 months. The teeth were not harmed by the acid
diets. Metabolic studies utilized female rats; nitrogen balance, mineral
balance, acid-base balance and the gross and microscopic appearance of the
tls sues were normal. Decrease in ash content of the tibia with an increase
in calcium was found, and a slight increase in calcium was observed in
muscle. Small changes in tissue composition were not considered evidence
of adverse effects; the liver sodium content was decreased and the muscle
sodium content was increased; the total muscle phosphorus content was also
decreased.

In 1957, Horn et aL (34) reported feeding citric acid for 2 years at
3 and 5 percent of the diet to a group of 20 young male albino Carworth rats
(average daily intake was 1.2 and 2. 0 g pe r kg, respectively). Both experi­
mental groups grew more slowly than controls, but survival rates were not
decreased. At the time of sacrifice (2 years) there were no differences in
organ weights of controls and experimental groups. Results of microscopic
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examination of thyroid, lungs, heart, liver, spleen, kidneys, adrenals,
stomach, small and large intestines, pancreas, bone marrow, and testes
we re within normal limits.

Special studies

Fatal experimental tuberculosis progressed more rapidly in mice
given a diet containing 8 to 10 percent sodium citrate (about 5.5 g per kg
body weight) (35). Adding 2 percent sodium citrate to the drinking water
(or 1 percent sodium glutarate) also caused accelerated rate of mortality
in the animals. The effect on bacterial resistance was not explained but
the investigator noted that citrate addition to the diets of control mice mark­
edly reduced the rate of weight gain.

Citric acid and sodium citrate were found to interfere with calcium
absorption in vitamin D-deficient rats on a low phosphorus diet (36). Citrates
have an antirachitic effect in rats receiving an adequate phosphorus intake
(37) •

Citric acid was found to decrease the teratogenic effects of insulin
and of trypan blue in chicken embryos (38,39). Incubation of transplantable
tumors (Walke r ca rcinoma and Pliss lymphosarcoma) in sodium cit rate at
concentrations above 30 mg per kg inhibited their growth (40).

A 37-year-old man was reported to be allergic to several organic
acids and developed canke r sores, headache, general lassitude and irrita­
bility from eating foods containing citric acid (41). Direct application of
citric acid crystals to the oral mucosa repeatedly produced canke r sores but
potassium citrate was without effect.

Teratological evaluation of cLtric acid in pregnant mice (~241 mg
per kg administered on days 6 through 15 of gestation), rats ('S.295 mg per
kg administered on days 6 through 15 of gestation), hamsters (5272 mg
per kg administered on days 6 through 10 of gestation) and rabbits (.~.425mg

per kg administered on days 6 through 18 of gestation), gave no indications
of adverse effects on nidat ion, maternal or fetal survival, and the number
of abnormalities seen in either soft or skeletal tissues of the groups did not
differ from the number occurring spontaneously in the sham-treated con­
trols (42).

Citric acid was not mutagenic in Salmonella typhimurium strains
T A-1530 and G -46 in the host -mediated assay (43). Although it appeared to
induce mitotic recombination in Saccharomyces cerevisiae strain D3 in both
in vitro and host-mediated assay tests, these tests were repeated at a higher
dose level (3.5 g per kg) and all results were negative. Citric acid produced
no detectable significant aberration of the bone marrow metaphase chromo­
somes of rats when given oraUy up to 3 g per kg per day for 5 days. There
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were also no significant chromosomal (anaphase) aberrations in human em­
bryonic l.ung culture cells (WI-38) when tested up to 600 IJ.g per ml.. Citric
acid was considered to be nonmutagenic in rats in the dominant lethal assay
when tested at levels up to 3 g per kg per day for 5 days.

Tests of citric acid in developing chick embryos showed that at dose
levels of 10 mg per kg of egg or above there was higher mortality after air
cell treatment at 96 hours and after yolk treatment at 0 and 96 hours. A
dose level of 5 mg pe I' kg increased mortality after yolk treatment at 96 hours
of embryonic development. No abnormalities were observed in the hatched
chicks for the test conditions employed (44).

Neither potassium nor sodium citrate was considered mutagenic when
evaluated in microbial assays with and without the addition of mammalian
metabolic activation preparations (45,46). The indicator microorganisms
were S. cerevisiae D4 and S. typhimurium, strains TA-1535, 1537, and 1538.
Potassium citrate and sodium citrate showed no teratogenicity in the develop­
ing chicken embryo (47,48).

B. Ethyl. isopropyl and stearyl esters of citric acid

Absorption and metabolism

Isopropyl citrate (predominantly the monoisopropyl ester) in a mono­
and diglyceride vehicle at levels up to 10 percent of the diet was nearly com­
pletely absorbed and did not lowe I' the digestibility of margarine in rats (49).
Stearyl citrate, predominantly distearyl citrate, fed at 2.5 to 10 percent of
the ration was poorly absorbed by the rat and incomplete digestion of stearyl
citrate owing to inefficient hydrolysis of the ester in the gastrointestinal tract
was described. The dog was able to digest stearyl cit'rate more effectively
than the rat.

Acute toxicity

The oral LD60 for 20 percent stearyl citrate in cottonseed oil in rats
was greater than 5.4 g stearyl citrate per kg of body weight (50). Isopropyl
citrate (38 percent isopropyl citrate esters in a mono- and diglyceride vehicle)
given orally to rats gave an LDsovalue of greater than 20.7 g per kg for male
rats and greater than 18.8 g per kg for female rats. The LDso was 2.8 to
3.7 g per kg body weight when the isopropyl citrate esters were dissolved in
10 percent ethanol; this LDs 0 apprOXimated that expected for the hydrolysis
products of this ester. Single doses of 12 g per kg of isopropyl citrate plus
vehicle (2.25 g per kg of isopropyl citrate) and 5 g per kg of stearyl citrate
were not fatal to dogs.
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Finkelstein and Gold (51) included triethyl citrate in a study of the
toxicity of several citrate esters administered orally to rats and cats. The
single oral LDc;o for triethyl citrate was about 8 g per kg in rats and 4 g per
kg in cats. Lethal doses in cats produced nausea, vomiting, ataxia, weak­
ness, muscle twitching, tremors, reflex hyperexcitability, lowering of body
temperature. gasping and shaliow respiration, prostration. convulsions, res­
piratory failure, and death. One cat surviving a dose of 6.2 g per kg body
weight was examined at 2-week intervals for 2 months and no toxic effects
were shown as judged by weight, blood counts, hemoglobin levels or blood
nitrogen and urine analysis.

Short -te rID studies

Adult rats fed stearyl c it rate at various levels up to lOpe rcent of
the diet (over 5 g per kg per day) and rabbits given 2 and 10 percent of the
diet (over 4 g per kg per day at the high level) as stearyl citrate for 6 weeks
showed no adverse reactions as measured by growth, mortality, or tissue
pathology (50). Similarly, rats fed up to 5.3 percent of the diet (over 2 g iso­
propyl citrate per kg per day) as isopropyl citrate. in a mono- and diglyc­
eride vehicle, and rabbits fed the compound up to 8.5 percent (over 3 g
per kg per day) of the diet for 6 weeks showed no signs of toxicity. A group
of four dogs was fed a diet containing 0.06 percent isopropyl citrate plus the
glyceride vehicle and a similar group was fed a diet with 3 percent stearyl
citrate added; no evidence of toxicity was reported.

Young rats were fed triethyl citrate in their diet at an initial rate of
I, 2, and 4 g per kg body weight for 8 weeks (51). Periodic urine examina­
tions and blood counts and growth revealed no toxic effects. At necropsy no
gross abnormalities were seen in the thoracic and abdominal organs; histo­
logical sections of the heart, lungs, gastrointestinal tract, liver, pancreas,
spleen and kidneys were comparable to those from controls. Cats receiving
daily dose$ of triethyl citrate approx imating 7 pe rcent of the LDs 0 for an
8-week period did not differ from controls with respect to weight, blood count,
hemoglobin, blood sugar and blood nitrogen. However, weakness, ataxia and
depression appeared after the fourth or fifth dose and progressed to an advanced
degree; the animals appeared normal within 1 to 4 days after treatment was
d iscont inued.

Two groups of four young adult, male and female, beagle dogs were
given daily doses of triethyl citrate of 0.05 and 0.25 ml per kg for 6 months
(52). The parameters of body and organ weights, blood and urine analyses,
and the results of histological examination of tissues revealed no adverse
effects. Increasing the daily dose to 2.5 to 3.5 ml per kg for 7 to 12 weeks
resulted in a characteristic liver pathology in three treated dogs. A fourth
dog that had reacted adversely to a dose of 2 °ml per kg showed none of the
histological changes after receiving 1. 5 ml per kg daily for an additional
month.
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Long-term studies

Stearyl citrate and isopropyl citrate have been evaluated in a 2-year
feeding study and in a multigeneration feeding study in rats (50). The rats
were fed stearyl citrate at levels up to 10 percent of the diet in the 2-year
study (about 5 g per kg for an adult rat) and either 1. 9 or 9. 5 percent stearyl
citrate in a four-generation study with no adverse effects on growth. mortality.
fertility, gestation or lactation, and histopathology.

Isopropyl citrate was fed to weanling rats at a level up to 1.06 per­
cent of the diet (about 1 g per kg) in a 2-year study and in a 5-generation
study with no adverse effects (50). The liver, kidney, heart, brain. lung,
spleen, stomach, small intestine, large intestine, pancreas, adrenal, and
testicle or ovary were examined for histopathological changes at necropsy.
Metastatic calcification and tumor formation were noted in the tissues of
both test and control rats and were not attributable to the ingestion of isopro­
pyl citrate.

Three groups of 15 male and 15 female weanling Sprague-Dawley rats
were fed diets containing 0.33, 1.0, and 3.0 percent triethyl citrate in a
lifetime feeding study (2 yr) (53). The dose of triethyl citrate initially ranged
from about 0.2 to 2 g per kg body weight. Weight gain and food intake were
reduced below that of the control groups when the level of the ester in the
diet was increased. Blood and urine studies, survival, and gross and histo­
pathology examinations showed no adverse effects attributable to triethyl
citrate ingestion.

Special studies

The intraperitoneal administration of doses in excess of 400 mg per
kg of triethyl citrate produced a loss of righting reflex in Swiss albino mice.
an effect reversible within 15 minutes (54). Signs of stimulation and a more
rapidly reversible loss of righting reflex were observed in Wistar rats dosed
at 400 mg per kg. Intravenous administration of a 100 mg per kg dose of the
compound to rabbits produced marked increases in motor activity and respi­
ration. A group of 20 mice given intraperitoneal doses of 350 mg of triethyl
citrate per kg daily for 14 days had a slightly lower growth rate than controls
but no differences were seen in red and white blood cell count, clotting time
and hemoglobin levels. Examination of liver, lung, and kidney tissues of
two animals at necropsy revealed no pathological cellular changes. Triethyl
citrate had a local anesthet ic effect and blocked neural transmission when
placed in direct contact with a nerve trunk.

T riethyl citrate displayed no teratogenicity to the developing chick
embryo when tested in ethanol (as solvent) via the air cell and yolk at pre­
incubat ion (up to 10 mg pe r egg) and at 96 hours (up to 0.4 mg pe r egg) of
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incubation (55). After yolk administration, the percent mortality was sig­
nificantly different from solvent control (p~O. 05); however, the mortality
was not dose dependent from 0.5 to 10 mg per egg preincubation or from
0.02 to 0.40 mg per egg at 96 hours. Verrett concluded that triethyl citrate
showed very little toxicity under the four test conditions.

It was not mutagenic in plate and suspens ion tests using Salmone lla
typhimurium TA 1535, TA 1537, and TA 1538 and Saccharomyces cerevisiae
D4 with and without tissue homogenates (56).
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V. OPINION

T he citrate ion is widely distributed in plants and animals and is a
naturally occurring component of the diet. It is a common metabolite in
oxidative metabolism and an important component of bone. Exogenous
citrate administered to infants and adults as a component of commonly con­
sumed diets is considered completely metabolizable. The addition of citric
acid to foods is considered equivalent to a;.dding citrate salts except in foods
of very high acidity. The amount of citrate added to foods by food processors
is about 500 mg per person pe r day. T his amount occurs naturally in 2
ounces of orange juice and does not constitute a significant addition to the
total body load. Although data on acute and chronic effects of orally admin­
istered sodium citrate, calcium citrate and potassium citrate are limited,
no biological effects of the cit rate -containing substances evaluated in this
report cause concern about the safety of these GRAS substances used in
reasonable amounts and in accordance with prescribed tolerances and
lim itations.

In light of the foregoing, the Select Committee conciudes that:

T here is no evidence in the available information
on citric acid. sodium citrate, potassium citrate,
calcium citrate, ammonium citrate. isopropyl
citrate. stearyl citrate, and triethyl citrate that
demonstrates, or suggests reasonable grounds
to suspect. a hazard to the public when used at
levels that are now current or that might reason­
ably be expected in the future.
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ABSTRACT 
The Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids of the European Food 
Safety Authority was requested to evaluate 63 flavouring substances in the Flavouring Group 
Evaluation 10, including additional two substances in this Revision 3, using the Procedure in 
Commission Regulation (EC) No 1565/2000. For one substance [FL-no: 10.170] a concern for 
genotoxicity could not be ruled out. The remaining 62 substances were evaluated through a stepwise 
approach (the Procedure) that integrates information on structure-activity relationships, intake from 
current uses, toxicological threshold of concern, and available data on metabolism and toxicity. The 
Panel concluded that the 62 substances do not give rise to safety concerns at their levels of dietary 
intake, estimated on the basis of the MSDI approach. Besides the safety assessment of these flavouring 
substances, the specifications for the materials of commerce have also been considered. For four 
substances evaluated through the Procedure, the stereoisomeric composition has not been specified 
sufficiently.  
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SUMMARY 

The European Food Safety Authority (EFSA) asked the Panel on Food Contact Materials, Enzymes, 
Flavourings and Processing Aids (the Panel) 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 Panel was requested to evaluate 63 flavouring substances in the Flavouring Group 
Evaluation 10, Revision 3 (FGE.10Rev3), using the Procedure as referred to in the Commission 
Regulation (EC) No 1565/2000. These flavouring substances belong to chemical groups 9, 13 and 30, 
Annex I of the Commission Regulation (EC) No 1565/2000. 

The present revision of FGE.10, FGE.10Rev3, includes the assessment of two additional candidate 
substances [FL-no: 09.951 and 10.170]. 

The flavouring substances are alcohols, aldehydes, acetals, carboxylic acids and esters containing 
additional oxygenated functional groups and lactones. 

Thirty-six of the candidate substances possess one or more chiral centres and eight can exist as 
geometrical isomers due to the presence and the position of a double bond. For five of these substances 
[FL-no: 10.038, 10.040, 10.059, 10.063 and 10.170] the stereoisomeric composition / composition of 
mixture has not been specified sufficiently. 

Fifty-five candidate substances belong to structural class I, six belong to structural class II, and two 
belong to structural class III according to the decision tree approach presented by Cramer et al. (1978). 

Fifty of the flavouring substances in the present group have been reported to occur naturally in a wide 
range of food items. 

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

In the absence of more precise 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. In those cases where the mTAMDI 
approach indicated that the intake of a flavouring substance might exceed its corresponding threshold of 
concern, the Panel decided not to carry out a formal safety assessment using the Procedure. In these 
cases the Panel requires more precise data on use and use levels. 

The candidate substances which have been assigned to structural class I have estimated European daily 
per capita intakes (MSDI) ranging from 0.0012 to 1500 microgram. The candidate substances from 
structural class II have MSDIs ranging from 0.0012 to 1.2 microgram and the two candidate substances 
assigned to structural class III have estimated European daily per capita intakes of 0.011 and 1.2 
microgram (Table 6.1). These intakes are below the thresholds of concern of 1800, 540 and 90 
microgram/person/day for structural class I , II and III, respectively. 

The combined estimated daily per capita intake as flavourings of the 55 candidate substances assigned 
to structural class I is 1600 microgram, which does not exceed the threshold of concern for a substance 
belonging to structural class I of 1800 microgram/person/day. Likewise, the combined estimated daily 
per capita intake as flavouring of the six candidate substances assigned to structural class II is 1.2 
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microgram, which does not exceed the threshold of concern for a substance belonging to structural class 
II of 540 microgram/person/day. 

For 5-pentyl-3H-furan-2-one [FL-no: 10.170], the flavour Industry informs that the commercial product 
is a mixture of two structural isomers – 2/3 is the named compound (5-pentyl-3H-furan-2-one) and 1/3 
is the structural isomer - 5-pentyl-5H-furan-2-one. This latter isomer is identical to [FL-no: 10.054], 
which is an alpha, beta-unsaturated alcohol (after hydrolysis of the lactone), allocated to subgroup 4.1 of 
FGE.19 (FGE.217). The Panel concluded that 5-pentyl-3H-furan-2-one [FL-no: 10.170] should not be 
evaluated through the Procedure until the additional gentoxicity data for [FL-no: 10.054] are available, 
as stated in FGE 217.  

The Panel reconsidered the fact that 1-hydroxypropan-2-one [FL-no: 07.169] is an endogenous 
metabolite of acetone. Acetone is endogenously formed from the degradation of body fat/fatty acids and 
occurs in the blood of healthy humans not exposed to external sources of acetone in amounts of 
approximately 4 - 12 mg/person, corresponding to 0.7 to 2 mg/l blood. Under these conditions, the 
majority of the acetone in blood would be metabolised to 1-hydroxypropan-2-one, which is rapidly 
further metabolised to endogenous compounds (methylglyoxal, pyruvate and glucose) in the 
methylglyoxal pathway. The estimated exposure of 0.22 microgram/capita/day is considerably lower 
than that resulting from the metabolism of acetone and would not significantly add to the internal 
exposure to 1-hydroxypropan-2-one in the body and would not perturb the normal catabolism of the 
compound to innocuous endogenous products. The Panel therefore decided that further genotoxicity 
data are not required and that the substance could be taken through the Procedure. 

For the remaining candidate substances, the genotoxic potential cannot be assessed adequately, 
however, from the limited data available there were no indications that genotoxicity for these substances 
should give rise to safety concern. So, 62 substances are evaluated through the Procedure in the present 
revision of FGE.10. 

It can be anticipated that, at the estimated levels of intake as flavouring substances, 59 of the alcohols, 
aldehydes, acetals, carboxylic acids and esters with an additional oxygenated functional group and 
aliphatic lactones included in the present FGE are generally hydrolysed and completely metabolised to 
innocuous products, many of which are endogenous in humans. For three of the flavouring substances 
[FL-no: 02.242, 06.097 and 09.824], it cannot be concluded that they are metabolised to innocuous 
products. Adequate margins of safety could be established for these three substances in step B4 of the 
Procedure. 

It was noted that where toxicity data were available they were consistent with the conclusions in the 
present Flavouring Group Evaluation using the Procedure. 

It was considered that on the basis of the default MSDI approach that the flavouring substances, to 
which the Procedure have been applied, would not give rise to safety concerns at the estimated levels of 
intake arising from their use as flavouring substances. 

The mTAMDI for the flavouring substances, for which use levels information is available, range from 
800 to 5100 microgram/person/day. For 58 of these substances the mTAMDI is above the threshold of 
concern of their structural classes and for three substances the mTAMDI is below the threshold. The 
three flavouring substances which have mTAMDI intake estimates below the threshold of concern for 
their structural class are also expected to be metabolised to innocuous products. For two flavouring 
substances use levels have not been provided and no mTAMDI could be estimated. Thus, for 60 
flavouring substances, further information is required. This would include more reliable intake data and 
then, if required, additional toxicological data.  

Thus, in conclusion, 62 of the 63 flavouring substances were evaluated through the Procedure (based 
on the MSDI approach), as one flavouring substance, 5-pentyl-3H-furan-2-one [FL-no: 10.170] could 
not be evaluated through the Procedure until adequate genotoxicity data become available. 
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In order to determine whether the conclusion for the candidate substances evaluated using the Procedure 
can be applied to the materials of commerce, it is necessary to consider the available specifications. 
Specifications including complete purity criteria and identity for the materials of commerce have been 
provided for 58 flavouring substances. For four substances [FL-no: 10.038, 10.040, 10.059 and 10.063] 
information on composition of mixture and / or stereoisomerism has not been specified sufficiently. For 
one substance [FL-no: 10.063] an identity test is missing. 

Thus, the final evaluation of the materials of commerce cannot be performed for four substances [FL-
no: 10.038, 10.040, 10.059 and 10.063], pending further information. 

For the remaining 58 candidate substances [FL-no: 02.132, 02.198, 02.242, 05.149, 06.088, 06.090, 
06.095, 06.097, 06.102, 06.135, 07.169, 08.053, 08.082, 08.090, 08.103, 08.113, 09.333, 09.345 - 
09.354, 09.360, 09.502, 09.558, 09.565, 09.580, 09.590, 09.601, 09.626, 09.629, 09.633, 09.634, 
09.644, 09.683, 09.815, 09.824, 09.832, 09.833, 09.862, 09.874, 09.916, 09.951, 10.039, 10.045, 
10.047 - 10.049, 10.052, 10.055, 10.058, 10.068 and 10.168] the Panel concluded that they would 
present no safety concern at the estimated levels of intake based on the MSDI approach. 

KEYWORDS 

Flavourings, safety, lactones, saturated, unsaturated, primary, secondary, alcohols, aldehydes, acids, 
acetals, esters, additional oxygenated functional group, FGE.10. 
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BACKGROUND 
Regulation (EC) No 2232/96 of the European Parliament and the Council (EC, 1996a) 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 2009/163/EC (EC, 
2009a). 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, 2000a), which is broadly based on the 
Opinion of the Scientific Committee on Food (SCF, 1999a). For the submission of data by the 
manufacturer, deadlines have been established by Commission Regulation (EC) No 622/2002 (EC, 
2002b).  

The FGE is revised to include substances for which data were submitted after the deadline as laid 
down in Commission Regulation (EC) No 622/2002 and to take into account additional information 
that has been made available since the previous Opinion on this FGE.  

The Revision also includes newly notified substances belonging to the same chemical groups 
evaluated in this FGE. 

After the completion of the evaluation programme the Union List of flavouring substances for use in 
or on foods in the EU shall be adopted (Article 5 (1) of Regulation (EC) No 2232/96) (EC, 1996a). 

HISTORY OF THE EVALUATION 
The first version of the Flavouring Group Evaluation 10 (FGE.10) dealt with 51 alcohols, aldehydes, 
acetals, carboxylic acids and esters containing an additional oxygenated functional group and lactones. 

The first revision of FGE.10, FGE.10Rev1, included the assessment of eight additional candidate 
substances [FL-no: 06.088, 06.095, 06.102, 06.135, 09.565, 09.916, 10.040 and 10.168] and additional 
information on 32 substances [FL-no: 02.132, 02.198, 02.242, 06.090, 06.097, 07.169, 08.090, 09.333, 
09.349, 09.360, 09.502, 09.580, 09.590, 09.601, 09.629, 09.633, 09.644, 09.683, 09.815, 09.824, 
09.832, 09.862, 09.874, 10.038, 10.039, 10.043, 10.045, 10.048, 10.049, 10.052, 10.058 and 10.068] 
which had become available since the first FGE. Furthermore, substance [FL-no: 10.043], which can 
be metabolised to an alpha, beta-unsaturated ketone, was withdrawn from FGE.10Rev1 to be 
evaluated together with other alpha, beta-unsaturated ketones in FGE.217 (EFSA, 2008b). 

The second revision of FGE.10 concerned the assessment of three additional candidate substances 
[FL-no: 08.113, 10.059 and 10.063] as well as additional information submitted by the Industry on the 
stereoisomeric composition/composition of mixture requested in FGE.10Rev1 for eight substances 
[FL-no: 06.088, 06.095, 06.135, 09.565, 09.916, 10.038, 10.040 and 10.168], and identity information 
for [FL-no: 06.088 and 06.095]. 

FGE Opinion 
adopted by 
EFSA 

Link No. Of 
candidate 
substances 

FGE.10 28 October 
2005 

http://www.efsa.eu.int/science/afc/afc_opinions/1232_en.html 51 

FGE.10Rev1 30 January 
2008 

http://www.efsa.europa.eu/en/efsajournal/pub/934.htm 58 

FGE.10Rev2 23 March http://www.efsa.europa.eu/en/efsajournal/pub/2164.htm 61 
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The present revision of FGE.10, FGE.10Rev3, includes the assessment of two additional candidate 
substances [FL-no: 09.951 and 10.170]. No toxicity or metabolism data were provided for these two 
substances. A search in open literature was conducted for metabolism, genotoxicity, repeated dose 
toxicity as well as reproductive/developmental toxicity for [FL-no: 09.951 and 10.170]. This search 
did not reveal any pertinent new information on the two substances.  

FGE.10Rev3 also include additional information submitted by the Industry on specifications for [FL-
no: 06.135 and 08.113] which had been requested in FGE.10Rev2. 

TERMS OF REFERENCE 
The European Food Safety Authority (EFSA) is requested to carry out a risk assessment on flavouring 
substances in the register (Commission decision 1999/217/EC), according to Commission Regulation 
(EC) No 1565/2000 (EC, 2000a), prior to their authorisation and inclusion in the Union list 
(Regulation (EC)  No 1334/2008). In addition, the Commission requested EFSA to evaluate newly 
notified flavouring substances, where possible, before finalising the evaluation programme. The 
evaluation programme was finalised at the end of 2009. 

After the finalisation of the evaluation programme, in their letters of the 30th July 2010 and 20th 
September 2010, the Commission requested EFSA to carry out an evaluation of the flavouring 
substances 5-pentyl-3H-furan-2-one [FL-no: 10.170] and dioctyl adipate [FL-no: 09.951], also 
according to Commission Regulation (EC) No 1565/2000 (EC, 2000a). 

ASSESSMENT 

1. Presentation of the Substances in Flavouring Group Evaluation 10, Revision 3 

1.1. Description 

The present Flavouring Group Evaluation 10, Revision 3 (FGE.10Rev3), using the Procedure as 
referred to in the Commission Regulation (EC) No 1565/2000 (EC, 2000a) (The Procedure – shown in 
schematic form in Annex I of this FGE), deals with 63 alcohols, aldehydes, acetals, carboxylic acids 
and esters containing an additional oxygenated functional group and lactones from chemical groups 9, 
13 and 30, Annex I of Commission Regulation (EC) No 1565/2000 (EC, 2000a).  

The flavouring substances (candidate substances) under consideration are listed in Table 1, as well as 
their chemical Register name, FLAVIS- (FL-), Chemical Abstract Service- (CAS-), Council of 
Europe- (CoE-) and Flavor and Extract Manufactures Association- (FEMA-) numbers, structure and 
specifications.   

The outcome of the Safety Evaluation is summarised in Table 2a. 

Fifteen  candidate substances are aliphatic lactones [FL-no: 10.038, 10.039, 10.040, 10.045, 10.047, 
10.048, 10.049, 10.052, 10.055, 10.058, 10.059, 10.063, 10.068, 10.168 and 10.170]; thirty-two 
candidate substances are esters or diesters [FL-no: 09.333, 09.345 - 09.354, 09.360, 09.502, 09.558, 
09.565, 09.580, 09.590, 09.601, 09.626, 09.629, 09.633, 09.634, 09.644, 09.683, 09.815, 09.824, 
09.832, 09.833, 09.862, 09.874, 09.916 and 09.951]; six candidate substances are acetals [FL-no: 
06.088, 06.090, 06.095, 06.097, 06.102 and 06.135]; one candidate substance is an alpha-hydroxyacid 
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[FL-no: 08.090]; one candidate substance is a ketoalcohol [FL-no: 07.169]; one candidate substance is 
an alkoxy-alcohol [FL-no: 02.242]; two candidate substances are diols [FL-no: 02.132 and 02.198]; 
one candidate substance is a dialdehyde [FL-no: 05.149] and four candidate substances are aliphatic 
dicarboxylic acids [FL-no: 08.053, 08.082, 08.103 and 08.113].  

The hydrolysis products of candidate esters, lactones and acetals as well as their evaluation status are 
listed in Table 2b. 

The candidate substances are structurally related to 29 aliphatic lactones (supporting substances) 
evaluated at the 49th JECFA meeting (JECFA, 1998a) and to 47 aliphatic primary alcohols, aldehydes, 
carboxylic acids, acetals and esters containing additional oxygenated functional groups evaluated at 
the 53rd JECFA meeting (JECFA, 2000c). These supporting substances are listed in Table 3, together 
with their evaluation status. 

1.2. Stereoisomers 

It is recognised that geometrical and optical isomers of substances may have different properties. Their 
flavour may be different, they may have different chemical properties resulting in possible variation of 
their absorption, distribution, metabolism, elimination and toxicity. Thus, information must be 
provided on the configuration of the flavouring substance, i.e. whether it is one of the 
geometrical/optical isomers, or a defined mixture of stereoisomers. The available specifications of 
purity will be considered in order to determine whether the safety evaluation carried out for candidate 
substances for which stereoisomers may exist can be applied to the material of commerce. Flavouring 
substances with different configurations should have individual chemical names and codes (CAS 
number, FLAVIS number, etc.). 

Thirty-six of the substances possess one or more chiral centres [FL-no: 02.132, 02.198, 06.088, 
06.090, 06.095, 06.135, 08.090, 09.333, 09.346, 09.349, 09.360, 09.502, 09.580, 09.590, 09.601, 
09.629, 09.633, 09.644, 09.683, 09.815, 09.824, 09.832, 09.862, 09.874, 09.916, 10.038, 10.039  
10.040, 10.045, 10.048, 10.049, 10.052, 10.058, 10.068, 10.168 and 10.170]. For thirty-five 
substances the stereoisomeric composition has been specified. For [FL-no: 10.170] the Industry has 
informed that the commercial substance is a mixture of two structural isomers. One of these isomers 
possesses a chiral centre for which the configuration has not been specified. 

Due to the presence and the position of a double bond, eight substances can exist as geometrical 
isomers [FL-no: 09.350, 09.351, 09.565, 10.038, 10.039, 10.040, 10.059 and 10.063]. For four of the 
substances [FL-no: 10.038, 10.040, 10.059 and 10.063] the stereoisomeric composition / composition 
of stereoisomeric mixture has not been specified sufficiently. Industry has stated that [FL-no: 10.038 
and 10.040] exist as mixtures of (Z)- and (E)-isomers (EFFA, 2010a), however, the composition of the 
isomeric mixtures have to be provided. 

1.3. Natural Occurrence in Food 

Fifty of the flavouring substances have been reported to occur in one or more of the following food 
items: fruits (apple, pineapple, melon, guava, banana, starfruit, papaya, raspberry, mango, plum, 
citrus), oats, chestnut, juice, butter, meat, cheese, milk and milk products, skimmed milk powder, 
green tea, coffee, beer, wine and whisky. 

Quantitative data on the natural occurrence in food have been reported for thirty-eight of the candidate 
substances (TNO, 2000; TNO, 2010). These reports include: 
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1.3.1 Candidate substances reported to occur in food (TNO, 2000; TNO, 2010) 

FL-no: Name: Quantitative data reported:
02.198 Octane-1,3-diol Up to 21 mg/kg in apple and up to 95.1 mg/kg in apple juice 

02.242 2-Butoxyethan-1-ol 0.02 mg/kg in mozzarella cheese 
06.088 2-Ethyl-4-methyl-1,3- Up to 2 mg/kg in port wine 
06.095 4-Methyl-2-propyl-1,3- Up to 2 mg/kg in port wine 
06.097 1,1,3-Triethoxypropane Up to 3 mg/kg in pear brandy and less than 0.8 mg/kg in whisky 

06.135 2-Isobutyl-4-methyl-1,3-
dioxolane Up to 2 mg/kg in port wine 

07.169 1-Hydroxypropan-2-one Up to 4 mg/kg in coffee 
08.103 Nonanedioic acid Up to 1.5 mg/kg in beer 
09.590 Isobutyl lactate 20 mg/kg in port wine 
09.916 Ethyl 3-hydroxyoctanoate Up to 0.05 mg/kg in papaya, 0.02 mg/kg in orange juice and 0.03 
10.045 Heptano-1,5-lactone Up to 0.4 mg/kg in green tea 
10.047 Hexadecano-1,16-lactone 0,0145 mg/kg in skimmed milk powder 
10.048 Hexadecano-1,4-lactone Up to 16.7 mg/kg in heated butter 

10.049 Hexadecano-1,5-lactone 
Up to 10.6 mg/kg in butter and up to 1.3 mg/kg in heated lamb and 
mutton fat 

 

According to TNO, 13 of the substances have not been reported in any food items. These substances 
are listed in Table 1.3.1 (TNO, 2000; TNO, 2010): 

1.3.1 Candidate substances not reported to occur in food (TNO, 2000; TNO, 2010) 

FL-no: Name: 
06.102 2-Hexyl-5-hydroxy-1,3-dioxane 
08.113 Succinic acid, disodium salt 
09.502 Ethyl butyryl lactate 
09.633 Methyl 5-hydroxydecanoate 
09.644 Methyl lactate 
09.824 Ethyl 2-acetylbutyrate 
09.832 Ethyl 3-acetohexanoate 
09.833 iso-Propyl 4-oxopentanoate 
09.874 Di(2-methylbutyl) malate 
10.040 Dec-8-eno-1,5-lactone 
10.059 Hexadec-7-en-1,16-lactone 
10.063 Hexadec-9-en-1,16 lactone 
10.068 Pentadecano-1,14-lactone 

 

2. Specifications 

Purity criteria for the substances have been provided by the Flavouring Industry (EFFA, 2003c; EFFA, 
2004ag; Flavour Industry, 2011a; Flavour Industry, 2010g; Flavour Industry, 2010n; Flavour Industry, 
2011g) (Table 1). 

Judged against the requirements in Annex II of Commission Regulation (EC) No 1565/2000 (EC, 
2000a), this information is adequate for 62 substances. For one substance [FL-no: 10.063] an identity 
test is missing. 

Furthermore, for five substances [FL-no: 10.038, 10.040, 10.059, 10.063 and 10.170], the 
stereoisomeric composition has not been specified sufficiently (see Section 1.2 and Table 1). 
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3. Intake Data 

Annual production volumes of the flavouring substances as surveyed by the Industry can be used to 
calculate the “Maximised Survey-derived Daily Intake” (MSDI) by assuming that the production 
figure only represents 60 % of the use in food due to underreporting and that 10 % of the total EU 
population are consumers (SCF, 1999a). 

However, the Panel noted that due to year-to-year variability in production volumes, to uncertainties 
in the underreporting correction factor and to uncertainties in the percentage of consumers, the 
reliability of intake estimates on the basis of the MSDI approach is difficult to assess. 

The Panel also noted that in contrast to the generally low per capita intake figures estimated on the 
basis of this MSDI approach, in some cases the regular consumption of products flavoured at use 
levels reported by the Flavour Industry in the submissions would result in much higher intakes. In 
such cases, the human exposure thresholds below which exposures are not considered to present a 
safety concern might be exceeded. 

Considering that the MSDI model may underestimate the intake of flavouring substances by certain 
groups of consumers, the SCF recommended also taking into account the results of other intake 
assessments (SCF, 1999a). 

One of the alternatives is the “Theoretical Added Maximum Daily Intake” (TAMDI) approach, which 
is calculated on the basis of standard portions and upper use levels (SCF, 1995) for flavourable 
beverages and foods in general, with exceptional levels for particular foods. This method is regarded 
as a conservative estimate of the actual intake by most consumers because it is based on the 
assumption that the consumer regularly eats and drinks several food products containing the same 
flavouring substance at the upper use level. 

One option to modify the TAMDI approach is to base the calculation on normal rather than upper use 
levels of the flavouring substances. This modified approach is less conservative (e.g., it may 
underestimate the intake of consumers being loyal to products flavoured at the maximum use levels 
reported) (EC, 2000a). However, it is considered as a suitable tool to screen and prioritise the 
flavouring substances according to the need for refined intake data (EFSA, 2004a). 

3.1. Estimated Daily per Capita Intake (MSDI Approach) 

The intake estimation is based on the Maximised Survey-derived Daily Intake (MSDI) (SCF, 1999) 
approach, which involves the acquisition of data on the amounts used in food as flavourings (SCF, 
1999a). These data are derived from surveys on annual production volumes in Europe. These surveys 
were conducted in 1995 by the International Organization of the Flavour Industry, in which flavour 
manufacturers reported the total amount of each flavouring substance incorporated into food sold in 
the EU during the previous year (IOFI, 1995). The intake approach does not consider the possible 
natural occurrence in food. 

Average per capita intake (MSDI) is estimated on the assumption that the amount added to food is 
consumed by 10 % of the population4 (Eurostat, 1998). This is derived for candidate substances from 
estimates of annual volume of production provided by Industry and incorporates a correction factor of 
0.6 to allow for incomplete reporting (60 %) in the Industry surveys (SCF, 1999a). 

The total annual volumes of production of the candidate substances from use as flavouring substances 
in Europe has been reported to be approximately 13220kg (EFFA, 2000c; EFFA, 2003d; EFFA, 

                                                      
 
4 EU figure 375 millions. This figure relates to EU population at the time for which production data are available, and is 
consistent (comparable) with evaluations conducted prior to the enlargement of the EU. No production data are available for 
the enlarged EU. 
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2008b; Flavour Industry, 2010g; Flavour Industry, 2010n). For the 60 of the 76 supporting substances 
the annual volume of production is 357000 kg (JECFA, 1999b; JECFA, 2000b). 

On the basis of the annual volumes of production reported for the candidate substances, the daily per 
capita intakes for each of these flavourings have been estimated (Table 2a).  

98 % of the total annual volume of production for the candidate substances is accounted for by three 
substances, succinic acid disodium salt [FL-no: 08.113], hexadec-9-en-1,16-lactone [FL-no: 10.063] 
and diethyl maleate [FL-no: 09.351]. The estimated daily per capita intake of succinic acid disodium 
salt from use as a flavouring substance is 1500 microgram, that of hexadec-9-en-1,16-lactone is 48 
microgram and that of diethyl maleate is 12 microgram. The daily per capita intakes for each of the 
remaining substances are less than 10 microgram (Table 2a). 

3.2. Intake Estimated on the Basis of the Modified TAMDI (mTAMDI) 

The method for calculation of modified Theoretical Added Maximum Daily Intake (mTAMDI) values 
is based on the approach used by SCF up to 1995 (SCF, 1995). 

The assumption is that a person may consume a certain amount of flavourable foods and beverages per 
day. 

For 61 candidate substances information on food categories and normal and maximum use levels5,6,7 
were submitted by the Flavour Industry (EFFA, 2001a; EFFA, 2003c; EFFA, 2003s; EFFA, 2004ag; 
EFFA, 2007a; Flavour Industry, 2006a; Flavour Industry, 2010g; Flavour Industry, 2010n). For two 
substances [FL-no: 06.135 and 08.113] no use levels have been provided for the food categories as 
listed in Commission Regulation (EC) No 1565/2000. 

The candidate substances, for which use levels have been provided, are used in flavoured food 
products divided into the food categories, outlined in Annex III of the Commission Regulation (EC) 
No 1565/2000 (EC, 2000a), as shown in Table 3.1. For the present calculation of mTAMDI, the 
reported normal use levels were used. In the case where different use levels were reported for different 
food categories the highest reported normal use level was used. 

According to the Flavour Industry the normal use levels for the candidate substances, for which use 
levels have been provided, are in the range of 1 - 101 mg/kg food, and the maximum use levels are in 
the range of 5 - 1005 mg/kg (EFFA, 2001a; EFFA, 2003c; EFFA, 2003s; EFFA, 2004ag; EFFA, 
2007a; Flavour Industry, 2006a; Flavour Industry, 2010g; Flavour Industry, 2010n).  

                                                      
 
5 ”Normal use” is defined as the average of reported usages and ”maximum use” is defined as the 95th percentile of reported 
usages (EFFA, 2002i). 
6 The normal and maximum use levels in different food categories (EC, 2000) have been extrapolated from figures derived 
from 12 model flavouring substances (EFFA, 2004e). 
7 The use levels from food category 5 “Confectionery” have been inserted as default values for food category 14.2 
“Alcoholic beverages” for substances for which no data have been given for food category 14.2 (EFFA, 2007a). 
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Table 3.1 Use of Candidate Substances in Various Food Categories for 61 Candidate Substances for 

which Data on Use have been provided. 

Food 
category 

Description Flavourings used* 

01.0 Dairy products, excluding products of category 2 All except [FL-no: 
09.951] 

02.0 Fats and oils, and fat emulsions (type water-in-oil) All except [FL-no: 
09.951] 

03.0 Edible ices, including sherbet and sorbet All except [FL-no: 
09.951] 

04.1 Processed fruits All except [FL-no: 
09.951] 

04.2 Processed vegetables (incl. mushrooms & fungi, roots & tubers, pulses and 
legumes), and nuts & seeds 

Only [FL-no: 10.170] 

05.0 Confectionery All except [FL-no: 
09.951] 

06.0 Cereals and cereal products, incl. flours & starches from roots & tubers, pulses 
& legumes, excluding bakery 

All except [FL-no: 
09.951] 

07.0 Bakery wares All except [FL-no: 
09.951] 

08.0 Meat and meat products, including poultry and game All except [FL-no: 
10.170] 

09.0 Fish and fish products, including molluscs, crustaceans and echinoderms  All except [FL-no: 
08.090, 09.551 and 
10.170 ] 

10.0 Eggs and egg products None 
11.0 Sweeteners, including honey None 
12.0 Salts, spices, soups, sauces, salads, protein products etc. All except [FL-no: 

06.095, 09.551 and 
09.644] 

13.0 Foodstuffs intended for particular nutritional uses All except [FL-no: 
06.095, 09.551, 
09.644 and 10.170] 

14.1 Non-alcoholic ("soft") beverages, excl. dairy products All except [FL-no: 
09.951] 

14.2 Alcoholic beverages, incl. alcohol-free and low-alcoholic counterparts All except [FL-no: 
09.951] 

15.0 Ready-to-eat savouries All except [FL-no: 
09.951] 

16.0 Composite foods (e.g. casseroles, meat pies, mincemeat) - foods that could not 
be placed in categories 1 – 15 

All 

* Information on use levels has not been provided for [FL-no: 06.135 and 08.113] 
 

The mTAMDI values for the 54 candidate substances from structural class I, for which use levels have 
been reported, range from 800 to 5100 microgram/person/day, for the five candidate substances from 
structural class II, for which use levels are available, the mTAMDI range from 3800 to 3900 
microgram/person/day for each. For the two candidate substances from structural class III the 
mTAMDIs are 3800 and 4100 microgram/person/day.  

For detailed information on use levels and intake estimations based on the mTAMDI approach, see 
Section 6 and Annex II. 

4. Absorption, Distribution, Metabolism and Elimination 

In general, lactones are formed by acid-catalysed intramolecular cyclisation of hydroxycarboxylic 
acids. In an aqueous environment, a pH-dependent equilibrium is established between the open-chain 
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hydroxycarboxylate anion and the lactone ring. In basic and neutral media, such as blood, the open-
chain hydroxycarboxylate anion is favoured while in acidic media, such as gastric juice and urine, the 
lactone ring is favoured. Enzymes, such as lactonase, may catalyse the hydrolysis reaction, but for 
simple saturated lactones, the ring-opening reaction and reverse cyclication are in equilibrium, mainly 
controlled by pH conditions. Both the aliphatic lactones and the ring-opened hydroxycarboxylic acids 
can be absorbed from the gastrointestinal tract. However, the simple lactones, with low molecular 
weight, being uncharged may cross the cell membrane more easily than the acidic form, which 
penetrates the cells as a weak electrolyte. The hydroxycarboxylic acid obtained from lactone 
hydrolysis enters the fatty acid pathway and undergoes alpha- or beta-oxidation and cleavage to form 
acetyl CoA and a chain-shortened carboxylic acid. The carboxylic acid is then reduced by 2-carbon 
fragments until either acetyl CoA or propionyl CoA is produced. These fragments are then 
metabolised in the citric acid cycle. The Panel anticipated that the two unsaturated omega-lactones 
([FL-no: 10.059], hexadec-7-en-1,16-lactone and [FL-no: 10.063], hexadec-9-en-1,16-lactone) are 
metabolised like the structurally related saturated lactones, namely through ring opening followed by 
fatty acid degradation. 

In humans, paraoxonase (PON1), a serum enzyme belonging to the class of A-carboxyesterases 
(Aldridge, 1953), is known to rapidly hydrolyse a broad range of aliphatic lactone substrates including 
beta-, gamma-, delta- and omega-lactones and lactones fused to alicyclic rings such as 2-(2-
hydroxycyclopent-4-enyl)ethanoic acid gamma-lactone (Billecke et al., 2000). Activities of 
paraoxonase isoenzymes (Q & R) in human blood exhibit a bimodal distribution that is accounted for 
by a Q/R (glutamine or arginine) polymorphism with Q-type homozygotes showing a lower activity 
than QR heterozygotes or R homozygotes (Humbert et al., 1993). 

Mono- and di-esters included in the present FGE are expected to undergo hydrolysis in humans to 
yield their corresponding alcohol (linear or branched-chain aliphatic alcohols) and acid components 
(i.e. alpha-, beta- or gamma-keto or hydroxy acids, or simple aliphatic acids, diacids or triacids), 
which would be further metabolised and excreted. It has to be noted that the 2-acetyl butyric acid, 
formed as one of the hydrolysis products of the candidate substance ethyl 2-acetylbutyrate [FL-no: 
09.824], has some structural similarities to valproic acid, which, together with a number of its 
derivatives, has been recognised as teratogenic in rodents and in humans (Nau and Löscher, 1986; 
Samren et al., 1997; Kaneko et al., 1999). Although it can be predicted that 2-acetylbutyric acid is 
further metabolised through the usual pathways of detoxication for carboxylic acids (i.e. mainly via 
glucuronidation reaction), the structural similarity with valproic acid does not allow the prediction that 
ethyl 2-acetylbutyrate [FL-no: 09.824] is metabolised only to innocuous products. 

The presence of a second oxygenated functional group has little if any effect on hydrolysis of these 
esters. The most probable metabolic reactions of the hydrolysis products are, oxidation of alcohols to 
aldehydes and acids, conjugation of alcohols and acids to glucuronides and sulphates and beta- and 
omega-oxidation of carboxylic acids. 

Beta-keto acids and derivatives like acetoacetic acid undergo ready decarboxylation. Along with 
alpha-keto and alpha-hydroxyacids, they yield breakdown products, which are incorporated into 
normal biochemical pathways. The gamma-keto acids and related substances may undergo complete 
or partial beta-oxidation to yield metabolites that are eliminated in the urine. Omega-substituted 
derivatives are readily oxidised and/or excreted in the urine. Simple aliphatic di- and tricarboxylic 
acids participate in the tricarboxylic acid cycle. For instance, succinic acid is a normal intermediary 
metabolite and a constituent of the citric acid cycle; it occurs normally in human urine (1.9 - 8.8 
mg/L). Succinic acid is readily metabolized when administered to animals, but may be partly excreted 
unchanged in the urine if large doses are given (Patty, 1993, Vol. II, p. 3579). 

One of the candidate substances, 1-hydroxypropan-2-one [FL-no: 07.169] (acetol), is a metabolite of 
acetone, which is an endogenous substance formed from the degradation of body fat / fatty acids. The 
major metabolic pathway in mammals of acetone at low blood concentrations (i.e. in healthy humans 
not exposed to external sources, acetone occurs in amounts of approximately 4 - 12 mg per person, 
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corresponding to approximately 0.7 to 2 mg/l blood (Ashley et al., 1994; Dick el al., 1988; Wang et al, 
1994c), is via the methylglyoxal route, where acetone is first oxidised to 1-hydroxypropan-2-one, 
which is then oxidised to 2-oxopropanal (methylglyoxal [FL-no: 07.001]). 2-Oxopropanal will after 
further metabolism give rise to glucose (Morgott, 1993; WHO, 1998a; NAS/COT, 2005). 

Six candidate substances [FL-no: 06.088, 06.090, 06.095, 06.097, 06.102 and 06.135] are acetals, 
which may be expected to undergo acid catalysed hydrolysis in the gastric environment to yield their 
component aldehydes and alcohols prior to absorption. Once hydrolysed, the component alcohols and 
aldehydes are expected to be metabolised primarily through the above mentioned common routes of 
biotransformations and excreted. 

The linear and branched-chain aliphatic primary alcohol components of candidate substances that are 
simple aliphatic di- and tricarboxylic acid esters would be oxidised in the presence of alcohol 
dehydrogenase to their corresponding aldehydes which, in turn, would be oxidised to their 
corresponding carboxylic acids. The two diols [FL-no: 02.132 and 02.198] may be anticipated to 
participate in the same routes of biotransformation. It may be anticipated that glutaraldehyde [FL-no: 
05.149] is biotransformed through the common pathways of detoxication of aldehydes to innocuous 
products. 

Among the candidate substances, an alkoxy-alcohol, 2-butoxyethanol [FL-no: 02.242], is mainly 
metabolised to butoxyacetic acid, which has been identified as the metabolite responsible for the 
haemolysis of red blood cells induced by 2-butoxyethanol. 

In summary, it can be anticipated that primary and secondary aliphatic saturated or unsaturated 
alcohols, aldehydes, carboxylic acids, acetals and esters with a second oxygenated functional group 
and aliphatic lactones included in the present FGE are generally metabolised to innocuous products 
(many of which are endogenous in humans), at the estimated level of intake as flavouring substances. 

The consideration on the actual levels of intake becomes particularly relevant for one candidate 
substance, diethyl maleate [FL-no: 09.351], as when administered at high doses, it is able to induce 
severe GSH depletion, due to its prompt metabolism to GSH-conjugates. This may also be the case for 
the structurally related diethyl fumarate [FL-no: 09.350]. 

For three of the candidate substances it cannot be concluded that they are metabolised to innocuous 
products. These are 2-butoxyethan-1-ol [FL-no: 02.242], the major metabolite of which butoxyacetic 
acid has been recognised as responsible for haematotoxic effects induced by 2-butoxyethanol [FL-no: 
02.242], 1,1,3-triethoxypropane [FL-no: 06.097], which may be metabolised to 3-ethoxypropanoic 
acid, a substance with structural similarities to 2-butoxyethanol and finally, ethyl 2-acetylbutyrate 
[FL-no: 09.824], of which hydrolysis gives rise to 2-acetylbutyric acid, which shows some structural 
similarities to valproic acid, a known teratogenic compound. 

A more detailed description of the metabolism of the candidate substances in this FGE is given in 
Annex III. 

5. Application of the Procedure for the Safety Evaluation of Flavouring Substances 

The application of the Procedure is based on intakes estimated on the basis of the MSDI approach. 
Where the mTAMDI approach indicates that the intake of a flavouring substance might exceed its 
corresponding threshold of concern, a formal safety assessment is not carried out using the Procedure. 
In these cases the Panel requires more precise data on use and use levels. For comparison of the intake 
estimations based on the MSDI approach and the mTAMDI approach, see Section 6. 

For 5-pentyl-3H-furan-2-one [FL-no: 10.170] flavour industry informs that the commercial product is 
a mixture of two structural isomers – 2/3 is the named compound (5-pentyl-3H-furan-2-one) and 1/3 is 
the structural isomer - 5-pentyl-5H-furan-2-one. This latter isomer is identical to [FL-no: 10.054], – 
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which is an alpha,beta-unsaturated alcohol (after hydrolysis of the lactone) allocated FGE.19 subgroup 
4.1. This subgroup was evaluated in FGE.217 with the conclusion – additional genotoxicity data 
required. Therefore, the Panel concluded that [FL-no.10.170] should not be evaluated through the 
Procedure until these data are available. 

In its first evaluation of this group of aliphatic alcohols, aldehydes, acetals, carboxylic acids and esters 
containing an additional oxygenated functional group and lactones (EFSA, 2005b) the Panel 
considered that the candidate substance, 1-hydroxypropan-2-one [FL-no: 07.169], should not be 
evaluated through the Procedure until new data became available because it was found to be genotoxic 
in vitro in bacterial assays. However, in the first revision of FGE.10 (FGE.10Rev1) the Panel 
reconsidered this compound and concluded that it is an endogenous metabolite of acetone which is 
formed from the degradation of body fat/fatty acids and that it would be further metabolised to 
innocuous compounds, and thus not be of concern at the exposure levels resulting from its use as a 
flavouring substance (see Section 8.4, conclusion on the genotoxicity). The Panel therefore decided 
that 1-hydroxypropan-2-one [FL-no: 07.169] could be evaluated along the A side of the Procedure in 
FGE.10Rev1. 

For the safety evaluation of the 62 candidate substances in the present revision of FGE.10 the 
Procedure as outlined in Annex I was applied, based on the MSDI approach. The stepwise evaluations 
of the substances are summarised in Table 2a. 

Step 1 

Fifty-five of the candidate substances are classified according to the decision tree approach by Cramer 
et al. (1978) into structural class I, six are classified into structural class II [FL-no: 02.242, 06.088, 
06.090, 06.095, 06.097 and 06.135] and one into structural class III [FL-no: 06.102]. 

Step 2 

For three of the candidate substances it cannot be concluded that they are metabolised to innocuous 
products. These are 2-butoxyethanol [FL-no: 02.242], the major metabolite of which butoxyacetic acid 
has been recognised as responsible for haematotoxic effects induced by 2-butoxyethanol [FL-no: 
02.242], 1,1,3-triethoxypropane [FL-no: 06.097], which may be metabolised to 3-ethoxypropanoic 
acid, a substance with some structural similarities to 2-butoxyethanol and finally, ethyl 2-
acetylbutyrate [FL-no: 09.824], of which hydrolysis gives rise to 2-acetylbutyric acid, which shows 
some structural similarities to valproic acid, a known teratogenic compound. Therefore, these 
substances are evaluated via the B-side of the Procedure. The evaluation of the remaining 59 candidate 
substances proceeds via the A-side of the Procedure. 

Step A3 

Step A3 applies to 54 candidate substances from structural class I [FL-no: 02.132, 02.198, 05.149, 
07.169, 08.053, 08.082, 08.090, 08.103, 08.113, 09.333, 09.345 - 09.354, 09.360, 09.502, 09.558, 
09.565, 09.580, 09.590, 09.601, 09.626, 09.629, 09.633, 09.634, 09.644, 09.683, 09.815, 09.832, 
09.833, 09.862, 09.874, 09.916, 09.951, 10.038, 10.039, 10.040, 10.045, 10.047 - 10.049, 10.052, 
10.055, 10.058, 10.059, 10.063, 10.068 and 10.168], four candidate substances from structural class II 
[FL-no: 06.088, 06.090, 06.095 and 06.135] and one candidate substance from structural class III [FL-
no: 06.102]. 

The 54 candidate substances which have been assigned to structural class I have estimated European 
daily per capita intakes (MSDI) ranging from 0.0012 to 1500 microgram. The four candidate 
substances from structural class II have MSDIs ranging from 0.0012 to 1.2 microgram and the one 
candidate substance assigned to structural class III has an estimated European daily per capita intake 
of 0.011 microgram (Table 6.1). These intakes are below the thresholds of concern of 1800, 540 and 
90 microgram/person/day for structural class I , II and III, respectively. 
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Accordingly, these 59 candidate substances do not pose a safety concern when used at estimated levels 
of intake as flavouring substances, based on the MSDI approach. 

Step B3 

The MSDIs of the candidate substances 2-butoxyethan-1-ol [FL-no: 02.242], 1,1,3-triethoxypropane 
[FL-no: 06.097] and ethyl 2-acetylbutyrate [FL-no: 09.824], were estimated to be 0.0012 
microgram/capita/day for each. Thus, the MSDI-values of all three candidate substances are below the 
threshold of concern for their structural classes of 540 microgram/person/day (class II) for [FL-no: 
02.242 and 06.097] and of 1800 microgram/person/day (class I) for [FL-no: 09.824]. Accordingly, the 
three substances proceed to step B4 of the Procedure. 

Step B4 

The candidate substance ethyl 2-acetylbutyrate [FL-no: 09.824] is expected to be hydrolysed to the 
corresponding alpha-ethylated carboxylic acid, 2-acetylbutyric acid and ethanol. No toxicity studies 
that would permit establishing a No Observed Adverse Effect Level (NOAEL) are available for ethyl 
2-acetylbutyrate or its hydrolysis product 2-acetylbutyric acid. 2-Acetylbutyric acid is structurally 
related to 2-ethylhexanol [FL-no: 02.082] for which the JECFA has established an ADI of 0.5 mg/kg 
bw/day (JECFA, 1993b). The estimated daily per capita intake, based on the MSDI approach and 
expressed in microgram/kg bw/day for the hydrolysis product of the candidate substance ethyl 2-
acetylbutyrate (and 2-acetylbutyric acid) is approximately 25 x 106 fold below the acceptable daily 
intake (ADI) value of the structurally related 2-ethylhexanol. Furthermore, the hydrolysis product, 2-
acetylbutyric acid, shows some structural similarities to valproic acid, a known teratogenic compound. 
If 2-acetylbutyric acid is considered to be as potent as valproic acid (NOAEL = 600 mg/kg bw/day) 
the margin of safety would be 3 x 109, based on the MSDI of 0.0012 microgram/capita/day. 
Accordingly, it is concluded that ethyl 2-acetylbutyrate [FL-no: 09.824] does not pose a safety 
concern at the estimated level of intake, based on the MSDI approach. 

For the candidate substances 2-butoxyethan-1-ol [FL-no: 02.242] and 1,1,3-triethoxypropane [FL no: 
06.097], the hydrolysis product of which has some structural similarities to 2-butoxyethan-1-ol, a 
NOAEL could not be established in sub-chronic/chronic toxicity studies with respect to 
haemotoxicity. Thus, strictly according to the Procedure additional toxicity data would be needed to 
finalise the evaluation of these two substances in step B4 of the Procedure. However, reconsidering 
and updating the previous version of this FGE, the Panel noted that at least for 2-butoxyethan-1-ol 
[FL-no: 02.242] a wealth of toxicity data is available, so that this substance can be evaluated on a 
broader basis than only the Procedure for the Evaluation of Flavouring substances, which in principle 
has been designed for the evaluation of data-poor substances. 

Considering the data available, especially those on kinetics and mechanism of action (see US-EPA, 
1999 and draft EU-RAR 2007, human health part) it becomes clear that there are major differences in 
sensitivity between humans and rats regarding the prime toxic effect (haemotoxicity) of this substance, 
with humans (together with dog, guinea pig, pig, cat and rabbit) being considerably less sensitive than 
rats (together with mouse, hamster and baboon). For that reason it seems inappropriate to ask for 
further toxicity data in animals, as the available data already cover the most sensitive species. In this 
case an alternative approach is needed and possible for this data-rich substance (EPA, 1999; EU-RAR, 
2007). 

In their evaluation, US-EPA, using a Bench Mark Dose approach, combined with physiologically-
based kinetic modelling arrived at an oral Reference dose (RfD) for chronic exposure of 0.5 mg/kg 
body weight (bw)/day (EPA, 1999). 

In the EU-RAR (2007) a Human equivalent Lowest Observed Adverse Effect Level (LOAEL) of 9.5 
mg/kg bw/day is used, which was derived from the LOAEL in the rat using the same kinetic models as 
applied by US-EPA. A Margin of Safety of 3 between the Human equivalent LOAEL and estimates 
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for chronic exposure of "Consumers" or "Humans, exposed via the Environment" was considered 
sufficient to reach a conclusion of no concern. 

For each of the two candidate flavouring substances 2-butoxyethan-1-ol [FL-no: 02.242] and 1,1,3-tri-
ethoxypropane [FL no: 06.097] an MSDI of 0.0012 microgram/capita/day (see Table 6.1) can be 
calculated. The RfD from US-EPA and the LOAEL from the draft EU-RAR are factors of 2.5 × 107 or 
4.75 × 108 above the MSDI, respectively. The Panel concluded that these margins are sufficiently 
large to decide that based on the MSDI exposure estimates, these substances are of no concern when 
used as flavouring substances. 

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

6. Comparison of the Intake Estimations Based on the MSDI Approach and the mTAMDI 
Approach 

The mTAMDI for the 54 candidate substances in structural class I and for which use levels 
information is available, range from 800 to 5100 microgram/person/day. For 51 of these substances 
the mTAMDI is above the threshold of concern of 1800 microgram/person/day.  

The mTAMDI of the five substances assigned to structural class II, and for which use levels 
information is available, range from 3800 to 3900 microgram/person/day, which is above the threshold 
of concern of 540 microgram/person/day.  

For the two substances from structural class III the mTAMDI is 3800 and 4100 microgram/person/day, 
which is above the threshold of 90 microgram/person/day. 

Thus, for the 58 candidate substances further information is required as the mTAMDIs are above the 
threshold for the structural class. This would include more reliable intake data and then, if required, 
additional toxicological data. For two substances [FL-no: 06.135 and 08.113] use levels are required 
for the food categories as listen in Commission Regulation (EC) No 1565/2000 (EFFA, 2001a; EFFA, 
2003c; EFFA, 2003s; EFFA, 2004ag; EFFA, 2007a; Flavour Industry, 2006a; Flavour Industry, 
2010g; Flavour Industry, 2010n). 

For comparison of the MSDI- and mTAMDI-values see Table 6.1. 

Table 6.1 Estimated intakes based on the MSDI approach and the mTAMDI approach 

FL-no EU Register name MSDI 
(μg/capita/day) 

mTAMDI 
(μg/person/day) 

Structural 
class 

Threshold of concern 
(µg/person/day) 

02.132 Butane-1,3-diol 0.0061 3900 Class I 1800 
02.198 Octane-1,3-diol 0.0012 3900 Class I 1800 
05.149 Glutaraldehyde 0.055 1600 Class I 1800 
07.169 1-Hydroxypropan-2-one 0.22 1600 Class I 1800 
08.053 Malonic acid 0.0012 3200 Class I 1800 
08.082 Glutaric acid 0.0012 3200 Class I 1800 
08.090 2-Hydroxy-4-methylvaleric acid 0.0012 3800 Class I 1800 
08.103 Nonanedioic acid 0.0012 3200 Class I 1800 
08.113 Succinic acid, disodium salt 1500  Class I 1800 
09.333 sec-Butyl lactate 3.7 3900 Class I 1800 
09.345 Di-isopentyl succinate 0.037 3900 Class I 1800 
09.346 Dibutyl malate 0.0012 3900 Class I 1800 
09.347 Dibutyl succinate 0.12 3900 Class I 1800 
09.348 Diethyl adipate 0.027 3900 Class I 1800 
09.349 Diethyl citrate 0.12 3900 Class I 1800 
09.350 Diethyl fumarate 0.0012 3900 Class I 1800 
09.351 Diethyl maleate 12 3900 Class I 1800 
09.352 Diethyl nonanedioate 0.0012 3900 Class I 1800 
09.353 Diethyl oxalate 0.0012 3900 Class I 1800 
09.354 Diethyl pentanedioate 0.0012 3900 Class I 1800 
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Table 6.1 Estimated intakes based on the MSDI approach and the mTAMDI approach 

FL-no EU Register name MSDI 
(μg/capita/day) 

mTAMDI 
(μg/person/day) 

Structural 
class 

Threshold of concern 
(µg/person/day) 

09.360 Ethyl 2-acetoxypropionate 4.9 3900 Class I 1800 
09.502 Ethyl butyryl lactate 0.5 3900 Class I 1800 
09.558 Dimethyl malonate 0.097 3900 Class I 1800 
09.565 Hex-3-enyl 2-oxopropionate 0.74 3900 Class I 1800 
09.580 Hexyl lactate 0.49 3900 Class I 1800 
09.590 Isobutyl lactate 3.7 3900 Class I 1800 
09.601 Isopentyl lactate 7.2 5100 Class I 1800 
09.626 Methyl 2-oxopropionate 0.024 3900 Class I 1800 
09.629 Methyl 3-acetoxyhexanoate 0.0012 3900 Class I 1800 
09.633 Methyl 5-hydroxydecanoate 0.24 3900 Class I 1800 
09.634 Methyl acetoacetate 0.012 3900 Class I 1800 
09.644 Methyl lactate 0.34 3600 Class I 1800 
09.683 Pentyl lactate 0.61 3900 Class I 1800 
09.815 Propyl lactate 0.62 3900 Class I 1800 
09.832 Ethyl 3-acetohexanoate 0.33 3900 Class I 1800 
09.833 iso-Propyl 4-oxopentanoate 0.24 3900 Class I 1800 
09.862 Ethyl 3-acetoxy octanoate 0.0012 3900 Class I 1800 
09.874 Di(2-methylbutyl) malate 0.015 3900 Class I 1800 
09.916 Ethyl 3-hydroxyoctanoate 0.011 3900 Class I 1800 
09.951 Dioctyl adipate 6.1 800 Class I 1800 
10.038 Dec-7-eno-1,4-lactone 0.37 3900 Class I 1800 
10.039 cis-Dec-7-eno-1,4-lactone 1.2 3900 Class I 1800 
10.040 Dec-8-eno-1,5-lactone 0.011 3900 Class I 1800 
10.045 Heptano-1,5-lactone 0.012 3900 Class I 1800 
10.047 Hexadecano-1,16-lactone 0.024 3900 Class I 1800 
10.048 Hexadecano-1,4-lactone 0.0061 3900 Class I 1800 
10.049 Hexadecano-1,5-lactone 0.024 3900 Class I 1800 
10.052 3-Methylnonano-1,4-lactone 0.61 3900 Class I 1800 
10.055 Pentano-1,5-lactone 0.012 3900 Class I 1800 
10.058 Tridecano-1,5-lactone 0.61 3900 Class I 1800 
10.059 Hexadec-7-en-1,16-lactone 1.9 3900 Class I 1800 
10.063 Hexadec-9-en-1,16 lactone 48 3900 Class I 1800 
10.068 Pentadecano-1,14-lactone 0.9 3900 Class I 1800 
10.168 5,6-Dimethyl-tetrahydro-pyran-2-one 1.2 3900 Class I 1800 
09.824 Ethyl 2-acetylbutyrate 0.0012 3900 Class I 1800 
06.088 2-Ethyl-4-methyl-1,3-dioxolane 0.0061 3900 Class II 540 
06.090 4-Hydroxymethyl-2-methyl-1,3-dioxolane 0.012 3900 Class II 540 
06.095 4-Methyl-2-propyl-1,3-dioxolane 0.012 3800 Class II 540 
06.135 2-Isobutyl-4-methyl-1,3-dioxolane 1.2  Class II 540 
02.242 2-Butoxyethan-1-ol 0.0012 3900 Class II 540 
06.097 1,1,3-Triethoxypropane 0.0012 3900 Class II 540 
06.102 2-Hexyl-5-hydroxy-1,3-dioxane 0.011 4100 Class III 90 
10.170 5-Pentyl-3H-furan-2-one 1.2 3800 Class III 90 

7. Considerations of Combined Intakes from Use as Flavouring Substances 

Because of structural similarities of candidate and supporting substances, it can be anticipated that 
many of the flavourings are metabolised through the same metabolic pathways and that the 
metabolites may affect the same target organs. Further, in case of combined exposure to structurally 
related flavourings, the pathways could be overloaded. Therefore, combined intake should be 
considered. As flavourings not included in this FGE may also be metabolised through the same 
pathways, the combined intake estimates presented here are only preliminary. Currently, the combined 
intake estimates are only based on MSDI exposure estimates, although it is recognised that this may 
lead to underestimation of exposure. After completion of all FGEs, this issue should be readdressed. 

The total estimated combined daily per capita intake of structurally related flavourings is estimated by 
summing the MSDI for individual substances. 

As one of the candidate substances, 5-pentyl-3H-furan-2-one [FL-no: 10.170] show possible genotoxic 
potential in vitro, the substance is not taken through the Procedure. This substance is therefore not 
included in the calculation of the combined intake of the candidate substances evaluated in 
FGE.10Rev3. 
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On the basis of the reported annual production volumes in Europe (EFFA, 2000c; EFFA, 2003d; 
EFFA, 2008b; Flavour Industry, 2010n), the combined estimated daily per capita intake as flavourings 
of the 55 candidate flavouring substances assigned to structural class I is 1600 microgram, of the six 
candidate flavouring substances assigned to structural class II is 1.2 microgram and of the one 
candidate substance assigned to structural class III, 0.01 microgram. These estimates do not exceed the 
thresholds of concern for the corresponding structural classes of 1800, 540 and 90 
microgram/person/day, respectively. 

The candidate lactones are structurally related to 278 supporting lactones from structural class I, for 
which the combined intake based on the MSDI approach is approximately 20000 
microgram/capita/day. The supporting substances were evaluated by the JECFA at the 49th meeting, 
where it was noted that although the combined intake exceeds the threshold for the structural class, the 
lactones are expected to be hydrolysed and completely metabolised to innocuous products at the 
estimated level of intake as flavouring substances, and would not give rise to perturbations outside the 
physiological range. The Panel agreed with this view and concluded that the additional intake of about 
55 microgram/capita/day for the candidate lactones is negligible compared to the combined intake of 
20000 microgram/capita/day of the supporting lactones. 

Likewise 41 candidate substances are structurally related to 339 supporting aliphatic primary alcohols 
and related substances containing an additional oxygenated functional group from structural class I, 
and for which intake data are available. The combined intake of these supporting substances amounts 
to approximately 24000 microgram/capita/day based on the MSDI approach. These substances were 
evaluated at the 53rd JECFA meeting, where it was also noted that the substances are expected to be 
efficiently metabolised to innocuous products and would not give rise to perturbations outside the 
physiological range. The Panel agreed with this view and concluded that the contribution from the 
combined intake of the candidate substances of 1540 microgram/capita/day would not alter the 
JECFA conclusion based on a combined intake of 24000 microgram/capita/day. 

8. Toxicity 

8.1. Acute Toxicity 

Data are available for 16 of the candidate substances (Annex IV, Table IV.1). For the majority of 
candidate substances, oral LD50 values, in mice or rats, varied from 100 mg/kg up to more than 5000 
mg/kg body weight (bw). For butane-1,3-diol [FL-no: 02.132] and octane-1,3-diol [FL-no: 02.198] 
LD50 values between 20 g/kg bw and approximately 30 g/kg bw are reported (Annex IV, Table IV.1). 

Forty-three supporting substances were tested for acute toxicity in mice and/or rats (Annex IV, Table 
IV.1). For the majority of the supporting substances, oral LD50 values, in mice or rats, varied from 
1300 mg/kg up to 18500 mg/kg bw. For diethyl sebacate [FL-no: 09.475] and tributyl acetylcitrate 
[FL-no: 09.511] LD50 values larger than 30 g/kg bw are reported. 

The acute toxicity data are summarised in Annex IV, Table IV.1. 

                                                      
 
8 European production volumes are only available for 27 of the 29 JECFA evaluated lactones – these substances 
have been evaluated by JECFA before 2000 and accordingly no EFSA considerations have been performed 
including requests for production volumes. 
9 European production volumes are only available for 33 of the 47 JECFA evaluated alcohols and related 
substances – these substances have been evaluated by JECFA before 2000 and accordingly no EFSA 
considerations have been performed including requests for production volumes. 
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8.2. Subacute, Subchronic, Chronic and Carcinogenicity Studies 

Subacute/subchronic/chronic toxicity data are available for five candidate substances, 2-butoxyethan-
1-ol [FL-no: 02.242], butane-1,3-diol [FL-no: 02.132], malonic acid [FL-no: 08.053], glutaraldehyde 
[FL-no: 05.149], nonanedioic acid [FL-no: 08.103] and for 20 supporting substances of the present 
Flavouring Group Evaluation (JECFA, 1998a; JECFA, 2000c). Additionally, data are available for 
two to succinic acid, disodium salt [FL-no: 08.113] structurally related substances, succinate 
monosodium and disodium hexahydrate. 

Available data on repeated dose toxicity show that haemolysis is the primary and critical response 
elicited in the main animal test models (rats and mice) following oral exposure to 2-butoxyethan-1-ol, 
in which the haematotoxic action is produced by the metabolite butoxyacetic acid (this effect is also 
seen following other exposure routes such as inhalation or dermal exposure. These exposure routes are 
not considered relevant for this evaluation as data from oral exposure are available). Notably, the 
haematotoxic effect exhibits a pronounced species difference. In sensitive species (rat, mouse, 
hamster, baboon), 2-butoxyethan-1-ol produces a characteristic toxicity that is revealed clinically by 
the appearance of haemoglobinuria and pathologically by changes in a variety of blood parameters 
(EPA, 1999; EU-RAR, 2004a). Slight decrease in body weight gain, haematological and liver effects 
have been reported for male and female rats, respectively (NTP, 1993a). Human erythrocytes are about 
100-times less sensitive than rat erythrocytes as judged by prehaemolytic changes in vitro (increase in 
mean erythrocyte volume, erythrocyte deformability) consistently observed in both species. Studies 
have also shown that potentially sensitive human sub-populations, including children, the elderly and 
those with sickle cell anemia, do not show increased sensitivity to the haemolytic action of 2-
butoxyethan-1-ol. Furthermore, the in vivo blood concentrations producing haemolysis in the animal 
experiments are considered unlikely to occur under normal conditions of human exposure to 2-
butoxyethan-1-ol (EU-RAR, 2004a). 

Carcinogenicity:  

In a two year inhalation study, F344/N rats were exposed to 0, 0.031, 0.0625 and 0.125 mg/m3  and 
B6C3F1 mice were exposed to 0, 0.0625, 0.125 and 0.250 mg/m3 2-butoxyethan-1-ol (NTP, 2000b). 
The exposure caused a low incidence of haemangiosarcoma in male mice at the highest exposure 
concentration; haemangiosarcoma did not occur in female mice or in rats. In female mice, 2-
butoxyethan-1-ol caused an increased incidence of forestomach tumours. It was not carcinogenic in 
rats. The occurrence of haemangiosarcoma in male mice only at highest exposure concentration is 
suggestive of a threshold phenomenon, related to the induction of haemolysis in rodent species. With 
regard to human relevance, the mechanism proposed for the induction of haemangiosarcomas strongly 
supports the conclusion that 2-butoxyethan-1-ol is unlikely to be a carcinogenic hazard at the 
estimated level of intake as flavouring substance, because human erythrocytes are demonstrably more 
resistant to haemolysis than are rodent erythrocytes.  

Glutaraldehyde10 [FL-no: 05.149] (50, 250, 1000 mg/l in drinking water, resulting in doses of 2.9-6.9, 
14.5-31.8 and 54.7-104.6 mg/kg/day, respectively) was not tumorigenic in a two year carcinogenicity 

                                                      
 
10 Glutaraldehyde is also used in food contact material (FCM). It was evaluated by the former Scientific Committee on Food 
(SCF List 7, http://europa.eu.int/comm/food/fs/sc/scf/out50_en.pdf), however, this is not a final evaluation. According to 
German recommendations, glutardialdehyde (synonym: glutaraldehyde) may be used for the production of artificial sausage 
skin (maximum use level 0.1 %). The maximum residual amount of glutardialdehyde is 50 mg per kg artificial sausage skin 
(ready for use). Furthermore, glutardialdehyde may be used as anti slime agent for the production of paper as FCM 
(maximum use level 2.5 % based on dry fibre material). The maximum residual amount of glutardialdehyde is 2 mg per kg 
paper (ready for use). The Panel noted that maximum residual amounts of glutaraldehyde in food contact material (as set e.g. 
in German recommendations) could apparently conflict with reported use levels of glutaraldehyde as flavouring. However, in 
the German recommendations, the maximum residual amounts were set considering the technologically needed use levels 
(limited data submitted) rather than on toxicological data, and the Panel therefore did not find the low maximum residual 
amounts for glutaraldehyde as such in conflict with higher use levels for glutaraldehyde as flavouring, which could therefore 
go through the Procedure. 
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study on male and female rats (Van Miller et al., 2002). Furthermore, malonic acid [FL-no: 08.053] 
was negative in a liver foci tumour promotion assay.  

Repeated dose toxicity data are summarised in Annex IV, Table IV.2. 

8.3. Developmental / Reproductive Toxicity Studies 

Data on developmental toxicity and reproductive toxicity are available for the following five candidate 
substances: 2-butoxyethan-1-ol [FL-no: 02.242], butane-1,3-diol [FL-no: 02.132], glutaric acid [FL-
no: 08.082], glutaraldehyde [FL-no: 05.149] and nonanedioic acid [FL-no: 08.103]. Studies for 
supporting substances comprise butyro-1,4-lactone [FL-no: 10.006] and adipic acid [FL-no: 08.026] 
(JECFA, 1998a; JECFA, 2000c) and one structurally related substance, succinate disodium 
hexahydrate (Annex IV, Table IV.3). 

For 2-butoxyethan-1-ol [FL-no: 02.242] no effects on fertility were observed in female and male mice 
given 2-butoxyethan-1-ol in the drinking water in a continuous breeding study in which a NOAEL of 
720 mg/kg was derived (EU-RAR, 2004a). As to developmental toxicity, studies performed on 
animals via various administration routes did not demonstrate any teratogenic potential, and 
foetotoxicity and embryotoxicity (lethality and resorptions) were only observed in the presence of 
maternal toxicity (regenerative haemolytic anaemia). Other effects seen on foetuses were an increase 
in the incidence of skeletal variations, which are generally described as ossification delays. The effects 
seen in developmental toxicity studies with 2-butoxyethan-1-ol are considered to result from 
haemolysis and subsequent maternal anemia (EU-RAR, 2004a). Overall, 2-butoxyethan-1-ol is not 
considered to pose a safety concern with respect to reproduction and development at the estimated 
level of intake as flavouring substance. 

No information is available on ethyl 2-acetyl butyrate [FL-no: 09.824], the hydrolysis product of 
which, 2-acetyl butyric acid, has some structural similarities to valproic acid, which, together with a 
number of its derivatives, has been recognised as teratogenic in rodents and in humans (Nau and 
Löscher, 1986; Samren et al., 1997; Kaneko et al., 1999). Offspring of mothers using > 1000 mg/kg 
bw/day valproic acid per day were at a significantly increased risk of major congenital malformations 
especially neural tube defects, compared to offspring exposed < or 600 mg valproic acid/day (RR 6.8; 
95 % CI: 1.4 - 32.7). No difference in risk of major congenital malformations was found between the 
offspring exposed to 601 - 1000 mg/day and < or = 600 mg/kg bw/day. Thus, 600 mg/day is 
considered as NOAEL for the teratogenic effects of valproic acid in humans. 

Developmental/reproductive toxicity data are summarised in Annex IV, Table IV.3. 

8.4. Genotoxicity Studies 

Genotoxicity data were provided for 12 of the candidate substances. These 12 substances are pentano-
1,5-lactone [FL-no: 10.055], 5,6-dimethyl-tetrahydro-pyran-2-one [FL-no: 10.168], glutaraldehyde 
[FL-no: 05.149], 1-hydroxypropan-2-one [FL-no: 07.169], butane-1,3-diol [FL-no: 02.132], malonic 
acid [FL-no: 08.053], diethyl maleate [FL-no: 09.351], diethyl adipate [FL-no: 09.348], methyl 
acetoacetate [FL-no: 09.634], 2-butoxyethan-1-ol [FL-no: 02.242], glutaric acid [FL-no: 08.082] and 
succinic acid, disodium salt [FL-no: 08.113]. There were genotoxicity data on 22 supporting 
substances and for one structurally related substance (Annex IV, Table IV.4 and IV.5). 

For 5-pentyl-3H-furan-2-one [FL-no: 10.170] flavour industry informs that the commercial product is 
a mixture of two structural isomers – 2/3 is the named compound (5-pentyl-3H-furan-2-one) and 1/3 is 
the structural isomer - 5-pentyl-5H-furan-2-one. This latter isomer is identical to [FL-no: 10.054], 
which is an alpha,beta-unsaturated alcohol (after hydrolysis of the lactone) allocated to FGE.19 
subgroup 4.1. This subgroup was evaluated in FGE.217 with the conclusion that additional 
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genotoxicity data required. Therefore, the Panel concluded that [FL-no: 10.170] should not be 
evaluated through the Procedure until these data are available. 

In vitro 

Pentano-1,5-lactone [FL-no: 10.055], 5,6-dimethyl-tetrahydro-pyran-2-one [FL-no: 10.168] methyl 
acetoacetate [FL-no: 09.634] and succinic acid [FL-no: 08.113] were reported to be negative in 
microbial mutagenicity assays.  

1-Hydroxypropan-2-one [FL-no: 07.169] was positive in Ames tests using strains TA 100 and TA 104 
in the presence and absence of S-9 metabolic activation (Garst et al., 1983; Marnett et al., 1985a; 
Yamaguchi, 1982; Yamaguchi and Nakagawa, 1983);. These results are consistent across the four 
reported studies which, despite limitations in study design and reporting, suggest that 1-
hydroxypropan-2-one should be considered an in vitro mutagen in bacteria. There are no data provided 
on either in vitro endpoints nor on in vivo studies.  

Diethyl maleate [FL-no: 09.351] was reported to produce mutations in the TK +/- locus of L5178Y 
mouse lymphoma cells. However, the concentration required for a two-fold increase of mutations 
results in 70 % growth reduction (Wangenheim and Bolcsfoldi, 1988), rendering this effect 
questionable. Diethyl maleate was positive in an aneuploidy test using V79 Chinese hamster lung cells 
at 8.7 x10-6 M but not at 5.2 x10-6 M (Önfelt, 1987); generally aneuploidy is considered as a threshold 
phenomenon.  

In vitro and/or in vivo 

Glutaric acid [FL-no: 08.082] was reported to be negative in the Ames and Rec test as well as in an in 
vivo test for rat bone marrow aberrations.  

2-Butoxyethan-1-ol [FL no: 02.242] was negative in the Ames test and in in vitro tests in mammalian 
cells for induction of forward mutations, chromosomal aberrations and sister chromatid exchanges 
(SCE). Positive results were only reported in one study in V79 cells (for induction of forward 
mutations, SCE and micronuclei) at doses above the maximum level recommended by current OECD 
Guidelines. Equivocal positive results were reported in an unscheduled DNA synthesis (UDS) assay in 
primary rat hepatocytes. In vivo, negative results were obtained in an adequate micronucleus tests in 
rats and mice following oral or intraperitoneal administration. No evidence of DNA binding or 
alteration of DNA methylation was obtained in a study in rats and mice. The overall experimental 
evidence indicated that 2-butoxyethan-1-ol is not genotoxic (see Table IV.5). 

Glutaraldehyde [FL-no: 05.149] exhibits genotoxic effects in in vitro tests, most consistently in the 
bacterial mutagenicity assays. Forward gene mutation tests in vitro in mammalian cells have given 
variable results depending on the locus: negative with HGPRT and positive with TK. Also, SCE, 
chromosome aberration and UDS tests have shown no effect to a weakly positive effect, depending on 
the laboratory, protocol, dosages and sampling times. However, that any in vitro potential for 
genotoxic effects will not be expressed in vivo is indicated by the in vivo study results, which include 
chromosomal aberrations, mammalian erythrocyte micronucleus test, UDS and recessive lethal 
mutations. The only study suggesting an in vivo effect was an increase in micronuclei in mouse blood 
cells up to 15 mg/kg bw. However, the data are insufficiently reported. The negative results from the 
well-conducted in vivo studies may be related to the rapid metabolism and protein binding 
characteristics of glutaraldehyde, and the related observation that although 14C-labelled 
glutaraldehyde may be detected in cell cytoplasm there is no nuclear fraction radioactivity (Vergnes 
and Ballantyne, 2002). 

Butane-1,3-diol [FL-no: 02.132] was reported as not inducing chromosomal aberration in bone 
marrow and was negative in a rat dominant lethal assay. Butane-1,3-diol [FL-no: 02.132] was checked 
for cytogenetic effects over a period of three generations at doses of 5 % (5000 mg/kg/day), 10 % and 
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24 %. None of the doses produced abnormal rates of bone marrow metaphase cells as compared to 
controls (Hess et al., 1981). 

Malonic acid [FL-no: 08.053] was found negative in a rat liver foci assay, diethyl adipate [FL-no: 
09.348] was reported to be negative in a mouse dominant lethal assay. 

Genotoxicity tests are available for 22 supporting substances. Some positive test results from in vitro 
studies are reported for 4-hydroxybutyric acid lactone [FL-no: 10.006], which, however, was found 
negative in a reliable Drosophila in vivo sex-linked recessive lethal mutation assay (Table IV 4 and 5). 
Results of in vivo bone marrow micronucleus assays in mice available for 4-hydroxybutyric acid 
lactone were also negative, however, since the PCE/NCE ratio was not reported it is not clear if the 
test substance reached the bone marrow (Table IV.5). Positive in vitro data that cannot be evaluated 
are reported for hexano-1,5-lactone [FL-no: 10.010], nonano-1,4-lactone [FL-no: 10.001], undecano-
1,4-lactone [FL-no: 10.002], undecano-1,5-lactone [FL-no: 10.011] and ethyl acetoacetate [FL-no: 
09.402] (Annex IV, Table IV.4). 

Conclusions on genotoxicity 

Genotoxicity data are only available on a very limited number of the candidate substances in this 
Flavouring Group Evaluation and none has a complete package of mutagenicity endpoints. 

One of the candidate substances (1-hydroxypropan-2-one [FL-no: 07.169]) induced gene mutations in 
bacteria but has not been studied in vivo or in other in vitro assays. 

In its first evaluation of this group of aliphatic alcohols, aldehydes, acetals, carboxylic acids and esters 
containing an additional oxygenated functional group and lactones (EFSA, 2005b) the Panel 
considered that for the candidate substance, 1-hydroxypropan-2-one [FL-no: 07.169], it was necessary 
to request additional in vitro data from studies in mammalian cells. However, in the first revision of 
FGE.10 (FGE.10Rev1) the Panel reconsidered the fact that 1-hydroxypropan-2-one is an endogenous 
metabolite of acetone. Acetone is endogenously formed from the degradation of body fat/fatty acids 
and occurs in the blood of healthy humans not exposed to external sources of acetone in amounts of 
approximately 4 - 12 mg/person corresponding to 0.7 to 2 mg/l blood. Under these conditions, the 
majority of the acetone in blood would be metabolised to 1-hydroxypropan-2-one, which is rapidly 
further metabolised to endogenous compounds (methylglyoxal, pyruvate and glucose) in the 
methylglyoxal pathway. The estimated exposure of 0.22 microgram/capita/day is considerably lower 
than that resulting from the metabolism of acetone and would not significantly add to the internal 
exposure to 1-hydroxypropan-2-one in the body and would not perturb the normal catabolism of the 
compound to innocuous endogenous products. The Panel therefore concluded that 1-hydroxypropan-
2-one [FL-no: 07.169] would not be of safety concern at the exposure level resulting from its use as a 
flavouring substance. Consequently, the Panel decided that further studies on the in vitro genotoxicity 
of 1-hydroxypropan-2-one [FL-no: 07.169] would not be required. 

Glutaraldehyde was tested in vitro and in vivo, with positive findings in vitro. However, based upon 
the negative results of in vivo genotoxicity assays, along with the lack of tumorigenicity in mice and 
rats, the in vitro genotoxicity data are not considered relevant for the safety evaluation of 
glutaraldehyde. 

Disodium succinate [FL-no: 08.113] did not induce mutations in bacterial reverse mutation assays 
using S.typhimurium strains TA97, TA94, TA98, TA100, TA1535, and TA1537 at 5 mg/plate (with 
metabolic activation)  and in TA97 and TA102 at 15 mg/plate (with or without metabolic activation). 
A chromosomal test with Chinese hamster lung (CHL) cells revealed equivocal effects on polyploidy 
at 15 mg/mL (Ishidate et al., 1984; Fujita et al., 1994; OECD, 2003). These results are supported by 
studies on disodium succinate hexahydrate. 

5-pentyl-3H-furan-2-one [FL-no: 10.170] should not be evaluated through the Procedure until the 
additional gentoxicity data for FL-no: 10.054 are available, as stated in FGE 217. 
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The available experimental data indicate that 2-butoxyethan-1-ol is not genotoxic. 

For the remaining candidate substances, the genotoxic potential cannot be assessed adequately, 
however, from the limited data available there were no indications that genotoxicity for these 
substances should give rise to safety concern. 

Genotoxicity data are summaries in Annex IV, Table IV.4 and Table IV.5. 

9. Conclusions 

The candidate substances are alcohols, aldehydes, acetals, carboxylic acids and esters containing 
additional oxygenated functional groups and lactones. 

The present revision of FGE.10, FGE.10Rev3, includes the assessment of two additional candidate 
substances [FL-no: 09.951 and 10.170]. 

Thirty-six of the candidate substances possess one or more chiral centres and eight can exist as 
geometrical isomers due to the presence and the position of a double bond. For four of these eight 
substances [FL-no: 10.038, 10.040, 10.059 and 10.063] the stereoisomeric composition has not been 
specified sufficiently. For [FL-no: 10.170] the Industry has informed that the commercial substance is 
a mixture of two structural isomers. One of these isomers posses a chiral centre for which the 
configuration has not been specified. 

Fifty-five of the candidate substances belong to structural class I, six of the candidate substances 
belong to structural class II, and two belong to structural class III according to the decision tree 
approach presented by Cramer et al. (1978). 

Fifty of the flavouring substances in the present group have been reported to occur naturally in a wide 
range of food items. 

The candidate substances which have been assigned to structural class I have estimated European daily 
per capita intakes (MSDI) ranging from 0.0012 to 1500 microgram. The candidate substances from 
structural class II have MSDIs ranging from 0.0012 to 1.2 microgram and the two candidate 
substances assigned to structural class III have estimated European daily per capita intakes of 0.011 
and 1.2 microgram (Table 6.1). These intakes are below the thresholds of concern of 1800, 540 and 90 
microgram/person/day for structural class I, II and III, respectively. 

The combined estimated daily per capita intake as flavourings of the 55 candidate substances assigned 
to structural class I is 1600 microgram, which does not exceed the threshold of concern for a substance 
belonging to structural class I of 1800 microgram/person/day. Likewise, the combined estimated daily 
per capita intake as flavouring of the six candidate substances assigned to structural class II is 1.2 
microgram, which does not exceed the threshold of concern for a substance belonging to structural 
class II of 540 microgram/person/day. 

The candidate lactones are structurally related to 27 supporting lactones from structural class I, for 
which the combined intake based on the MSDI approach is approximately 20000 
microgram/capita/day. The supporting substances were evaluated by JECFA at the 49th meeting, 
where it was noted that although the combined intake exceeds the threshold for the structural class, the 
lactones are expected to be hydrolysed and completely metabolised to innocuous products at the 
estimated level of intake as flavouring substances, and would not give rise to perturbations outside the 
physiological range. The Panel agreed with this view and concluded that the additional intake of about 
55 microgram/capita/day for the candidate lactones is negligible compared to the combined intake of 
20000 microgram/capita/day of the supporting lactones. 
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Likewise 41 candidate substances are structurally related to 33 supporting aliphatic primary alcohols 
and related substances containing an additional oxygenated functional group from structural class I, 
and for which intake data are available. The combined intake of these supporting substances amounts 
to approximately 24000 microgram/capita/day based on the MSDI approach. These substances were 
evaluated at the 53rd JECFA meeting, where it was also noted that the substances are expected to be 
efficiently metabolised to innocuous products and would not give rise to perturbations outside the 
physiological range. The Panel agreed with this view and concluded that the contribution from the 
combined intake of the candidate substances of 1540 microgram/capita/day would not alter the 
JECFA conclusion based on a combined intake of 24000 microgram/capita/day. 

For 5-pentyl-3H-furan-2-one [FL-no: 10.170], the flavour Industry informs that the commercial 
product is a mixture of two structural isomers – 2/3 is the named compound (5-pentyl-3H-furan-2-one) 
and 1/3 is the structural isomer - 5-pentyl-5H-furan-2-one. This latter isomer is identical to [FL-no: 
10.054], which is an alpha, beta-unsaturated alcohol (after hydrolysis of the lactone), allocated to 
subgroup 4.1 of FGE.19 (FGE.217).The Panel concluded that 5-pentyl-3H-furan-2-one [FL-no: 
10.170] should not be evaluated through the Procedure until the additional gentoxicity data for [FL-
no: 10.054] are available, as stated in FGE 217.  

The Panel reconsidered the fact that 1-hydroxypropan-2-one [FL-no: 07.169] is an endogenous 
metabolite of acetone. Acetone is endogenously formed from the degradation of body fat/fatty acids 
and occurs in the blood of healthy humans not exposed to external sources of acetone in amounts of 
approximately 4 - 12 mg/person corresponding to 0.7 to 2 mg/l blood. Under these conditions, the 
majority of the acetone in blood would be metabolised to 1-hydroxypropan-2-one, which is rapidly 
further metabolised to endogenous compounds (methylglyoxal, pyruvate and glucose) in the 
methylglyoxal pathway. The estimated exposure of 0.22 microgram/capita/day is considerably lower 
than that resulting from the metabolism of acetone and would not significantly add to the internal 
exposure to 1-hydroxypropan-2-one in the body and would not perturb the normal catabolism of the 
compound to innocuous endogenous products. The Panel therefore decided that further genotoxicity 
data are not required and that the substance could be taken through the Procedure. 

For the remaining candidate substances, the genotoxic potential cannot be assessed adequately, 
however, from the limited data available there were no indications that genotoxicity for these 
substances should give rise to safety concern. 

It can be anticipated that, at the estimated levels of intake as flavouring substances, the alcohols, 
aldehydes, acetals, carboxylic acids and esters with an additional oxygenated functional group and 
aliphatic lactones included in the present FGE are generally hydrolysed and completely metabolised to 
innocuous products, many of which are endogenous in humans. The consideration on the actual levels 
of intake becomes particularly relevant for one candidate substance, diethyl maleate [FL-no: 09.351], 
as when administered at high doses, it is able to induce severe GSH depletion, due to its prompt 
metabolism to GSH-conjugates. This may also be the case for the structurally related diethyl fumarate 
[FL-no: 09.350]. However, as the estimated levels of intake as flavouring substances are sufficiently 
low for these two substances, profound GSH depletion is not expected. For three of the candidate 
substances it cannot be concluded that they are metabolised to innocuous products. These are 2-
butoxyethanol [FL-no: 02.242], the major metabolite of which butoxyacetic acid has been recognised 
as responsible for haematotoxic effects induced by 2-butoxyethanol [FL-no: 02.242], 1,1,3-
triethoxypropane [FL-no: 06.097], which may be metabolised to 3-ethoxypropanoic acid, a substance 
which has structural similarities to 2-butoxyethanol and finally, ethyl 2-acetylbutyrate [FL-no: 
09.824], of which hydrolysis gives rise to 2-acetylbutyric acid, which shows some structural 
similarities to valproic acid, a known teratogenic compound. Adequate margins of safety could be 
established for these three substances in step B4 of the Procedure. 

Otherwise, it was noted that where toxicity data were available they were consistent with the 
conclusions in the present Flavouring Group Evaluation using the Procedure. 
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It was considered that on the basis of the default MSDI approach that the 62 flavouring substances, to 
which the Procedure have been applied, would not give rise to safety concerns at the estimated levels 
of intake arising from their use as flavouring substances. 

The mTAMDI for the 54 candidate substances in structural class I, for which use levels information is 
available, range from 800 to 5100 microgram/person/day. For 51 of these substances the mTAMDI is 
above the threshold of concern of 1800 microgram/person/day. The mTAMDI of the five substances 
assigned to structural class II, and for which use levels information is available, range from 3800 to 
3900 microgram/person/day, which is above the threshold of concern of 540 microgram/person/day. 
For the two substances from structural class III the mTAMDIs are 3800 and 4100, which is above the 
threshold of 90 microgram/person/day. For two substances [FL-no: 06.135 and 08.113] no use levels 
have been provided for the food categories as listed in Commission Regulation (EC) No 1565/2000. 

Thus, for 60 candidate substances further information is required. This would include more reliable 
intake data and then, if required, additional toxicological data. The three candidate substances [FL-no: 
05.149, and 07.169 and 09.951] which have mTAMDI intake estimates below the threshold of concern 
for structural class I are also expected to be metabolised to innocuous products. 

Thus, in conclusion, 62 of the 63 flavouring substances were evaluated through the Procedure (based 
on MSDI approach), as one flavouring substance, 5-pentyl-3H-furan-2-one [FL-no: 10.170] could not 
be evaluated through the Procedure until adequate genotoxicity data become available. 

In order to determine whether the conclusion for the 62 candidate substances, which have been 
evaluated using the Procedure, can be applied to the materials of commerce, it is necessary to consider 
the available specifications. Specifications including complete purity criteria and identity for the 
materials of commerce have been provided for 58 flavouring substances. For four substances [FL-no: 
10.038, 10.040, 10.059 and 10.063] information on composition of mixture and/or stereoisomerism 
has not been specified sufficiently. For one substance [FL-no: 10.063] an identity test is missing. 
Thus, the final evaluation of the materials of commerce cannot be performed for four substances [FL-
no: 10.038, 10.040, 10.059 and 10.063], pending further information. 

For the remaining 58 candidate substances [FL-no: 02.132, 02.198, 02.242, 05.149, 06.088, 06.090, 
06.095, 06.097, 06.102, 06.135, 07.169, 08.053, 08.082, 08.090, 08.103, 08.113, 09.333, 09.345 - 
09.354, 09.360, 09.502, 09.558, 09.565, 09.580, 09.590, 09.601, 09.626, 09.629, 09.633, 09.634, 
09.644, 09.683, 09.815, 09.824, 09.832, 09.833, 09.862, 09.874, 09.916, 09.951, 10.039, 10.045, 
10.047 - 10.049, 10.052, 10.055, 10.058, 10.068 and 10.168] the Panel concluded that they would 
present no safety concern at the estimated levels of intake based on the MSDI approach. 
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TABLE 1: SPECIFICATION SUMMARY OF THE SUBSTANCES IN FGE.10REV3 

Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 10, Revision 3 

FL-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) 

Specification comments 

02.132 
 

Butane-1,3-diol OH

OH  

 
 
107-88-0 

Liquid 
C4H10O2 
90.12 

Soluble 
Freely soluble 

102 (13 hPa) 
 
MS 
95 % 

1.436-1.442 
0.992-0.998 

 
Racemate. 

02.198 
 

Octane-1,3-diol 
OH

OH

 

 
 
23433-05-8 

Liquid 
C8H18O2 
146.23 

Sparingly soluble 
Freely soluble 

82 (7 hPa) 
 
MS 
95 % 

1.452-1.458 
0.980-0.986 

 
Racemate. 

02.242 
 

2-Butoxyethan-1-ol O
OH

  
10182 
111-76-2 

Liquid 
C6H14O2 
118.18 

Slightly soluble 
Freely soluble 

170 
 
MS 
95 % 

1.416-1.422 
0.899-0.905 

 
 

05.149 
 

Glutaraldehyde O O   
 
111-30-8 

Liquid 
C5H8O2 
100.12 

Soluble 
Freely soluble 

188 
 
MS 
95 % 

1.430-1.436 
1.005-1.011 

 
 

06.088 
 

2-Ethyl-4-methyl-1,3-dioxolane 

OO

 

 
 
4359-46-0 

Liquid 
C6H12O2 
116.16 

Soluble 
Freely soluble 

116 
 
MS 
95 % 

1.402-1.408 
0.916-0.922 

 
Mixture of ((R/R), (R/S), 
(S/R) & (S/S) in equal 
ratios) (EFFA, 2010a). 

06.090 
 

4-Hydroxymethyl-2-methyl-1,3-
dioxolane 

O

O

HO
 

 
 
3674-21-3 

Liquid 
C5H10O3 
118.13 

Practically insoluble 
or insoluble 
Freely soluble 

187 
 
MS 
95 % 

1.440-1.446 
1.120-1.126 

 
Racemate. CASrn in 
Register to be changed to 
3773-93-1 (EFFA, 2006ac). 
CASrn in Register refers to 
the (2R, 4S) enantiomer. 

06.095 
 

4-Methyl-2-propyl-1,3-dioxolane 
O

O

 

 
 
4352-99-2 

Liquid 
C7H14O2 
130.19 

Soluble 
Freely soluble 

143 
 
MS 
95 % 

1.409-1.415 
0.907-0.913 

 
Mixture of ((R/R), (R/S), 
(S/R) & (S/S) in equal 
ratios) (EFFA, 2010a). 

06.097 
 

1,1,3-Triethoxypropane 

O O

O

 

 
10075 
7789-92-6 

Liquid 
C9H20O3 
176.26 

Practically insoluble 
or insoluble 
Freely soluble 

185 
 
MS 
95 % 

1.403-1.409 
0.890-0.896 

 
 

06.102 
 

2-Hexyl-5-hydroxy-1,3-dioxane 

O

O
HO

 

 
2016 
1708-36-7 

Solid 
C10H20O3 
188.22 

Practically insoluble 
or insoluble 
Freely soluble 

255 
44 
MS 
95 % 

n.a. 
n.a. 
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 10, Revision 3 

FL-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) 

Specification comments 

06.135 
1732 

2-Isobutyl-4-methyl-1,3-dioxolane 

O

O

 

4378 
 
18433-93-7 

Liquid 
C8H16O2 
144.21 

Insoluble 
Soluble 

150 
 
MS 
96 % 

n.a. 
0.895 

 
Mixture of ((R/R), (R/S), 
(S/R) & (S/S) in equal 
ratios) (EFFA, 2010a). 

07.169 
 

1-Hydroxypropan-2-one O

OH  
 
11101 
116-09-6 

Liquid 
C3H6O2 
74.08 

Soluble 
Freely soluble 

146 
 
MS 
95 % 

1.420-1.426 
1.084-1.090 

 
 

08.053 
 

Malonic acid 
HO OH

O O

 

 
2264 
141-82-2 

Solid 
C3H4O4 
104.16 

Soluble 
Freely soluble 

264 
135 
MS 
95 % 

n.a. 
n.a. 

 
 

08.082 
 

Glutaric acid O

HO

O

OH  

 
 
110-94-1 

Solid 
C5H8O4 
132.12 

Soluble 
Freely soluble 

303 
98 
MS 
95 % 

n.a. 
n.a. 

 
 

08.090 
 

2-Hydroxy-4-methylvaleric acid 
OH

OH

O

 

 
10118 
498-36-2 

Solid 
C6H12O3 
132.16 

Sparingly soluble 
Freely soluble 

249 
76 
MS 
95 % 

n.a. 
n.a. 

 
Racemate. 

08.103 
 

Nonanedioic acid HO OH

O O  

 
10079 
123-99-9 

Solid 
C9H16O4 
188.22 

Sparingly soluble 
Freely soluble 

225 (13 hPa) 
107 
MS 
95 % 

n.a. 
n.a. 

 
 

08.113 
 

Succinic acid, disodium salt 
Na+

-O

O

O

O-

Na+

 

3277 
 
150-90-3 

Solid 
C4H4Na2O4 
162.05 

Soluble 
Insoluble 

426.03 
156.43 
IR 
60 

n.a. 
n.a. 

 
Anhydrous when heated to 
120°C. Min.assay: 
Anhydrous 60 %, hydrate 40 
% (Fenaroli, 1995). 

09.333 
 

sec-Butyl lactate 
O

OH

O  

 
 
18449-60-0 

Liquid 
C7H14O3 
146.19 

Slightly soluble 
Freely soluble 

172 
 
MS 
95 % 

1.414-1.420 
0.970-0.976 

 
Racemate. 

09.345 
 

Di-isopentyl succinate 
O

O

O

O  

 
10555 
818-04-2 

Liquid 
C14H26O4 
258.36 

Practically insoluble 
or insoluble 
Freely soluble 

298 
 
MS 
95 % 

1.431-1.437 
0.955-0.961 

 
 

09.346 
 

Dibutyl malate 

OH

O

O

O

O

 

 
 
1587-18-4 

Solid 
C12H22O5 
246.30 

Practically insoluble 
Freely soluble 

170 (16 hPa) 
82 
MS 
95 % 

n.a. 
n.a. 

 
CASrn in Register to be 
changed to 6280-99-5 
(racemate). 
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 10, Revision 3 

FL-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) 

Specification comments 

09.347 
 

Dibutyl succinate O

O

O

O

 

 
 
141-03-7 

Liquid 
C12H22O4 
230.30 

Practically insoluble 
or insoluble 
Freely soluble 

275 
 
MS 
95 % 

1.426-1.432 
0.973-0.979 

 
 

09.348 
 

Diethyl adipate 
O

O

O

O  

 
 
141-28-6 

Liquid 
C10H18O4 
202.25 

Practically insoluble 
or insoluble 
Freely soluble 

244 
 
MS 
95 % 

1.425-1.431 
1.004-1.010 

 
 

09.349 
 

Diethyl citrate 

O O

O

OH

OHO
O

 

 
 
32074-56-9 

Solid 
C10H16O7 
248.23 

Sparingly soluble 
Freely soluble 

354 
237 
NMR 
95 % 

n.a. 
n.a. 

 
Racemate. 
CASrn in Register refers to 
incompletely defined 
substance. 

09.350 
 

Diethyl fumarate 
O

O

O

O  

 
 
623-91-6 

Liquid 
C8H12O4 
172.18 

Practically insoluble 
or insoluble 
Freely soluble 

218 
 
MS 
95 % 

1.438-1.444 
1.049-1.055 

 
 

09.351 
 

Diethyl maleate 
O O

O O

 

 
10551 
141-05-9 

Liquid 
C8H12O4 
172.18 

Practically insoluble 
or insoluble 
Freely soluble 

218 
 
MS 
95 % 

1.438-1.445 
1.049-1.055 

 
 

09.352 
 

Diethyl nonanedioate 
O O

OO

 

 
10549 
624-17-9 

Liquid 
C13H24O4 
244.33 

Practically insoluble 
or insoluble 
Freely soluble 

290 
 
NMR 
95 % 

1.432-1.438 
0.970-0.976 

 
 

09.353 
 

Diethyl oxalate 
O

O

O

O  

 
 
95-92-1 

Liquid 
C6H10O4 
146.14 

Practically insoluble 
or insoluble 
Freely soluble 

185 
 
MS 
95 % 

1.407-1.413 
1.076-1.082 

 
 

09.354 
 

Diethyl pentanedioate 
O O

O O

 

 
 
818-38-2 

Liquid 
C9H16O4 
188.22 

Practically insoluble 
or insoluble 
Freely soluble 

233 
 
MS 
95 % 

1.421-1.427 
1.019-1.025 

 
 

09.360 
 

Ethyl 2-acetoxypropionate 
O

O

O

O

 

 
 
2985-28-6 

Liquid 
C7H12O4 
160.17 

Practically insoluble 
or insoluble 
Freely soluble 

76 (13 hPa) 
 
MS 
95 % 

1.405-1.411 
1.041-1.047 

 
Racemate. 

09.502 
 

Ethyl butyryl lactate 
O

O

O

O

 

 
2242 
71662-27-6 

Liquid 
C9H16O4 
188.22 

Sparingly soluble 
Freely soluble 

208 
 
MS 
95 % 

1.408-1.414 
1.021-1.027 

 
Racemate. 

09.558 
 

Dimethyl malonate O O

O O  

 
11754 
108-59-8 

Liquid 
C5H8O4 
132.12 

Practically insoluble 
or insoluble 
Freely soluble 

181 
 
MS 

1.411-1.417 
1.150-1.156 
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 10, Revision 3 

FL-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) 

Specification comments 

95 % 
09.565 
1846 

Hex-3-enyl 2-oxopropionate 
O

O

O

 

3934 
10684 
68133-76-6 

Liquid 
C9H14O3 
170.21 

Practically insoluble 
or insoluble 
Freely soluble 

76 (0.7 hPa) 
 
IR NMR 
98 % 

1.437-1.445 
0.982-0.990 

 
Register name to be changed 
to Hex-(3Z)-enyl 2-
oxopropionate (EFFA, 
2010a). 

09.580 
 

Hexyl lactate 
O

OH

O

 

 
 
20279-51-0 

Liquid 
C9H18O3 
174.24 

Slightly soluble 
Freely soluble 

221 
 
MS 
95 % 

1.426-1.432 
0.951-0.957 

 
Racemate. 

09.590 
 

Isobutyl lactate 
O

O

OH  

 
10709 
585-24-0 

Liquid 
C7H14O3 
146.19 

Slightly soluble 
Freely soluble 

182 
 
MS 
95 % 

1.415-1.421 
0.968-0.974 

 
Racemate. 

09.601 
 

Isopentyl lactate 
O

O

OH  

 
10720 
19329-89-6 

Liquid 
C8H16O3 
160.21 

Slightly soluble 
Freely soluble 

202 
 
MS 
97 % 

1.421-1.427 
0.958-0.974 

 
Racemate. 

09.626 
 

Methyl 2-oxopropionate 
O

O

O  

 
10848 
600-22-6 

Liquid 
C4H6O3 
120.09 

Sparingly soluble 
Freely soluble 

137 
 
MS 
95 % 

1.401-1.407 
1.145-1.151 

 
 

09.629 
 

Methyl 3-acetoxyhexanoate 

O

OO

O

 

 
10755 
77118-93-5 

Liquid 
C9H16O4 
188.22 

Practically insoluble 
or insoluble 
Freely soluble 

55 (0.7 hPa) 
 
MS 
95 % 

1.420-1.426 
1.013-1.019 

 
Racemate. CASrn in 
Register to be changed to 
21188-60-3. 
CASrn in Register refers to 
the (R) enantiomer. 

09.633 
 

Methyl 5-hydroxydecanoate 
O

OH O

 

 
 
101853-47-8 

Solid 
C11H22O3 
202.29 

Practically insoluble 
or insoluble 
Freely soluble 

278 
28 
MS 
95 % 

n.a. 
n.a. 

 
Racemate. 

09.634 
 

Methyl acetoacetate 
O

O O

 

 
 
105-45-3 

Liquid 
C5H8O3 
116.12 

Sparingly soluble 
Freely soluble 

169 
28 
MS 
95 % 

1.415-1.421 
1.073-1.079 

 
 

09.644 
 

Methyl lactate 
O

OH

O

 

 
 
27871-49-4 

Liquid 
C4H8O3 
104.10 

Sparingly soluble 
Freely soluble 

244 
 
MS 
95 % 

1.408-1.414 
1.060-1.066 

 
Register name to be changed 
to (S)-Methyl lactate. 

09.683 
 

Pentyl lactate 
O

O

OH  

 
 
6382-06-5 

Liquid 
C8H16O3 
160.21 

Slightly soluble 
Freely soluble 

206 
 
MS 
95 % 

1.423-1.429 
0.965-0.971 

 
Racemate. 
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 10, Revision 3 

FL-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) 

Specification comments 

09.815 
 

Propyl lactate 
O

O

OH  

 
 
616-09-1 

Liquid 
C6H12O3 
132.16 

Sparingly soluble 
Freely soluble 

170 
 
MS 
95 % 

1.414-1.420 
1.000-1.006 

 
Racemate. 

09.824 
 

Ethyl 2-acetylbutyrate 
O

O O  
 
607-97-6 

Liquid 
C8H14O3 
158.20 

Practically insoluble 
or insoluble 
Freely soluble 

198 
 
MS 
95 % 

1.417-1.423 
0.982-0.988 

 
Racemate. 

09.832 
 

Ethyl 3-acetohexanoate 

O

O
O

 

 
10566 
21188-61-4 

Liquid 
C10H18O3 
186.24 

Practically insoluble 
or insoluble 
Freely soluble 

110 (12 hPa) 
 
MS 
95 % 

1.419-1.425 
1.009-1.015 

 
Racemate. 

09.833 
 

iso-Propyl 4-oxopentanoate 
O

O

O  

 
 
21884-26-4 

Liquid 
C8H14O3 
158.20 

Sparingly soluble 
Freely soluble 

209 
 
MS 
95 % 

1.418-1.424 
0.981-0.987 

 
 

09.862 
 

Ethyl 3-acetoxy octanoate 

O

O

O

O  
 
85554-66-1 

Solid 
C12H22O4 
230.30 

Practically insoluble 
or insoluble 
Freely soluble 

276 
21 
MS 
95 % 

n.a. 
n.a. 

 
Racemate. 

09.874 
 

Di(2-methylbutyl) malate 
O

O

OH O

O  

 
 
 

Solid 
C14H26O5 
274.35 

Sparingly soluble 
Freely soluble 

335 
74 
NMR 
95 % 

n.a. 
n.a. 

 
Racemate. CASrn in 
Register to be introduced 
253596-99-5. 

09.916 
 

Ethyl 3-hydroxyoctanoate 
O

OOH

 

 
10603 
7367-90-0 

Liquid 
C10H20O3 
188.27 

Practically insoluble 
or insoluble 
Freely soluble 

118 (12 hPa) 
 
MS 
95 % 

1.421-1.427 
0.973-0.979 

 
Racemate (EFFA, 2010a). 

09.951 
1968 

Dioctyl adipate 
O

O

O

O  

4476 
 
123-79-5 

Liquid 
C22H42O4 
370.6 

Insoluble 
Soluble 

175 (3hPa) 
-70 
MS 
99 % 

1.443-1.447 
0.925 

 
 

10.038 
 

Dec-7-eno-1,4-lactone O
O

 
 
 
67114-38-9 

Liquid 
C10H16O2 
168.24 

Practically insoluble 
or insoluble 
Freely soluble 

165 (0.3 hPa) 
 
MS 
95 % 

1.462-1.468 
0.974-0.980 

 
Racemate, mixture of (Z)- 
and (E)-isomers (EFFA, 
2010a). 
Composition of mixture to 
be specified. 

10.039 
 

cis-Dec-7-eno-1,4-lactone O
O

 
 
 
63095-33-0 

Liquid 
C10H16O2 
168.24 

Practically insoluble 
or insoluble 
Freely soluble 

165 (0.3 hPa) 
 
MS 
95 % 

1.462-1.468 
0.974-0.980 

 
Racemate. 
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 10, Revision 3 

FL-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) 

Specification comments 

10.040 
 

Dec-8-eno-1,5-lactone OO

 

 
 
32764-98-0 

Liquid 
C10H16O2 
168.24 

Practically insoluble 
or insoluble 
Freely soluble 

157 (15 hPa) 
 
MS 
95 % 

1.462-1.468 
0.972-0.978 

 
Racemate, mixture of (Z)- 
and (E)-isomers (EFFA, 
2010a). 
Composition of mixture to 
be specified. 

10.045 
 

Heptano-1,5-lactone O O

 

 
10660 
3301-90-4 

Liquid 
C7H12O2 
128.17 

Practically insoluble 
or insoluble 
Freely soluble 

104 (12 hPa) 
 
MS 
95 % 

1.451-1.457 
1.031-1.037 

 
Racemate. 

10.047 
 

Hexadecano-1,16-lactone 

C

CH2

CH2

CH2C
H2

C
H2

H2C

H2C

H2C

H2C

H2C

H2C

H2
C

H2
C

CH2

CH2

O

O

 
 
109-29-5 

Solid 
C16H30O2 
254.41 

Practically insoluble 
or insoluble 
Freely soluble 

128 (1 hPa) 
34 
MS 
95 % 

n.a. 
n.a. 

 
 

10.048 
 

Hexadecano-1,4-lactone O O

 

 
10673 
730-46-1 

Solid 
C16H30O2 
254.41 

Practically insoluble 
or insoluble 
Freely soluble 

185 (5 hPa) 
38 
MS 
95 % 

n.a. 
n.a. 

 
Racemate. 

10.049 
 

Hexadecano-1,5-lactone OO

 

 
10674 
7370-44-7 

Solid 
C16H30O2 
254.41 

Practically insoluble 
or insoluble 
Freely soluble 

130 (1 hPa) 
38 
MS 
95 % 

n.a. 
n.a. 

 
Racemate. 

10.052 
 

3-Methylnonano-1,4-lactone O O

 

 
 
33673-62-0 

Liquid 
C10H18O2 
170.25 

Practically insoluble 
or insoluble 
Freely soluble 

115 (3 hPa) 
 
MS 
95 % 

1.444-1.450 
0.945-0.951 

 
Racemate. 

10.055 
 

Pentano-1,5-lactone O O

 

 
10907 
542-28-9 

Liquid 
C5H8O2 
100.12 

Sparingly soluble 
Freely soluble 

219 
 
MS 
95 % 

1.451-1.457 
1.101-1.107 

 
 

10.058 
 

Tridecano-1,5-lactone OO

 

 
10902 
7370-92-5 

Liquid 
C13H24O2 
212.33 

Practically insoluble 
or insoluble 
Freely soluble 

188 (15 hPa) 
 
MS 
95 % 

1.455-1.463 
0.939-0.953 

 
Racemate. 
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 10, Revision 3 

FL-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) 

Specification comments 

10.059 
 

Hexadec-7-en-1,16-lactone   6) 

O

C O

CH2

CH2

CH2C
H2

C
H2

HC

HC

H2C

H2C

H2C

H2C

H2
C

H2
C

CH2

CH2

 
 
123-69-3 

Liquid 
C16H28O2 
252.40 

Practically insoluble 
or insoluble 
Soluble 

188 (20 hPa) 
 
MS 
95 % 

1.482-1.488 
0.955-0.961 

 
CASrn in Register refers to 
the Z-isomer. 
Stereoisomeric composition 
to be specified. 

10.063 
 

Hexadec-9-en-1,16 lactone   6) 

O

C O

CH2

CH2

CH2C
H2

C
H2

H2C

H2C

HC

HC

H2C

H2C

H2
C

H2
C

CH2

CH2

 
 
28645-51-4 

Liquid 
C16H28O2 
252.40 

Practically insoluble 
or insoluble 
Soluble 

131 (0.9 hPa) 
 
 
95 % 

1.476-1.482 
0.953-0.959 

ID 7). 
CASrn in Register does not 
specify isomeric 
composition. Stereoisomeric 
composition to be specified. 

10.068 
 

Pentadecano-1,14-lactone 

C

CH2

CH2
C
H2

C
H2

H2C

H2C

H2C

H2C

H2C

H2C

H2
C

H2
C

CH

CH3

O

O

 
 
32539-85-8 

Liquid 
C15H28O2 
240.38 

Practically insoluble 
or insoluble 
Freely soluble 

108 (0.1 hPa) 
 
MS 
95 % 

1.466-1.472 
0.942-0.948 

 
Racemate. 

10.168 
 

5,6-Dimethyl-tetrahydro-pyran-2-
one 

OO  

4141 
 
10413-18-0 

Liquid 
C7H12O2 
128.17 

Slightly soluble 
Freely soluble 

60 
 
NMR MS 
98 % 

1.452-1.458 
1.019-1.025 

 
Mixture of ((R/R), (R/S), 
(S/R) & (S/S) in equal 
ratios) (EFFA, 2010a). 

10.170 
 

5-Pentyl-3H-furan-2-one   6) O O O O

66% of the 3H-isomer 33% of the 5H-isomer
Commercial compound:

 

4323 
 
51352-68-2 

Liquid 
C9H14O2 
154.2 

Sparingly soluble 
Soluble 

73 at 1.2 Torr 
 
IR NMR MS 
95 

1.447-1.459 
0.970-0.980 

 
Mixture of 3H and 5H 
isomer (2:1) (Flavour 
Industry, 2010g). 
Stereoisomeric composition 
to be specified. 

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) ID: Missing identification test. 
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TABLE 2A: SUMMARY OF SAFETY EVALUATION APPLYING THE PROCEDURE (BASED ON INTAKES CALCULATED BY THE MSDI APPROACH) 

Table 2a: 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 

02.132 
 

Butane-1,3-diol OH

OH

0.0061 
 

Class I 
A3: Intake below threshold 

4) 6)  

02.198 
 

Octane-1,3-diol 
OH

OH 0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

05.149 
 

Glutaraldehyde O O  0.055 
 

Class I 
A3: Intake below threshold 

4) 6)  

07.169 
 

1-Hydroxypropan-2-one O

OH  
0.22 
 

Class I 
A3: Intake below threshold 

4) 6)  

08.053 
 

Malonic acid 
HO OH

O O 0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

08.082 
 

Glutaric acid O

HO

O

OH

0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

08.090 
 

2-Hydroxy-4-methylvaleric acid 
OH

OH

O 0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

08.103 
 

Nonanedioic acid HO OH

O O

0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

08.113 
 

Succinic acid, disodium salt 
Na+

-O

O

O

O-

Na+

1500 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.333 
 

sec-Butyl lactate 
O

OH

O

3.7 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.345 
 

Di-isopentyl succinate 
O

O

O

O

0.037 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.346 
 

Dibutyl malate 

OH

O

O

O

O

0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.347 
 

Dibutyl succinate O

O

O

O

0.12 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.348 
 

Diethyl adipate 
O

O

O

O

0.027 
 

Class I 
A3: Intake below threshold 

4) 6)  
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Table 2a: 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 

09.349 
 

Diethyl citrate 

O O

O

OH

OHO
O 0.12 

 
Class I 
A3: Intake below threshold 

4) 6)  

09.350 
 

Diethyl fumarate 
O

O

O

O

0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.351 
 

Diethyl maleate 
O O

O O 12 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.352 
 

Diethyl nonanedioate 
O O

OO 0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.353 
 

Diethyl oxalate 
O

O

O

O

0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.354 
 

Diethyl pentanedioate 
O O

O O 0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.360 
 

Ethyl 2-acetoxypropionate 
O

O

O

O 4.9 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.502 
 

Ethyl butyryl lactate 
O

O

O

O 0.5 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.558 
 

Dimethyl malonate O O

O O

0.097 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.565 
1846 

Hex-3-enyl 2-oxopropionate 
O

O

O 0.74 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.580 
 

Hexyl lactate 
O

OH

O 0.49 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.590 
 

Isobutyl lactate 
O

O

OH

3.7 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.601 
 

Isopentyl lactate 
O

O

OH

7.2 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.626 
 

Methyl 2-oxopropionate 
O

O

O

0.024 
 

Class I 
A3: Intake below threshold 

4) 6)  
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Table 2a: 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 

09.629 
 

Methyl 3-acetoxyhexanoate 

O

OO

O 0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.633 
 

Methyl 5-hydroxydecanoate 
O

OH O 0.24 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.634 
 

Methyl acetoacetate 
O

O O 0.012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.644 
 

Methyl lactate 
O

OH

O 0.34 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.683 
 

Pentyl lactate 
O

O

OH

0.61 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.815 
 

Propyl lactate 
O

O

OH

0.62 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.832 
 

Ethyl 3-acetohexanoate 

O

O
O 0.33 

 
Class I 
A3: Intake below threshold 

4) 6)  

09.833 
 

iso-Propyl 4-oxopentanoate 
O

O

O

0.24 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.862 
 

Ethyl 3-acetoxy octanoate 

O

O

O

O 0.0012 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.874 
 

Di(2-methylbutyl) malate 
O

O

OH O

O

0.015 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.916 
 

Ethyl 3-hydroxyoctanoate 
O

OOH 0.011 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.951 
1968 

Dioctyl adipate 
O

O

O

O

6.1 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.038 
 

Dec-7-eno-1,4-lactone O
O 0.37 

 
Class I 
A3: Intake below threshold 

4) 7)  

10.039 
 

cis-Dec-7-eno-1,4-lactone O
O 1.2 

 
Class I 
A3: Intake below threshold 

4) 6)  

10.040 
 

Dec-8-eno-1,5-lactone OO 0.011 
 

Class I 
A3: Intake below threshold 

4) 7)  
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Table 2a: 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 

10.045 
 

Heptano-1,5-lactone O O 0.012 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.047 
 

Hexadecano-1,16-lactone 

C

CH2

CH2

CH2C
H2

C
H2

H2C

H2C

H2C

H2C

H2C

H2C

H2
C

H2
C

CH2

CH2

O

O

0.024 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.048 
 

Hexadecano-1,4-lactone O O 0.0061 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.049 
 

Hexadecano-1,5-lactone OO 0.024 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.052 
 

3-Methylnonano-1,4-lactone O O 0.61 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.055 
 

Pentano-1,5-lactone O O

 

0.012 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.058 
 

Tridecano-1,5-lactone OO 0.61 
 

Class I 
A3: Intake below threshold 

4) 6)  

10.059 
 

Hexadec-7-en-1,16-lactone 

O

C O

CH2

CH2

CH2C
H2

C
H2

HC

HC

H2C

H2C

H2C

H2C

H2
C

H2
C

CH2

CH2

1.9 
 

Class I 
A3: Intake below threshold 

4) 7)  

10.063 
 

Hexadec-9-en-1,16 lactone 

O

C O

CH2

CH2

CH2C
H2

C
H2

H2C

H2C

HC

HC

H2C

H2C

H2
C

H2
C

CH2

CH2

48 
 

Class I 
A3: Intake below threshold 

4) 7)  

10.068 
 

Pentadecano-1,14-lactone 

C

CH2

CH2
C
H2

C
H2

H2C

H2C

H2C

H2C

H2C

H2C

H2
C

H2
C

CH

CH3

O

O

0.9 
 

Class I 
A3: Intake below threshold 

4) 6)  
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Table 2a: 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 

10.168 
 

5,6-Dimethyl-tetrahydro-pyran-
2-one 

OO

1.2 
 

Class I 
A3: Intake below threshold 

4) 6)  

09.824 
 

Ethyl 2-acetylbutyrate 
O

O O 0.0012 
 

Class I 
B3: Intake below threshold, 
B4: Adequate NOAEL exists 

4) 6)  

06.088 
 

2-Ethyl-4-methyl-1,3-dioxolane 

OO

 

0.0061 
 

Class II 
A3: Intake below threshold 

4) 6)  

06.090 
 

4-Hydroxymethyl-2-methyl-1,3-
dioxolane 

O

O

HO

0.012 
 

Class II 
A3: Intake below threshold 

4) 6)  

06.095 
 

4-Methyl-2-propyl-1,3-dioxolane 
O

O 0.012 
 

Class II 
A3: Intake below threshold 

4) 6)  

06.135 
1732 

2-Isobutyl-4-methyl-1,3-
dioxolane 

O

O

 

1.2 
 

Class II 
A3: Intake below threshold 

4) 6)  

02.242 
 

2-Butoxyethan-1-ol O
OH

 0.0012 
 

Class II 
B3: Intake below threshold, 
B4: Adequate NOAEL exists 

4) 6)  

06.097 
 

1,1,3-Triethoxypropane 

O O

O 0.0012 
 

Class II 
B3: Intake below threshold, 
B4: Adequate NOAEL exists 

4) 6)  

06.102 
 

2-Hexyl-5-hydroxy-1,3-dioxane 

O

O
HO 0.011 

 
Class III 
A3: Intake below threshold 

4) 6)  

10.170 
 

5-Pentyl-3H-furan-2-one O O O O

66% of the 3H-isomer 33% of the 5H-isomer
Commercial compound:

1.2 
 

Class III 
No evaluation 

  a) 

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 µg/person/day, Class II = 540 µg/person/day, 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 level of intake of the material of commerce meeting the specification of Table 1 (based on intake calculated by the MSDI approach). 
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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 and/or information on stereoisomerism. 
8) No conclusion can be drawn due to lack of information on the purity of the material of commerce. 
a) 1/3 of the named compound correspond to FL-no: 10.054 which is included in FGE.217: additional genotoxicity data required. 
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TABLE 2B: EVALUATION STATUS OF HYDROLYSIS PRODUCTS OF CANDIDATE ESTERS  

Table 2b: Evaluation Status of Hydrolysis Products of Candidate Esters 

FL-no EU Register name 
JECFA no 

Structural formula SCF status 1) 
JECFA status 2) 
CoE status 3) 
EFSA status 

Structural class 4) 
Procedure path (JECFA) 5) 

Comments 

 Methanol 
 OH  

Not evaluated as flavouring substance  Not in EU-Register 

 Glycerol 
909 

OH

OH

HO

No evaluation 
Pending definition of “flavouring agent” 
 

 Not in EU-Register 

 Propylene glycol 
925 

OH

OH No evaluation 
Pending definition of “flavouring agent” 
 

 Not in EU-Register 

 3-Ethoxypropan-1-al 
O O  

Not evaluated as flavouring substance  Not in EU-Register 

 3-Hydroxyoctanoic acid 

OH

OOH Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxydecanoic acid O

OH

OH Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxy-8-decenoic 
acid 

OH

OH O Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxy-4-
methylhexanoic acid 

OH

OH O Not evaluated as flavouring substance  Not in EU-Register 

 Citric acid 

HO OH

O

OH

OHO
O

Not evaluated as flavouring substance  Not in EU-Register 

 Oxalic acid 

HO
OH

O

O Not evaluated as flavouring substance  Not in EU-Register 

 Acetoacetic acid O O

OH

Not evaluated as flavouring substance  Not in EU-Register 
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Table 2b: Evaluation Status of Hydrolysis Products of Candidate Esters 

FL-no EU Register name 
JECFA no 

Structural formula SCF status 1) 
JECFA status 2) 
CoE status 3) 
EFSA status 

Structural class 4) 
Procedure path (JECFA) 5) 

Comments 

 2-Acetylbutyric acid 

HO

O O Not evaluated as flavouring substance  Not in EU-Register 

 Maleic acid 

HO OH

O O Not evaluated as flavouring substance  Not in EU-Register 

 3-Acetohexanoic acid 
O

OH

O Not evaluated as flavouring substance  Not in EU-Register 

 2-Acetoxypropionic acid O

OH
O

O

Not evaluated as flavouring substance  Not in EU-Register 

 3-Acetoxyhexanoic acid 

O

OH

O

O Not evaluated as flavouring substance  Not in EU-Register 

 3-Acetoxyoctanoic acid 

O

OH

O

O Not evaluated as flavouring substance  Not in EU-Register 

 3-Hydroxyhexanoic acid 

OH

OOH Not evaluated as flavouring substance  Not in EU-Register 

 4-Hydroxy-2-nonenoic 
acid 

OH

O

OH

Not evaluated as flavouring substance  Not in EU-Register 

 4-Hydroxy-3-nonenoic 
acid 

OH

O

OH

Not evaluated as flavouring substance  Not in EU-Register 
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Table 2b: Evaluation Status of Hydrolysis Products of Candidate Esters 

FL-no EU Register name 
JECFA no 

Structural formula SCF status 1) 
JECFA status 2) 
CoE status 3) 
EFSA status 

Structural class 4) 
Procedure path (JECFA) 5) 

Comments 

 (E)-4-Hydroxydec-7-
enoic acid 

OH

O

OH

Not evaluated as flavouring substance  Not in EU-Register 

 (Z)-4-Hydroxydec-7-
enoic acid 

OH

O

OH

Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxyheptanoic acid 

OH

OOH Not evaluated as flavouring substance  Not in EU-Register 

 16-Hydroxyhexadecanoic 
acid 

OH

O

HO

Not evaluated as flavouring substance  Not in EU-Register 

 4-Hydroxyhexadecanoic 
acid 

OH

O

OH

Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxyhexadecanoic 
acid 

OH

OOH Not evaluated as flavouring substance  
 

Not in EU-Register 

 4-Hydroxy-3-
methylnonanoic acid 

OH

OH

O Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxypentanoic acid 

HO OH

O Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxytridecanoic 
acid 

OH

OOH Not evaluated as flavouring substance  Not in EU-Register 

 16-Hydroxyhexadec-7-
enoic acid 

OH

O

HO

Not evaluated as flavouring substance  Not in EU-Register 

 16-Hydroxyhexadec-9-
enoic acid 

OH

O

HO

Not evaluated as flavouring substance  Not in EU-Register 
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Table 2b: Evaluation Status of Hydrolysis Products of Candidate Esters 

FL-no EU Register name 
JECFA no 

Structural formula SCF status 1) 
JECFA status 2) 
CoE status 3) 
EFSA status 

Structural class 4) 
Procedure path (JECFA) 5) 

Comments 

 14-
Hydroxypentadecanoic 
acid 

HO
OH

O Not evaluated as flavouring substance  Not in EU-Register 

 5-Hydroxy-4-
methylhexanoic acid 

OHHO

O Not evaluated as flavouring substance  Not in EU-Register 

02.001 2-Methylpropan-1-ol 
251 OH

 
Category 1 a) 
 
Category A b) 

Class I 
A3: Intake above threshold 

 

02.002 Propan-1-ol 
82 

OH  Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

02.003 Isopentanol 
52 OH  

Category 1 a) 
No safety concern d) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

02.004 Butan-1-ol 
85 

OH  Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

02.005 Hexan-1-ol 
91 

OH  Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

02.006 Octan-1-ol 
97 

OH  Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

02.040 Pentan-1-ol 
88 

OH  Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

02.076 2-Methylbutan-1-ol 
1199 

OH

 
Category 1 a) 
No safety concern e) 
Category B c) 
 

Class I 
A3: Intake below threshold 

 

02.078 Ethanol 
41 

OH  Category 1 a) 
No safety concern d) 
 
 

 
No evaluation 

At the forty-sixth JECFA meeting (JECFA, 
1997a), the Committee concluded that 
ethanol posed no safety concern at its 
current level of intake when ethyl esters are 
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Table 2b: Evaluation Status of Hydrolysis Products of Candidate Esters 

FL-no EU Register name 
JECFA no 

Structural formula SCF status 1) 
JECFA status 2) 
CoE status 3) 
EFSA status 

Structural class 4) 
Procedure path (JECFA) 5) 

Comments 

used as flavouring agents. 
02.079 Isopropanol 

277 

OH

 
Category 1 a) 
No safety concern f) 
 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

02.121 Butan-2-ol 
 

OH

 
Category 1 a) 
 
 
 

 
No evaluation 

 

02.159 Hex-3-en-1-ol 
315 

OH   
 
Category A c) 
 

 
No evaluation 

 

05.001 Acetaldehyde 
80 

O  Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

05.002 Propanal 
83 

O
 Category 1 a) 

No safety concern b) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

05.003 Butanal 
86 

O  Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

05.006 3-Methylbutanal 
258 O  

Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

05.031 Heptanal 
95 

O
 Category 1 a) 

No safety concern b) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

08.002 Acetic acid 
81 

O

OH  

Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

08.004 Lactic acid 
930 

OH

OH

O  

 
No safety concern g) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

08.005 Butyric acid 
87 

OH

O

 

Category 1 a) 
No safety concern b) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 
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Table 2b: Evaluation Status of Hydrolysis Products of Candidate Esters 

FL-no EU Register name 
JECFA no 

Structural formula SCF status 1) 
JECFA status 2) 
CoE status 3) 
EFSA status 

Structural class 4) 
Procedure path (JECFA) 5) 

Comments 

08.017 l-Malic acid 
619 

OH

O

HO

O

OH

 

 
No safety concern h) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

08.019 Pyruvic acid 
936 

O

O

OH

 

 
No safety concern g) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

08.023 4-Oxovaleric acid 
606 

O

OH

O

 

 
No safety concern h) 
Category A c) 
 

Class I 
A3: Intake below threshold 

 

08.024 Succinic acid 
 

O

OH

O

HO

 

 
 
Category A c) 
 

 
No evaluation 

 

08.025 Fumaric acid 
618 

O

OH

O

HO

 

 
No safety concern h) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: 
Endogenous 

 

08.026 Adipic acid 
623 

O

HO
OH

O  

 
No safety concern h) 
Category A c) 
 

Class I 
A3: Intake above threshold, A4: Not 
endogenous, A5: Adequate NOAEL exists 

 

08.053 Malonic acid 
 

HO OH

O O

 

 
 
Category A c) 
FGE.10 

Class I 
A3: Intake below threshold 

 

08.082 Glutaric acid 
 

O

HO

O

OH  

 
 
 
FGE.10 

Class I 
A3: Intake below threshold 

 

08.103 Nonanedioic acid 
 

HO OH

O O  

 
 
 
FGE.10 

Class I 
A3: Intake below threshold 

 

1) Category 1: Considered safe in use   Category 2: Temporarily considered safe in use   Category 3: Insufficient data to provide assurance of safety in use   Category 4): Not acceptable due to evidence of toxicity. 
2) No safety concern at estimated levels of intake. 
3) Category A: Flavouring substance, which may be used in foodstuffs Category B: Flavouring substance which can be used provisionally in foodstuffs. 
4) Threshold of concern: Class I = 1800 µg/person/day, Class II = 540 µg/person/day, Class III = 90 µg/person/day. 
5) Procedure path A substances can be predicted to be metabolised to innocuous products. Procedure path B substances cannot. 
a) (SCF, 1995). 
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b) (JECFA, 1999b). 
c) (CoE, 1992). 
d) (JECFA, 1997a). 
e) (JECFA, 2004a). 
f) (JECFA, 2000a). 
g) (JECFA, 2002b). 
h) (JECFA, 2000b). 
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TABLE 3: SUPPORTING SUBSTANCES SUMMARY 

Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

 3-(Hydroxymethyl)-2-
heptanone 

O

OH

2804 
592 
 

604 
Tentative JECFA spec. 
(JECFA, 2003b) 

4.6  
No safety concern d) 
Category B 

Not in EU-Register. 

02.047 3,7-Dimethyloctane-1,7-diol 
OHHO  

2586 
559 
107-74-4 

610 
JECFA specification (JECFA, 
2000d) 

9.7  
No safety concern a) 
Category A b) 

JECFA evaluated 
hydroxycitronellol 
(CASrn as in Register). 
(R)- or (S)- enantiomer 
not specified by CASrn 
in Register. 

05.012 3,7-Dimethyl-7-
hydroxyoctanal HO O  

2583 
100 
107-75-5 

611 
JECFA specification (JECFA, 
1999c) 

24  
No safety concern a) 
Category A b) 

JECFA evaluated 
hydroxycitronellal 
(CASrn as in Register). 
CASrn in Register refers 
to the racemate. 

05.079 Citronellyl oxyacetaldehyde 

O
O

 

2310 
2012 
7492-67-3 

592 
JECFA specification (JECFA, 
2003b) 

24  
No safety concern a) 
Category B b) 

JECFA evaluated 
citronelloxyacetaldehyd
e (CASrn as in 
Register). (R)- or (S)- 
enantiomer not specified 
by CASrn in Register. 

06.010 1,1-Diethoxy-3,7-
dimethyloctan-7-ol 

OHO

O

 

2584 
44 
7779-94-4 

613 
JECFA specification (JECFA, 
2000d) 

0.012  
No safety concern a) 
Category B b) 

JECFA evaluated 
hydroxycitronellal 
diethyl acetal (CASrn as 
in Register). (R)- or (S)- 
enantiomer not specified 
by CASrn in Register. 

06.011 1,1-Dimethoxy-3,7-
dimethyloctan-7-ol 

HO O

O

 

2585 
45 
141-92-4 

612 
JECFA specification (JECFA, 
1999c) 

0.037  
No safety concern a) 
Category A b) 

JECFA evaluated 
hydroxycitronellal 
dimethyl acetal (CASrn 
as in Register). (R)- or 
(S)- enantiomer not 
specified by CASrn in 
Register. 

06.038 4,4-Dimethoxybutan-2-one 

O

OO

 

3381 
10029 
5436-21-5 

593 
JECFA specification (JECFA, 
1999c) 

0.012  
No safety concern a) 
 

 

08.017 l-Malic acid 

OH

O

HO

O

OH

 

2655 
17 
6915-15-7 

619 
JECFA specification (JECFA, 
2000d) 

13000  
No safety concern a) 
Category A b) 

JECFA evaluated l-
malic acid (CASrn 97-
67-6). (R)- or (S)-
enantiomer not specified 
by CASrn in Register. 
GrADI: not specified 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

(JECFA, 1970a). 
08.018 Tartaric acid OH

OHO

HO

O

OH

 

3044 
18 
133-37-9 

621 
JECFA specification (JECFA, 
1999c) 

3800  
No safety concern a) 
Category A b) 

JECFA evaluated 
tartaric acid ((+)-, (-)-, 
(+/-)-, meso-) (CASrn 
87-69-4). CASrn in 
Register refers to 
(2R,3R)-isomer.  
No ADI (JECFA, 
1978a). 

08.023 4-Oxovaleric acid 

O

OH

O 2627 
23 
123-76-2 

606 
JECFA specification (JECFA, 
2002d) 

190  
No safety concern a) 
Category A b) 

 

08.025 Fumaric acid 

O

OH

O

HO

2488 
25 
110-17-8 

618 
JECFA specification (JECFA, 
2000d) 

780  
No safety concern a) 
Category A b) 

GrADI not specified 
(JECFA, 1990a). 

08.026 Adipic acid O

HO
OH

O

2011 
26 
124-04-9 

623 
JECFA specification (JECFA, 
1999c) 

11  
No safety concern a) 
Category A b) 

ADI: 0-5 (JECFA, 
1978a). 

08.033 Prop-1-ene-1,2,3-tricarboxylic 
acid 

O

HO

OHO
O

OH  

2010 
33 
499-12-7 

627 
JECFA specification (JECFA, 
2002d) 

0.012  
No safety concern a) 
Category A b) 

JECFA evaluated 
aconitic acid (CASrn as 
in Register). (Z)- or (E)- 
isomer not specified by 
CASrn in Register. 

08.037 2-Oxoglutaric acid O

OH

O

HO

O

3891 
653 
328-50-7 

634 
JECFA specification (JECFA, 
1999c) 

ND  
No safety concern a) 
Category A b) 

 

08.051 3-Methyl-2-oxobutyric acid 
OH

O

O  

3869 
2262 
759-05-7 

631 
JECFA specification (JECFA, 
1999c) 

0.012  
No safety concern a) 
Category B b) 

JECFA evaluated 3-
methyl-2-oxobutanoic 
acid (the acid and 
sodium salt) (CASrn as 
in Register). CASrn in 
Register refers to the 
acid. 

08.052 4-Methyl-2-oxovaleric acid O

OH

O  

3871 
2263 
816-66-0 

633 
JECFA specification (JECFA, 
1999c) 

ND  
No safety concern a) 
Category B b) 

JECFA evaluated 4-
Methyl-2-oxopentanoic 
acid and its sodium salt 
(CASrn 816-66-0 and 
4502-00-5). 

08.066 2-Oxobutyric acid 
OH

O

O

3723 
 
600-18-0 

589 
JECFA specification (JECFA, 
2000d) 

0.024  
No safety concern a) 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

08.086 3-Hydroxy-2-oxopropionic 
acid 

O

OH

O

HO

3843 
 
1113-60-6 

635 
JECFA specification (JECFA, 
1999c) 

ND  
No safety concern a) 
 

 

08.093 3-Methyl-2-oxovaleric acid 
OH

O

O  

3870 
10146 
39748-49-7 

632 
JECFA specification (JECFA, 
1999c) 

ND  
No safety concern a) 
 

JECFA evaluated 3-
methyl-2-oxopentanoic 
acid (the acid and 
sodium salt) (CASrn 
1460-34-0). CASrn 
39748-49-7 replaced by 
CASrn 1460-34-0 in the 
CASrn system 
(SciFinder). (R)- or (S)-
enantiomer not specified 
by CASrn in Register. 

09.225 1,3-Nonanediol acetate OH

O

O

 

2783 
2075 
1322-17-4 

605 
JECFA specification (JECFA, 
2005b) 

1.8  
No safety concern a) 
Deleted b) 

Reg. CASrn refers to 
incompletely defined 
substance (mixed 
esters).  
Deleted: Subst. for 
which CoE had no 
information as to their 
real use in foodstuffs 
and/or for which 
insufficient technical 
and/or toxicological 
information was 
available (CoE, 1992). 

09.280 Nonane-1,4-diyl diacetate 

O

O

O

O

 

3579 
11927 
67715-81-5 

609 
JECFA specification (JECFA, 
2002d) 

0.037  
No safety concern a) 
 

JECFA evaluated 1,4-
nonanediol diacetate 
(CASrn as in Register). 
(R)- or (S)-enantiomer 
not specified by CASrn 
in Register. 

09.401 Isopentyl acetoacetate O O

O  

3551 
227 
2308-18-1 

598 
JECFA specification (JECFA, 
2000d) 

ND  
No safety concern a) 
Category B b) 

 

09.402 Ethyl acetoacetate O O

O  

2415 
240 
141-97-9 

595 
JECFA specification (JECFA, 
1999c) 

1200  
No safety concern a) 
Category B b) 

 

09.403 Butyl acetoacetate 
O

O O

 

2176 
241 
591-60-6 

596 
JECFA specification (JECFA, 
2000d) 

63  
No safety concern a) 
Category B b) 

 

09.404 Isobutyl acetoacetate O O

O

2177 
242 
7779-75-1 

597 
JECFA specification (JECFA, 
2000d) 

ND  
No safety concern a) 
Category B b) 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

09.405 Geranyl acetoacetate 
O

O O

 

2510 
243 
10032-00-5 

599 
JECFA specification (JECFA, 
2001c) 

ND  
No safety concern a) 
Category B b) 

 

09.435 Ethyl 4-oxovalerate O

O

O

2442 
373 
539-88-8 

607 
JECFA specification (JECFA, 
1999c) 

470  
No safety concern a) 
Category B b) 

 

09.436 Butyl 4-oxovalerate 
O

O

O

2207 
374 
2052-15-5 

608 
JECFA specification (JECFA, 
2002d) 

ND  
No safety concern a) 
Category B b) 

 

09.439 Diethyl malate 

OH

O

O

O

O

 

2374 
382 
7554-12-3 

620 
JECFA specification (JECFA, 
2000d) 

3.7  
No safety concern a) 
Deleted b) 

JECFA evaluated 
diethyl malate. CASrn in 
Register refers to the 
racemate. Deleted: 
Subst. for which CoE 
had no information as to 
their real use in 
foodstuffs and/or for 
which insufficient 
technical and/or 
toxicological 
information was 
available(CoE, 1992). 

09.441 Butyl ethyl malonate 
O

O

O

O

 

2195 
384 
17373-84-1 

615 
Tentative JECFA specification 
(JECFA, 2003b) 

ND  
No safety concern a) 
Category A b) 

 

09.444 Diethyl succinate O

O

O

O

2377 
438 
123-25-1 

617 
JECFA specification (JECFA, 
2002d) 

120  
No safety concern a) 
Category B b) 

 

09.445 Dimethyl succinate O

O

O

O

2396 
439 
106-65-0 

616 
JECFA specification (JECFA, 
2002d) 

73  
No safety concern a) 
Category B b) 

 

09.446 Diethyl tartrate 
O

O

O OH

O  

2378 
440 
87-91-2 

622 
JECFA specification (JECFA, 
2002d) 

15  
No safety concern a) 
Category A b) 

JECFA evaluated 
diethyl tartrate (CASrn 
as in Register). Register 
CASrn refers to the 
(2R,3R)-enantiomer. 
ADI acceptable 
(JECFA, 2000b). 

09.474 Dibutyl sebacate O

O

O

O

2373 
622 
109-43-3 

625 
JECFA specification (JECFA, 
2003b) 

ND  
No safety concern a) 
Category A b) 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

09.475 Diethyl sebacate O

O

O

O

2376 
623 
110-40-7 

624 
JECFA specification (JECFA, 
2002d) 

120  
No safety concern a) 
Category A b) 

 

09.490 Diethyl malonate 
O O

OO

 

2375 
2106 
105-53-3 

614 
JECFA specification (JECFA, 
2002d) 

650  
No safety concern a) 
Category A b) 

 

09.510 Ethyl aconitate 

HO O

O
O OH

O

 

2417 
11845 
1321-30-8 

628 
JECFA specification (JECFA, 
2005b) 

ND  
No safety concern a) 
 

JECFA evaluated ethyl 
aconitate (mixed esters) 
(CASrn as in Register). 
Register CASrn refers to 
incompletely defined 
substance. 

09.511 Tributyl acetylcitrate 

O O

O

O

OO
O

O

3080 
 
77-90-7 

630 
JECFA specification (JECFA, 
2000d) 

ND  
No safety concern a) 
 

 

09.512 Triethyl citrate 

O O

O

OH

OO
O

3083 
11762 
77-93-0 

629 
JECFA specification (JECFA, 
2000d) 

2900  
No safety concern a) 
 

ADI: 0-20 (JECFA, 
1984a). 

09.514 Ethyl 2,4-dioxohexanoate 

O

O

O O 3278 
11903 
13246-52-1 

603 
JECFA specification (JECFA, 
2003b) 

ND  
No safety concern a) 
 

 

09.522 Ethyl 3-hydroxybutyrate O

OHO  

3428 
10596 
5405-41-4 

594 
JECFA specification (JECFA, 
2000d) 

7.9  
No safety concern a) 
 

JECFA evaluated ethyl 
3-hydroxybutyrate 
(CASrn as in Register). 
Register CASrn refers to 
the racemate. 

09.532 Methyl 3-hydroxyhexanoate O

O

OH

 

3508 
10812 
21188-58-9 

600 
JECFA specification (JECFA, 
2000d) 

0.85  
No safety concern a) 
 

JECFA evaluated 
methyl 3-
hydroxyhexanoate 
(CASrn as in Register). 
(R)- or (S)- enantiomer 
not specified by 
Register CASrn. 

09.533 Ethyl brassylate 
O

O 3543 
10571 
105-95-3 

626 
JECFA specification (JECFA, 
2002d) 

3.0  
No safety concern a) 
 

 

09.535 Ethyl 3-hydroxyhexanoate 
O

OOH 3545 
11764 

601 
JECFA specification (JECFA, 

60  
No safety concern a) 

JECFA evaluated ethyl 
3-hydroxyhexanoate 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

2305-25-1 2002d)  (CASrn as in Register). 
Register CASrn refers to 
the racemate. 

09.542 Ethyl 3-oxohexanoate 
O

OO

 

3683 
 
3249-68-1 

602 
JECFA specification (JECFA, 
2002d) 

0.024  
No safety concern a) 
 

 

09.548 Methyl 2-hydroxy-4-
methylvalerate 

O

O

OH  

3706 
 
40348-72-9 

590 
JECFA specification (JECFA, 
2003b) 

0.49  
No safety concern a) 
 

JECFA evaluated 
methyl 2-hydroxy-4-
methylpentanoate 
(CASrn as in Register). 
(R)- or (S)-enantiomer 
not specified by 
Register CASrn. 

09.550 Methyl 2-oxo-3-methylvalerate 
O

O

O  

3713 
 
3682-42-6 

591 
JECFA specification (JECFA, 
2001c) 

ND  
No safety concern a) 
 

JECFA evaluated 
methyl 2-oxo-3-
methylpentanoate 
(CASrn as in Register). 
(R)- or (S)-enantiomer 
not specified by 
Register CASrn. 

10.001 Nonano-1,4-lactone O
O

 

2781 
178 
104-61-0 

229 
JECFA specification (JECFA, 
2000d) 

1000  
No safety concern c) 
Category A b) 

JECFA evaluated 
gamma-nonalactone 
(CASrn as in Register). 
(R)- or (S)- enantiomer 
not specified by 
Register CASrn 
ADI: 0-1.25 (JECFA, 
1968). 

10.002 Undecano-1,4-lactone O
O

 

3091 
179 
104-67-6 

233 
JECFA specification (JECFA, 
1998b) 

1200  
No safety concern c) 
Category A b) 

JECFA evaluated 
gamma-undecalactone 
(CASrn as in Register). 
Register CASrn refers to 
the racemate. 
ADI: 0-1.25 (JECFA, 
1968). 

10.003 Hexadec-6-eno-1,16-lactone 

C

CH2

CH2

CH2C
H2

C
H

HC

H2C

H2C

H2C

H2C

H2C

H2
C

H2
C

CH2

CH2

O

O

Z-isomer shown

2555 
180 
7779-50-2 

240 
JECFA specification (JECFA, 
2001c) 

5.1  
No safety concern c) 
Category B b) 

JECFA evaluated 
omega-6-
hexadecenlactone 
(CASrn as in Register). 
(R)- or (S)-enantiomer 
not specified by 
Register CASrn. 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

10.004 Pentadecano-1,15-lactone 

C

CH2

CH2

CH2C
H2

C
H2

H2C

H2C

H2C

H2C

H2C

H2C

H2
C H2

C
CH2

O

O

2840 
181 
106-02-5 

239 
JECFA specification (JECFA, 
2000d) 

73  
No safety concern c) 
Category B b) 

 

10.006 Butyro-1,4-lactone O
O

 

3291 
615 
96-48-0 

219 
JECFA specification (JECFA, 
1998b) 

110  
No safety concern c) 
Category A b) 

 

10.007 Decano-1,5-lactone OO

 

2361 
621 
705-86-2 

232 
JECFA specification (JECFA, 
2000d) 

7200  
No safety concern c) 
Category B b) 

JECFA evaluated delta-
decalactone (CASrn as 
in Register). Register 
CASrn refers to the 
racemate. 

10.008 Dodecano-1,5-lactone OO

 

2401 
624 
713-95-1 

236 
JECFA specification (JECFA, 
2000d) 

5800  
No safety concern c) 
Category B b) 

JECFA evaluated delta-
dodecalactone (CASrn 
as in Register). Register 
CASrn refers to the 
racemate. 

10.009 Dodec-6-eno-1,4-lactone O
O

 

3780 
625 
18679-18-0 

249 
JECFA specification (JECFA, 
2001c) 

0.012  
No safety concern c) 
Category A b) 

JECFA evaluated 1,4-
dodec-6-enolactone 
(CASrn as in Register). 
Register CASrn refers to 
the (Z)-isomer. 

10.010 Hexano-1,5-lactone OO

 

3167 
641 
823-22-3 

224 
JECFA specification (JECFA, 
1998b) 

320  
No safety concern c) 
Category B b) 

JECFA evaluated delta-
hexalactone (CASrn as 
in Register). Register 
CASrn refers to the 
racemate. 

10.011 Undecano-1,5-lactone OO

 

3294 
688 
710-04-3 

234 
JECFA specification (JECFA, 
1998b) 

300  
No safety concern c) 
Category B b) 

JECFA evaluated 5-
hydroxyundecanoic acid 
delta-lactone (CASrn as 
in Register). Register 
CASrn refers to the 
racemate. 

10.012 5-Methylfuran-2(3H)-one O
O

 

3293 
731 
591-12-8 

221 
JECFA specification (JECFA, 
1998b) 

300  
No safety concern c) 
Category B b) 

 

10.013 Pentano-1,4-lactone O
O

 

3103 
757 
108-29-2 

220 
JECFA specification (JECFA, 
1998b) 

120  
No safety concern c) 
Category A b) 

JECFA evaluted 
gamma-valerolactone 
(CASrn as in Register). 
Register CASrn refers to 
the racemate. 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

10.014 Nonano-1,5-lactone OO

 

3356 
2194 
3301-94-8 

230 
JECFA specification (JECFA, 
1998b) 

130  
No safety concern c) 
Category B b) 

JECFA evaluated 
hydroxynonanoic acid 
delta-lactone (CASrn as 
in Register). Register 
CASrn refers to the 
racemate. 

10.015 Octano-1,5-lactone OO

 

3214 
2195 
698-76-0 

228 
JECFA specification (JECFA, 
2000d) 

230  
No safety concern c) 
Category B b) 

JECFA evaluated delta-
octalactone (CASrn as 
in Register). Register 
CASrn refers to the 
racemate. 

10.016 Tetradecano-1,5-lactone OO

 

3590 
2196 
2721-22-4 

238 
JECFA specification (JECFA, 
1998b) 

110  
No safety concern c) 
Category B b) 

JECFA evaluated delta-
tetradecalactone (CASrn 
as in Register). (R)- or 
(S)- enantiomer not 
specified by Register 
CASrn. 

10.017 Decano-1,4-lactone O O

 

2360 
2230 
706-14-9 

231 
JECFA specification (JECFA, 
1998b) 

1600  
No safety concern c) 
Category A b) 

JECFA evaluated 
gamma-decalactone 
(CASrn as in Register). 
Register CASrn refers to 
the racemate. 

10.018 4-Butyloctano-1,4-lactone O
O

 

2372 
2231 
7774-47-2 

227 
JECFA specification (JECFA, 
2000d) 

0.12  
No safety concern c) 
Deleted b) 

Deleted CoE: the CoE 
Committee of Experts 
had no information as to 
the real use in foodstuffs 
and/or for which 
insufficient 
technological and/or 
toxicological 
information was 
available (CoE, 1992). 

10.019 Dodecano-1,4-lactone O O

 

2400 
2240 
2305-05-7 

235 
JECFA specification (JECFA, 
1998b) 

190  
No safety concern c) 
Category A b) 

JECFA evaluted 
gamma-dodecalactone 
(CASrn as in Register). 
Register CASrn refers to 
the racemate. 

10.020 Heptano-1,4-lactone O O

 

2539 
2253 
105-21-5 

225 
JECFA specification (JECFA, 
2000d) 

170  
No safety concern c) 
Category A b) 

JECFA evaluated 
gamma-heptalactone 
(CASrn as in Register). 
Register CASrn refers to 
the racemate. 

10.021 Hexano-1,4-lactone O O

 

2556 
2254 
695-06-7 

223 
JECFA specification (JECFA, 
1998b) 

160  
No safety concern c) 
Category A b) 

JECFA evaluted 
gamma-hexalactone 
(CASrn as in Register). 
Register CASrn refers to 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

the racemate. 
10.022 Octano-1,4-lactone O O

 

2796 
2274 
104-50-7 

226 
JECFA specification (JECFA, 
2000d) 

430  
No safety concern c) 
Category A b) 

JECFA evaluated 
gamma-octalactone 
(CASrn as in Register). 
Register CASrn refers to 
the racemate. 

10.026 3-Heptyldihydro-5-methyl-
2(3H)-furanone 

O
O

 

3350 
10953 
40923-64-6 

244 
JECFA specification (JECFA, 
2003b) 

0.037  
No safety concern c) 
 

JECFA evaluated 3-
heptyldihydro-5-methyl-
2(3H)-furanone (CASrn 
as in Register). (R)- or 
(S)-enantiomer not 
specified by Register 
CASrn. 

10.027 3,7-Dimethyloctano-1,6-
lactone OO

 

3355 
11833 
499-54-7 

237 
JECFA specification (JECFA, 
2003b) 

0.012  
No safety concern c) 
 

JECFA evaluated 6-
hydroxy-3,7-
dimethyloctanoic acid 
lactone (CASrn as in 
Register). (R)- or (S)-
enantiomer not specified 
by Register CASrn. 

10.028 Dodecano-1,6-lactone 
OO

 

3610 
 
16429-21-3 

242 
JECFA specification (JECFA, 
2000d) 

0.012  
No safety concern c) 
 

JECFA evaluated 
epsilon-dodecalactone 
(CASrn as in Register). 
(R)- or (S)- enantiomer 
not specified by 
Register CASrn. 

10.029 Decano-1,6-lactone OO

 

3613 
 
5579-78-2 

241 
JECFA specification (JECFA, 
2000d) 

0.012  
No safety concern c) 
 

JECFA evaluated 
epsilon-decalactone 
(CASrn as in Register). 
(R)- or (S)- enantiomer 
not specified by 
Register CASrn. 

10.033 Dec-7-eno-1,5-lactone OO

 

3745 
 
34686-71-0 

247 
JECFA specification (JECFA, 
2000d) 

0.22  
No safety concern c) 
 

JECFA evaluated 5-
Hydroxy-7-decenoic 
acid delta-lactone 
(CASrn 25524-95-2 
which refers to the (Z)-
isomer). Neither (Z)- or 
(E)-isomer nor (R)- or 
(S)-enantiomer specified 
by Register CASrn. 

10.035 Undec-8-eno-1,5-lactone OO

 

3758 
 
68959-28-4 

248 
JECFA specification (JECFA, 
2000d) 

0.012  
No safety concern c) 
 

JECFA evaluated 5-
hydroxy-8-undecenoic 
acid delta-lactone 
(CASrn as in Register). 
(R)- or (S)-enantiomer 
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Table 3: Supporting Substances Summary 

FL-no EU Register name Structural formula FEMA no 
CoE no 
CAS no 

JECFA no  
Specification available 

MSDI (EU) 1) 
(μg/capita/day) 

SCF status 2) 
JECFA status 3) 
CoE status 4) 

Comments 

not specified by 
Register CASrn. 

10.051 5-Hexyl-5-
methyldihydrofuran-2(3H)-one 

O
O

 

3786 
 
7011-83-8 

250 
JECFA specification (JECFA, 
1998b) 

ND  
No safety concern c) 
 

JECFA evaluated 
gamma-
methyldecalactone 
(CASrn as in Register). 
(R)- or (S)- enantiomer 
not specified by 
Register CASrn. 

10.053 3-Methyloctano-1,4-lactone O
O

 

3803 
10535 
39212-23-2 

437 
JECFA specification (JECFA, 
1998b) 

ND  
No safety concern c) 
 

JECFA evaluated 4-
hydroxy-3-
methyloctanoic acid 
gamma-lactone (CASrn 
as in Register). (R)- or 
(S)-enantiomer not 
specified by Register 
CASrn. 

1) EU MSDI: Amount added to food as flavouring substance in (kg / year) x 10E9 / (0.1 x population in Europe (= 375 x 10E6) x 0.6 x 365)  =  µg/capita/day. 
2) Category 1: Considered safe in use, Category 2: Temporarily considered safe in use, Category 3: Insufficient data to provide assurance of safety in use, Category 4: Not acceptable due to evidence of toxicity. 
3) No safety concern at estimated levels of intake. 
4) Category A: Flavouring substance, which may be used in foodstuffs, Category B: Flavouring substance which can be used provisionally in foodstuffs. 
a) (JECFA, 2000b). 
b) (CoE, 1992). 
c) (JECFA, 1999b). 
d) (JECFA, 2000c). 
ND No intake data reported. 
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ANNEX I: PROCEDURE FOR THE SAFETY EVALUATION 1 

The approach for a safety evaluation of chemically defined flavouring substances as referred to in 2 
Commission Regulation (EC) No 1565/2000 (EC, 2000a), named the "Procedure", is shown in schematic 3 
form in Figure I.1. The Procedure is based on the Opinion of the Scientific Committee on Food expressed on 4 
2 December 1999 (SCF, 1999a), which is derived from the evaluation Procedure developed by the Joint 5 
FAO/WHO Expert Committee on Food Additives at its 44th, 46th and 49th meetings (JECFA, 1995; JECFA, 6 
1996a; JECFA, 1997a; JECFA, 1999b). 7 

The Procedure is a stepwise approach that integrates information on intake from current uses, structure-8 
activity relationships, metabolism and, when needed, toxicity. One of the key elements in the Procedure is 9 
the subdivision of flavourings into three structural classes (I, II, III) for which thresholds of concern (human 10 
exposure thresholds) have been specified. Exposures below these thresholds are not considered to present a 11 
safety concern. 12 

Class I contains flavourings that have simple chemical structures and efficient modes of metabolism, which 13 
would suggest a low order of oral toxicity. Class II contains flavourings that have structural features that are 14 
less innocuous, but are not suggestive of toxicity. Class III comprises flavourings that have structural 15 
features that permit no strong initial presumption of safety, or may even suggest significant toxicity (Cramer 16 
et al., 1978). The thresholds of concern for these structural classes of 1800, 540 or 90 microgram/person/day, 17 
respectively, are derived from a large database containing data on subchronic and chronic animal studies 18 
(JECFA, 1996a). 19 

In Step 1 of the Procedure, the flavourings are assigned to one of the structural classes. The further steps 20 
address the following questions: 21 

• can the flavourings be predicted to be metabolised to innocuous products11 (Step 2)?  22 

• do their exposures exceed the threshold of concern for the structural class (Step A3 and B3)? 23 

• are the flavourings or their metabolites endogenous12 (Step A4)?  24 

• does a NOAEL exist on the flavourings or on structurally related substances (Step A5 and B4)? 25 

In addition to the data provided for the flavouring substances to be evaluated (candidate substances), 26 
toxicological background information available for compounds structurally related to the candidate 27 
substances is considered (supporting substances), in order to assure that these data are consistent with the 28 
results obtained after application of the Procedure.  29 

The Procedure is not to be applied to flavourings with existing unresolved problems of toxicity. Therefore, 30 
the right is reserved to use alternative approaches if data on specific flavourings warranted such actions. 31 

 32 

                                                      
 
11 “Innocuous metabolic products”: Products that are known or readily predicted to be harmless to humans at the estimated intakes of 
the flavouring agent” (JECFA, 1997a). 
 
12 “Endogenous substances”: Intermediary metabolites normally present in human tissues and fluids, whether free or conjugated; 
hormones and other substances with biochemical or physiological regulatory functions are not included (JECFA, 1997a). 
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Can the substance be predicted to be metabolised to innocuous products?

Procedure for Safety Evaluation of Chemically Defined Flavouring Substances 
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Data must be available on the  
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substances to perform a safety 
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Figure I.1 Procedure for Safety Evaluation of Chemically Defined Flavouring Substances
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ANNEX II: USE LEVELS / MTAMDI 1 

II.1 Normal and Maximum Use Levels 2 

For each of the 18 Food categories (Table II.1.1) in which the candidate substances are used, Flavour 3 
Industry reports a “normal use level” and a “maximum use level” (EC, 2000a). According to the Industry the 4 
”normal use” is defined as the average of reported usages and ”maximum use” is defined as the 95th 5 
percentile of reported usages (EFFA, 2002i). The normal and maximum use levels in different food 6 
categories have been extrapolated from figures derived from 12 model flavouring substances (EFFA, 2004e). 7 

Table II.1.1 Food categories according to Commission Regulation (EC) No 1565/2000 (EC, 2000a) 

Food category Description 

01.0 Dairy products, excluding products of category 02.0 

02.0 Fats and oils, and fat emulsions (type water-in-oil) 

03.0 Edible ices, including sherbet and sorbet 

04.1 Processed fruit 

04.2 Processed vegetables (incl. mushrooms & fungi, roots & tubers, pulses and legumes), and nuts & seeds 

05.0 Confectionery 

06.0 Cereals and cereal products, incl. flours & starches from roots & tubers, pulses & legumes, excluding bakery 

07.0 Bakery wares 

08.0 Meat and meat products, including poultry and game 

09.0 Fish and fish products, including molluscs, crustaceans and echinoderms  

10.0 Eggs and egg products 

11.0 Sweeteners, including honey 

12.0 Salts, spices, soups, sauces, salads, protein products, etc. 

13.0 Foodstuffs intended for particular nutritional uses 

14.1 Non-alcoholic ("soft") beverages, excl. dairy products 

14.2 Alcoholic beverages, incl. alcohol-free and low-alcoholic counterparts 

15.0 Ready-to-eat savouries 

16.0 Composite foods (e.g. casseroles, meat pies, mincemeat) - foods that could not be placed in categories 01.0 - 15.0 

The “normal and maximum use levels” are provided by Industry for 61 of the candidate substances in the 8 
present Flavouring Group Evaluation (Table II.1.2) (EFFA, 2001a; EFFA, 2003c; EFFA, 2003s; EFFA, 9 
2004ag; EFFA, 2007a; Flavour Industry, 2006a; Flavour Industry, 2010g; Flavour Industry, 2010n). 10 

Table II.1.2 Normal and Maximum use levels (mg/kg) for the candidate substances in FGE.10Rev3 

FL-no Food Categories 
Normal use levels (mg/kg) 
Maximum use levels (mg/kg) 
01.0 02.0 03.0 04.1 04.2 05.0 06.0 07.0 08.0 09.0 10.0 11.0 12.0 13.0 14.1 14.2 15.0 16.0 

02.132 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

02.198 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

02.242 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

05.149 3 
15 

2 
10 

3 
15 

2 
10 

- 
- 

4 
20 

2 
10 

5 
25 

1 
5 

1 
5 

- 
- 

- 
- 

2 
10 

3 
15 

2 
10 

4 
20 

5 
25 

2 
10 

06.088 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

06.090 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

06.095 7 5 10 7 - 10 5 10 2 2 - - - - 5 10 20 5 
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Table II.1.2 Normal and Maximum use levels (mg/kg) for the candidate substances in FGE.10Rev3 

FL-no Food Categories 
Normal use levels (mg/kg) 
Maximum use levels (mg/kg) 
01.0 02.0 03.0 04.1 04.2 05.0 06.0 07.0 08.0 09.0 10.0 11.0 12.0 13.0 14.1 14.2 15.0 16.0 
35 25 50 35 - 50 25 50 10 10 - - - - 25 50 100 25 

06.097 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

06.102 3 
15 

2 
10 

3 
15 

2 
10 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

52 
5 

10 
50 

3 
15 

10 
50 

15 
75 

5 
25 

07.169 3 
15 

2 
10 

3 
15 

2 
10 

- 
- 

4 
20 

2 
10 

5 
25 

1 
5 

1 
5 

- 
- 

- 
- 

2 
10 

3 
15 

2 
10 

4 
20 

5 
25 

2 
10 

08.053 3 
15 

2 
10 

3 
15 

2 
10 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

3 
15 

10 
50 

15 
75 

5 
25 

08.082 3 
15 

2 
10 

3 
15 

2 
10 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

3 
15 

10 
50 

15 
75 

5 
25 

08.090 3 
15 

2 
10 

3 
15 

2 
10 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

- 
- 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

15 
75 

5 
25 

08.103 3 
15 

2 
10 

3 
15 

2 
10 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

3 
15 

10 
50 

15 
75 

5 
25 

09.333 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.345 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.346 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.347 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.348 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.349 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.350 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.351 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.352 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.353 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.354 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.360 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.502 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.558 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.565 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.580 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
200 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.590 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.601 10 
50 

5 
75 

10 
50 

7 
35 

- 
- 

20 
100 

15 
75 

15 
75 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
50 

20 
100 

20 
100 

5 
25 

09.626 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.629 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.633 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.634 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.644 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

- 
- 

- 
- 

5 
25 

10 
50 

10 
50 

5 
25 

09.683 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.815 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.824 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 
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Table II.1.2 Normal and Maximum use levels (mg/kg) for the candidate substances in FGE.10Rev3 

FL-no Food Categories 
Normal use levels (mg/kg) 
Maximum use levels (mg/kg) 
01.0 02.0 03.0 04.1 04.2 05.0 06.0 07.0 08.0 09.0 10.0 11.0 12.0 13.0 14.1 14.2 15.0 16.0 

09.832 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.833 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.862 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.874 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.916 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

09.951 - 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

6 
10 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

6 
10 

10.038 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.039 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.040 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.045 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.047 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.048 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.049 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.052 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.055 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.058 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.059 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
30 

5 
25 

10 
50 

20 
100 

5 
25 

10.063 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.068 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.168 7 
35 

5 
25 

10 
50 

7 
35 

- 
- 

10 
50 

5 
25 

10 
50 

2 
10 

2 
10 

- 
- 

- 
- 

5 
25 

10 
50 

5 
25 

10 
50 

20 
100 

5 
25 

10.170 5 
20 

2 
10 

1 
5 

1 
5 

1 
5 

4 
20 

2,2 
10 

3 
15 

- 
- 

- 
- 

- 
- 

- 
- 

101 
1005 

- 
- 

3 
10 

2 
10 

2 
10 

2 
10 

II.2 mTAMDI Calculations 1 

The method for calculation of modified Theoretical Added Maximum Daily Intake (mTAMDI) values is 2 
based on the approach used by SCF up to 1995 (SCF, 1995). The assumption is that a person may consume 3 
the amount of flavourable foods and beverages listed in Table II.2.1. These consumption estimates are then 4 
multiplied by the reported use levels in the different food categories and summed up.  5 

Table II.2.1 Estimated amount of flavourable foods, beverages, and exceptions assumed to be consumed per 

person per day (SCF, 1995) 

Class of product category Intake estimate (g/day) 

Beverages (non-alcoholic) 324.0 

Foods 133.4 

Exception a: Candy, confectionery 27.0 

Exception b: Condiments, seasonings 20.0 
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Table II.2.1 Estimated amount of flavourable foods, beverages, and exceptions assumed to be consumed per 

person per day (SCF, 1995) 

Class of product category Intake estimate (g/day) 

Exception c: Alcoholic beverages 20.0 

Exception d: Soups, savouries 20.0 

Exception e: Others, e.g. chewing gum e.g. 2.0 (chewing gum) 

 1 

The mTAMDI calculations are based on the normal use levels reported by Industry. The seven food 2 
categories used in the SCF TAMDI approach (SCF, 1995) correspond to the 18 food categories as outlined in 3 
Commission Regulation (EC) No 1565/2000 (EC, 2000a) and reported by the Flavour Industry in the 4 
following way (see Table II.2.2): 5 

• Beverages (SCF, 1995) correspond to food category 14.1 (EC, 2000a) 6 

• Foods (SCF, 1995) correspond to the food categories 1, 2, 3, 4.1, 4.2, 6, 7, 8, 9, 10, 13, and/or 16 7 
(EC, 2000a) 8 

• Exception a (SCF, 1995) corresponds to food category 5 and 11 (EC, 2000a) 9 

• Exception b (SCF, 1995) corresponds to food category 15 (EC, 2000a) 10 

• Exception c (SCF, 1995) corresponds to food category 14.2 (EC, 2000a) 11 

• Exception d (SCF, 1995) corresponds to food category 12 (EC, 2000a) 12 

• Exception e (SCF, 1995) corresponds to others, e.g. chewing gum. 13 

Table II.2.2 Distribution of the 18 food categories listed in Commission Regulation (EC) No 1565/2000 (EC, 

2000a) into the seven SCF food categories used for TAMDI calculation (SCF, 1995) 

 Food categories according to Commission Regulation (EC) No1565/2000 Distribution of the seven SCF food categories 

Key Food category Food Beverages Exceptions 

01.0 Dairy products, excluding products of category 02.0 Food   

02.0 Fats and oils, and fat emulsions (type water-in-oil) Food   

03.0 Edible ices, including sherbet and sorbet Food   

04.1 Processed fruit Food   

04.2 Processed vegetables (incl. mushrooms & fungi, roots & tubers, pulses and legumes), 
and nuts & seeds 

Food   

05.0 Confectionery   Exception a 

06.0 Cereals and cereal products, incl. flours & starches from roots & tubers, pulses & 
legumes, excluding bakery 

Food   

07.0 Bakery wares Food   

08.0 Meat and meat products, including poultry and game Food   

09.0 Fish and fish products, including molluscs, crustaceans and echinoderms  Food   

10.0 Eggs and egg products Food   

11.0 Sweeteners, including honey   Exception a 

12.0 Salts, spices, soups, sauces, salads, protein products, etc.    Exception d 

13.0 Foodstuffs intended for particular nutritional uses Food   

14.1 Non-alcoholic ("soft") beverages, excl. dairy products  Beverages  

14.2 Alcoholic beverages, incl. alcohol-free and low-alcoholic counterparts   Exception c 



Flavouring Group Evaluation 10, Revision 3
 

 
89 EFSA Journal 2012; 10(3):2563 

Table II.2.2 Distribution of the 18 food categories listed in Commission Regulation (EC) No 1565/2000 (EC, 

2000a) into the seven SCF food categories used for TAMDI calculation (SCF, 1995) 

 Food categories according to Commission Regulation (EC) No1565/2000 Distribution of the seven SCF food categories 

15.0 Ready-to-eat savouries   Exception b 

16.0 Composite foods (e.g. casseroles, meat pies, mincemeat) - foods that could not be 
placed in categories 01.0 - 15.0 

Food   

 1 

The mTAMDI values (see Table II.2.3) are presented for each of the 61 flavouring substances in the present 2 
flavouring group, for which Industry has provided use and use levels (EFFA, 2001a; EFFA, 2003c; EFFA, 3 
2003s; EFFA, 2004ag; EFFA, 2007a; Flavour Industry, 2006a; Flavour Industry, 2010g; Flavour Industry, 4 
2010n). The mTAMDI values are only given for the highest reported normal use levels. 5 

TableII.2.3 Estimated intakes based on the mTAMDI approach 

FL-no EU Register name mTAMDI 
(μg/person/day) 

Structural class Threshold of concern 
(µg/person/day) 

02.132 Butane-1,3-diol 3900 Class I 1800 
02.198 Octane-1,3-diol 3900 Class I 1800 
05.149 Glutaraldehyde 1600 Class I 1800 
07.169 1-Hydroxypropan-2-one 1600 Class I 1800 
08.053 Malonic acid 3200 Class I 1800 
08.082 Glutaric acid 3200 Class I 1800 
08.090 2-Hydroxy-4-methylvaleric acid 3800 Class I 1800 
08.103 Nonanedioic acid 3200 Class I 1800 
08.113 Succinic acid, disodium salt  Class I 1800 
09.333 sec-Butyl lactate 3900 Class I 1800 
09.345 Di-isopentyl succinate 3900 Class I 1800 
09.346 Dibutyl malate 3900 Class I 1800 
09.347 Dibutyl succinate 3900 Class I 1800 
09.348 Diethyl adipate 3900 Class I 1800 
09.349 Diethyl citrate 3900 Class I 1800 
09.350 Diethyl fumarate 3900 Class I 1800 
09.351 Diethyl maleate 3900 Class I 1800 
09.352 Diethyl nonanedioate 3900 Class I 1800 
09.353 Diethyl oxalate 3900 Class I 1800 
09.354 Diethyl pentanedioate 3900 Class I 1800 
09.360 Ethyl 2-acetoxypropionate 3900 Class I 1800 
09.502 Ethyl butyryl lactate 3900 Class I 1800 
09.558 Dimethyl malonate 3900 Class I 1800 
09.565 Hex-3-enyl 2-oxopropionate 3900 Class I 1800 
09.580 Hexyl lactate 3900 Class I 1800 
09.590 Isobutyl lactate 3900 Class I 1800 
09.601 Isopentyl lactate 5100 Class I 1800 
09.626 Methyl 2-oxopropionate 3900 Class I 1800 
09.629 Methyl 3-acetoxyhexanoate 3900 Class I 1800 
09.633 Methyl 5-hydroxydecanoate 3900 Class I 1800 
09.634 Methyl acetoacetate 3900 Class I 1800 
09.644 Methyl lactate 3600 Class I 1800 
09.683 Pentyl lactate 3900 Class I 1800 
09.815 Propyl lactate 3900 Class I 1800 
09.832 Ethyl 3-acetohexanoate 3900 Class I 1800 
09.833 iso-Propyl 4-oxopentanoate 3900 Class I 1800 
09.862 Ethyl 3-acetoxy octanoate 3900 Class I 1800 
09.874 Di(2-methylbutyl) malate 3900 Class I 1800 
09.916 Ethyl 3-hydroxyoctanoate 3900 Class I 1800 
09.951 Dioctyl adipate 800 Class I 1800 
10.038 Dec-7-eno-1,4-lactone 3900 Class I 1800 
10.039 cis-Dec-7-eno-1,4-lactone 3900 Class I 1800 
10.040 Dec-8-eno-1,5-lactone 3900 Class I 1800 
10.045 Heptano-1,5-lactone 3900 Class I 1800 
10.047 Hexadecano-1,16-lactone 3900 Class I 1800 
10.048 Hexadecano-1,4-lactone 3900 Class I 1800 
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TableII.2.3 Estimated intakes based on the mTAMDI approach 

FL-no EU Register name mTAMDI 
(μg/person/day) 

Structural class Threshold of concern 
(µg/person/day) 

10.049 Hexadecano-1,5-lactone 3900 Class I 1800 
10.052 3-Methylnonano-1,4-lactone 3900 Class I 1800 
10.055 Pentano-1,5-lactone 3900 Class I 1800 
10.058 Tridecano-1,5-lactone 3900 Class I 1800 
10.059 Hexadec-7-en-1,16-lactone 3900 Class I 1800 
10.063 Hexadec-9-en-1,16 lactone 3900 Class I 1800 
10.068 Pentadecano-1,14-lactone 3900 Class I 1800 
10.168 5,6-Dimethyl-tetrahydro-pyran-2-one 3900 Class I 1800 
09.824 Ethyl 2-acetylbutyrate 3900 Class I 1800 
06.088 2-Ethyl-4-methyl-1,3-dioxolane 3900 Class II 540 
06.090 4-Hydroxymethyl-2-methyl-1,3-dioxolane 3900 Class II 540 
06.095 4-Methyl-2-propyl-1,3-dioxolane 3800 Class II 540 
06.135 2-Isobutyl-4-methyl-1,3-dioxolane  Class II 540 
02.242 2-Butoxyethan-1-ol 3900 Class II 540 
06.097 1,1,3-Triethoxypropane 3900 Class II 540 
06.102 2-Hexyl-5-hydroxy-1,3-dioxane 4100 Class III 90 
10.170 5-Pentyl-3H-furan-2-one 3800 Class III 90 

 1 
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ANNEX III: METABOLISM 1 

III.1. Introduction 2 

III.1.1. Equilibrium Between Aliphatic Lactones and Ring-opened Hydroxycarboxylic Acids: Effect of 3 
pH 4 

In general, lactones are formed by acid-catalysed intramolecular cyclisation of hydroxycarboxylic acids. In 5 
an aqueous environment, a pH-dependent equilibrium is established between the open-chain 6 
hydroxycarboxylate anion and the lactone ring. In basic media, such as blood, the open-chain 7 
hydroxycarboxylate anion is favoured while in acidic media, such as gastric juice and urine, the lactone ring 8 
is favoured (see Figure III.1). Enzymes, such as lactonase, may catalyse the hydrolysis reaction, but for 9 
simple saturated lactones, the ring-opening reaction and reverse cyclisation are in equilibrium, mainly 10 
controlled by pH conditions. Both the aliphatic lactones and the ring-opened hydroxycarboxylic acids can be 11 
absorbed from the gastrointestinal tract. However, the simple lactones, with low molecular weight, being 12 
uncharged, may cross the cell membrane more easily than the acidic form, which penetrates the cells as a 13 
weak electrolyte (Guidotti and Ballotti, 1970). 14 

 15 

O

R

O

OH-/H2O

O-
R

OH

O

gamma-lactone gamma-hydroxy anion

O OR

HO-/H2O

H+/H2O

delta-lactone

R

OH

delta-hydroxyacid anion

O-

O

 16 

Figure III.1. Equilibrium of gamma- and delta-lactone and hydroxycarboxylate anion 17 

 18 

III.1.2. Hydrolysis of Aliphatic Lactones 19 

Fifteen candidate substances [FL-no: 10.038, 10.039, 10.040, 10.045, 10.047, 10.048, 10.049, 10.052, 20 
10.055, 10.058, 10.059, 10.063, 10.068, 10.168 and 10.170] are simple aliphatic lactones that are expected to 21 
readily undergo hydrolysis in vivo. 22 

Information on the disposition of these substances is mainly derived from studies on a single supporting 23 
substance, butyro-1,4-lactone [FL-no: 10.006], which has been extensively studied due to the production of 24 
CNS depression, attributed to its hydrolysis product, gamma-hydroxybutyrate. No data on the candidate 25 
substances are available. 26 
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When 4-hydroxybutanoic acid gamma-lactone (butyro-1,4-lactone) is administered intravenously (Roth and 1 
Giarman, 1966), intraperitoneally (i.p.) or orally (Guidotti and Ballotti, 1970) to rats, the open-chain 4-2 
hydroxybutanoate anion is detected in the blood and tissues and the sedative effect produced by 4-3 
hydroxybutanoate was evidenced (Roth and Giarman, 1966; Guidotti and Ballotti, 1970). The half-life for 4 
the conversion of the lactone ring to the open-chain anion in the blood is less than one minute. The reaction 5 
is catalysed by gamma-lactonase, which shows greater activity in the plasma than in the liver or brain 6 
(Fishbein and Bessman, 1966). 7 

Hydrolysis of various aliphatic lactones (1 mM), including those formed from tertiary alcohols, has been 8 
described after in vitro incubation in basic simulated intestinal fluid and rat liver homogenate, (Morgareidge, 9 
1962a; Morgareidge, 1963a). 10 

Table III.1.  Hydrolysis of various aliphatic lactones 11 

Substance Test System % Hydrolysis Time (hr) Reference 
Gamma-Valerolactone Simulated intestinal fluid 32 4 (Morgareidge, 1962a) 

Rat liver homogenate 93 1 (Morgareidge, 1963a) 
Gamma-Nonalactone Rat liver homogenate 

(pH= 7.5) 
62-94 1 (Morgareidge, 1963a) 

Rat liver homogenate 
(pH =8) 

81-88 1 (Morgareidge, 1963a) 

Gamma-Undecalactone Simulated intestinal fluid 58 1 (Morgareidge, 1962a) 
Rat liver homogenate 
(pH= 7.5) 

26-40 4 (Morgareidge, 1963a) 

Rat liver homogenate 
(pH= 8) 

45-70 1 (Morgareidge, 1963a) 

Omega-6-Hexadecenlactone Simulated intestinal fluid 92 0.25 (Morgareidge, 1962a) 
Simulated intestinal fluid 96 1 (Morgareidge, 1963a) 

4,4-Dibutyl-gamma-
butyrolactone 

Simulated intestinal fluid 92 1 (Morgareidge, 1962a) 

As shown in Table III.1, the rate and the extent of hydrolysis differ, depending on the lactone tested. The 12 
observation that gamma-lactones, sterically hindered gamma-lactones and omega-lactones are hydrolysed to 13 
the ring-opened form under these conditions supports the conclusion that the ring-opened hydroxycarboxylic 14 
acid anion exists in body fluids at basic pH. In acidic media, such as the gastric juice and the urine, the 15 
lactone form predominates. 16 

Gamma-valerolactone and gamma-hexalactone have been detected in the urine of normal human adults 17 
(Zlatkis and Liebich, 1971). 18 

III.1.3. Absorption of Aliphatic Lactones 19 

Aliphatic lactones or the ring-opened hydroxycarboxylic acids are expected to be absorbed from the 20 
gastrointestinal tract. In rats, single oral doses >100 mg/kg bw/day of the supporting substance gamma-21 
butyrolactone [FL-no: 10.006] were absorbed rapidly and completely from the intestinal tract (Arena and 22 
Fung, 1980; Guidotti and Ballotti, 1970; Lettieri and Fung, 1978). However, the lactone being an uncharged 23 
low molecular weight molecule may cross the cell membrane more easily than the ring-opened form, which 24 
penetrates the cells as a weak electrolyte (Guidotti and Ballotti, 1970). 25 

In humans, paraoxonase (PON1), a serum enzyme belonging to the class of A-carboxyesterases (Aldridge, 26 
1953), is known to rapidly hydrolyse a broad range of aliphatic lactone substrates including beta-, gamma-, 27 
delta- and omega-lactones, lactones fused to alicyclic rings such as 2-(2-hydroxycyclopent-4-enyl)ethanoic 28 
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acid gamma-lactone (Billecke et al., 2000). Activities of paraoxonase isoenzymes (Q & R) in human blood 1 
exhibit a bimodal distribution that is accounted for by a Q/R (glutamine or arginine) polymorphism with Q-2 
type homozygotes showing a lower activity than QR heterozygotes or R homozygotes (Humbert et al., 3 
1993). 4 

Incubation of 1 mM of human R-type PON1 with aliphatic lactones gamma-butyrolactone, gamma-5 
valerolactone, gamma-decanolactone and undecano-gamma-lactone resulted in hydrolysis rates of 9.1, 7.0, 6 
19.0 and 13.0 μmol/min/ml substrate, respectively (Billecke et al., 2000). Hydrolysis is slower for the 7 
alicyclic fused-ring lactone, 2-(2-hydroxycyclopent-4-enyl)ethanoic acid gamma-lactone, with a hydrolysis 8 
rate of less than 3 μmol/min/ml substrate in the Q and R isoenzymes of PON1 (Billecke et al., 2000). 9 

Based on these data, it is concluded that a wide variety of lactones readily hydrolyse in human blood serum 10 
support either prior to absorption or upon entering systemic circulation. 11 

III.1.4. Metabolism of Lactones Formed From Linear and Branched-chain Aliphatic Hydroxy-12 
carboxylic Acids 13 

No literature data on the candidate substances are available; however, due to the simple structure of the 14 
substances, information on their metabolic fate may be derived from text books. 15 

Linear aliphatic hydroxycarboxylic acids are hydrolysed and rapidly oxidised via the fatty acid pathway. 16 
Linear saturated 5-hydroxycarboxylic acids formed from delta-lactones are converted, via acetyl coenzyme 17 
A (CoA), to hydroxythioesters, which then undergo beta-oxidation and cleavage to yield an acetyl CoA 18 
fragment and a new beta-hydroxythioester reduced by two carbons. Even numbered-carbon acids continue to 19 
be oxidised and cleaved to yield acetyl CoA while odd numbered-carbon acids yield acetyl CoA and 20 
propionyl CoA. Acetyl CoA enters the citric acid cycle directly while propionyl CoA is transformed into 21 
succinyl CoA, which then enters the citric acid cycle (Voet and Voet, 1990). 22 

Linear saturated 4- or 6-hydroxycarboxylic acids formed from gamma- or epsilon-lactones participate in the 23 
same pathway as linear saturated 5-hydroxycarboxylic acids; however, loss of an acetyl CoA fragment 24 
produces an alpha-hydroxythioester, which undergoes oxidation and alpha-decarboxylation to yield a linear 25 
carboxylic acid and eventually carbon dioxide (Voet and Voet, 1990). In rats and dogs, the supporting 26 
substances, 14CO1-gamma-decalactone and 14CO1-gamma-dodecalactone, are metabolised in a manner similar 27 
to 14CO1-lauric acid, with approximately 75 % of the labeled 14CO being eliminated as carbon dioxide within 28 
48 hours (Fassett, 1961). 29 

The metabolic fate of the supporting substance butyro-1,4-lactone [FL-no: 10.006] has been extensively 30 
studied in animals and humans. The majority of 14C-labeled 4-hydroxybutanoate administered by intravenous 31 
injection to rats was recovered as 14CO2 within 2.5 hours (Roth and Giarman, 1965). Oxidation of gamma-32 
butyrolactone to succinate by alcohol dehydrogenase and succinic semialdehyde dehydrogenase occurs 33 
primarily in the liver (Jakoby and Scott, 1959); succinate then participates in the citric acid cycle (Doherty 34 
and Roth, 1978; Lee, 1977; Möhler et al., 1976; Walkenstein et al., 1964). However, this pathway accounts 35 
for only a limited proportion of the metabolised compound. The main biotransformation route through which 36 
gamma-butyrolactone is metabolised is beta-oxidation as indicated by the presence of (S)-3,4-37 
dihydroxybutyric acid, glycolic acid and 3-oxobutyric acid in the urine of human volunteers given orally 1.0 38 
g gamma-butyrolactone [FL-no: 10.006] (Lee, 1977); other intermediates derived from beta-oxidation have 39 
previously been detected in samples of human urine (Walkenstein et al., 1964). 40 

If the lactone is formed from a linear hydroxycarboxylic acid containing unsaturation, cleavage of acetyl 41 
CoA units will continue along the carbon chain until the position of unsaturation is reached. If the 42 
unsaturation begins at an odd-numbered carbon, acetyl CoA fragmentation will eventually yield a 3-enoyl 43 
CoA, which is converted to the trans-Δ2-enoyl CoA before entering the fatty acid pathway. If unsaturation 44 
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begins at an even-numbered carbon, acetyl CoA fragmentation yields a Δ2-enoyl CoA product, which is a 1 
substrate for further fatty acid oxidation. If the stereochemistry of the double bond is cis, hydration yields 2 
(R)-3-hydroxyacyl CoA, which is isomerised to (S)-3-hydroxyacyl CoA by 3-hydroxyacyl CoA epimerase 3 
prior to entering into normal fatty acid metabolism (Voet and Voet, 1990). 4 

The principal metabolic pathways utilized for detoxication of branched-chain hydroxycarboxylic acids are 5 
influenced by the chain length and the position and size of alkyl substituents. Short-chain (< C6) branched 6 
aliphatic hydroxycarboxylic acids may be excreted conjugated mainly with glucuronic acid, or undergo 7 
alpha- or beta-oxidation followed by cleavage and complete metabolism to CO2 (Voet and Voet, 1990; 8 
Williams, 1959a) via the fatty acid pathway and the tricarboxylic acid cycle. Alternatively, as chain length, 9 
substitution and lipophilicity increase, the hydroxycarboxylic acid may undergo a combination of omega-, 10 
omega-1 and beta-oxidation to yield polar hydroxyacid, ketoacid and hydroxydiacid metabolites that may be 11 
excreted as the glucuronic acid or sulphate conjugates in the urine and, to a lesser extent, in the faeces. 12 
Methyl substituted carboxylic acids are, to some extent, omega-oxidised in animals to form diacids, which 13 
can be detected in the urine (Williams, 1959a). 14 

Carboxylic acids with a methyl substituent located at an even-numbered carbon (e.g. 2-methylpentanoic acid 15 
or 4-methyldecanoic acid) are metabolised extensively in the fatty acid pathway to CO2 via beta-oxidation 16 
and cleavage of the longer branched-chain. If the methyl group is located at an odd-numbered carbon such as 17 
the 3-position, beta-oxidation is inhibited and omega-oxidation predominates, primarily leading to polar, 18 
acidic metabolites capable of being excreted in the urine as such or as conjugates (Williams, 1959a). Larger 19 
alkyl substituents (> C2) located at the alpha- or beta-position inhibit metabolism to CO2 (Albro, 1975;  20 
Deisinger et al., 1994; Deuel, 1957) in which case there is either direct conjugation of the acid with 21 
glucuronic acid or omega-oxidation leading to diacid metabolites, which may be conjugated and excreted. 22 

III.2. Absorption, Metabolism and Elimination of: Esters, Acetals, Aliphatic Primary 23 
Alcohols, Aldehydes, and Carboxylic Acids Containing Additional Oxygenated Functional 24 
Groups 25 

III.2.1. Mono- and Di-esters 26 

Thirty-two candidate substances are esters or diesters [FL-no: 09.333, 09.345 - 09.354, 09.360, 09.502, 27 
09.558, 09.565, 09.580, 09.590, 09.601, 09.626, 09.629, 09.633, 09.634, 09.644, 09.683, 09.815, 09.824, 28 
09.832, 09.833, 09.862, 09.874 09.916 and 09.951]. They are expected to undergo hydrolysis in humans to 29 
yield their corresponding alcohol (linear or branched-chain aliphatic alcohols) and acid components (i.e. 30 
alpha-, beta- or gamma-keto or hydroxy acids; or simple aliphatic acids, diacids or triacids), which would be 31 
further metabolised. The presence of a second oxygenated functional group has little if any effect on 32 
hydrolysis of these esters; therefore the discussion and conclusions presented in previous evaluations 33 
(FGE.01 and FGE.02) apply equally well to the candidate esters in the present evaluation. 34 

Hydrolysis is catalysed by classes of enzymes recognised as carboxylesterases or esterases (Heymann, 1980), 35 
the most important of which are the B-esterases (Anders, 1989; Heymann, 1980). Acetyl esters are the 36 
preferred substrates of C-esterases (Heymann, 1980). In mammals, these enzymes occur in most tissues 37 
throughout the body (Anders, 1989; Heymann, 1980) but predominate in the hepatocytes (Heymann, 1980). 38 

The majority of degradation products yielded from the candicate ester hydrolysis are endogenous in 39 
mammals and are known to be completely metabolised, through different reactions, depending on their chain 40 
length and degree of branching and functional groups. It is likely that multiple metabolic reactions will occur 41 
for some hydrolysis products. The most probable metabolic reactions are the following: 42 
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• Oxidation of alcohols to aldehydes and acids. 1 

• Conjugation of alcohols and acids to glucuronides and sulphates. 2 

• Beta-oxidation of carboxylic acids. 3 

• Omega-oxidations of carboxylic acids. 4 

However, the hydrolysis product of the candidate substance ethyl 2-acetylbutyrate [FL-no: 09.824], 2-acetyl 5 
butyric acid, has some structural similarities to valproic acid, which together with a number of its derivatives 6 
has been recognised to be teratogenic in rodents and in humans (Nau and Löscher, 1986; Samren et al., 1997; 7 
Kaneko et al., 1999). Although it can be predicted that 2-acetyl butyric acid is further metabolised through 8 
the above mentioned pathways of detoxication for carboxylic acids, the structural similarity with valproic 9 
acid does no allow to anticipate that ethyl 2-acetylbutyrate [FL-no: 09.824] is metabolised to innocuous 10 
products. 11 

While no hydrolysis data have been provided for the esters of the present group of flavourings, information 12 
on some structurally related esters could be found. 13 

In vitro incubation of the supporting substance methyl 2-oxo-3-methylvalerate [FL-no: 09.550], with a 2 % 14 
pancreatin solution (pH = 7.5), resulted in virtually complete hydrolysis (> 98 %) within 80 minutes 15 
(Leegwater and VanStraten, 1979). The supporting substance dibutyl sebacate [FL-no: 09.474] in 10 % 16 
acacia solution, was hydrolysed in vitro in a 10 % crude pancreatic lipase solution (Smith, 1953b). 17 

The supporting substance 14C-tributyl acetylcitrate [FL-no: 09.511], administered to male Sprague-Dawley 18 
rats by gavage at a dose level of 70 mg/kg bw, was rapidly absorbed (t½  = 1 hour) and partially hydrolysed. 19 
More than 87 % of the administered radioactivity was eliminated within 24 hours after dosing. At least nine 20 
urinary metabolites (59 - 70 %) were detected. Five metabolites were positively identified as the partially 21 
hydrolysed mono-, di- and tri-alkylesters of citric acid. Three metabolites (25 - 26 %) were identified in the 22 
faeces; approximately 2 % of the administered dose was eliminated as 14CO2 (Hiser et al., 1992). 23 

III.2.2. Acetals 24 

Six candidate substances [FL-no: 06.088, 06.090, 06.095, 06.097, 06.102 and 06.135] are acetals, which may 25 
undergo acid catalysed hydrolysis in the gastric environment to yield their component aldehydes and 26 
alcohols prior to absorption. 27 

In vitro experiments using simulated gastric fluid revealed the rates of hydrolysis of acetals to be dependent 28 
on the structures of the aldehyde and alcohol moieties. Acetals derived from short (< C8) chain saturated 29 
aldehydes were hydrolysed almost instantly (Engel, 2003). 30 

Hydroxycitronellal dimethyl acetal similar to the supporting substance hydroxycitronellal diethyl acetal   was 31 
> 99 % hydrolysed in vitro to the terpenoid hydroxycitronellal and methanol in simulated gastric juice (pH 32 
about 2.1) after 1 hour and > 6 % hydrolysed in intestinal fluid (pH = 7.5) after 2 hours (Morgareidge, 33 
1962b). 34 

Once hydrolysed, the component alcohol, aldehydes and acids are expected to be completely metabolised, 35 
through the above mentioned common routes of biotransformations and excreted. 36 

III.2.3. Alpha-hydroxy- and Alpha-keto-acids and Their Esters 37 

One candidate substance [FL-no: 08.090] is an alpha-hydroxyacid. In addition alpha-keto- and alpha-38 
hydroxyacids are formed by hydrolysis of candidate esters [FL- No: 09.333, 09.346, 09.353, 09.565, 09.580, 39 
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09.590, 09.601, 09.626, 09.644, 09.683, 09.815 and 09.874]. They would be expected to be metabolised like 1 
endogenous alpha-ketoacids formed from oxidative deamination of amino acids such as isoleucine, 2 
methionine and valine in vivo. 3 

The supporting substance, 2-oxobutyric acid [FL-no: 08.066] (i.e. alpha-ketobutyric acid), is endogenous in 4 
humans as a product of methionine degradation and undergoes alpha-decarboxylation to yield propionyl 5 
CoA. Propionyl CoA ultimately enters the tricarboxylic acid cycle as succinyl CoA (Voet and Voet, 1990). 6 

III.2.4. Beta-keto- and Beta-hydroxyacids and Their Esters 7 

One candidate substance [FL-no: 08.053] is a beta-ketoacid. In addition eight candidate substances [FL-no: 8 
09.346, 09.558, 09.629, 09.634, 09.824, 09.862, 09.874 and 09.916] are precursor of acetoacetic acid or its 9 
beta-hydroxy or aldehyde precursor. [FL-no: 09.346, 09.629, 09.862, 09.874 and 09.916] can be oxidised in 10 
vivo to acetoacetic acid. Acetoacetic acid is endogenous in humans and is formed from the condensation of 11 
two acetyl CoA units in the fatty acid pathway. It is released from the liver into the bloodstream and 12 
transported to peripheral tissues where it is converted to acetyl CoA and is completely metabolised. At 13 
elevated endogenous levels, beta-ketoacids may undergo non-enzymatic decarboxylation, which, for 14 
acetoacetic acid, yields acetone and CO2 (Voet and Voet, 1990). 15 

III.2.5. Gamma-keto- and Gamma-hydroxyacids and Their Esters 16 

Gamma-hydroxy and gamma-keto acids are produced by hydrolysis of two candidate substances [FL-no: 17 
09.832 and 09.833]. They are expected to be completely metabolised to CO2 at low levels of exposure from 18 
use as flavouring substances. At elevated levels of exposure, the ketone function may be reduced to the 19 
corresponding secondary alcohol (Bosron and Li, 1980) and excreted as the glucuronic acid conjugate 20 
(Williams, 1959a). 21 

Products of partial beta-oxidation or glucuronic acid conjugation have also been identified in the urine. 22 
When 1.0 g of the structurally related substance gamma-hydroxybutyrate [FL-no: 10.006] was administered 23 
to humans, it was excreted in the urine as S-3,4-dihydroxybutyrate, 3-oxobutyric acid and glycolate (Lee, 24 
1977). 25 

III.2.6. Aliphatic Di- and Tricarboxylic Acids and Their Esters 26 

Among candidate substances the aliphatic di- and tri-carboxylic acids and their precursors [FL-no: 05.149, 27 
08.053, 08.082, 08.103, 08.113, 09.345, 09.346, 09.347, 09.348, 09.349, 09.350, 09.351, 09.352, 09.353, 28 
09.354, 09.558, 09.874 and 09.951] either occur endogenously in humans or are structurally related to 29 
endogenous substances. Succinic acid (from [FL-no: 09.345 and 09.347]), fumaric acid (from [FL-no: 30 
09.350]), l-malic acid (from [FL-no: 09.346 and 09.874]), maleic acid (from [FL-no 09.351]) and citric acid 31 
(from [FL-no: 09.349]), are components of the tricarboxylic acid cycle (Voet and Voet, 1990). Fumaric acid 32 
is present in the blood, brain, liver, muscle and kidney of normal rats (Marshall et al., 1949). Moreover, the 33 
following acids are present in the urine of normal adults, citric, tartaric, malic, aconitic, fumaric and adipic 34 
(Hanson, 1943; Osteux and Laturaze, 1954). Alpha-ketoglutaric acid is an intermediate metabolite of citric 35 
acid, fumaric acid and succinic acid, and is formed via alpha-oxidation (Krebs et al., 1938; Simola and 36 
Krusius, 1938). 37 

Simple aliphatic di- and tricarboxylic acid candidate substances and component acids of the candidate esters 38 
are metabolised in the fatty acid beta-oxidation pathway or tricarboxylic acid cycle. When the supporting 39 
substance 14C-l-malic acid [FL-no: 08.017] was administered to male albino Wistar rats by gavage at a dose 40 
level of 2.5 mg/kg bw, 93 % of the radioactivity was recovered in expired air, urine and faeces (Dargel, 41 
1966). 42 
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After the administration of the radioactive supporting substance adipic acid [FL-no: 08.026] to rats by 1 
stomach tube at a dose level of 200 - 300 mg/kg bw, the compound was extensively metabolised. Labelled 2 
products identified in the urine included glutamic acid, lactic acid, beta-ketoadipic acid and citric acid. The 3 
presence of the beta-oxidation metabolite, beta-ketoadipic acid, indicates that adipic acid participates in beta-4 
oxidation in the fatty acid pathway (Rusoff et al., 1960). 5 

The linear and branched-chain aliphatic primary alcohol components of candidate substances that are simple 6 
aliphatic di- and tricarboxylic acid esters would be oxidised in the presence of alcohol dehydrogenase to their 7 
corresponding aldehydes which, in turn, would be oxidised to their corresponding carboxylic acids (Bosron 8 
and Li, 1980; Feldman and Weiner, 1972; Levi and Hodgson, 1989). The resulting carboxylic acids would 9 
be metabolised in the fatty acid pathway and tricarboxylic acid cycle (Voet and Voet, 1990) or conjugated to 10 
glucuronides and sulphates and excreted. Branched-chain diols or keto alcohols may undergo oxidation to 11 
their corresponding aldehydes and carboxylic acid, which would be further metabolised or excreted, through 12 
the common routes of biotransformation of carboxylic acids. 13 

III.2.7. Aliphatic Alkoxy- alcohol and Diols 14 

Among candidate substances, one is an alkoxy-alcohol [FL-no: 02.242] and two are diols [FL-no: 02.132 and 15 
02.198]. 16 

The metabolism and disposition of 2-butoxyethanol [FL-no: 02.242] were extensively studied, and details are 17 
reported below. However, it can be anticipated that the major metabolite is butoxyacetic acid, which is 18 
primarily responsible for the hemolysis of red blood cells and other toxic effects induced by 2-19 
butoxyethanol. 20 

1-Hydroxypropan-2-one [FL-no: 07.169] (acetol) is an endogenous metabolite of acetone which is also an 21 
endogenous substance formed from the degradation of body fat/fatty acids. 22 

The metabolism in mammals of acetone, which at low concentrations, primarily occurs in the liver, is shown 23 
in Figure III.2. At low acetone concentrations in blood, i.e. in healthy humans not exposed to external 24 
sources, in amounts of approximately 4 - 12 mg per person corresponding to 0.7 to 2 mg/l blood (Ashley et 25 
al., 1994; Dick el al., 1988; Wang et al, 1994c), the major pathway is via the methylglyoxal route. At higher 26 
acetone concentrations in the blood, e.g. after acetone exposure, after fasting or in relation to certain 27 
deceases the propan-1,2-diol route is the dominating pathway. In the fist step acetone is oxidized to 1-28 
hydroxypropan-2-one via acetone monooxygenase (p-450 IIE1). 1-Hydroxypropan-2-one is oxidised to 2-29 
oxopropanal via acetol monooxygenase (p-450 IIE1), or at higher acetone concentrations to propan-1,2-diol. 30 
2-Oxopropanal is then oxidised to pyruvate leading to glucose formation (Morgott, 1993; WHO, 1998a; 31 
NAS/COT, 2005). 32 

The diols are anticipated to be metabolised by the common route of alcohol biotransformation, i.e. direct 33 
conjugation or oxidation by alcohol-dehydrogenase to their corresponding aldehydes and carboxylic acid, 34 
which would be further metabolised or excreted. 35 

 36 
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Figure III.2.  Acetone metabolism (methylglyoxal pathway) 2 

III.3. Studies on Candidate Substances 3 

2-Butoxyethan-1-ol [FL-no: 02.242] 4 

Several experiments by the oral route of administration have been conducted, indicating that 2-butoxyethan-5 
1-ol is rapidly absorbed, metabolised and eliminated. Butoxyacetic acid is its major metabolite, metabolism 6 
being mainly catalysed by hepatic alcohol dehydrogenase; most excretion is in the urine (Corley et al., 1994; 7 
Ghanayem et al., 1987a; Ghanayem et al., 1987b; Ghanayem et al., 1987c; Medinsky et al., 1990). 8 

The distribution and excretion of 14C-butoxyethanol and its metabolites was evaluated using male F344 rats 9 
(9 - 13 weeks old). A single 125 or 500 mg/kg dose of 14C-butoxyethanol was administered to each animal 10 
via gavage. Animals were killed 48 hours post-administration and tissues excised. At 48 hours, 11 
approximately 18 % and 10 % of the administered dose was exhaled as 14CO2  for the 125 and 500 mg/kg 12 
doses, respectively; whereas only between 2 and 3 % was excreted in the faeces. The percentage of the 125 13 
mg/kg dose excreted in the urine (70 %) was significantly greater than the percentage excreted after the 500 14 
mg/kg dose (40 %). Butoxyacetic acid was the only urinary metabolite detected for the 125 mg/kg dose; the 15 
glucuronide conjugates of butoxyethanol and butoxyacetic acid (23 %) were also detected in the urine of 16 
animals dosed with the higher dose. A small portion (8 %) of the 500 mg/kg dose was excreted in the bile 8 17 
hours after dosing. Compared to the 125 mg/kg dose group, tissue concentrations of 14C-butoxyethanol 48 18 
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hours after administration were significantly greater in specific organs of rats that received the 500 mg/kg 1 
dose. In both dose groups the highest concentration of radioactivity was detected in the forestomach, 2 
followed by the liver, kidneys, spleen and the glandular stomach (Ghanayem et al., 1987c). 3 

The metabolism and excretion of 2-butoxyethan-1-ol [FL-no: 02.242] were evaluated using both young (4 to 4 
5 weeks old) and adult (9 to 13 weeks old) male F344 rats with the same experimental design described in 5 
Ghanayem et al. (1987c), except that 14C-butoxyethanol was administered at a single oral dose (500 mg/kg). 6 
There was a significantly higher proportion of the administered dose eliminated as CO2 in young rats as 7 
compared to older rats. Similarly, a significantly higher proportion of the administered dose was excreted in 8 
the urine of the young rats. The butoxyacetic acid/butoxyethanol-glucuronide + butoxyethanol-sulphate ratio 9 
was significantly greater in older rats (Ghanayem et al., 1987a), which are consistently more susceptible to 10 
the toxic action of 2-butoxyethan-1-ol . There was a strong correlation between the amount of butoxyacetic 11 
acid in the urine and 2-butoxyethanol-induced haematotoxicity. Moreover, metabolic activation via alcohol 12 
and aldehyde dehydrogenases is a prerequisite for the induction of toxic effects, since pre-treatment of rats 13 
with pyrazole (alcohol dehydrogenase inhibitor) or cyanamide (aldehyde dehydrogenase inhibitor) protected 14 
rats against 2-butoxyethanol-induced haematotoxicity and increased the urinary amount of butoxyethanol- 15 
conjugates (glucuronide and sulphate) (Ghanayem et al., 1987b). 16 

2-Butoxyethan-1-ol [FL-no: 02.242] was administered to male F344/N rats (11 to 12 weeks old) at 17 
concentrations in drinking water of 290, 860 and 2590 ppm over a 24 hours period. Butoxyethanol was 18 
administered as 2-butoxy[U-14C]ethanol, and exhaled air, urine and faeces were collected over a 72 hours 19 
period. Most 14C was excreted either in the urine or exhaled as CO2: 50 - 60 % of the administered dose was 20 
eliminated in the urine as butoxyacetic acid and 8 to 10 % as CO2. Analysis of urine samples collected 21 
during the 12 - 24 hours after dosing indicated that the majority of the radioactivity was associated with 22 
butoxyacetic acid while 10 % of the administered dose was identified as glycol ether. Minor levels of 23 
glucuronide conjugate of butoxyethanol and unmetabolised butoxyethanol were also reported (Medinsky et 24 
al., 1990). 25 

Non-oxidative metabolism of 2-butoxyethan-1-ol [FL-no: 02.242] via fatty acid conjugation was also 26 
investigated in the liver of F344 male rats following a single oral administration of 500 mg/kg [ethyl-1,2-14C] 27 
2-butoxyethanol. Animals were killed two hours after treatment and samples prepared for analysis. It was 28 
demonstrated that 2-butoxyethan-1-ol is metabolised non-oxidatively via conjugation with long-chain fatty 29 
acids, and the formation of these esters appears to be catalysed by the enzymes involved in fatty acid 30 
conjugation of xenobiotic alcohols. However, the biological significance of 2-butoxyethan-1-ol conjugation 31 
with fatty acids remains unclear, although several such lipid conjugates were found to be toxic in laboratory 32 
animals and cell lines (Kaphalia et al., 1996). 33 

The elimination kinetics of 2-butoxyethan-1-ol were studied in a once-through isolated perfused rat liver 34 
system in the presence and absence of ethanol. Dose-dependent Michaelis-Menten kinetics were observed in 35 
the elimination of 2-butoxyethan-1-ol. The apparent Km ranged from 0.32 to 0.70 mM and the maximum 36 
elimination rate ranged from 0.63 to 1.4 micromol/min/g liver in six experiments. The results support the 37 
hypothesis that 2-butoxyethan-1-ol is metabolised mainly via oxidation by alcohol dehydrogenase in the rat 38 
liver at concentration which can be considered representative of human exposure (Johanson et al., 1986). 39 

Butane-1,3-diol [FL-no: 02.132] 40 

Two groups of 14 rats were administered a control diet (70 % carbohydrate and 30 % fat) or a treatment diet 41 
(45 % carbohydrate, 30 % fat and 25 % butane-1,3-diol). Blood acetoacetate and beta-hydroxybutyrate 42 
concentrations were increased significantly and blood pyruvate concentration was decreased significantly in 43 
rats administered the treatment diet. Addition of butane-1,3-diol to in vitro liver tissue slices, as they were 44 
metabolising glucose to lactate and pyruvate, greatly decreased pyruvate levels and significantly increased 45 
lactate/pyruvate ratios. When butane-1,3-diol and glucose were used as substrates, there was a large increase 46 
in acetoacetate and beta-hydroxybutyrate formation in liver tissue slices with butane-1,3-diol. Therefore, 47 
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butane-1,3-diol is metabolised in the cytosol and converted by the liver in vivo and in vitro to ketones prior 1 
to its oxidation in the tricarboxylic acid cycle (Mehlman et al., 1971). 2 

Tate et al. (1971) found that the conversion of butane-1,3-diol to beta-hydroxybutyrate in rat liver was 3 
strongly dependent in NAD+ and it was inhibited by pyrazole. Since pyrazole is a specific inhibitor of 4 
alcohol dehydrogenase (ADH), this inhibition indicated ADH as the catalyst in the catabolism in the cytosol 5 
of butane-1,3-diol to an intermediate, aldol. Aldol is then further oxidised to beta-hydroxybutyrate (Tate et 6 
al., 1971). 7 

Diethyl maleate [FL-no: 09.351] 8 

Traditionally diethyl maleate [FL-no: 09.351] has been utilised to acutely deplete reduced glutathione (GSH) 9 
in the tissues, since it forms GHS-conjugates very rapidly, causing a significant decrease in GSH content 10 
(Boyland & Chasseaud, 1970). The liver is the most sensitive organ to diethyl maleate-induced GSH 11 
depletion, generally occurring 30 - 90 minutes after intraperitoneal injection of the compound. In the rat, the 12 
formed GSH-conjugates are excreted in bile or as mercapturates in urine (Barnhart and Combes, 1978). 13 

The excretion of mercapturic acid was determined in chimpanzees and rats after the administration of diethyl 14 
maleate [FL-no: 09.351]. The excretion rate of endogenous thioethers in the urine of untreated chimpanzees 15 
and rats was 18.0 and 94.4 micromol/kg bw/24 hours, respectively. The value in man was nearly the same as 16 
found in chimpanzees. The administration of diethyl maleate at 30, 75 and 200 mg/kg bw led to a dose-17 
dependent increase in the excretion of urinary mercaptic acids in both species, but the increase in rats was 18 
about twice that of chimpanzees. Additional experiments indicate that the observed species differences are 19 
due to differences in the glutathione conjugation (Summer et al., 1979a).  20 

Glutaric acid [FL-no: 08.082] 21 

Rat liver mitochondria metabolise glutarate [FL-no: 08.082] at a slow rate as compared with glutaryl CoA. 22 
The stimulatory effect of citric acid cycle intermediates, NAD and CoA on glutarate metabolism was 23 
interpreted as a manifestation of their involvement in the activation of glutarate by a thiol transferase with 24 
succinyl CoA as the coenzyme A donor (Besrat et al., 1969). 25 

Glutaraldehyde [FL-no: 05.149] 26 

Material mass balance and pharmacokinetics studies were conducted with glutaraldehyde [FL-no: 05.149] in 27 
groups of F344 rats (four/sex) and New Zealand white rabbits (two/sex) using the intravenous route of 28 
exposure at dose volumes of 0.2 ml and 2.5 ml, respectively. Rats and rabbits received intravenous doses of 29 
0.075 and 0.75 % glutaraldehyde in the tail vein or ear vein, respectively. Glutaraldehyde was distributed 30 
rapidly and eliminated when administered intravenously to rats and rabbits. When a single infusion of 0.075 31 
% glutaraldehyde was administered, 75 to 80 % of the dose in the rat and 66 to 71 % in the rabbit were 32 
recovered as 14CO2 during the first 24 hours following administration, with 80 % of the 14CO2 being 33 
recovered during the first four hours. When a single infusion of 0.75 % glutaraldehyde was administered, the 34 
proportion of the dose recovered as 14CO2 decreased and the amount of radioactivity recovered in urine, 35 
tissues and carcass increased as compared to the 0.075 % glutaraldehyde infusion. Also the average plasma 36 
concentration of radioactivity increased 10-fold in rats and rabbits with a 10-fold increase in dose, but the 37 
tissue concentration increased by an even greater amount. The results suggest that the mechanisms involved 38 
in the disposition of glutaraldehyde were saturated when the higher dose was administered and resulted in a 39 
shift in the elimination pathway (McKelvey et al., 1992). Although the metabolism of glutaraldehyde has not 40 
been studied in detail, it has been suggested that it is oxidised first to a mono- or dicarboxylic acid by 41 
aldehyde dehydrogenase (Weiner, 1980; Hjelle and Peterson, 1983) and then further oxidised through an 42 
acidic intermediate to CO2 (McKelvey et al., 1992). 43 

Nonanedioic acid [FL-no: 08.103] 44 
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Following intravenous administration in human volunteers, nonanedioic acid [FL-no: 08.103] and its major 1 
catabolite, pimelic acid, are found in serum and urine indicating transformation by mitochondrial beta-2 
oxidative enzymes. Serum levels of nonanedioic acid are short-lived following a single 5 or 10 g intravenous 3 
(i.v.) infusion over 1-hour. In the first hour after the cessation of i.v. administration, serum levels of 4 
nonanedioic acid decreased to about 25 % of their peak values. Administration of multiple intravenous doses 5 
at the same concentrations as the one-hour doses produces sustained higher levels of nonanedioic acid in the 6 
serum during the period of administration (Passi et al., 1989). 7 

III.4. Conclusions 8 

In general, lactones are formed by acid-catalysed intramolecular cyclisation of hydroxycarboxylic acids. In 9 
an aqueous environment, a pH-dependent equilibrium is established between the open-chain 10 
hydroxycarboxylate anion and the lactone ring. In basic media, such as blood, the open-chain 11 
hydroxycarboxylate anion is favoured, while in acidic media, such as gastric juice and urine, the lactone ring 12 
is favoured. 13 

Lactones formed from linear saturated and branched-chain aliphatic hydroxycarboxylic acids are hydrolysed 14 
to the corresponding hydroxycarboxylic acid that then enters the fatty acid pathway and undergoes alpha- or 15 
beta-oxidation and cleavage to form acetyl CoA and a chain-shortened carboxylic acid. The carboxylic acid 16 
is then reduced by two-carbon fragments until either acetyl CoA or propionyl CoA is produced. These 17 
fragments are then completely metabolised in the citric acid cycle. 18 

Mono- and di-esters included in the present FGE are expected to undergo hydrolysis in humans to yield their 19 
corresponding alcohol (linear or branched-chain aliphatic alcohols) and acid components (i.e. alpha-, beta- or 20 
gamma-keto- or hydroxy-acids; or simple aliphatic acids, diacids or triacids), which would be further 21 
metabolised and excreted through the common pathways of detoxication of aliphatic alcohols and carboxylic 22 
acids). The hydrolysis product of the candidate substance ethyl 2-acetylbutyrate [FL-no: 09.824], 2-acetyl 23 
butyric acid, which shows some structural similarities to valproic acid, which together with a number of its 24 
derivatives, has been recognised to be teratogenic in rodents and in humans (Nau and Löscher, 1986; Samren 25 
et al., 1997; Kaneko et al., 1999). Therefore, it cannot be anticipated that ethyl 2-acetylbutyrate [FL-no: 26 
09.824] is metabolised to innocuous products. 27 

The presence of a second oxygenated functional group has little, if any, effect on hydrolysis of these esters. 28 
The most probable metabolic reactions of the hydrolysis products are: oxidation of alcohols to aldehydes and 29 
acids; conjugation of alcohols and acids to glucuronides and sulphates; beta-oxidation of carboxylic acids; 30 
omega-oxidations of carboxylic acids. 31 

Beta-keto acids and derivatives like acetoacetic acid undergo decarboxylation. Along with alpha-keto and 32 
alpha-hydroxyacids, they yield breakdown products, which are incorporated into normal biochemical 33 
pathways. The gamma-keto-acids and related substances may undergo complete or partial beta-oxidation to 34 
yield metabolites that are eliminated in the urine. Omega-substituted derivatives are readily oxidised and/or 35 
excreted in the urine. Simple aliphatic di- and tricarboxylic acids participate in the tricarboxylic acid cycle. 36 

Six candidate substances [FL-no: 06.088, 06.090, 06.095, 06.097, 06.102 and 06.135] are acetals, which may 37 
be expected to undergo acid catalysed hydrolysis in the gastric environment to yield their component 38 
aldehydes and alcohols prior to absorption. Once hydrolysed, the component alcohols and aldehydes are 39 
expected to be metabolised primarily through the above mentioned common routes of biotransformations and 40 
excreted. 41 

The linear and branched-chain aliphatic primary alcohol components of candidate substances that are simple 42 
aliphatic di- and tricarboxylic acid esters would be oxidised in the presence of alcohol dehydrogenase to their 43 
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corresponding aldehydes which, in turn, would be oxidised to their corresponding carboxylic acids. The two 1 
diols [FL-no: 02.132 and 02.198] may be anticipated to participate in the same routes of biotransformation. 2 

Among candidate substances, an alkoxy-alcohol 2-butoxyethanol [FL-no: 02.242] is mainly metabolised to 3 
butoxyacetic acid, which has been identified as the major responsible for the hemolysis of red blood cells 4 
and other toxic effects induced by 2-butoxyethanol. 5 

In summary, it can be anticipated that primary and secondary aliphatic saturated or unsaturated alcohols, 6 
aldehydes, carboxylic acids, acetals and esters with an additional oxygenated functional group and aliphatic 7 
lactones included in the present FGE are generally hydrolysed and completely metabolised to innocuous 8 
products many of which are endogenous in humans, at the estimated level of intake as flavouring substances. 9 

The consideration on the actual levels of intake becomes particularly relevant for one candidate substance, 10 
diethyl maleate [FL-no: 09.351]; as when administered at high doses, it is able to induce severe GSH 11 
depletion, due to its prompt metabolism to GSH-conjugates. This may also be the case for the structurally 12 
related diethyl fumarate [FL-no: 09.350]. 13 

For three of the candidate substances it cannot be concluded that they are metabolised to innocuous products. 14 
These are 2-butoxyethanol [FL-no: 02.242], the major metabolite of which butoxyacetic acid has been 15 
recognised as responsible for haematotoxic effects induced by 2-butoxyethanol [FL-no: 02.242], 1,1,3-16 
triethoxypropane [FL-no: 06.097], which may be metabolised to the structurally related ethoxypropanoic 17 
acid and finally, ethyl 2-acetylbutyrate [FL-no: 09.824], whose hydrolysis gives rise to 2-acetylbutyric acid, 18 
with some structural similarities to valproic acid, a known teratogenic compound. 19 

 20 
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ANNEX IV: TOXICITY 
Oral acute toxicity data are available for 16 candidate substances of the present Flavouring Group Evaluation from chemical groups 9, 13 and 30, for 43 
supporting substances evaluated by the JECFA at the 49th and 53rd meetings (JECFA, 1998a; JECFA, 2000c). The supporting substances are listed in brackets. 

Table IV.1: ACUTE TOXICITY 

Chemical Name  [FL-no:] Species  Sex  Route  LD50 
(mg/kg bw)  

Reference  

(Methyl 2-hydroxy-4-methylpentanoate [09.548]) Mouse  NR  Oral  40001  (Pellmont, 1978)  
(Methyl 2-oxo-3-methylvalerate  [09.550]) Rat  M  Gavage  > 5000  (Moreno, 1979b)  
(Butyro-1,4-lactone [10.006]) Mouse  NR  Gavage  1245  (Schafer and Bowles, 1985) 
(Pentano-1,4-lactone  [10.013]) Rat  NR  Oral  > 5000  (Moreno, 1978e) 

Rat  NR  Gavage  8800  (Deichmann et al., 1945) 
Rabbit  NR  Gavage  2480  (Deichmann et al., 1945) 

(Hexano-1,4-lactone  [10.021]) Rat  NR  Oral  > 5000  (Moreno, 1977f)  
(Hexano-1,5-lactone  [10.010]) Rat  M  Gavage  13,030  (Smyth et al., 1962) 
(Heptano-1,4-lactone  [10.020]) Rat  NR  Oral  > 5000  (Moreno, 1977g) 
(Octano-1,4-lactone  [10.022]) Rat  NR  Oral  > 5000  (Moreno, 1974c) 
(Octano-1,5-lactone  [10.015]) Rat  NR  Oral  > 5000  (Moreno, 1977h)  
(Nonano-1,4-lactone  [10.001]) Rat  M, F  Gavage  9780  (Jenner et al., 1964) 

Rat  M  Oral  6600  (Moreno, 1972b) 
Guinea pig M, F  Gavage  3440  (Jenner et al., 1964) 

(Decano-1,4-lactone  [10.017]) Rat  NR  Oral  > 5000 (Moreno, 1975h) 
(Decano-1,5-lactone  [10.007]) Rat  NR  Oral  > 5000  (Levenstein, 1975c) 
(Decano-1,6-lactone  [10.029]) Mouse  M, F  Gavage  5252  (Moran et al., 1980) 
(Undecano-1,4-lactone  [10.002]) Rat  M, F  Gavage  18500  (Jenner et al., 1964) 
(Undecano-1,5-lactone  [10.011]) Rat  NR  Oral  > 5000  (Moreno, 1975i) 
(Dodecano-1,4-lactone  [10.019]) Rat  NR  Oral  > 5000  (Moreno, 1974d) 
(Dodecano-1,5-lactone  [10.008]) Rat  NR  Oral  > 5000  (Moreno, 1977e) 
(Dodecano-1,6-lactone  [10.028]) Mouse  M, F  Gavage  7898  (Moran et al., 1980) 
(Pentadecano-1,15-lactone  [10.004]) Rat  NR  Oral  > 5000  (Levenstein, 1974c) 
(5-Methylfuran-2(3H)-one  [10.012]) Mouse  M, F  Gavage  2800  (Moran et al., 1980) 
(Dodec-6-eno-1,4-lactone  [10.009]) Rat  M, F  Oral  > 5000  (Watanabe and Morimoto, 1990) 
(3,7-Dimethyloctano-1,6-lactone  [10.027]) Rat  M, F  Gavage  > 5000  (Lewis and Palanker, 1979a) 
(5-Hexyl-5-methyldihydrofuran-2(3H)-one  [10.051]) Rat  NR  Oral  > 5000  (Moreno, 1976j)  
(Citronellyl oxyacetaldehyde [05.079]) Rat  NR  Oral  > 5000  (Moreno, 1973d)  
1-Hydroxypropan-2-one [07.169] Rat  NR  Oral  22002  (Smyth and Carpenter, 1948) 
(4,4-Dimethoxybutan-2-one [06.038]) Rat  M  Gavage  6200  (EPA, 1971) 
(Ethyl acetoacetate [09.402]) Rat  NR  Oral  39803  (Smyth et al., 1949) 
Methyl acetoacetate [09.634] Rat  NR  Oral  3000  (Smyth and Carpenter, 1948) 

Rat  NR  Oral  2800  (BASF, 1978) 
(Butyl acetoacetate [09.403]) Rat  F  Gavage  11260  (Smyth et al., 1954) 
(Geranyl acetoacetate [09.405]) Rat  NR  Oral  > 5000  (Moreno, 1976k) 
(Ethyl 3-oxohexanoate [09.542]) Mouse  NR  Oral  4000 – 8000 (Pellmont, 1973a)  
2-Butoxyethan-1-ol [02.242] Rat  M  Gavage  1480  (Smyth et al., 1941) 

Rat  NR  Oral  1174  (BASF, 1956) 
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Table IV.1: ACUTE TOXICITY 

Chemical Name  [FL-no:] Species  Sex  Route  LD50 
(mg/kg bw)  

Reference  

Rat  NR  Oral  620  (Rowe and Wolf, 1982) 
Rat  M, F  Oral  2800  (Carpenter et al., 1956) 
Rat  M  Gavage  2680  (Myers and Homan, 1980) 
Rat  NR  Oral  470  (Wolf, 1959) 
Rat  M  Gavage  1190 – 2800 (Weil and Wright, 1967) 
Rat  M  Gavage  1590  (Moreno, 1976l) 
Rat  M  Gavage  7500  (Moreno, 1976l)  
Rat  NR  Oral  1746  (Eastman Kodak Co., 1989) 
Rat  M  Gavage  7292  (Eastman Kodak Co., 1984) 
Mouse  NR  Oral  1230  (Carpenter et al., 1956) 
Mouse  NR  Oral  1170 – 1700 (Dow Chemical Company, 1982a) 
Mouse  NR  Oral  1519  (Eastman Kodak Co., 1989)  
Mouse  M  Gavage  2406  (Eastman Kodak Co., 1984) 
Rabbit  M  Oral  320 – 370 (Carpenter et al., 1956) 
Guinea pig M, F  Oral  1200  (Carpenter et al., 1956) 
Guinea pig M, F  Gavage  1200  (Smyth et al., 1941) 

Butane-1,3-diol [02.132] Rat  F  Gavage  > 5000  (CTFA, 1978) 
Rat  M  Gavage  18610  (Smyth et al., 1941) 
Rat  M  Gavage  22800  (Smyth et al., 1951a) 
Rat  NR5  Oral  29590  (Bornmann, 1954) 
Mouse  NR5  Oral  23440  (Bornmann, 1954) 
Mouse  NR  Oral  23310  (Kopf et al., 1950; Loeser, 1949) 
Mouse  NR  Oral  12980  (Wenzel and Koff, 1956) 
Guinea pig M, F  Gavage  11460  (Smyth et al., 1941) 

(4-Oxovaleric acid [08.023]) Rat  NR  Oral  1850  (Moreno, 1977j) 
(Ethyl 4-oxovalerate  [09.435]) Rat  NR  Oral  > 5000  (Moreno, 1978f) 
Octane-1,3-diol [02.198] Rat  NR  Oral  > 20000  (Frankenfeld et al., 1975) 
(3,7-Dimethyloctane-1,7-diol [02.047]) Rat  M, F  Gavage  > 5000  (Levenstein, 1973b) 
(1,1-Dimethoxy-3,7-dimethyloctan-7-ol [06.011]) Rat  NR  Oral  > 5000  (Shelanski and Moldovan, 1973b) 
1,1,3-Triethoxypropane [06.097] Rat  M  Gavage  1600  (Smyth et al., 1951a) 
Diethyl oxalate [09.353] Rat  NR  Oral  400 – 1600 (Patty, 1963) 
Malonic acid [08.053] Rat  NR  Oral  1310  (Bio-Fax, 1971) 
Dimethyl malonate [09.558]  Rat  NR  Oral  4620  (Levenstein, 1976b) 

Rat  NR  Oral  5331  (Merck Index, 1992) 
(Diethyl malonate [09.490]) Rat  NR  Oral  14900  (Smyth et al., 1969a) 

Mouse  NR  Gavage  5400  (Wolven and Levenstein, 1969) 
(Diethyl succinate [09.444]) Rat  NR  Oral  85303  (Smyth et al., 1951a) 
(Fumaric acid [08.025]) Rat  M, F  Oral  M:  10700; F: 9300 (Vernot et al., 1977) 
Diethyl fumarate [09.350]  Rat  NR  Oral  1500  (Hood, 1951) 
(l-Malic acid [08.017]) Rat  NR  Oral  3500  (Morgareidge, 1973a) 

Mouse  NR  Oral  2660  (Morgareidge, 1973b) 
Rabbit  NR  Oral  3000  (Morgareidge, 1973c) 

Diethyl maleate [09.351] Rat  M  Gavage  3200  (Smyth et al., 1949) 
(Tartaric acid (d-, l-, dl-, meso-) [08.018]) Rat  NR  Oral  75006  (Foulger, 1947) 
Glutaric acid [08.082] Mouse  NR  Oral  6000  (Boyland, 1940) 
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Table IV.1: ACUTE TOXICITY 

Chemical Name  [FL-no:] Species  Sex  Route  LD50 
(mg/kg bw)  

Reference  

Glutaraldehyde [05.149] Rat  NR  Gavage  252  (Stonehill et al., 1963) 
Rat  M  Gavage  7337  (Ballantyne and Myers, 2001) 
Rat  M  Gavage  23808  (Smyth et al., 1962) 
Rat  M  Gavage  5409  (Striegel and Carpenter, 1964) 
Rat  M, F  Oral  M:  134; F:  165 (Ikeda, 1980) 
Rat  M  Gavage  13007  (Myers et al., 1977b) 
Rat  M  Gavage  18708  (Myers et al., 1977c) 
Mouse  NR  Gavage  352  (Stonehill et al., 1963) 
Mouse  M, F  Oral  M:  100; F: 110   (Ikeda, 1980) 
Mouse  M, F  Gavage  M:  1527 ; F: 1137 (Ballantyne and Myers, 2001) 
Mouse  M, F  Gavage  M:  1518 ; F: 1158  (Union Carbide Corp., 1992) 

(Adipic acid [08.026]) Mouse  M  Oral  190010  (Horn et al., 1957) 
Diethyl adipate [09.348] Rat  NR  Oral  > 1600  (Patty, 1963) 
Nonanedioic acid [08.103] Rat  M, F  Gavage  > 4000  (Mingrone et al., 1983) 

Rabbit  M, F  Gavage  > 4000  (Mingrone et al., 1983) 
(Diethyl sebacate [09.475]) Rat  M, F  Gavage  14470  (Jenner et al., 1964) 

Rat  M  Oral  3200011  (Smith, 1953b) 
Mouse  NR  Gavage  > 32000  (Lawrence et al., 1974) 

(Triethyl citrate [09.512]) Rat  NR  Gavage  70004  (Finkelstein and Gold, 1959) 
(Tributyl acetylcitrate [09.511])  Rat  NR  Gavage  > 3000012  (Finkelstein and Gold, 1959) 
(3-Hydroxy-2-oxopropionic acid [08.086]) Rat  NR  Oral  2000  (Hoechst, 1995) 
Succinic acid, disodium salt [08.113] Rat NR Oral >1200 MHLW Japan 2002 in: (OECD, 2003) 
M = Male; F = Female  
NR: Not reported. 
1 Dosed in 5 % gum arabic.  
2 Data derived from a range-finding study.  
3 Actual LD50 not reported.Study conducted as a dose range-finder (DRF).  
4 Actual LD50 not reported.Value reported as approximate LD50. 
5 Data point not verified.  
6 Actual LD50 not reported.Value reported as MFD (assumed to be Median Fatal Dose).  
7 Glutaraldehyde dosed as a 50 % (w/w) solution.The LD50 is expressed as mg of actual active ingredients.  
8 Test substance administered as a 25 % solution. The LD50 is expressed as mg of actual active ingredients.  
9 Test substance administered as a 45 % aqueous solution.The LD50 is expressed as mg of actual active ingredients.  
10 Dosed as a 6 % suspension in 0.5 % methyl cellulose.  
11 Actual LD50 not reported.Value represents lowest dose level tested causing mortality. Animals dosed at 16,000 mg/kg had 100 % survival rate, while animals dosed at 32,000 mg/kg had 100 %  fatality. Acute lethal dose for dibutyl sebacate is 
between 16,000 and 32,000 mg/kg.  
12 Value represents the maximum dose level tested. Animals dosed at 30,000 mg/kg had 100 % survival rate.  
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Subacute / Subchronic / Chronic / Carcinogenic toxicity data are available for five candidate substances of the present Flavouring Group Evaluation from 
chemical groups 9, 13 and 30 and for 20 supporting substances evaluated by the JECFA at the 49th and 53rd meetings (JECFA, 1998a; JECFA, 2000c). 
Furthermore, data are available for two structurally related substances. The supporting and structurally related substances are listed in brackets. 

Table IV.2: SUBACUTE / SUBCHRONIC / CHRONIC / CARCINOGENICITY STUDIES 

 Chemical Name  [FL-no:] Species; Sex 
No./Group1 

Route  Duration 
(days)  

NOAEL 
(mg/kg bw/day) 

Reference Comments 
 

(Butyro-1,4-lactone [10.006]) 
 

Mouse; M, F 
5/20 

Gavage  90  525  (NTP, 1992e) a) 

Rat; M, F 
5/20 

Gavage  90  450  (NTP, 1992e) a) 

Mouse; M, F 
2/100 

Gavage  2 years  262  (NTP, 1992e) a) 

Rat; M, F 
2/100 

Gavage  2 years  112  (NTP, 1992e) a) 

Rat; M, F 
1/7 

Diet  4 – 6 months  1002  (Fassett, 1961)  

Pentano-1,4-lactone  [10.013]) Rat; M, F 
1/30 

Diet  90  M: 492 ; F: 51.12 (Oser et al., 1965) a) 

Rat; M, F 
1/10 

Diet  90  5002  (Hagan et al., 1967) a) 

(Octano-1,5-lactone  [10.015]) Rat; M, F  
1/7 

Diet  4 - 6 months  322  (Fassett, 1961)  

(Nonano-1,4-lactone   [10.001])  Rat; M, F 
1/30 

Diet  90  M: 62.82 ; F: 72.52 (Oser et al., 1965) a) 

Rat; M, F 
1/7 

Diet  4-6 months  322  (Fassett, 1961)  

Rat; M, F 
1/20 

Diet  2 years  2502  (Bär and Griepentrog, 1967) a) 

(Decano-1,4-lactone  [10.017]) Rat; M, F 
1/7 

Diet  4-6 months  322  (Fassett, 1961)  

(Decano-1,5-lactone  [10.007]) Rat; M, F 
1/NR 

Diet  49 weeks  1502  (Fassett, 1961)  

Dog; M, F 
1/NR 

Diet  38 weeks  2502  (Fassett, 1961)   

(Undecano-1,4-lactone  [10.002]) 
 

Rat; M, F  
1/30 

Diet  90  M: 14.62 ; F: 16.52 (Oser et al., 1965) a) 

Rat; M, F 
1/7 

Diet  4-6 months  322  (Fassett, 1961)  

Rat; M, F 
1/20 

Diet  2 years  2502  (Bär and Griepentrog, 1967) a) 

Rat; M, F  
NR4 

Diet  90  14.12, 3 (Shillinger, 1950)  

(Dodecano-1,4-lactone  [10.019]) Rat;  M, F 
1/7 

Diet  4-6 months  322  (Fassett, 1961)  

(Dodecano-1,5-lactone  [10.008]) Rat; M, F  
1/NR 

Diet  49 weeks  3002  (Fassett, 1961)  

Dog; M, F Diet  38 weeks  1502  (Fassett, 1961)  
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Table IV.2: SUBACUTE / SUBCHRONIC / CHRONIC / CARCINOGENICITY STUDIES 

 Chemical Name  [FL-no:] Species; Sex 
No./Group1 

Route  Duration 
(days)  

NOAEL 
(mg/kg bw/day) 

Reference Comments 
 

1/NR 
(5-Methylfuran-2(3H)-one  [10.012]) Rat; M, F  

1/NR 
Diet  90  M: 17.42 ; F: 17.72 (Shellenberger, 1971c) a) 

(Ethyl acetoacetate [09.402]) Rat; M, F 
3/32 

Diet  28 - 29  300  (Cook et al., 1992) a) 

2-Butoxyethan-1-ol [02.242] 
 

Rat; M, F 
4/20 

Diet  91 – 93   40  (Union Carbide Corp., 1963) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; M, F 
4/10 

Diet  90  No NOAEL derived 13  (Union Carbide Corp., 1952)   FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; M, F 
4/10 

Diet  90  76   (Carpenter et al., 1956) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; M, F 
5/20 

Drinking water 13 weeks  1500 ppm (150 mg/kg/day) (NTP, 1993a) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; M  
3/10 

Gavage  6 weeks  222  (Krasavage, 1983) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; M, F 
5/10 

Drinking water 14  400  (NTP, 1993a) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M, F 
5/20 

Drinking water 13 weeks  6000 ppm (1200 mg/kg/day) (NTP, 1993a) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; M, F 
4/64 

Drinking water 21  M: < 2000 ppm (200 mg/kg/day);  
F: < 1600 ppm (160 mg/kg/day) 

(Exon et al., 1991) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M, F 
5/10 

Drinking water 14  < 1505  (NTP, 1993a) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M  
NR 

Oral  5 week  1000  (Bernstein, 1984) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M 
3/5 

Gavage  5 weeks6  < 500  (Nagano et al., 1977) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M 
3/NR 

Gavage  5 weeks  10007  (Nagano et al., 1979) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse;  
M3/NR 

Gavage  5 weeks  < 5008  (Nagano et al., 1984) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; M, F 
4/50 

Inhalation 2 years  (NTP, 2000b)  

Mouse; M, F 
4/50 

Inhalation 2 years   (NTP, 2000b)  

Butane-1,3-diol [02.132] Rat; M  
15/10 

Diet  30 weeks  200000 ppm (10000 mg/kg/day) (Miller and Dymsza, 1967) Study aimed at elucidating the usability of 
butane-1,3-diol as synthetic energy source. 
It is of limited value for toxicological 
evaluation. 

Rat; M, F 
3/60 

Diet  2 years  100000 ppm (5000 mg/kg/day) (Scala and Paynter, 1967) Some details of results not reported (e.g. 
consumption, histopathological 
evaluation), limited value. 

Dog; M, F  
3/8 

Diet  2 years  30000 ppm (750 mg/kg/day) (Scala and Paynter, 1967)  

Dog; M, F 
4/8 

Diet  13 weeks  6000  (Reuzel et al., 1978) Methods, results, discussion 
comprehensible. Valid study. 

(4-Oxovaleric acid [08.023]) Rat: NR Diet  16  10002  (Tischer et al., 1942) a) 
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Table IV.2: SUBACUTE / SUBCHRONIC / CHRONIC / CARCINOGENICITY STUDIES 

 Chemical Name  [FL-no:] Species; Sex 
No./Group1 

Route  Duration 
(days)  

NOAEL 
(mg/kg bw/day) 

Reference Comments 
 

2/3 
(3,7-Dimethyl-7-hydroxyoctanal [05.012])  Rat; M, F  

1/20  
1/60 

Diet  2 years  2502  (Bär and Griepentrog, 1967) a) 

Malonic acid [08.053] Rat; M, F  
3/140 

Diet  2 years  109  (Hogan and Rinehart, 1979)  

(Diethyl malonate [09.490])  Rat; M, F  
2/20 

Diet  13 weeks  < 500  (Posternak, 1964a) a) 

Rat; M, F 
1/20-32 

Diet  90  402  (Posternak et al., 1969) a) 

(Fumaric acid [08.025]) Rat 
2/14 
1/20 

Diet10  2 years  13802  (Levey et al., 1946) a) 

Guinea pig; M, F 
1/NR 

Diet  1 year  4002  (Levey et al., 1946) a) 

Rat; M, F  
Rat; M 
4/12 
3/12 

Diet  2 years  1200  (Fitzhugh and Nelson, 1947) a) 

Rabbit; NR 
3/15 

Diet10  150  20702  (Packman et al., 1963) a) 

(Tartaric acid (d-, l-, dl-, meso-) [08.018]) Dog; NR 
1/4 

Oral  90-114  < 990  (Krop et al., 1945) a) 

Rat; M, F  
4/12 

Diet  2 years  12002  (Fitzhugh and Nelson, 1947) a) 

Rabbit: NR 
3/15 

Diet2  150  23102  (Packman et al., 1963) a) 

Glutaraldehyde [05.149] 
 
 
 
 
 
 
 
 

Rat; M, F  
4/10 

Diet  7  1.0  (Union Carbide Corp., 1986)  

Rat; M, F  
3/NR 

Drinking water 14  100 ppm (10 mg/kg/day) (Union Carbide Corp., 1993)  

Rat; NR  
3/3 

Drinking water 11 weeks  5000 ppm (500 mg/kg/day) (Spencer et al., 1978)  

Mouse; M, F 
3/40 

Drinking water 90  100 ppm (20 mg/kg/day) (Bushy Run Research Center, 
1989) 

 

Rat; M, F  
3/NR 

Drinking water 13 weeks  50 ppm (5 – 7 mg/kg/day) (Union Carbide Corp., 1986)  

Dog;, M, F 
3/8 

Drinking water 13 weeks  50 ppm (3.2 mg/kg/day) (Bushy Run Research Center, 
1990)   

 

Rat; M, F 
3/200 

Drinking water 2 years  50 ppm (4 mg/kg/day) (Van Miller et al., 2002) Large Granular Lymphocytic Leukemia in 
treated as well as control rats; no clear  
dose-resposne relationship. Otherwise no 
significant increase in neoplasia. 

(Adipic acid [08.026]) Rat; M, F 
4/20-39 

Diet 2 years  ~ 150011 (Horn et al., 1957) a) 

Nonanedioic acid [08.103] Rat; M, F  
2/30 

Diet  90 and 180  280  (Mingrone et al., 1983) Details of methods not reported, study not 
performed according to appropiate 
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Table IV.2: SUBACUTE / SUBCHRONIC / CHRONIC / CARCINOGENICITY STUDIES 

 Chemical Name  [FL-no:] Species; Sex 
No./Group1 

Route  Duration 
(days)  

NOAEL 
(mg/kg bw/day) 

Reference Comments 
 
guidelines. Study of limited value. 

Rabbit; M, F 
2/20 

Diet  90 and 180  400  (Mingrone et al., 1983)  

Rat; F  
1/10 

Diet  3 month12  140  (Mingrone et al., 1983)  

Rabbit; F  
1/10 

Diet  3 months12  200  (Mingrone et al., 1983)  

(Diethyl sebacate [09.475]) Rat; M, F  
2/10 

Diet  17-18 wks or 27-28 wks 10002  (Hagan et al., 1967) a) 

Rat; M  
4/10 

Diet  1 year  12502  (Smith, 1953b) a) 

Rat; M  
5/16 

Diet  2 years  62502  (Smith, 1953b) a) 

(Triethyl citrate [09.512]) Rat; M, F  
3/7 

Diet  2 months  40002  (Finkelstein and Gold, 1959) a) 

Cat; NR 
1/6 

Gavage  2 months  < 285  (Finkelstein and Gold, 1959) a) 

(Tributyl acetylcitrate [09.511])  Rat; M, F  
2/4 

Diet  2 months  50002  (Finkelstein and Gold, 1959) a) 

Cat; NR 
2/4 

Gavage  2 months  < 5700  (Finkelstein and Gold, 1959) a) 

(Succinate, monosodium)  
 

Rat; M,F 
10/10 

Drinking water 13 weeks  1250 (Maekawa et al., 1990) in 
(OECD, 2003) 

 

Rat; M,F 
50/50 

Drinking water 2 years 2000  (Maekawa et al., 1990) in 
(OECD, 2003) 

Monosodium succinate was given ad 
libitum in drinking water at levels of 0, 1, 
or 2 % to F344 rats (50 males, 50 females). 
No toxic lesion specifically caused by 
long-term administration of monosodium 
succinate was detected. 

(Succinate, disodium hexahydrate) Rat; M,F 
12 /12 

Gavage 
0, 100,300, 1000 
mg/kg) 
 

Males: 52 days, starting at 
14 days before mating. 
Females: Day 14 before 
mating until  day 4 of 
lactation 

Males: 100  
Females: 300 

MHLW, Japan 2002 in 
(OECD, 2003) 

Combined repeated dose toxicity study 
with the reproduction/developmental 
toxicity screening test, guideline [OECD 
TG 422].  
Euqivalent NOAEL for sodium succinate: 
males 60 mg/kg; females, 180 mg/kg. 

NR: Not reported. 
M = Male; F = Female.    
a) Study summarised by JECFA  at the 49th or 53rd meetings (JECFA, 1998a; JECFA, 2000c). 
1 Number of groups represents the number of treatment groups investigated.Control groups are not reported. 
2 This study was performed at either a single dose level or multiple dose levels that produced no adverse effects.  
3 Article published in Russian. Data point not verified.  
4 Six animals per treatment group. The treatment groups for males were not the same as the females. Males were administered 2000 or 6000 ppm of the test substance, while the corresponding dose levels for the females were 1600 and 4800 ppm, 
respectively.  
5 Compared to the control group absolute and relative thymus weights were significantly lower in males. These findings were not seen in females receiving up to 650 mg/kg/day.  
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6 Animals dosed 5 days a week for five weeks.  
7 Changes in absolute or relative testis weights were not observed. 
8 A decrease in red cell count was noted in the 500 mg/kg dose group and higher dose groups.  
9 No treatment related effects were noted upon mortality, ophthalmology or body weights in the males. Microscopic evaluation noted that the transitional cell carcinomas were found in the urinary bladder. The findings were indicated to be dose 
related.  
10 Administered as the sodium salt. 
11 Rats fed a maximum dose of ca. 2500 mg/kg/day over a two-year period showed no gross or microscopic changes to their organs. There was no change in the incidence of tumours and mortality was unaffected.  There was a slight reduction in 
body weight in animals dosed at ca. 1500 mg/kg/day and above. 
12Animals were dosed for 19 gestational days prior to the three month exposure period that is reported.  
13 The value of the study is limited by high mortality in all treatment and control groups. 
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Developmental and reproductive toxicity data are available for five candidate substances of the present Flavouring Group Evaluation from groups 9, 13 and 30 
of the present Flavouring Group Evaluation and for two supporting substance evaluated by JECFA at the 49th and 53rd meetings (JECFA, 1998a; JECFA, 
2000c). Furthermore, data are available for one structurally related substance. The supporting and structurally related substances are listed in brackets. 

Table IV.3: DEVELOPMENTAL AND REPRODUCTIVE TOXICITY STUDIES 

Chemical Name  [FL-no:] Species;  
Sex  

Route  No. groups/ 
No. per group1  

Duration  
(days)  

NOAEL  
(mg/kg/day) 

Reference  Comments 

(Butyro-1,4-lactone [10.006]) Rat; F Gavage  5/10  Developmental toxicity: Gestation 
days 6-15 

500  (Kronevi et al., 1988)  

2-Butoxyethan-1-ol [02.242] Mouse; M, F Drinking water 5/16 FACB: (Task 1) 2 weeks  0.5 %2 (1000 mg/kg/day) (Gulati et al., 1985b; 
Heindel et al., 1990) 

FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M, F Drinking water 3/40  FACB:  (Task 2) 14 weeks3 Reproductive: 0.5 %4  
(1000 mg/kg/day)  

(Gulati et al., 1985b; 
Heindel et al., 1990) 

FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M, F Drinking water 1/40  FACB: (Task 3) 14 weeks3  M:  1.0 % F:  < 1.0 %5 

(2000 mg/kg/day) 
(Gulati et al., 1985b; 
Heindel et al., 1990) 

FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; M, F Lactation/ Drinking 
water 

1/40  FACB: (Task 4) 32 weeks  0.5 %6 (1000 mg/kg/day) (Gulati et al., 1985b; 
Heindel et al., 1990) 

FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Rat; F  Gavage  3/45-47 
3/52-59 

Developmental toxicity: Gestation 
days 9 – 11 and 11 - 13 

Maternal: 30 Fetal: 100 (Sleet et al., 1989) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; F Gavage  5/6  Developmental toxicity: Gestation 
days 8 - 14 

Maternal: 1000 Fetal: 
650 

(Wier et al., 1987) FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

Mouse; F Gavage  1/50  Developmental toxicity: Gestation 
days 6 – 13  

Maternal: < 11807 Fetal: 
11807 

(Hardin et al., 1987; 
Schuler et al., 1984; 
Smith, 1983) 

FGE.10 refers to (EPA, 1999; EU-RAR, 
2004a). 

 Mouse; M, F Drinking water 4/20 During 7 days premating and 98 
days cohabitation 

Maternal: 720 
Fetal: none 

(EU_RAR, 2004a)  

Butane-1,3-diol [02.132] Rat; M, F  Diet  3/50  Five generations ~ 2 years Reproduction: 5 %8 

(5000 mg/kg/day) 
Teratogenicity: 5 % 
(5000 mg/kg/day) 

(Hess et al., 1981)  

Rat; M, F  Gavage  3/10  Developmental toxicity: Gestation 
days 6 – 15  

Maternal: 706; 
Fetal: 706 

(Mankes et al., 1986)  

Glutaric acid [08.082] Rat; F  Gavage  3/NR  Developmental toxicity: NR Maternal: 1300 Fetal: 
1300 

(Bradford et al., 1984)  

Rabbit; F Gavage  3/NR  Developmental toxicity: NR Maternal: 500 Fetal: 500 (Bradford et al., 1984)  
Glutaraldehyde [05.149] Rat; M, F  Drinking water 3/56  Reproductive toxicity: 39 weeks9 Adult:  50 ppm (5.6 

mg/kg/day) Fetal: 250 
ppm (24.3 mg/kg/day) 
Reproductive: > 1000 
ppm (84.5mg/kg/day) 

(Neeper-Bradley and 
Ballantyne, 2000) 

 

Rat; F Drinking water 3/25  Developmental toxicity: Gestation 
days 6 – 16 

Maternal: 50 ppm (5 
mg/kg/day); Fetal: 750 
ppm(68 mg/kg/day)10 

(Hellwig, 1991a)  

Rat; F  Gavage  3/21 – 26 Developmental toxicity: Gestation 
days 6 – 15 

Maternal: 50; Fetal: 100 (Ema et al., 1992)  

Mouse; F  Oral  3/NR  Developmental toxicity: Gestation 
days 7 – 12 

Embryotoxicity: 30; 
Fetal: 30, Teratogenicity: 
30 

(Union Carbide Corp., 
1986) 
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Table IV.3: DEVELOPMENTAL AND REPRODUCTIVE TOXICITY STUDIES 

Chemical Name  [FL-no:] Species;  
Sex  

Route  No. groups/ 
No. per group1  

Duration  
(days)  

NOAEL  
(mg/kg/day) 

Reference  Comments 

Rabbit; F Gavage  3/15  Developmental toxicity: Gestation 
days 7 – 19  

Maternal: 15; Fetal: 15 (Hellwig, 1991b)  

(Adipic acid  [08.026]) Rat; F  Gavage  4/24-28 Developmental toxicity: Gestation 
days 6 – 15 

288  (Morgareidge, 1973d)  

Mouse; F Gavage  4/20 – 21 Developmental toxicity: Gestation 
days 6 – 15 

263  (Morgareidge, 1973d)  

Rabbit; F Gavage  4/10 – 14 Developmental toxicity: Gestation 
days 6 – 18  

250  (Morgareidge, 1974a)  

Nonanedioic acid [08.103] Rat; F  Diet  1/20  Developmental toxicity: Gestation 
days 0 - 19 

140  (Mingrone et al., 1983)  

Rabbit; F  Diet  1/30  Developmental toxicity: Gestation 
days 0 - 19 

200  (Mingrone et al., 1983)  

(Succinate, disodium hexahydrate) Rat; M,F Gavage 
(0, 100,300, 1000 
mg/kg) 

4 per sex/ 12 Males: 52 days, starting at 14 days 
before mating. 
Females: Day 14 before mating until  
day 4 of lactation 

M, F: 1000 MHLW, Japan 2002 in 
(OECD, 2003) 

Combined repeated dose toxicity study with 
the reproduction/developmental toxicity 
screening test, guideline [OECD TG 422].  
Euqivalent NOAEL for sodium succinate: m, 
600 mg/kg. 

M = Male; F = Female.  
NR = Not Reported.  
FACB = Fertility Assessment by Continuous Breeding.  
1 Number of groups represents the number of treatment groups investigated. Control groups are not reported.   
2 Dose range-finding phase: Based on the results of this dose range-finding study the highest concentration investigated further was 2 % in the drinking water.  
3 Mice were exposed to the test article for a seven day premating period, followed by a 14 week cohabitation/breeding period.  
4 Continuous breeding phase: All breeding pairs in the 0.5 % treatment group were fertile (delivered at least one litter). The fertility of the 1.0 and 2.0 % treatment groups was significantly affected.  
5 Crossover mating trial: Reproductive capacity of female mice is relatively more susceptible than males under the same exposure conditions.  
6 Offspring reproductive performance phase: Reproductive performance was not affected, but the mean liver and kidney weights for females was significantly different from that of the control group when organ weight was adjusted for body weight.  
7 1180 mg/kg/day was the only dose level tested. Compared to the control group the 1180 mg/kg/day decreased the number of viable litters; therefore increasing the number of failed pregnancies. There were no significant observations noted in the 
liveborn pups.  
8 Dose related reproductive effects were noted after five successive matings of the F1A generation.  
9 F0 and F1 animals dosed for a 10 week pre-breeding period and through mating, and gestation and lactation of offspring.  
10 Glutaraldehyde was evidentially unpalatable, as water consumption was reduced in the mid- and high-dose groups; however, no signs of toxicity were observed at these dose groups.  
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In vitro mutagenicity/genotoxicity data are available for nine candidate substances of the present Flavouring Group Evaluation from chemical groups 9, 13 
and 30 of the present Flavouring Group Evaluation and for 22 supporting substance evaluated by JECFA at the 49th and 53rd meetings (JECFA, 1998a; 
JECFA, 2000c). Furthermore, data are available for one structurally related substance. Supporting and structurally related substances are listed in brackets. 

Table IV.4: GENOTOXICITY (in vitro) 

Chemical Name [FL-no:] E ndpoint Test Object  Concentration / Dose Result  Reference  Comments 
(Butyro-1,4-lactone [10.006]) Ames test  S. typhimurium TA98, TA100, TA1535 0.1 - 50 µmoles/plate (8.6 - 4305 

µg/plate) 
Negative1 

 
(Loquet et al., 1981) No control values are given for inactive 

compounds. Conclusion not 
comprehensible.  

Ames test  S. typhimurium TA98, TA100, TA102 0.013 - 1.3 mmol (11.2 - 1120 
µg/ml) 

Negative1  (Aeschbacher et al., 1989)  

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537 

100 - 10000 µg/plate Negative1  (NTP, 1992e)  

Ames test  S. typhimurium TA98, TA100, TA1537, 5,000 or 2000 µg/plate  Negative1  (MacDonald, 1981)  
Ames test  S. typhimurium TA98, TA100, TA1535, 

TA1537 
0 - 10000 µg/plate Negative1  (Haworth et al., 1983)  

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537 

NR  Negative1  (Garner et al., 1981)  

Ames test  S. typhimurium TA98,TA100, TA1535, 
TA1537, TA1538 

4 - 2500 µg/plate Negative1  (Trueman, 1981)  

Ames test  S. typhimurium TA92, TA98, TA100, 
TA1535, TA1537, TA1538 

0.2 - 2000 µg/plate Negative1  (Brooks and Dean, 1981)  

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

10000 µg/ml  Negative1  (Baker and Bonin, 1981)  

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

500 µg/plate  Negative1  (Rowland and Severn, 1981)  

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

500 µg/plate  Negative1  (Simmon and Shephard, 1981)  

Ames test  S. typhimurium TA98, TA100,  TA1537 NR  Negative1  (Nagao and Takahashi, 1981)  
Ames test  S. typhimurium TA98, TA100,  1000 mg  Negative1  (Ichinotsubo et al., 1981b)  
Ames test  S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
10 - 10000 µg/plate  Negative3  (Richold and Jones, 1981)  

Reverse bacterial mutation 
assay 

E. coli WP2 (p) up to 500 µg/plate (high dose 
studies) 
up to 100 µg/plate (low dose 
studies) 

Negative3  (Venitt and Crofton-Sleigh, 
1981) 

 

Reverse bacterial mutation 
assay 

E. coli  SA500  NR  Lethal4  (Dambly et al., 1981) Authors state “toxic, preventing adequate 
testing“. 

Reverse mutation assay E. coli WP2 uvrA  
pKM102 

NR  Negative1  (Matsushima et al., 1981)  

Forward mutation assay S. typhimurium TM677 1000 µg/ml  Negative3  (Skopeck et al., 1981)  
Microtiter fluctuation test S. typhimurium TA98, TA1535, TA1537 10 - 1000 µg/ml  Negative3  (Gatehouse, 1981)  
Microtiter fluctuation test S. typhimurium TA98, TA100 NR  Negative3  (Hubbard et al., 1981)  

(Butyro-1,4-lactone [10.006]) 
continued 

Microtiter fluctuation test E. coli WP2 uvrA  10 - 1000 µg/ml  Negative3  (Gatehouse, 1981)  
Rec-assay  Bacillus subtilis H17, M45 20 µl (20000 µg) Positive1 (Kada, 1981) Reliable study, conclusion comprehensible. 
Differential killing test E. coli WP2 pol A, WP2 uvrA, WP67 

uvrA, WP67 pol A, CM871 uvrA recA, 
LexA 

NR  Negative1  (Green, 1981)  



Flavouring Group Evaluation 10, Revision 3
 

 
114 EFSA Journal 2012; 10(3):2563 

Table IV.4: GENOTOXICITY (in vitro) 

Chemical Name [FL-no:] E ndpoint Test Object  Concentration / Dose Result  Reference  Comments 
Differential killing test E. coli WP2 pol A, WP2 uvrA, WP67 

uvrA, WP67 pol A, CM871 uvrA recA, 
LexA 

1000 µg/ml  Negative2  (Tweats, 1981)  

Mitotic crossing-over S. cerevisiae  1000 µg/ml  Negative1  (Kassinova et al., 1981)  
Mitotic gene conversion S. cerevisiae (JDI) 750 µg/ml  Negative2  (Sharp and Parry, 1981)  
Cell growth inhibition S. cerevisiae (JDI) 750 µg/ml  Negative2  (Sharp and Parry, 1981)  
DNA polymerase I inhibition 
test 

E. coli  W3110 & P3478 10 µl (10000 µg) Positive2 

Negative3 
(Rosenkranz et al., 1981) Reliable study, conclusion comprehensible. 

Forward mutation assay S. Pombe  20 µg/ml1  Negative3  (Loprieno, 1981)  
Unscheduled DNA synthesis Human HeLa S3 cells 0.1 - 100 µg/ml  Negative1  (Martin and McDermid, 1981)  
ADP-ribosyl transferase 
activity 

Human FL cells  10-3 to 10-7 mol/L 
(0.0086  – 86 µg/ml)3   

Negative  (Yingnian et al., 1990)  

Clastogenic activity Rat liver cell line RL1 250 µg/ml  Negative  (Dean, 1981)  
Mammalian cell 
transformation 

BHK-21 hamster kidney cells 250 µg/ml Positive1 (Styles, 1981) No specific genotoxicity endpoint. 

Degranulation assay Rat  25 mg/ml (25000 µg/ml) Positive  (Fey et al., 1981) No genetic endpoint (displacement of 
polysomes from ER). 

Sister chromatid exchange Chinese hamster ovary cells 494 - 4940 µg/ml 
494 - 1480 µg/ml 
3010 - 4940 µg/ml 

Negative2  
Negative3 

Positive3 

(NTP, 1992e) Study in complinace with NTP laboratory 
health and safety requirements, conclusion 
comprehensible. 

Chromosomal aberration   Chinese hamster ovary cells 400 - 2580 µg/ml 
400 - 1500 µg/ml 
> 2580 µg/ml 

Negative2

Negative3 

Positive3 

(NTP, 1992e) Study in complinace with NTP laboratory 
health and safety requirements, conclusion 
comprehensible. Cells were selected for 
scoring on the basis of good morphology 
and completeness of karyotype. 

Pentano-1,5-lactone [10.055]  Microbial assay  E. coli  B/rWP2(trp-), WP2(trp-), 
WP2(uvrA-) 

1 - 3 mg/plate (1000-3000 
µg/plate) 

Negative5 (Kuroda et al., 1986) Review, data cannot be validated. 

(Hexano-1,5-lactone  [10.010])  Ames test  S. typhimurium  TA98, TA100 NR  Negative2  (Kawachi et al., 1980b) Summary of results on 186 compounds. No 
details on methods, concentrations and data 
given, results cannot be validated. 

Rec-assay  B. subtilis  NR  Negative2  (Kawachi et al., 1980b) Summary of results on 186 compounds. No 
details on methods, concentrations and data 
given, results cannot be validated. 

Sister chromatid exchange Hamster lung fibroblast cells NR  Negative3  (Kawachi et al., 1980b) Summary of results on 186 compounds. No 
details on methods, concentrations and data 
given, results cannot be validated. 

Chromosomal aberration Hamster lung fibroblast cells NR  Positive2  (Kawachi et al., 1980b) Summary of results on 186 compounds. No 
details on methods, concentrations and data 
given, results cannot be validated. 

Chromosomal aberration  Human embryo fibroblast cells NR  Negative3  (Kawachi et al., 1980b) Summary of results on 186 compounds. No 
details on methods, concentrations and data 
given, results cannot be validated. 

(Heptano-1,4-lactone  [10.020]) Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

100,000 µg/plate Negative1 (Heck et al., 1989) Abstract only, study cannot be validated. 

Unscheduled DNA synthesis Rat hepatocytes  3000 µg  Negative1  (Heck et al., 1989) Abstract only, study cannot be validated. 
(Nonano-1,4-lactone  [10.001]) Ames test  S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
37500 µg/plate Negative1  (Heck et al., 1989) Abstract only, study cannot be validated. 

Mammalian  Mouse lymphoma L5178y TK+/- 1000 µg/ml  Negative2 (Heck et al., 1989) Abstract only, study cannot be validated. 
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Chemical Name [FL-no:] E ndpoint Test Object  Concentration / Dose Result  Reference  Comments 
600 µg/ml Positive3 

Unscheduled DNA synthesis Rat hepatocytes  500 µg  Negative1  (Heck et al., 1989) Abstract only, study cannot be validated. 
Mutation assay       E.coli WP2 uvrA 0.2 - 1.6 mg/plate (200-1600 

µg/plate) 
Negative4 (Yoo, 1986) Methods in Japanese, tables only in 

English. Study cannot be validated 
Rec-assay  B. subtilis M45 & H17 20 µl/disk (20000 µg/disk) Positive4  (Yoo, 1986) Methods in Japanese, tables only in 

English. Study cannot be validated 
(Undecano-1,4-lactone  [10.002]) Ames test  S. typhimurium TA92, TA94, TA98, 

TA100, TA1535, TA1537, TA2637 
5 mg/plate (5000 µg/plate) Negative1  (Ishidate et al., 1984)  

Ames test  S. typhimurium TA97, TA98, TA100, 
TA102 

0.1 mg/disk (100 µg/disk) Negative1  (Fujita and Sasaki, 1987)  

Rec-assay  B. subtilis H17 & M45 19 µg  Negative1  (Oda et al., 1979)  
Rec-assay  B. subtilis H17 & M45 10 µl/plate (10000 µg/plate) Positive6 (Yoo, 1986) Methods in Japanese, tables only in 

English. Study cannot be validated. 
Rec-assay  B. subtilis H17 & M45 10 µl/plate  (10000 µg/plate) Positive3 

Negative2 
(Kuroda et al., 1984a) Abstract only translated, study cannot be 

validated. 
Chromosomal aberration  Chinese hamster fibroblast 0.5 mg/ml (500 µg/ml) Negative1  (Ishidate et al., 1984)  

(Undecano-1,5-lactone   [10.011])  Rec-assay B. subtilis H17 & M45 19 µg Negative1 (Oda et al., 1979)  
Rec-assay  B. subtilis  10 µl/plate (10000 µg/plate) Positive1  (Kuroda et al., 1984a) Abstract only translated, study cannot be 

validated. 
(Pentadecano-1,15-lactone  [10.004]) Ames test  S. typhimurium TA98, TA100, TA102 50 µmol (12 µg/ml)  Negative1  (Aeschbacher et al., 1989)  
(5-Methylfuran-2(3H)-one  [10.012]) Ames test  S. typhimurium TA98, TA100 5 - 50 µg/plate  Negative1  (Turek et al., 1997)  
(Dodec-6-eno-1,4-lactone  [10.009]) 
  

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537 

500 µg/plate  Negative1  (Watanabe and Morimoto, 
1990) 

 

Rec-assay  E. coli WP2 uvrA  500 µg/plate  Negative1  (Watanabe and Morimoto, 
1990) 

 

1-Hydroxypropan-2-one [07.169] Ames test  S. typhimurium TA100 20 - 400 µg/plate  Positive1  (Yamaguchi, 1982) Effect dose-dependent, conclusion 
comprehensible. 

Ames test  S. typhimurium TA104 68 µmoles (5 µg/ml) Positive2  (Marnett et al., 1985a) Authors state that each compound was 
tested to its toxic limits, data for maximum 
non-toxic dose given only. 

Ames test  S. typhimurium TA100 500 µg/plate  Positive1  (Yamaguchi and Nakagawa, 
1983) 

Numerical value given was obtained from 
dose-response curves of five concentration 
levels. 

Ames test  S. typhimurium TA100 NR  Positive2  (Garst et al., 1983) Appropriate controls (idomethan for 
volatile compounds, sterility of compounds 
and solvent). Test compound judged 
positive when dose-related doubling of 
revertants were found. 

(Ethyl 3-hydroxybutyrate [09.522]) Ames test  S. typhimurium  TA97, TA98, TA100, 
TA1535 

NR  Negative4  (Zeiger and Margolin, 2000)  

(Ethyl acetoacetate [09.402])   Ames test; preincubation 
protocol 

S. typhimurium TA92, TA100, TA1535, 
TA1537, TA94 and TA98 

25 mg/plate (25000 µg/plate) Negative1  (Ishidate et al., 1984)  

Ames test; preincubation 
protocol 

S. typhimurium TA97, TA102 0.1 - 10 mg/plate  (10 - 10000 
µg/plate)  

Negative1 (Fujita and Sasaki, 1987)  

Rec-assay  B. subtilis; H17, M45 20 µg/disk  Negative1  (Oda et al., 1979)  
Rec-assay  B. subtilis; H17, M45 20 µl/disk (20000 µg/disk) Positive  (Yoo, 1986) Methods in Japanese, tables only in 

English. Study cannot be validated. 
Rec-assay  E. coli; WP2 uvrA  200 - 1600 µg/plate   Positive8  (Yoo, 1986) Methods in Japanese, tables only in 
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Chemical Name [FL-no:] E ndpoint Test Object  Concentration / Dose Result  Reference  Comments 
English. Study cannot be validated. 

Rec-assay  B. subtilis; H17, M45 10 - 20 µl/ml (10 - 20 µg/ml) Negative1  (Kuroda et al., 1984a) Abstract only translated. Study cannot be 
validated. 

Rec-assay  B. subtilis; H17, M45  10 - 20 µl/ml (10 - 20 µg/ml) Positive1  (Kuroda et al., 1984a) Abstract only translated. Study cannot be 
validated. 

Chromosomal aberration Chinese hamster fibroblast cells 1 mg/ml (2000 µg/ml) Negative1  (Ishidate et al., 1984)  
Methyl acetoacetate [09.634] Ames test  S. typhimurium TA98, TA100, TA1535, 

TA1537, TA1538 
E. coli WP2 uvrA 

1 - 5000 µg/plate Negative1  (Shimizu et al., 1985) Modified Ames, reincubation. Reliable 
study, conclusion comprehensible. 

2-Butoxyethan-1-ol [02.242] Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

10 - 5000 µg/plate Negative1 (Okamoto and Riccio, 1985) Study performed in compliance with US-
FDA GLP standards. Reliable study, 
conclusion comprehensible. 

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537 
E. coli WP2 uvrA 

9.8 - 156.3 µg/plate Negative1  (Henrich and McMahon, 1988) Test material: mixture of 2-butoxyethanol 
(2 % w/v) with tricholorbenzene and 
anionic emulsifiers. Test compound 
produced no revertants vs solvent control. 

Ames test  S. typhimurium TA97, TA98, TA100, 
TA102, TA104, TA1535, TA1537 

100 - 10000 µg/plate Negative1  (Zeiger et al., 1992) NTP-study within mutagenicity testing 
program. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA97, TA98, TA100, 
TA1535, TA1537, TA1538 

5000 - 20000 µg/plate Negative1  (Sippel, 1977) Negative as defined by less than 2-times of 
the spontaneous reversion rate. Reliable 
study, conclusion comprehensible. 

Ames test  S. typhimurium TA97a, TA100 
E. coli WP2uvrA 

500 - 1000 µg/plate Negative1  (Gollapudi et al., 1996) Re-examination of EGBE to valdazte report 
by Hoflack et al (1995) on mutagenicity of 
the compound in a test with TA97a. reliable 
study, conclusion comprehensible. 

Ames test  S. typhimurium TA97a, TA98, TA100, 
TA102 

14 mg/plate (14000 µg/plate) 
conc. range: 0,8 - 115 
micromol/plate, positive ab 19 
micromol = 2,2mg/plate 

Negative with 
TA98, 
TA100,TA102, 
positive with 
TA97a1  

(Hoflack et al., 1995) Positive with TA97a, but not reproduced in 
study specifically addressing this finding 
(Gollapudi et al., 1996). 

Mutagenicity Assay Bacteriophage T4D E. coli CR63 and 
K12 

19.6 - 111.1 µl/ml Negative9  (Kvelland, 1988) Highly toxic at all concentrations tested, 
bacteriophage yield less than 1 %. 

Forward mutation assay Chinese hamster ovary cells V79 16.92 mM (2000 µg/ml)3 Positive2  (Elias et al., 1996) It is noted that doses applied exceeded the 
maximum recommended doses according to 
currunt OECD guidelines. 

Forward mutation assay Chinese hamster ovary cells V79 1 %  Negative1  (Slesinski and Weil, 1980) Reliable study (5 concentrations each test, 
1 % without S9 (non-toxic), 0,3 % with 
S9), conclusion comprehensible. 

Forward mutation assay Chinese hamster ovary cells AS52 0.38 - 7.6 mM (898 µg/ml) Negative1  (Chiewchanwit and Au, 1995) Non-cytotoxic concentration range. 
Reliable study, conclusion comprehensible. 

Sister chromatid exchange Chinese hamster ovary cells 0.007 -  0.25 % Negative1  (Slesinski and Weil, 1980) Reliable study, conclusion comprehensible. 
Sister chromatid exchange Chinese hamster ovary cells V79 16.92 mM (2000 µg/ml) Positive2, 10  (Elias et al., 1996) It is noted that doses applied exceeded the 

maximum recommended doses according to 
current OECD Guidelines. 

Sister chromatid exchange Human peripheral lymphocytes 3000 ppm  Positive1  (Villalobos-Pietrini et al., 
1989) 

Cited in review on 2-Butoxyethanol. Study 
cannot be evaluated. 

Sister chromatid exchange  Chinese hamster ovary cells 5000 µg/ml  Negative1  (NTP, 2000b) NTP-study within mutagenicity testing 
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program. Reliable study, conclusion 
comprehensible. 

Chromosomal aberrations Chinese hamster ovary cells 5000 µg/ml  Negative1  (NTP, 2000b) NTP-study within mutagenicity testing 
programme. Reliable study, conclusion 
comprehensible. 

Chromosomal aberrations Chinese hamster ovary cells V79 16.92 mM (2000 µg/ml) Negative2 (Elias et al., 1996) Reliable report with details on purity of test 
compounds, methods and results. 50 % 
growth inhibition (at 24 hours) approx. at 
90 mM, but value cannot be precisely 
derived from the graphic presentation. 

Chromosomal aberrations Human peripheral lymphocytes  3000 ppm  Negative2  (Villalobos-Pietrini et al., 
1989) 

Cited in review on 2-Butoxyethanol. Study 
cannot be evaluated. 

2-Butoxyethan-1-ol [02.242] 
continued 

Chromosomal aberrations Human lymphocytes 16.92 mM (2000 µg/ml) Negative2  (Elias et al., 1996) No information on growth inhibition/ 
survival of treated human lymphocytes 
given. 

In vitro micronucleus test V79 cells 16.92 mM (2000 µg/ml) Positive2  (Elias et al., 1996) It is noted that doses applied exceeded the 
maximum recommended doses according to 
current OECD Guidelines. 

Unscheduled DNA synthesis Rat hepatocytes  0.1 - 100 x 10-3 % Positive1, 11  (Slesinski and Weil, 1980) The interpretation of these findings is 
equivocal due to the methodology applied 
(liquid scintillation) and the absence of 
relation with dose. 

Embryo Transformation 
Assay 

Syrian hamster embryo cells NR  Negative2  (Elias et al., 1996) No specific genotoxic endpoint. 

Embryo Transformation 
Assay 

Syrian hamster embryo cells 500 - 1500 µg/ml Positive4  (Brauninger, 1995) No specific genotoxic endpoint. 

(3,7-Dimethyloctane-1,7-diol 
[02.047]) 

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

3.6 mg/plate (3600 µg/plate) Negative1  (Wild et al., 1983)  

(3,7-Dimethyl-7-hydroxyoctanal 
[05.012]) 

Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

3.6 mg/plate (3600 µg/plate) Negative1  (Wild et al., 1983)  

(1,1-Dimethoxy-3,7-dimethyloctan-
7-ol [06.011]) 

Ames test S. typhimurium TA98, TA100, TA1535, 
TA1537, TA1538 

3.6 mg/plate (3600 µg/plate) Negative1  (Wild et al., 1983)  

(Diethyl malonate [09.490]) Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537. 

3 µmol/plate (480 µg/plate) Negative1  (Florin et al., 1980)  

(Dimethyl succinate [09.445])  Ames test  S. typhimurium TA98, TA100, TA1535, 
TA1537 

20000 µg/plate Negative1  (Andersen and Jensen, 1984a)  

Ames test  S. typhimurium TA97, TA98, TA100, 
TA102, TA104, TA1535, TA1537, 
TA1538 

10 mg/plate (10000 µg/plate) Negative1  (Zeiger et al., 1992)  

(Fumaric acid [08.025])   Ames test  S. typhimurium  TA100 1000 µg/plate  Negative4  (Rapson et al., 1980)  
Ames test (preincubation) S. typhimurium TA97, TA98, TA100, 

TA1535, TA1537 
2000 µg/plate  Negative1  (Zeiger et al., 1988)  

Ames test  S. typhimurium TA92, TA94, TA98, 
TA100, TA1535, TA1537 

10 mg/plate (10000 µg/plate) Negative  (Ishidate et al., 1984)  

Chromosomal aberrations  Chinese Hamster fibroblast cells 0.5 mg/ml (500 µg/ml) Negative  (Ishidate et al., 1984)  
(l-Malic acid [08.017]) Ames test  S. typhimurium TA97, TA98, TA100, 

TA104 
2000 µg/plate  Negative1  (Al-Ani and Al-Lami, 1988)  
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Diethyl maleate [09.351]  Forward mutation assay Mouse lymphocytes  L5178Y TK+/-  2.250 - 9.750 x 10-4 mol/l (387 - 

1679 µg/ml) 
Positive1 (Wangenheim and Bolcsfoldi, 

1988) 
No S9 at 2.25 - 9.75 x 10-4 mol/L, doubling 
of the mutation rate at 6 x 10-4 mol/L and 
above, but growth reduction of 70 % or 
more. Study of insufficient value. 

Aneuploidy test      Chinese hamster lung cells V79 5.2 x 10-6 M 
8.7 x 10-6 M 

Negative4

Positive4 
(Önfelt, 1987) Reliable study, conclusion comprehensible. 

Glutaric acid [08.082] REC assay 
Ames  

B subtilis M45 & H17 
S. typhimurium TA98, TA100 

NR  Negative1  (Sakagami et al., 1989) Abstract, data cannot be validated. 

Glutaraldehyde [05.149] Ames test  S. typhimurium TA104 0.5 µmoles (50.06 µg/ml) Positive2  (Marnett et al., 1985a) TA104 tested to reassess mutagenic 
potency of 28 carbonyl compounds. Dose-
dependent increase toxic limits of 
glutaraldehyde. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA1535, TA100, 
TA1537, TA98 

10 mg/plate (10000 µg/plate) Equivocal12

Positive12 
(Haworth et al., 1983) Part of ring study for re-assessment of  250 

chemicals. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA100, TA102, TA104 25 - 300 µg/plate  Positive1  (Dillon et al., 1998) Comparative analysis of TA100, TA102 
and TA104 for sensitivity to 13 aldehydes 
and 4 peroxides. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA102, TA2638, 
E. coli WP2/pKM101, WP2 uvrA 

20 - 1000 µg/plate  Positive3, *  (Watanabe et al., 1998a) *Cytotoxicity noted in doses as low as 250 
µg/plate. 
Ring study (22 laboratories) for 
comparative analysis of TA102, TA2638, 
E. coli WP2/pKM101 and WP2 
uvrA/pKM101. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA102,  
E. coli WP2/pKM101, WP2 uvrA 

5 - 100 µg/plate Positive2  (Wilcox et al., 1990) Comparative analysis of TA102 and E.coli 
WP2 strains. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA102 1000 µg/plate  Positive13 (Müller et al., 1993) Ring study (3 laboratories) to evaluate 
TA102. Reliable, conclusion 
comprehensible. 

Ames test  S. typhimurium TA102, TA2638a 76 µg/plate  Positive3, 14 (Rydén et al., 2000) Comparative analysis on the sensitivity of 
bacterial strains and the possibility of using 
TA2638a. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA102 25 µg/plate  Positive1  (Levin et al., 1982) Test of TA102 for detection of oxidative 
mutagens. Reliable study, conclusion 
comprehensible. 

Ames test  S. typhimurium TA97a, TA98, TA100, 
TA102, TA104 

0.1 - 60 µg/plate  Positive1  (Noblitt et al., 1992) Abstract, data cannot be validated. 

Ames test  S. typhimurium TA1535, TA100, 
TA1537, TA98,  
E. coli WP2 uvrA 

100 - 5000 µg/plate Negative1  (Wagner, 1997) Study in compliance with inter-national 
(US-FDA, US-EPA, UK, Japan) GLP 
Guidelines. Negative result not discussed in 
view of positive results in other studies. 
Reliable study, conclusion comprehensible. 

Ames test  S. typhimurium TA1535, TA100, 15.4 µg/plate2, 15 Negative1  (Slesinski et al., 1983) Lack of mutagenic activity considered to be 
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TA1537, TA1538, TA98 51.6 µg/plate3 due to reaction of glutaraldehyde with 

proteins in cell membrane, cytosol. 
Ames test  S. typhimurium TA97a, TA98, TA100, 

A102, TA104 
0.050 % in 100 µl/plate (100000 
µg/plate) 

Positive14 (Schweikl et al., 1994) Study aimed at elucidating the mutagenic 
potency of 3 different dentin bonding 
agents, pure glutaraldehyde was tested as 
one of the ingredients of these materials. 
Conclusion comprehensible. 

Glutaraldehyde [05.149] continued Ames test  S. typhimurium TA100, TA98 20 µg/plate  Negative1  (Sakagami et al., 1988) Dose-dependent DNA-damage. At 
minimum inhibitory concentration Ames 
test less sensitive than REC-assay (see 
below). 

Ames test  E. coli WP2 uvrA  20 - 10000 µM (2 - 1001 µg/ml) Negative2 (Hemminki et al., 1980) Study aimed at comparison of alkylation 
rate with mutagenicity of directly acting 
chemicals, glutaraldehyde served as 
reference compound. 

Rec-assay  B. subtilis, M-45 (Rec-), H-17 (Rec+) 300 µg/ml  Positive1  (Sakagami et al., 1988) Dose-dependent DNA-damage. At 
minimum inhibitory concentration REC-
assay more sensitive than  Ames test (see 
above). 

L-arabinose resistance 
forward mutation test 

S. typhimurium: BA9, BA13 62 - 250 nmoles/ml (6.2  - 25 
µg/ml) 

Negative15 
Positive15 

(Ruiz-Rubio et al., 1985)  

Forward mutation assay Mouse lymphocytes: L5178Y TK+/- 8 µg/ml  Positive2  (McGregor et al., 1988b) Reliable study, conclusion comprehensible. 
Forward mutation assay Chinese hamster ovary cells 40.8µM (4.08 µg/ml) Negative1  (Slesinski et al., 1983) Lack of mutagenic activity considered to be 

due to reaction of glutaraldehyde with 
proteins in cell membrane, cytosol. 

Sister chromatid exchange Chinese hamster ovary cells 2.5 µM (.25 µg/ml) Negative1  (Slesinski et al., 1983) Lack of mutagenic activity considered to be 
due to reaction of glutaraldehyde with 
proteins in cell membrane, cytosol. 

Sister chromatid exchange Chinese hamster ovary cells 0.5 - 16 µg/ml  Negative/positive2  
Positive3 

(Galloway et al., 1985) Study performed in 2 laboratories aimed to 
develop sensitive test protocol.11-16 
µg/ml, with S9 positive (at least with one 
dose) results in both laboratories. 0,36-16 
µg/ml, without S9 results not consistent. 

Chromosomal aberrations Chinese hamster ovary cells 0.5 - 30 µg/ml  Negative/positive2

Negative3  
(Galloway et al., 1985) Study performed in 2 laboratories aimed to 

develop sensitive test protocol. 1-16 µg/ml, 
with S9 negative results in both 
laboratories: 0,3-30 µg/ml, without S9 
results not consistent. 

Alkaline elution assay Human TK6 lymphoblasts 25 µM (0.25 µg/ml)2 Positive2  (St. Clair et al., 1991) Linear increase in DNA cross linking 
between 1-25 µM. At 20 µM 10 % survival 
only. 

TK6 mutation assay Human TK6 lymphoblasts 20 µM (2 µg/ml) Positive  (St. Clair et al., 1991) Majority of trifluorothymidine resistant 
colonies displayed normal growth, slow-
growing colonies small contribution to 
overall mutant fraction. 

Glutaraldehyde [05.149] continued Unscheduled DNA synthesis Primary rat hepatocytes 51 µM (5.1 µg/ml) Negative1  (Slesinski et al., 1983) Lack of mutagenic activity considered to be 
due to reaction of glutaraldehyde with 
proteins in cell membrane, cytosol. 
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Chemical Name [FL-no:] E ndpoint Test Object  Concentration / Dose Result  Reference  Comments 
Unscheduled DNA synthesis Rat hepatocytes  100 µM (10 µg/ml) Positive2  (St. Clair et al., 1991) Significant increase over controls at 100 

µM, this concentration tolerated without 
morphological signs of toxicity. 

(Adipic acid [08.026]) Ames test  E. coli WP2 uvrA  5000 µg/plate  Negative1  (Shimizu et al., 1985)  
Ames test  S. typhimurium TA1535, TA100, 

TA1537, TA1538, TA98,  
E. coli WP2 uvrA 

10 mg/plate (10000 µg/plate) Negative1  (Prival et al., 1991)  

Ames test (preincubation 
method) 

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

5000 µg/plate  Negative1  (Shimizu et al., 1985)  

(Dibutyl sebacate [09.474]) Ames test  S. typhimurium TA1535, TA100, 
TA1537, TA1538, TA98 

3.6 mg/plate (3600 µg/plate) Negative1  (Wild et al., 1983)  

(Ethyl brassylate [09.533]) Ames test  S. typhimurium TA1535, TA100, 
TA1537, TA1538, TA98 

3.6 mg/plate (3600 µg/plate) Negative1  (Wild et al., 1983)  

(Prop-1-ene-1,2,3-tricarboxylic acid  
[08.033]) 
 

Ames test  S. typhimurium TA100, TA1535, 
TA1537, TA98 

20000 µg/plate Negative1  (Andersen and Jensen, 1984a)  

5,6-Dimethyl-tetrahydro-pyran-2-one 
[10.168] 

Ames test S. typhimurium TA98, TA100, TA102, 
TA1535, TA1537 

5000 microgram/plate Negative1 (Uhde, 2004a) Test performed both in the incorporation 
and preincubation assays. 

Succinic acid, disodium salt [08.113] 
 

Ames test S.typhimurium TA97, TA94, TA98, 
TA100, TA1535, and TA1537 

5000 microgram/plate Negative3 (Ishidate et al., 1984) in 
(OECD, 2003) 

GLP-study according to OECD TG 471. 

Ames test S.typhimurium TA97, TA102 10000 microgram /plate Negative1 (Fujita et al., 1994) in (OECD, 
2003) 

GLP-study according to OECD TG 471. 

Chromosomal aberrations 
(polyploidy) 

Chinese hamster lung cells  15000 microgram/ml Equivoval2 (Ishidate et al., 1984) in 
(OECD, 2003) 

GLP-study according to OECD TG 473. 

(Disodium succinate hexahydrate) Ames test S.typhimurium TA97, TA94, TA98, 
TA100, TA1535, and TA1537  

5000 microgram/plate Negative1 MHLW, Japan 2002 in 
(OECD, 2003) 

 

 Chromosomal aberrations 
(polyploidy) 

Chinese hamster lung cells  5000 microgram/ml Negative1 MHLW, Japan 2002 in 
(OECD, 2003) 

 

NR: Not reported. 
1 With and without S-9 metabolic activation.  
2 Without S-9 metabolic activation.  
3 With S-9 metabolic activation.  
4 Presence or absence of metabolic activation not specified.  
5 Anti-mutagenic effects study.  
6 Presence or absence of metabolic activation not specified.  
7 4,5-dimethyl-3-hydroxy-2,5-dihydrofuran-2-one did not form DNA adducts, but 2,5-DMHF does. Study addresses mechanism of chemical reaction of 2,5-dimethyl-4-hydroxy-3(2H)-furanone with DNA.  
8 The concentrations used were 10-fold higher than that of spontaneous revertants.  
9 The test substance had a severe toxic effect on phage yield.  
10 Weak positive results were detected.  
11 The test substance induced statistically significant levels of unscheduled DNA synthesis in two of the six dose levels tested. Therefore, the test substance is considered a weak mutagen.  
12This test compared the results at two different laboratories. Results were equivocal at Case Western Reserve University, while they were positive at Microbiological Associates.  
13Article presents the results from three different laboratories. Results were positive in both water and ethanol; however, it was concluded that TA102 is not sufficiently matured to be employed routinely.  
14Maximum non-toxic dose.  
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15Results were negative in BA9, not BA13.  
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In vivo mutagenicity/genotoxicity data are available for six candidate substances of the present Flavouring Group Evaluation from chemical groups 9, 13 and 
30 of the present Flavouring Group Evaluation and for eight supporting substances evaluated by JECFA at the 49th and 53rd meetings (JECFA, 1998a; JECFA, 
2000c). Supporting substances are listed in brackets. 

Table IV.5: Genotoxicity Studies (In Vivo) 

Chemical Name [FL-no:] Test system Test Object Route Dose Result Reference Comments 
(Butyro-1,4-lactone [10.006]) In vivo Bone- marrow 

micronucleus assay 
B6C3F1 mice  Single dose via 

intraperitoneal injection 
80 % of LD50  Negative  (Salamone et al., 1981) Limited relevance because 

PCE/NCE ratio was not 
reported, thus it is not clear if 
the test substance reached the 
bone marrow. 

In vivo Bone- marrow 
micronucleus assay 

CD-1 mice   0.11-0.44 ml/kg 
(110 – 440 mg/kg)   

Negative  (Tsuchimoto and Matter, 
1981) 

Limited relevance because 
PCE/NCE ratio was not 
reported, thus it is not clear if 
the test substance reached the 
bone marrow. 

In vivo micronucleus assay Mice (B6C3F1/BR hybrid)  80 % of LD50 Negative  (Katz et al., 1981) Limited relevance because 
PCE/NCE ratio was not 
reported, thus it is not clear if 
the test substance reached the 
bone marrow. 

In vivo sperm abnormality Mice (CBA X Balb/c)F1  
 

Daily exposure for five 
days via intraperitoneal 
injection 

 0.1-1.0 mg/kg bw/day  Negative  (Topham, 1980) Sperm head abnormality test 
does not make use of a genetic 
endpoint. 

In vivo sex-linked recessive 
test 

D. melanogaster  A: via diet 
B: injection 

A: 20000 or 28000 ppm  
B. 15.000 ppm 

Negative  (Foureman et al., 1994) Study in compliance with OECD 
477. 

(Hexano-1,5-lactone  [10.010]) Chromosomal aberration  
in vivo 

 Rat bone-marrow cell  NR  Negative1 (Kawachi et al., 1980b) Summary of results on 186 
compounds. No details on 
methods, concentrations and 
data given, results cannot be 
validated. 

(Undecano-1,4-lactone  [10.002]) In vivo mouse micronucleus 
test 

 2-6 ddY male mice Via intraperitoneal 
injection 

250-2000 mg/kg  Negative  (Hayashi et al., 1988) Single application, only one 
sampling time. Not in 
compliance with current OECD 
474. 

2-Butoxyethan-1-ol [02.242] In vivo mouse micronucleus 
test 

 Mouse bone marrow Single dose via 
intraperitoneal injection 

1000 mg/kg  Negative  (Elias et al., 1996) Reliable report, decreased 
PCE/NCE ratio demonstrates 
bioavailability of compound at 
target compartment. Conclusion 
comprehensible. 

In vivo mouse micronucleus 
test 

 Mouse bone marrow 3 doses via 
intraperitoneal injection 

450 mg/kg   Negative  (NTP, 2000b)  NTP-study within mutagenicity 
testing program. Reliable study, 
conclusion comprehensible. 

In vivo micronucleus test Rat bone marrow  3 doses via 
intraperitoneal injection 

550 mg/kg  Negative  (NTP, 2000b) NTP-study within mutagenicity 
testing program. Reliable study, 
conclusion comprehensible. 

In vivo DNA adducts Rat brain, kidney, liver, 
spleen and testes 

Single dose via oral 
route 

120 mg/kg  Negative (Keith et al., 1996a) The method (based on 32P-
postlabelling) is aimed at 
detecting hydrophobic DNA 
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Table IV.5: Genotoxicity Studies (In Vivo) 

Chemical Name [FL-no:] Test system Test Object Route Dose Result Reference Comments 
adducts resulting from CytP450 
induction, not from binding of 
2-butoxyethan-1-ol to DNA . 

In vivo DNA methylation Rat brain, kidney, liver, 
spleen and testes,  

Via oral route NR   Negative (Keith et al., 1996a) Supplementary information not 
directly relevant for genotoxicity 
assessment. 

In vivo DNA adducts Mouse Via oral route NR Negative (Keith et al., 1996a) Detection of hydrophobic DNA 
adducts such as modified 
nucleotides with aliphatic side 
chains. 

In vivo DNA methylation Mouse  Via oral route NR  Negative (Keith et al., 1996a) Supplementary information not 
directly relevant for genotoxicity 
assessment. 

In vivo tumour formation Mouse  Daily dose for two 
weeks via oral route 

120 mg/kg/day  Inconclusive (Keith et al., 1996a) No difference in tumor incident 
observed. However no 
conclusion on the oncogenic 
potential of 2-butoxyethan-1-ol 
can be drawn because of the 
limitations of the experimental 
protocol (treatment, sample size, 
duration of the study, reporting, 
etc.). 

Butane-1,3-diol [02.132]   In vivo cytogenetic assay Rat femur bone marrow Via diet2 5, 10, 24 %  Negative  (Hess et al., 1981) F1A, F2A, F3A generations in a 
multigeneration reproductive 
toxicity study. PCE/NCE ratio 
was not reported, thus it is not 
clear if the test substance 
reached the bone marrow. 

In vivo dominant lethal assay Rat  Animals exposed for 
eight weeks via diet 

5, 10, 24 % Negative  (Hess et al., 1981) F1B generation in a 
multigeneration reproductive 
toxicity study. 

(3,7-Dimethyloctane-1,7-diol 
[02.047]) 

In vivo micronucleus test Mouse   516, 860, 1204 mg/kg  Negative  (Wild et al., 1983) Limited quality since only a 
single sampling time (30 hours 
after treatment) was used and 
PCE/NCE ratio was not 
reported. Therefore it is not 
clear whether the substance had 
reached the bone marrow. 

In vivo Basc test D. melanogaster   10 mM  (1743 µg/ml) Negative  (Wild et al., 1983) A single dose was tested in one 
experiment. Method not 
described in detail. 

(3,7-Dimethyl-7-hydroxyoctanal 
[05.012]) 

In vivo Basc test D. melanogaster   37 mM (6374 µg/ml) Negative  (Wild et al., 1983) A single dose was tested in one 
experiment. Method not 
described in detail. 

In vivo micronucleus test Mouse   345, 603, 861 mg/kg  Negative  (Wild et al., 1983) Limited quality since only a 
single sampling time (30 hours 
after treatment) was used and 
PCE/NCE ratio was not 
reported. Therefore it is not 
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Table IV.5: Genotoxicity Studies (In Vivo) 

Chemical Name [FL-no:] Test system Test Object Route Dose Result Reference Comments 
clear whether the substance had 
reached the bone marrow. 

(1,1-Dimethoxy-3,7-
dimethyloctan-7-ol [06.011]) 

In vivo Basc test D. melanogaster   25 mM (5459 µg/ml) Negative  (Wild et al., 1983) A single dose was tested in one 
experiment. Method not 
described in detail. 

In vivo micronucleus test Mouse   327, 545, 763 mg/kg  Negative  (Wild et al., 1983) Limited quality since only a 
single sampling time (30 hours 
after treatment) was used and 
PCE/NCE ratio was not 
reported. Therefore it is not 
clear whether the substance had 
reached the bone marrow. 

Malonic acid [08.053]  In vivo mutagenicity assay Rat hepatocytes  400 mg/kg/day exposure 
for 6 weeks via diet 

4000 ppm  Negative  (Ito et al., 1988) GST-P foci assay following 
diethyl nitrosamine exposure. 
Reliable study, conclusion 
comprehensible. 

Glutaric acid [08.082] In vivo bone marrow 
chromosomal aberrations 

Rat bone marrow  Single dose via oral 
gavage 

Males:  2750 mg/kg 
Females:  1375 mg/kg  

Negative  (San Sebastian, 1989a) Reliable study, e.g. cells with 
gaps excluded. Selected copy of 
report without data tables. 

Glutaraldehyde [05.149] In vivo chromosomal 
aberration 

Rat bone marrow  Single dose via oral 
gavage 

Males: 120 mg/kg/bw  
Females:  80 mg/kg/bw 
 

Negative  (Vergnes and Morabit, 
1993a) 

Study in compliance  with 
international  (FDA, TSCA, 
OECD) GLP guidelines. 
Selected copy of report (12 of 
100 pages) available. 

In vivo chromosomal 
aberration 

Rat bone marrow  A single dose or daily 
for five days via oral 
gavage 

Single dose: 0.55 ml/kg (males), 
0,4 ml/kg (females) of a 6, 12 or 
36 % solution. Repeated dose: 
0,55 ml/kg (males) of a 5 % 
solution 

Negative  (Putman, 1987) Time points of investigation: 
single dose: 8, 12 hours. 
Repeated dose: 12hours. Well 
conducted study, conclusion 
comprehensible.  Selected copy 
of  report available. 

In vivo mouse blood 
micronucleus test 

 Mouse  Single dose via oral 
gavage 

250 mg/kg  Negative  (Vergnes and Morabit, 
1993b) 

Selected pages of report 
available (29 of 88 pages). 

In vivo mouse blood 
micronucleus test 

 Mouse  Single dose via 
intraperitoneal injection 

4, 8, 15 mg/kg/bw  Positive  (Noblitt et al., 1993) Abstract, study cannot be 
validated. 

In vivo unscheduled DNA 
synthesis 

Rat  Single dose via oral 
gavage 

30, 150, 600 mg/kg  Negative  (Mirsalis et al., 1989) Reliable part of  In vivo tumour 
formation study, conclusion 
comprehensible. 

In vivo SLRL test D. melanogaster  Three day exposure via 
diet 

3500 ppm  Negative  (Zimmering et al., 1989) Study in compliance with OECD 
477. 

In vivo SLRL test D. melanogaster  Single dose via 
intraperitoneal injection 
three day exposure via 
diet 

Injection:  4000 ppm  
Diet: 10,000 ppm  

Negative  (Yoon et al., 1985) Study in compliance with OECD 
477. 

(Adipic acid [08.026]) In vivo chromosomal 
nondisjunction 

D. melanogaster   4000 ppm  Negative  (Ramel and Magnusson, 
1979) 

 

Diethyl adipate [09.348]  In vivo dominant lethal assay Mouse  (Single1460 mg/kg dose 
via intraperitoneal 
injection) 

1.46 ml/kg  Negative  (Singh et al., 1975) Reliable study, conclusion 
comprehensible. 
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Table IV.5: Genotoxicity Studies (In Vivo) 

Chemical Name [FL-no:] Test system Test Object Route Dose Result Reference Comments 
(Dibutyl sebacate [09.474]) In vivo micronucleus test Mouse   943, 1886, 2829 mg/kg  Negative  (Wild et al., 1983) Limited quality since only a 

single sampling time (30 hours 
after treatment) was used and 
PCE/NCE ratio was not 
reported. Therefore it is not 
clear whether the substance had 
reached the bone marrow. 

In vivo Basc test D. melanogaster   19 mM (4642 µg/ml) Negative  (Wild et al., 1983) A single dose was tested in one 
experiment. Method not 
described in detail. 

NR: Not reported. 
1Presence or absence of metabolic activation not specified.  
2 Length of exposure not specified in report. Cytogenetic assay conducted on F1A, F2A and F3A generations of a multiple generation study.  
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ABBREVIATIONS 
ADH  Alcohol dehydrogenase 

ADI  Acceptable Daily Intake 

BW  Body weight 

CAS  Chemical Abstract Service 

CEF Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids 
Chemical Abstract Service 

CHO  Chinese hamster ovary (cells) 

CNS  Central Nervous System 

CoA  Coenzyme A 

CoE  Council of Europe 

DNA  Deoxyribonucleic acid 

DRF  Dose Range Finder 

EC  European Commission 

EFFA  European Flavour and Fragrance Association 

EFSA  The European Food Safety Authority 

EPA  Environmental Protection Agency  

ER  Endoplasmic Reticulum 

EU  European Union 

FAO  Food and Agriculture Organization of the United Nations  

FDA  Food and Drug Administration 

FEMA  Flavor and Extract Manufacturers Association 

FGE  Flavouring Group Evaluation  

FLAVIS (FL) Flavour Information System (database) 

GLP  Good Laboratory Practice 

GSH  Glutathione 

ID   Identity 

IOFI  International Organization of the Flavour Industry 

IP   Intraperitoneal 

IR   Infrared spectroscopy 

I.V.  Intravenous 

JECFA  The Joint FAO/WHO Expert Committee on Food Additives 

LD50  Lethal Dose, 50 %; Median lethal dose 

LOAEL Lowest Observed Adverse Effect Level 

MFD  Median Fatal Dose 

MS  Mass spectrometry 

MSDI  Maximised Survey-derived Daily Intake 
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mTAMDI Modified Theoretical Added Maximum Daily Intake 

NAD  Nicotinamide Adenine Dinucleotide  

NADP  Nicotinamide Adenine Dinucleotide Phosphate 

No   Number 

NOAEL No Observed Adverse Effect Level 

NOEL  No Observed Effect Level 

NTP  National Toxicology Program 

OECD  Organisation for Economic Co-operation and Development 

RfD  Reference dose  

SCE  Sister Chromatid Exchange 

SCF  Scientific Committee on Food 

SMART  Somatic Mutation and Recombination Test  

TAMDI Theoretical Added Maximum Daily Intake 

UDS  Unscheduled DNA Synthesis  

WHO  World Health Organisation  
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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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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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1. Summary

The CSTEE has evaluated the toxicological characteristics and risks of certain citrates and
adipates in order to examine whether such substances may be used as substitutes for phthalate
plasticisers in PVC toys. In doing this, the CSTEE has applied the same general risk assess-
ment principles used in its previous opinions on phthalates in PVC products that may be
mouthed by children. The documentation made available to the CSTEE and the information
found in the open literature on exposure and effects of the specified citrates and adipates, is
too limited to determine whether they are safe to use as plasticisers in materials which may be
mouthed by children.

2. Background

In its opinion of 24 April 1998 on ’Phthalates in toys’, the CSTEE has recommended that
’before introducing other plasticisers into toys which children can put into their mouth, the
risk of their use should be assessed by the same process which has been applied to the
phthalates discussed above’.

Recent announcements by toy manufacturers indicate that substitution of phthalates by other
plasticisers will take place in the near future. In this contest citrates have been mentioned as
possible promising candidates for such a substitution. Citric acid esters have been available
since the 1940s for use as plasticisers in polymers such as polyvinyl chloride (PVC) and cel-
lulose acetate. There are currently several manufacturers of citrate esters for use as plasticis-
ers. Information from industry and national laboratories in Member States confirm the exist-
ing use of adipates as plasticisers in PVC toys. Also, there are a number of commercially
available alternatives to PVC such as thermoplastic elastomers (styrenic block copolymers,
polyolefin blends, elastomeric alloys), ethylene vinyl acetate and polyolefins (polyethylene,
polypropylene) (CSTEE/98/17 - Add. 35).

The CSTEE has been presented with the following terms of reference on toxicological char-
acteristics and risk to child health of certain citrates, and notably acetyltributyl citrate and
diethylhexyl adipate, used as a substitute for phthalates as plasticisers in soft PVC toys and
childcare articles:

1. What are the toxicological profiles of the substances under reference? What ranking of
these substances can be made on the basis of their toxicological profiles?

2. How do the substances under reference compare with phthalates in terms of their toxico-
logical profiles?

3. Does the CSTEE consider that the toxicological profiles of the substances under reference
support their safe use as plasticisers in the products under consideration? Bearing in mind
the potential for migration of these substances from the products under consideration,
should limits for the migration of these substances from the products under consideration
be set, and if so, which limits? In view of both the toxicological profile and the potential
for migration of the substances under reference, does the CSTEE consider that the mar-
gins of safety for the use of these substances in products under consideration are ade-
quate?

4. What are the issues on which additional information and/or research is required that may
help answer the above questions?
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The previously formed ’Phthalates Working Group’ of the CSTEE has attempted to address
these questions. It became readily apparent that there was less sound toxicological and expo-
sure documentation on which to base qualified answers to the questions, this is especially the
case for citrates and adipates other than acetyltributyl citrate and diethylhexyl adipate, respec-
tively. Also, most of the information related to the citrates was not available in the open lit-
erature and has thus not undergone scientific peer review. In part due to confidentiality issues,
the process of making the documentation available to the CSTEE has been slow. A consider-
able part of the toxicological data generated on the citrates is old and has not been developed
applying modern test guidelines. The documentation on adipates has been gathered after
searches in available databases and from a comprehensive evaluation report (BUA, 1996).

3. Citrates

3.1 O-Acetyltributyl citrate (ATBC)

3.1.1 Physicochemical characteristics

The following properties of ATBC have been identified in the literature (CSTEE/98/17 - Add
1; CSTEE/98/17 – Add.3; CSTEE/97/1-Add.116; CSTEE/97/1-Add.115; CSTEE/98/17 –
Add.36):

CAS number: 77-90-7
EINECS number: 201-067-7
Molecular formula: C20H34O8

Molecular weight: 402.5
Vapour pressure: 0.052 mm Hg (20°C)
Melting point: -80°C
Boiling point: 173 °C (1 mm Hg)

200 °C (4 mm Hg)
326 °C (160 mm Hg)

Decomposition temp: >220 °C
Solubility in water: 20 mg.L-1

ethanol: Soluble
acetone: Soluble
DMSO: Soluble
toluene: Soluble

C4H9

O

O
C4H9

O

O
C4H9

O

O
OO
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3.1.2 Migration from PVC products

Migration of plasticisers from food packaging materials into especially fatty food has been
studied a lot. These studies have been performed with static methods (no mechanical treat-
ment) which are known to give much lower results than the in vivo studies performed to
mimic the mouthing/chewing of a small child.

The migration of ATBC from polyvinylidene chloride film into olive oil have been investi-
gated and 2-30 mg.dm-2 was observed. No time for the experiment was given (CSTEE/98/17 -
Add. 1).

Medical grade PVC was blended with different plasticisers (about 30%) and moulded to
films. These were extracted with different media and the following results were obtained
(CSTEE/97/1-Add116):

Plasticiser DEHP DEHA ATBC
Water extraction, % 0.7 1.5 1.2
Soapy water extraction, % 2.7 11.0 9.5
ASTM oil No. 3 extraction, % 11.4 34.7 10.9

The following specific migration (static, one-sided) of ATBC from PVDC film have been
reported (CSTEE/98/17 - Add. 36):

Film type ATBC (%) Simulant Conditions mg.dm-1

Household cling 4.9 Sunflower oil 10 days 40 °C 4.7
3% acetic acid 2.8

Industrial cling 4.3 Sunflower oil 3.8
3% acetic acid 1.5

Industrial non-cling 4.9 Sunflower oil 3.3
3% acetic acid 2.2

Industrial non-cling 2.6 Olive oil 2 hr 70 °C 4.1
10 days 40 °C 4.7

One of the producers of plasticisers have performed an extraction study to compare the mi-
grations of ATBC and DINP from PVC (CSTEE/98/17 - Add. 33). The table below shows the
loss of plasticiser to a saliva simulant at 60 °C during 24 hours in a static test.

Plasticiser concentration
(%) in PVC

ATBC
(% loss)

DINP
(% loss)

40 0.8 3.4
65 2.0 6.1

The conditions during this study were rather extreme with 40 mm thick disks (about 50 mm
diameter) and a high temperature under static conditions, thereby making it difficult to com-
pare the outcome with results from other studies. The discs were also cleaned with an organic
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solvent before the test. It may, however, be possible to compare the extraction efficiencies for
the two investigated plasticisers, indicating a faster emission of the DINP compared to ATBC.

There are also several reports on migration of ATBC from plastic films during microwave
treatment, but these are less relevant for the exposure of children and will not be reviewed
here.

3.1.3 Exposure of children from PVC articles and other products

ATBC is used as a flavouring agent in food. From the used amounts (corrected for underesti-
mation) and under the assumption that the whole amount ends up in the food supply of 10%
of the consumers, the daily intake for these has been estimated to 0.02 microg/kg bw (JECFA,
1999).

No information has been found indicating the exposure of children from PVC articles or other
products.

3.1.4 Toxicokinetics

ATBC is rapidly absorbed after oral administration in rats with a half-life of 1.0 hr
(CSTEE/98/17 - Add. 46). Peak blood concentrations were observed 2-4 hours after admini-
stration. At least 67% of the dose is absorbed. The elimination from the blood was biphasic
with half-lives of 3.4 hrs and 39 hrs, respectively. The long half-life of the second phase is
presumably related to the incorporation of radiolabel into the carbon pool. There are no data
on distribution of ATBC. The substance is primarily excreted into the urine (approx. 64%),
excretion in faeces amounted to approx. 32% and expired air approx. 2%. ATBC is exten-
sively metabolised, at least 9 metabolites, more polar than ABTC but less polar than citric
acid, appear in the urine and at least 3 in faeces. Monobutyl citrate is the major urinary me-
tabolite of ATBC. Theoretically ATBC could be hydrolysed to butanol, however, this has not
been documented as a metabolite. There are no structural alerts in the ATBC molecule in-
dicative of chemical reactivity.

3.1.5 Short-term effects

ATBC is virtually non-toxic after single gavage administration to rats and cats since doses of
approximately 10 to 30 g/kg did not cause any systemic effects (CSTEE/98/17 - Add. 2).

3.1.6 Irritation

ATBC is not a skin irritant in rabbits, whereas it causes moderate eye irritation in rats
(CSTEE/98/17 - Add. 4).

3.1.7 Sensitisation

ATBC did not appear to be a skin sensitiser when tested in the guinea pig maximisation test
(CSTEE/98/17 - Adds. 6, 52). In contrast, acetyltriethyl citrate and triethyl citrate appeared to
be strong sensitisers in this test. A sensitisation test with ATBC carried out in humans did not
show any evidence for sensitising or irritating capacity (CSTEE/98/17 - Adds. 5, 54). Also,
acetyltriethyl citrate and triethyl citrate gave a negative response in the human sensitisation
test.
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3.1.8 Repeated dose toxicity

In a 4-week range-finding feed study in rats, ATBC caused decreased body weights and
changes in organ weights from feed concentrations of 2.5% onwards (corresponding to 2700
mg/kg bw/day) (CSTEE/98/17 - Add. 45). No effects were seen at lowest feed concentration
of 1% ATBC in the diet (equal to 1000 mg/kg bw/day).

In a 90-day gavage study with male and female Wistar rats (according to OECD Guideline
408) haematological and biochemical changes were noted from 300 mg/kg bw/day onwards
(CSTEE/98/17 - Add. 44). At 1000 mg/kg bw/day increased liver weights were observed in
both sexes. No histopathological changes were seen. The NOAEL in this study is 100 mg/kg
bw/day.

3.1.9 Genotoxicity

ATBC does not induce gene mutations in Salmonella typhimurium in the absence or presence
of a metabolism system (CSTEE/98/17 - Adds. 10, 47). ATBC does not induce chromosomal
aberrations in two studies with rat lymphocytes in the absence or presence of a metabolism
system (CSTEE/98/17 - Adds. 48, 50). ATBC increased the mutant frequency of CHO cells
(HGPRT-locus) at the highest concentration in the presence of a metabolism system in one
experiment, this could not be repeated in a second experiment (CSTEE/98/17 - Add. 49). The
compound could not be evaluated without a metabolism system due to severe cytotoxicity.
ATBC caused a concentration-dependent increase in the mutant frequency of mouse lym-
phoma cells (TK-locus) in the presence of a metabolism system in two experiments, in one
out of two experiments without a metabolism system increases were seen at the highest and
lowest concentration (CSTEE/98/17 - Add. 36). ATBC did not cause unscheduled DNA syn-
thesis (UDS) in rats treated by gavage with a single dose of 800 or 2000 mg/kg bw
(CSTEE/98/17 - Add. 61). No other in vivo data are available with respect to genotoxicity
testing of ATBC. Although there are suggestions of an in vitro genotoxic effect of ATBC, the
negative UDS study indicates that the in vivo genotoxic potential of ATBC is low or absent.

3.1.10 Chronic toxicity/Carcinogenicity

In a two-year feeding carcinogenicity study in the Sherman rat (sex unspecified) (filed with
the US FDA in 1950, CSTEE/98/17 - Add. 3), 20 rats per treatment group (40 controls) were
given concentrations of 0, 200, 2000 and 20000 ppm ATBC in the diet (the highest dose cor-
responding to approximately 1000 mg/kg/day). Survival in the highest dose group was more
than 50% percent. This study apparently did not reveal any significant toxicological findings
related to ATBC exposure. However, the conduct and reporting of this study is not according
to modern guidelines. It is not possible to properly evaluate the carcinogenic potential of
ATBC from this study. It appears that ATBC is not a potent multi-site carcinogen, but the
induction of a low incidence of a site-specific effect cannot be excluded.

3.1.11 Reproductive toxicity

A 2-generation reproduction study has been performed in Sprague-Dawley rats (according to
OECD Guideline 416) with ATBC administered in the diet corresponding to doses of 0, 100,
300 and 1000 mg/kg bw/day (CSTEE/98/17 - Add. 36). Decreased body weights were seen
from the mid-dose in F1 male rats and at the high dose in F0 male rats. No effects were seen in
the pups. The NOAEL from this study is 100 mg/kg bw/day
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There are no data available with respect to teratogenicity of ATBC.

3.1.12 Data gaps

There is limited knowledge on migration rates of ATBC from PVC products. From a single in
vitro study it appears that the extraction loss of ATBC from PVC samples by saliva simulant
extraction is approximately one third the rate of diisononyl phthalate (DINP). There is no in-
formation on exposure of children to ATBC from PVC products or other articles.

There is no evidence that ATBC is a skin sensitiser, although the structurally similar com-
pounds acetyltriethyl citrate and triethyl citrate are strong sensitisers in guinea pigs. The un-
derlying mechanism for these structural differences is not known. Since there was cross reac-
tivity between acetyltriethyl citrate and triethyl citrate, it could be the triethyl tail which ren-
ders these citrates to be immunogenic.

There are deficiencies in the database with respect to genotoxicity of ATBC. There are some
suggestions of in vitro genotoxicity, whereas one in vivo UDS study was negative. Preferably,
an in vivo chromosomal mutation study should be carried out in order to have a more com-
plete database for a conclusive evaluation of the genotoxic potential of ATBC.

A chronic toxicity/carcinogenicity study on ATBC in compliance with modern guidelines is
not available. Since a well-conducted 2-generation reproduction study has been performed,
this can be used as a substitute for a chronic toxicity study for identifying a No-Observable-
Adverse-Effect-Level (NOAEL). Ideally, a chronic toxicity study on ATBC would be needed
to substantiate that this is the proper NOAEL value. An in-depth evaluation of the carcino-
genic potential of ATBC is not possible based on the data presented to the CSTEE.

Teratogenicity studies on ATBC are lacking, however, this is not seen as a data deficiency in
the present exposure situation involving young children.

3.1.13 Critical effect and NOAEL

There are limited data on which to identify the critical effect and NOAEL properly. From the
2-generation reproduction toxicity study decreased body weight was identified as the critical
effect giving a NOAEL of 100 mg/kg bw/day. A similar value was established from the 90-
day repeated dose study.

3.1.14 Tolerable daily intake (TDI)

The Scientific Committee on Food (SCF) has placed ATBC on their list 7 of 1995, Substances
for which there were insufficient toxicological or technological data to enable the Committee
to express an opinion, and more specifically Substances for which some toxicological data
exist, but for which an ADI or a TDI could not be established (CSTEE/98/17 - Add. 37).
JECFA at its meeting in June 1999 evaluated the use of ATBC as a flavouring agent. Ac-
cording to the Procedure for the Safety Evaluation of Flavouring Agents (based on estimated
intake) it was concluded that the intake does not exceed the exposure threshold of concern
(1800 microgram/person/day) and there is no safety concern for its use as a flavouring agent
(JECFA, 1999).
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The CSTEE considers that it is not possible to do a proper risk assessment, especially because
of the lack of exposure information. There also are deficiencies with respect to availability of
effects information. A complete database is needed in order to evaluate the safety of a phtha-
late substitute for children’s toys. Thus, it is not possible to set a TDI.

3.1.15 Intake doses from PVC articles

It is not possible to estimate intake doses in children mouthing PVC toys containing ATBC
from the present database. Assuming, as indicated in section 3.1.2, ATBC is extracted more or
less as effectively as the phthalates from PVC and the same concentrations are used in the
polymers, a migration of up to 10 µg/10 cm2/min could be expected from toys when
chewed/mouthed by small children. If the released substance is fully hydrolysed this will give
a total daily dose of about 200 microgram/kg butanol if a child weighing 5 kg chews the toys
during 3 hours. Such a dose is without toxicological concern.

3.1.16 Other exposures

There are no specific data on ATBC exposure of children from other exposures. Except for
the possible intake of ATBC as a flavouring agent, there are no specific data on exposure of
children to this compound.

3.1.17 Margin of safety (MOS)

It is not possible to estimate the relationship between exposure levels to ATBC from mouth-
ing soft PVC toys and its NOAEL, due to the data gaps.

3.1.18 Comparison with phthalates

The extraction of ATBC from PVC may be comparable to that of  phthalate esters. As can be
seen in section 3.1.2 there are indications of both somewhat higher and somewhat lower ex-
tractability of ATBC as compared to the phthalates, but the results indicate that they are at
least of the same order of magnitude.

3.1.19 Migration limits

Migration limits for ATBC from PVC cannot be identified from the available data.

3.2 Other citrates

3.2.1 Triethyl citrate

CAS number: 77-93-0.

No information has been made available to the CSTEE on the extractability of triethyl citrate
from PVC toys or the exposure of children from such toys.

The oral LD50 value for triethyl citrate in rats is approximately 7 g/kg (CSTEE/98/17 - Add.
2). The substance appears to be a strong sensitiser in the guinea pig maximisation test
(CSTEE/98/17 - Add. 6). However, it did not show any evidence of sensitising capacity or
skin irritation in humans (CSTEE/98/17 - Adds. 5, 54). Feeding triethyl citrate (highest dose
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approx. 4 g/kg/d) mixed in the diet to rats for 6-8 weeks apparently did not result in deleteri-
ous effects on growth and nutrition, blood parameters or gross or histological appearance of
the thoracic and abdominal organs (CSTEE/98/17 - Add 2).

Data presented to the Scientific Committee for Food in 1990 showed that triethyl citrate is
hydrolysed in vivo to citric acid and ethanol, compounds with well-defined, low toxic poten-
tial (CSTEE/98/17 - Add. 37/b). Triethyl citrate appeared to be hydrolysed at a slower rate
with human serum compared to rat serum (CSTEE/98/17 - Add. 37/d).

If, as indicated for ATBC in section 3.1.2, triethylcitrate is extracted more or less as effec-
tively as the phthalates from PVC and the same concentrations are used in the polymers, a
migration of up to 10 µg/10cm2/min could be expected from toys when chewed/mouthed by
small children. If the released substance is fully hydrolysed this will give a total daily dose of
about than 120 microgram/kg ethanol if a child weighing 5 kg chews the toys during 3 hours.
Such a dose is without toxicological concern.

No other toxicological data on triethyl citrate have been available to the CSTEE, although the
Scientific Committee for Food refers to an older, inadequate long-term study in the rat
(CSTEE/98/17 - Add. 37/b).

The FAO/WHO Joint Expert Committee on Food Additives (JECFA) established in 1979 a
temporary ADI of 10 mg/kg bw. This was changed in 1984 to an ADI of 20 mg/kg bw. The
Scientific Committee for Food agreed in 1981 and 1990, respectively, to these values
(CSTEE/98/17 - Add. 37/b). The Scientific Committee for Food has placed triethyl citrate on
its positive list, List 1 of 1995, Substances, e.g. food additives, for which an ADI, a temporary
ADI (t-ADI), a MTDI, a PMTDI, a PTWI or the classification “acceptable” has been estab-
lished by this Committee or by JECFA (CSTEE/98/17 - Add. 37). JECFA at its meeting in
June 1999 evaluated the use of triethyl citrate as a flavouring agent according to the Procedure
for the Safety Evaluation of Flavouring Agents. Based on estimated intake for Europeans of
3400 microgram/person/day, it was concluded that the intake exceeds the exposure threshold
of concern (1800 microgram/person/day), but that there is no safety concern for its use as a
flavouring agent (JECFA, 1999).

Triethyl citrate is a strong sensitiser in guinea pigs using the maximisation test in which the
compound was injected adjuvant, although no sensitising capacity for humans was apparent
from a repeated insult patch test. Further, it failed to induce irritation in human skin. Thus,
triethyl citrate will not readily lead to sensitisation when in contact with normal human skin.
However, it cannot be ruled out that it will induce sensitisation when in contact with human
skin or mucous membranes that is damaged or affected in such a way that inflammatory re-
sponses are present.

3.2.2 Acetyltriethyl citrate

CAS number: 77-89-4.

No information has been made available to the CSTEE on the extractability of acetyltriethyl
citrate from PVC toys or the exposure of children from such toys.
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The oral LD50 value for acetyltriethyl citrate in rats is approximately 7 g/kg (CSTEE/98/17 -
Add. 2). The substance causes slight to moderate eye irritation in rabbits (CSTEE/98/17 -
Add. 4). Acetyltriethyl citrate appears to be a strong sensitiser in the guinea pig maximisation
test (CSTEE/98/17 - Add 6). However, it did not show any evidence of sensitising capacity or
skin irritation in humans (CSTEE/98/17 - Adds. 5, 54). Feeding the substance (highest dose
approx. 4 g/kg/d) mixed in the diet to rats for 6-8 weeks apparently did not result in deleteri-
ous effects on growth and nutrition, blood parameters or gross or histological appearance of
the thoracic and abdominal organs.

No other toxicological data on acetyltriethyl citrate have been available to the CSTEE.

Acetyltriethyl citrate is currently on the Scientific Committee for Food List 8 of 1995, Sub-
stances for which there were insufficient toxicological or technological data to enable the
Committee to express an opinion, and more specifically Substances for which no or only
scanty and inadequate data were available (CSTEE/98/17 - Add. 37).

Acetyltriethyl citrate is a strong sensitiser in guinea pigs using the maximisation test in which
the compound is injected in adjuvant, although no sensitising capacity for humans was appar-
ent from a repeated insult patch test. Further, it failed to induce irritation in human skin. Thus,
acetyltriethyl citrate will not readily lead to sensitisation when in contact with normal human
skin. However, it cannot be ruled out that it will induce sensitisation when in contact with
human skin that is damaged and affected in such a way that inflammatory responses are pres-
ent.

3.2.3 Tributyl citrate

CAS number: 77-94-1.

No information has been made available to the CSTEE on the extractability of tributyl citrate
from PVC toys or the exposure of children from such toys.

Tributyl citrate is virtually non-toxic after single gavage administration to rats and cats in that
doses of approximately 10 to 30 g/kg did not cause any systemic effects (CSTEE/98/17 - Add.
2). Feeding the substance (highest dose approx. 20 g/kg/d) mixed in the diet to rats for 6-8
weeks apparently did not result in deleterious effects on growth and nutrition, blood parame-
ters or gross or histological appearance of the thoracic and abdominal organs.

No other toxicological data on tributyl citrate have been available to the CSTEE.

The Scientific Committee for Food has placed tributyl citrate in its List 6B of 1995, Sub-
stances for which there exist suspicions about their toxicity and for which data are lacking or
are insufficient. (The allocation of substances to this list is mainly based upon similarity of
structure with that of chemical substances already evaluated or known to have functional
groups that indicate carcinogenic or other severe toxic properties), and more specifically
Section 6B: Substances suspected to have toxic properties (other than carcinogenic). Restric-
tions may be indicated (CSTEE/98/17 - Add. 37).
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3.2.4 Evaluation

Triethyl citrate is a potential skin sensitiser for humans. There is no relevant exposure infor-
mation on the substance and the toxicological database is limited. Thus, it is not possible to
perform a proper risk assessment of exposure to children of triethyl citrate from PVC toys.

Acetyltriethyl citrate is a potential skin sensitiser for humans. There is no relevant exposure
information on the substance and the toxicological database is extremely limited. Thus, it is
not possible to perform a proper risk assessment of exposure to children of acetyltriethyl cit-
rate from PVC toys.

Tributyl citrate has an extremely limited toxicological database and there is no relevant expo-
sure information on the substance. Thus, it is not possible to perform a proper risk assessment
of exposure to children of tributyl citrate from PVC toys.

4 Adipates

4.1 Diethylhexyl adipate (DEHA)

4.1.1 Physicochemical characteristics

The following properties of DEHA have been identified in the literature (IUCLID 1996):

CAS number: 103-23-1
EINECS number: 203-090-1
Molecular formula: C22H42O4

Molecular weight: 370.58
Vapour pressure: 0.021 hPa (100 °C)
Melting point: -76 °C
Boiling point: 210-218°C (7 hPa)
logPow: 8.114
Solubility in water: <100 mg.L-1 (20 °C)

O
O

O
O
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4.1.2 Migration from PVC products

The migration of DEHA from PVC film into different foods has been investigated and it is
obvious that high lipid content in the food increase the migration (Harrison, 1988). In the
same report a maximum dietary intake of DEHA due to this contamination was calculated to
16 mg.kg-1.day-1.

In another study the intake of DEHA in the UK was estimated from the concentration of 2-
ethylhexanoic acid in urine samples from 112 adults. The results showed a skewed distribu-
tion with a median value of 2.7 mg.day-1 with a maximum of 8.2 mg.day-1 (Loftus et al.,
1994).

Urine sampled over 24 hours by approximately 50 male participants from France, Germany
and the Netherlands was also analysed for the DEHA metabolite. The median exposure for
these three countries was estimated to 1.04, 0.80 and 0.86 mg DEHA/day, respectively
(Woollen, 1998).

The content of plasticisers in baby food have been investigated in Denmark (Breidendahl and
Petersen, 1998). Of 11 investigated “ready to use” infant formulae DEHA was found in 2
(0.02 and 0.05 mg DEHA/kg), while DEHA was not found in any of the 11 studied baby
foods. The content of plasticisers in 21 total diet samples for adults were also measured in this
study and the results are shown in the following table:

Plasticiser amount in total diet (mg/10 mJ)
DBP BBP DEHA DEHP

Range 0.13-0.29 0.02-0.03 0.20-0.21 0.19-0.30

In a Danish survey plastic film on the market were tested for DEHA migrations to olive oil
(10 days at 40°C). Of the 49 investigated samples 42 exceeded the action limit set at 4 mg.
cm -2 (Breidendahl and Petersen, 1998).

Models are developed for the prediction of migration of DEHA from plasticised PVC film
into different food types and the result is compared with earlier measured data (Mercer et al.,
1990). The measured migration varied between 0.6 and 19 mg.dm-2 and the result does not
seem to change dramatically between 1 and 7 days exposure.

The studies of migration of DEHA into foodstuffs have been published (BUA, 1996) and the
maximum value is observed in Brie cheese. After 5 days at 5°C up to 195 mg.dm-1 had been
transferred from the PVC film containing 17.2% DEHA.

No specific documentation has been found related to the migration of DEHA from PVC toys
using salivary simulants. The tests of migration of DEHA into food from packaging materials
have been carried out without any mechanical stress (static tests), therefore these results are
difficult to extrapolate to the extraction in the mouth of a child.
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4.1.3 Exposure of children from PVC articles

No information has been found describing the exposure of children to DEHA from PVC arti-
cles.

4.1.4 Toxicokinetics

DEHA is rapidly and completely absorbed from the gastrointestinal tract of experimental
animals. In rats, there is evidence for cleavage of the parent compound and subsequent ab-
sorption of the monoester and the acid, whereas in cynomolgus monkey also unchanged
DEHA is absorbed. DEHA is distributed to a number of tissues with maximum levels reached
after 6-12 hours. Liver, fat, kidney and adrenals had relatively high levels of DEHA-
associated radiolabel, whereas large amounts of radioactivity were found in the gastrointesti-
nal tract (BUA, 1996).

After oral administration, DEHA is hydrolysed in the gastrointestinal tract to 2-ethylhexanol,
mono(2-ethylhexyl)adipate and adipic acid. A half-life of 6 minutes for metabolism of DEHA
has been determined in rat small intestine mucus membrane homogenates. The main urinary
DEHA metabolite in rats is by far adipic acid (80-90% of administered oral dose). Other ma-
jor metabolites are 2-ethylhexanoic acid glucuronide and 2-ethyl-1,6-hexanedoic acid. In the
monkey the glucuronide of  mono(2-ethylhexyl)adipate and traces of unchanged DEHA were
found in the urine (BUA, 1996).

In humans given deuterium-labelled DEHA, 2-ethylhexanoic acid was the only metabolite
that could be determined in the plasma. It had an elimination half-life of 1.65 hours. In urine,
the following metabolites were identified (percentage fraction of administered radioactivity):
2-ethylhexanoic acid (8,6%), 2-ethyl-5-hydroxyhexanoic acid (2.6%), 2-ethyl-1,6-hexanedioic
acid (0.7%), 2-ethyl-5-ketohexanoic acid (0.2%), and 2-ethylhexanol (0.1%). The half-life for
elimination of all metabolites excreted with the urine averaged 1.5 hours, none of the metabo-
lites could be detected after 36 hours (BUA, 1996).

DEHA is rapidly eliminated, with most of the 14C-radioactivity appearing in the urine after
oral administration of rats, mice and cynomolgus monkeys (rats: 34-78% of the dose after 24
hours; mice: 75-92%; monkeys: 47-57%). In rats, the total radioactivity in the body after 96
hours was approx. 0.5%. Some of the biliary (approx. 3% in rats) secreted radioactivity flows
into the enterohepatic circulation. Passage of DEHA through the placenta of pregnant mice
has been described (BUA, 1996).

4.1.5 Short-term effects

DEHA has very low acute toxicity, the following LD50 values have been reported: Rat (oral)
7,392-45,000 mg/kg bw; mouse (oral) 15,000-24,600 mg/kg bw; rabbit (dermal) 8,410-
15,100. The symptoms of intoxication in the rat following oral administration were co-
ordination disorders (BUA, 1996).
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4.1.6 Irritation

DEHA has been reported to be non-irritating or slightly irritating to the skin of rabbits in
some studies. Also, non-irritation or slight eye irritation have been reported in some studies
(BUA, 1996; IUCLID, 1999).

4.1.7 Sensitisation

A Draize test failed to produce symptoms of a sensitising potential of DEHA (BUA, 1996).

4.1.8 Repeated dose toxicity

A number of studies have shown DEHA to induce changes indicative of peroxisome prolif-
eration in the liver of rats when the compound is orally administered at dosages generally
higher than 1,000 mg/kg bw for 5 to 30 days. Dose dependent changes included increases in
relative liver weight, reduction in serum triglyceride and cholesterol levels, increase in hepatic
catalase and carnitine acyl transferase activity, as well as biochemical and morphological evi-
dence of peroxisome proliferation. The effects were more pronounced in male rats compared
to females. DEHA also acts as a peroxisome proliferator in mice. The peroxisome prolifera-
tion appears to be caused by metabolites, rather than the parent compound, with 2-
ethylhexanoic acid being the most active metabolite. The peroxisomal effects of DEHA are
moderate compared to those of DEHP, which shows a NOAEL for peroxisome proliferation
at 5 mg/kg bw/day (RIVM, 1992). There is a marked species difference for the peroxisomal
effects. In vitro studies with hepatocytes of rats, guinea pigs and marmosets show only in rat
hepatocytes a clear effect (BUA, 1996).

There are no adequately performed studies which allow a precise determination of a NOAEL
for DEHA from subchronic or chronic studies. An oral rat 90-day study from 1951 quotes a
NOAEL of 610 mg/kg bw/day. In one 21-day feeding study in female F344 rats, 122 mg/kg
bw/day was cited as the lowest dose which significantly increased peroxisome proliferation. A
recent 2-week feeding study in Wistar rats showed a NOAEL of 200 mg/kg bw/day for in-
duction of peroxisomal associated enzymes (BUA, 1996). In a 21-day feeding study in mice, a
NOAEL of 325 mg/kg bw/day for peroxisomal proliferation was identified (IUCLID, 1999).
The Scientific Committee for Food has assigned a NOAEL for DEHA in the rat, as measured
by biochemical parameters and electronmicroscopic analysis of peroxisome proliferation, at
around 100 mg/kg bw/day (CSTEE/98/17 - Add. 37/g).

4.1.9 Genotoxicity

DEHA has not induced point mutations in Salmonella typhimurium or mouse lymphoma cells,
sister chromatide exchanges in primary rat hepatocytes or Chinese hamster ovary cells, nor
unscheduled DNA synthesis in primary rat hepatocytes. Further, DEHA did not cause chro-
mosomal aberrations or micronuclei in primary rat hepatocytes. In one test on Chinese ham-
ster ovary cells, an increased rate of chromosomal aberrations was seen in the absence of a
metabolic activation system, however, this study did not address cytotoxicity. DEHA has not
induced micronuclei in mouse bone marrow cells or sex-linked recessive lethals in Droso-
phila melanogaster. In a dominant-lethal test in mice using intraperitoneal administration, a
slight positive effect was seen. At the same time there was a reduction in the fertility index
(not seen in oral studies), suggesting cytotoxicity rather than mutagenicity being the underly-
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ing cause for the dominant lethality (BUA, 1996). DEHA did not induce cell transformation
in Balb-3TR mouse embryo cell cultures (IUCLID, 1999). In an overall assessment of the test
results, the CSTEE arrives at the conclusion that DEHA does not have a genotoxic potential.

4.1.10 Carcinogenicity

B6C3F1 mice fed 0, 12000 or 25000 ppm DEHA corresponding to doses of 1,800 and 3,750
mg/kg bw/day (EPA) for 103 weeks showed a dose-dependent incidence of hepatocellular
tumours (adenomas and carcinomas combined) in both sexes. The number of females with
hepatocellular carcinomas only was also significantly higher in both treatment groups. The
male animals of the high dosage group also showed a significantly higher incidence of hepa-
tocellular adenomas only (BUA, 1996).

F344 rats fed 0, 12000 or 25000 ppm DEHA corresponding to doses of 600 and 1,250 mg/kg
bw/day (EPA) for 103 weeks did not show evidence of a substance-related carcinogenic effect
(BUA, 1996).

In a study designed to explain the underlying species differences in hepatocarcinogenicity of
DEHA, the substance showed sustained replicative DNA synthesis at dose levels (2.5% feed
concentration) in female mice which were not effective in female rats (4.0% feed concentra-
tion). On the other hand, the magnitude of induction of peroxisome proliferation was similar
in both species (Lake et al., 1997).

A covalent DNA-binding study in mouse liver and a cell transformation test in BALB/3T3
mouse cells were negative. On the other hand, increased levels of 8-OH-guanine adducts in
rat liver DNA have been found after DEHA administration, indicative of the formation of
reactive oxygen species (Takagi et al., 1990).

The proposed mechanisms whereby peroxisome proliferators induce liver tumours in rodents
include oxidative stress, increased hepatocellular proliferation and/or preferential growth of
preneoplastic lesions (IARC, 1995). The available evidence indicates that peroxisome prolif-
eration in mouse and rat liver is mediated by activation of peroxisome proliferator-activated
receptors (PPARs), which are members of the steroid hormone receptor superfamily. PPAR
expression in human liver is much lower than that observed in mice (Palmer et al., 1998). The
CSTEE considers the hepatocarcinogenic response of DEHA in mice to be a dose-thresholded
phenomenon. Because of this, and the differences in sensitivity between humans and rodents
towards peroxisome proliferators, exposures of children to DEHA orders of magnitude below
those doses which induce liver tumours in mice, do not raise any concern.

4.1.11 Reproductive toxicity

In a developmental toxicity study in pregnant Wistar rats fed 0, 300, 1800 or 12000 ppm
DEHA, stated by BUA (1996) and IUCLID (1999) to correspond to doses of 0, 28, 170 or
1080, or by the Scientific Committee for Food (CSTEE/98/17 - Add. 37/g) to doses of 0, 30,
110 or 720 mg/kg bw/day (The CSTEE notes that the Scientific Committee for Food may
have miscalculated the low dose). The highest dose led to slight reductions in maternal body
weight gain and food consumption. In the foetuses at the high dose, reduced ossification and
kinked or dilated ureters were found. There was also a slightly significant increase of ureter
kinking at the middle dose. The Scientific Committee for Food has in 1994 established a
NOAEL for foetotoxicity at 30 mg/kg bw/day (CSTEE/98/17 - Add. 37/g).



16

16

In a companion one-generation reproduction toxicity study, Wistar rats were fed with DEHA
corresponding to the same doses in the developmental toxicity study. No effects were seen on
male or female fertility. The parental generation was fed continuously throughout the study
for approx. 18-19 weeks of exposure. At the highest dose of 1080/720 mg/kg bw/day, there
was a reduction in the body weight gain of the dams during gestation, an increase in liver
weight in both male and female parents, and reductions in offspring weight gain, total litter
weight and litter size. From this study a NOAEL of 170 (BUA, 1996) or 110 (SCF:
CSTEE/98/17 - Add. 37/g) mg/kg bw/day for both maternal and foetal toxicity can be identi-
fied.

A drinking water study where female Long-Evans rats were exposed to di(2-ethylhexyl)-
phthalate (DEHP) from day 1 of pregnancy to day 21 after delivery, identified severe his-
tological damage to the testes of the offspring at 32.5 µl DEHP/L (Arcadi et al., 1998). Be-
cause of the similarities in chemical structure and metabolism between DEHA and DEHP,
DEHA could potentially have a comparable profile to DEHP with respect to testicular toxicity
in very young animals (DEHP NOAEL 3.7 mg/kg bw/day; Poon et al., 1997). The CSTEE
considers that the one-generation reproduction study may not properly address this issue.

4.1.12 Data gaps

Specific data on the migration of DEHA from PVC products with salivary simulants are
lacking. There is limited information on additional exposures of children to DEHA.

Studies to reveal a possible testicular toxic potential of DEHA after foetal and early postnatal
exposure are lacking.

4.1.13 Critical effect and NOAEL

DEHA has a toxicological profile similar to DEHP, but is considerably less potent. The most
sensitive effect identified so far is foetotoxicity. The lowest NOAEL for this effect is in the
order of 30 mg/kg bw/day .

4.1.14 Tolerable daily intake (TDI)

DEHA is on the Scientific Committee for Food List 2 of 1995, Substances for which the
committee was able to express an opinion, and more specifically Substances for which a TDI
or a t-TDI has been established by this Committee. Using the NOAEL of 30 mg/kg bw/day
for foetotoxicity and an uncertainty factor of 100, the Scientific Committee for Food has es-
tablished a TDI for DEHA of 0.3 mg/kg bw (CSTEE/98/17 - Add. 37/g).

Given the specific exposure circumstances under consideration and that the structural ana-
logue DEHP has testicular toxicity after pre-/perinatal exposure as its critical effect, the
CSTEE considers it premature to establish a TDI for DEHA without a better database to judge
any testicular toxic potential of this substance.
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4.1.15 Intake doses from PVC articles

It is not possible to assign intake doses of DEHA from children mouthing PVC toys contain-
ing this plasticiser.

4.1.16 Other exposures

Mean DEHA exposures to the general population have been measured to be between 0.8 and
2.7 mg/day in 4 EU countries. The main source is assumed to be food packaging materials.

4.1.17 Margin of safety (MOS)

The relationship between exposure levels to DEHA and its NOAEL cannot be estimated be-
cause of lack of specific exposure information.

4.1.18 Comparison with phthalates

Three times as much DEHA compared to DEHP is extracted from PVC film into an oil
(CSTEE/97/1-Add. 116, see 3.1.2). There are no data on the specific migration of DEHA into
salivary simulants which allows a comparison with DEHP. The toxicological profile of
DEHA is somewhat similar to, but less potent than DEHP, at least with respect to peroxisome
proliferation.

4.1.19 Migration limits

Migration limits for DEHA in soft PVC articles cannot be set.

4.2 Other adipates

The CSTEE has not been supplied with documentation on dicapryl, diisobutyl, diisodecyl or
dinonyl adipate and has not found information in the open literature on the migration, expo-
sure and toxicology of these substances.
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5 Conclusion

5.1 Terms of reference 1

There are important limitations regarding the toxicological database on O-acetyltributyl cit-
rate (ATBC). The substance has not been studied for chronic toxicity and carcinogenicity ac-
cording to modern test guidelines. There also are deficiencies in the data base with respect to
genotoxicity. Thus at present, the CSTEE cannot evaluate the toxicological profile of this sub-
stance on all important endpoints.

Due to its sensitising potential, the CSTEE does not consider triethyl citrate to be a suitable
substitute for phthalates as plasticisers in children’ toys.

Due to its sensitising potential the CSTEE does not consider acetyltriethyl citrate to be a suit-
able substitute for phthalates as plasticisers in children’ toys. In addition, the database on
acetyltriethyl citrate is extremely limited with respect to assessment of additional toxicologi-
cal endpoints.

The database on tributyl citrate is extremely limited with respect to toxicological endpoints,
thus the CSTEE cannot properly evaluate the toxicological profile of this substance.

From the available toxicological data on DEHA, this substance appears to have low toxicity
after long-term administration. It induces liver tumours in mice after high doses, but this ef-
fect is not considered to be of concern in the present situation given the underlying mecha-
nism of carcinogenicity in mice and the large difference between maximum theoretical expo-
sure doses in children and doses which are carcinogenic in mice. However, a proper assess-
ment of a potential testicular toxic effect of DEHA after foetal/perinatal exposure cannot be
performed from the existing data base.

No data have been available to the CSTEE regarding exposure and effects of the other
adipates under consideration, therefore a risk assessment is impossible.

5.2 Terms of reference 2

Due to the limitations in the database for ATBC, it is not possible to compare this substance
with the phthalates.

DEHA is less potent than DEHP in causing hepatic peroxisome proliferation. However, data
are lacking allowing for a comparison of these structural analogues with respect to the critical
effect of DEHP, namely testicular toxicity.

5.3 Terms of reference 3

Because of the important data gaps with respect to toxicology, and the dearth of specific mi-
gration data, the CSTEE considers that it is at present not possible to support the use of the
reference citrates and adipates as plasticisers in the products under consideration. In principle,
limits for the migration of these substances from such products could be set given that com-
plete databases were available and that no unacceptable effects were revealed. However, such
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limits cannot at present be set. It is not possible to examine the relationship between exposure
levels and no effect levels, since data on which to make such comparisons are not sufficient.

5.4 Terms of reference 4

The CSTEE considers that databases on exposure and effects of the citrates and adipates must
be comparable in breadth and quality to that of the phthalates, in order to properly evaluate
their suitability as substitutes for phthalates as plasticisers in children’s toys. Due to the sensi-
tising potential of acetyltriethyl citrate and ethyl citrate, the CSTEE considers that these sub-
stances are not candidate alternatives to the phthalates.

5.5 Other considerations

In assessing the toxicological characteristics and risks of certain citrates and adipates which
may be used as potential substitutes for phthalates as plasticisers in PVC toys, the CSTEE has
applied generally accepted principles of risk assessment. Such assessments are able to assign
safe levels of exposure to nongenotoxic chemicals from identification of no-effect levels in
toxicological long-term studies and incorporation of appropriate uncertainty factors.

A very important and overall premise for risk assessment of substitution materials, is that the
exposure and toxicological databases on the substitutes must be of sufficient quality and cover
all the critical endpoints, so that a proper scientific assessment can be carried out. In the case
of the citrates and adipates that the CSTEE have considered as substitutes to the phthalates,
there are important data gaps with respect to both exposure and toxic effect information.

The CSTEE has given opinions on phthalates, citrates and adipates used as plasticisers in
PVC products, since these are, or may be assumed to be, readily extractable from such prod-
ucts when children are mouthing PVC toys. The CSTEE has not evaluated the safety of PVC
per se in children’s toys, since this was not included in the terms of reference to the Commit-
tee. However, high-molecular weight polyvinyl chloride is a polymeric material which in it-
self is not bioavailable when toys are being mouthed by children and thereby non-toxic, un-
less the PVC product contains additives or residues at levels above those which are estimated
to be safe.

The terms of reference given to the CSTEE relate to PVC products, and not to other materials
which are or may be used in toys mouthed by children. The CSTEE is aware that there are a
number of commercially available alternatives to PVC. Any assessment of the potential risks
to children that may result from the use of alternatives to PVC in toys, should follow the same
process of risk assessment that the CSTEE has used for plasticisers in PVC. Such a risk as-
sessment must be based on the magnitude, frequency and duration of exposure to those sub-
stances which may be extracted from the alternative materials and on data from toxicological
tests with such substances on critical endpoints.
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6. Statement on the toxicological evaluation

The Commission’s general policy regarding research on animals supports the development of
alternative methods to replace or to reduce animal testing when possible.

CSTEE’s opinions include evaluations of experiments using laboratory animals; such tests
should be conducted in accordance with all legal provisions and preferably under chemical
law regulations. Only in cases where no alternative method is available should such tests be
evaluated and the data accepted, in order to meet the fundamental requirements of protection
of consumer health.
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SAFETY DATA SHEET
Revision Date  19-Jan-2018 Revision Number  3

1. Identification
Product Name Triethyl citrate

Cat No. : AC375060000; AC375060010; AC375060025; AC375060050;
AC375062500

CAS-No 77-93-0
Synonyms No information available

Recommended Use Laboratory chemicals.
Uses advised against Not for food, drug, pesticide or biocidal product use

Details of the supplier of the safety data sheet 

Emergency Telephone Number 
For information US call: 001-800-ACROS-01 / Europe call: +32 14 57 52 11
Emergency Number US:001-201-796-7100 / Europe: +32 14 57 52 99
CHEMTREC Tel. No.US:001-800-424-9300 / Europe:001-703-527-3887

2. Hazard(s) identification
Classification 
Classification under 2012 OSHA Hazard Communication Standard (29 CFR 1910.1200)

Label Elements  
None required

Hazards not otherwise classified (HNOC)  
None identified

3. Composition/Information on Ingredients

Component CAS-No Weight %
Triethyl citrate 77-93-0 >95

4. First-aid measures

Company 
Fisher Scientific
One Reagent Lane
Fair Lawn, NJ 07410
Tel: (201) 796-7100

Acros Organics
One Reagent Lane
Fair Lawn, NJ 07410

Based on available data, the classification criteria are not met

______________________________________________________________________________________________
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Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes. Get
medical attention.

Skin Contact Wash off immediately with plenty of water for at least 15 minutes. Get medical attention
immediately if symptoms occur.

Inhalation Move to fresh air. Get medical attention immediately if symptoms occur.

Ingestion Clean mouth with water and drink afterwards plenty of water. Get medical attention if
symptoms occur.

Most important symptoms and
effects

None reasonably foreseeable.

Notes to Physician Treat symptomatically

5. Fire-fighting measures
Suitable Extinguishing Media Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Unsuitable Extinguishing Media No information available

Flash Point  151  °C  /  303.8  °F

Method - No information available

Autoignition Temperature No information available
Explosion Limits

Upper No data available
Lower No data available
Sensitivity to Mechanical Impact No information available
Sensitivity to Static Discharge No information available

Specific Hazards Arising from the Chemical
Keep product and empty container away from heat and sources of ignition.

Hazardous Combustion Products
Carbon monoxide (CO) Carbon dioxide (CO2)
Protective Equipment and Precautions for Firefighters
As in any fire, wear self-contained breathing apparatus pressure-demand, MSHA/NIOSH (approved or equivalent) and full
protective gear.

NFPA  

6. Accidental release measures
Personal Precautions Ensure adequate ventilation. Use personal protective equipment.
Environmental Precautions Should not be released into the environment. See Section 12 for additional ecological

information.

Methods for Containment and Clean
Up

Sweep up or vacuum up spillage and collect in suitable container for disposal.

7. Handling and storage
Handling Wear personal protective equipment. Ensure adequate ventilation. Avoid contact with skin,

eyes and clothing. Avoid ingestion and inhalation.

Storage Keep containers tightly closed in a dry, cool and well-ventilated place.

Health
0

Flammability
1

Instability
0

Physical hazards
N/A

______________________________________________________________________________________________
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8. Exposure controls / personal protection
Exposure Guidelines This product does not contain any hazardous materials with occupational exposure

limitsestablished by the region specific regulatory bodies.

9. Physical and chemical properties
Physical State Liquid
Appearance No information available
Odor Odorless
Odor Threshold No information available
pH No information available
Melting Point/Range  -46  °C  /  -50.8  °F
Boiling Point/Range  294  °C  /  561.2  °F  @ 760 mmHg
Flash Point  151  °C  /  303.8  °F
Evaporation Rate No information available
Flammability (solid,gas) Not applicable
Flammability or explosive limits

Upper No data available
Lower No data available

Vapor Pressure 0.7 mmHg @ 122 °C
Vapor Density No information available
Specific Gravity 1.136
Solubility Soluble in water
Partition coefficient; n-octanol/water No data available
Autoignition Temperature No information available
Decomposition Temperature No information available
Viscosity 35.2 mPa.s (25°C)
Molecular Formula C12 H20 O7
Molecular Weight 276.29

10. Stability and reactivity

Reactive Hazard None known, based on information available

Stability Stable under recommended storage conditions.

Conditions to Avoid Incompatible products. Excess heat.

Incompatible Materials Strong oxidizing agents

Hazardous Decomposition Products Carbon monoxide (CO), Carbon dioxide (CO2)

Hazardous Polymerization Hazardous polymerization does not occur.

Engineering Measures None under normal use conditions.

Personal Protective Equipment 

Eye/face Protection Wear appropriate protective eyeglasses or chemical safety goggles as described by
OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard
EN166.

Skin and body protection Wear appropriate protective gloves and clothing to prevent skin exposure.

Respiratory Protection No protective equipment is needed under normal use conditions.

Hygiene Measures

______________________________________________________________________________________________
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Hazardous Reactions None under normal processing.

11. Toxicological information
Acute Toxicity 

Product Information
Component Information

Component LD50 Oral LD50 Dermal LC50 Inhalation
Triethyl citrate 5900 mg/kg (Rat) >5000 mg/kg (Rabbit) 1300 ppm/6h (Rat)

Toxicologically Synergistic
Products

No information available

Delayed and immediate effects as well as chronic effects from short and long-term exposure  

Irritation No information available

Sensitization No information available

Carcinogenicity The table below indicates whether each agency has listed any ingredient as a carcinogen.

Component CAS-No IARC NTP ACGIH OSHA Mexico
Triethyl citrate 77-93-0 Not listed Not listed Not listed Not listed Not listed

Mutagenic Effects Not mutagenic in AMES Test

Reproductive Effects No information available.

Developmental Effects No information available.

Teratogenicity No information available.

STOT - single exposure None known
STOT - repeated exposure None known

Aspiration hazard No information available

Symptoms  / effects,both acute and
delayed

No information available

Endocrine Disruptor Information No information available

Other Adverse Effects The toxicological properties have not been fully investigated.

12. Ecological information
Ecotoxicity 
.

Persistence and Degradability Soluble in water Persistence is unlikely based on information available.

Bioaccumulation/ Accumulation No information available.

Mobility Will likely be mobile in the environment due to its water solubility.

13. Disposal considerations
Waste Disposal Methods Chemical waste generators must determine whether a discarded chemical is classified as a

hazardous waste.  Chemical waste generators must also consult local, regional, and
national hazardous waste regulations to ensure complete and accurate classification.

______________________________________________________________________________________________
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DOT Not regulated
TDG Not regulated
IATA Not regulated
IMDG/IMO Not regulated

15. Regulatory information

All of the components in the product are on the following Inventory lists:  X = listed

International Inventories

Component TSCA DSL NDSL EINECS ELINCS NLP PICCS ENCS AICS IECSC KECL
Triethyl citrate X X - 201-070-7 - X X X X X

Legend:
X - Listed
E - Indicates a substance that is the subject of a Section 5(e) Consent order under TSCA.
F - Indicates a substance that is the subject of a Section 5(f) Rule under TSCA.
N - Indicates a polymeric substance containing no free-radical initiator in its inventory name but is considered to cover the designated
polymer made with any free-radical initiator regardless of the amount used.
P - Indicates a commenced PMN substance
R - Indicates a substance that is the subject of a Section 6 risk management rule under TSCA.
S - Indicates a substance that is identified in a proposed or final Significant New Use Rule
T - Indicates a substance that is the subject of a Section 4 test rule under TSCA.
XU - Indicates a substance exempt from reporting under the Inventory Update Rule, i.e. Partial Updating of the TSCA Inventory Data Base
Production and Site Reports (40 CFR 710(B).
Y1 - Indicates an exempt polymer that has a number-average molecular weight of 1,000 or greater.
Y2 - Indicates an exempt polymer that is a polyester and is made only from reactants included in a specified list of low concern reactants
that comprises one of the eligibility criteria for the exemption rule.

U.S. Federal Regulations  

TSCA 12(b) Not applicable

SARA 313 Not applicable

SARA 311/312 Hazard Categories See section 2 for more information

CWA (Clean Water Act) Not applicable

Clean Air Act Not applicable

OSHA Occupational Safety and Health Administration
Not applicable

CERCLA Not applicable

California Proposition 65 This product does not contain any Proposition 65 chemicals

U.S. State Right-to-Know
Regulations

Not applicable

U.S. Department of Transportation

Reportable Quantity (RQ): N
DOT Marine Pollutant N
DOT Severe Marine Pollutant N

U.S. Department of Homeland Security
This product does not contain any DHS chemicals.

Other International Regulations 

Mexico - Grade Slight risk, Grade 1

______________________________________________________________________________________________
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16. Other information
Prepared By Regulatory Affairs

Thermo Fisher Scientific
Email: EMSDS.RA@thermofisher.com

Revision Date 19-Jan-2018
Print Date 19-Jan-2018
Revision Summary This document has been updated to comply with the US OSHA HazCom 2012 Standard

replacing the current legislation under 29 CFR 1910.1200 to align with the Globally
Harmonized System of Classification and Labeling of Chemicals (GHS).

Disclaimer
The information provided in this Safety Data Sheet is correct to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered a warranty or quality specification. The information
relates only to the specific material designated and may not be valid for such material used in combination with any other
materials or in any process, unless specified in the text

End of SDS
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