L

Toxicological profile for

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

3-Ethoxy-4-hydroxybenzaldehyde (PubChem)

1.2. Synonyms

3-Ethoxy-4-hydroxybenzaldehyde; ETHYL VANILLIN; Ethylvanillin; Bourbonal; Ethylprotal;
Ethavan; Ethovan; Vanillal; Vanirom; 4-Hydroxy-3-ethoxybenzaldehyde; Quantrovanil; Rhodiarome;
Ethyl protal; Protocatechuic aldehyde ethyl ether; Vanillin, ethyl-; Vanirome; 2-Ethoxy-4-
formylphenol;  Ethylprotocatechuic aldehyde; 3-Ethoxyprotocatechualdehyde;  Arovanillon;
Vanbeenol; ethyl-vanillin; EINECS 204-464-7; UNII-YC9ST449YJ; Ethyl protocatechuic aldehyde;
Protocatechuic aldehyde 3-ethyl ether; Quantrovanil, Vanillal; thylvanilline; Aethylvanillin;
Vanillin,ethyl;  Ethyl protocatechualdehyde; Ethoxy, Hydroxybenzaldehyde; 3-ethoxyl-4-
hydroxybenzaldhyde; 5-ethoxy-4-hydroxybenzaldehyde; AKOS000119395; (PubChem)

1.3. Molecular formula

CoH1003 (PubChem)1.4. Structural Formula

1.4. Structural Formula

(PubChem)
1.5. Molecular weight (g/mol)
166.17 (PubChem)1.6. CAS registration number
1.6. CAS registration number
121-32-4
1.7. Properties
1.7.1. Melting point
(°C): 74-79 (ChemSpider; EPISuite, 2017; HSDB, 2015)

1.7.2. Boiling point



(°C): 285 (ChemSpider; HSDB, 2015); 294 (EPISuite, 2017); 295 (ChemSpider)
1.7.3. Solubility

2820 mg/L at 25°C (EPISuite, 2017)

1.7.4. pKa

No data available to us at this time.

1.7.5. Flashpoint

(°C): 110, 127 or 145 (ChemSpider); 145 (closed cup) (HSDB, 2015)1.7.6. Flammability limits
(vol/vol%)

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

Not stable; in contact with iron or alkali, it exhibits a red color & loses its flavouring; affected by light
(HSDB, 2015)

1.7.10. Vapor pressure

1.04x10° mmHg at 25°C (EPISuite, 2017; HSDB, 2015)
1.7.11. log Kow

1.58 (EPISuite, 2017; HSDB, 2015)

2. General information

2.1. Exposure

Probable Routes of Human Exposure:

According to the 2012 TSCA Inventory Update Reporting data, 7 reporting facilities estimate the
number of persons reasonably likely to be exposed during the manufacturing, processing, or use of
ethyl vanillin 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 12, 2015: http://www.epa.gov/cdr/pubs/guidance/cdr_factsheets.html **PEER REVIEWED**



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

Food Survey Values:

Ethyl vanillin was detected in artificial vanilla extracts purchased from local and internet retail stores
at concentrations ranging from 0.13 to 2.39 ng/mL(1). Ethyl vanillin was detected in samples of 23
domestic and imported vanilla extract products at concentrations ranging from 0.4 to 2.2 mg/g(2).
[(1) Jager et al; Food Chem 107: 1701-9 (2008) (2) Ali L et al; J AOAC Int 91: 383-6 (2008).
Available from, as of June 12, 2015: http://www.ncbi.nlm.nih.gov/pubmed/18476352 **PEER
REVIEWED**

Milk Concentrations:

Ethyl vanillin was detected in 2 out of 5 powdered milk samples from a local supermarket in Xi'an,
China(1). [(1) Ma J et al; J Sep Sci 00: 1-7 (2008)] **PEER REVIEWED** PubMed Abstract

Other Environmental Concentrations:

Ethyl vanillin is a component of tobacco, tobacco smoke, and tobacco substitute smoke(1). [(1)
Rodgman A, Perfetti TA; The Chemical Components of Tobacco and Tobacco Smoke. 2nd ed.,
Boca Raton, FL: CRC Press p. 556, 1496 (2009)] **PEER REVIEWED**

As taken from HSDB, 2015.

OTHER SOURCES OF EXPOSURE

Cosmetics Yes (Merck, 1996) | Food Yes (Burdock, 2010).

Environment | Yes (HSDB, 2015) [ Pharmaceuticals | Yes (Martindale, 1993)

OCCURRENCE IN TOBACCO PRODUCTS

In the burned part Yes

In tobacco naturally | No evidence (Stedman 1968; Lloyd et al 1976)

“141 volatile flavors including vanillin (in 22 out of 28) and ethyl vanillin (14 out of 28) were detected
in 28 e-cig liquid aerosol samples. Other flavors detected include cinnamaldehyde and 3-methyl-
1,2-cyclopentanedione (see below). Aldehydes, propylene glycol, and glycerol were also detected.
14/30 e-cigarette liquids showed presence of vanillin and 10/30 samples showed ethyl vanillin
using GC-MS. Concentrations up to 3300 ug/ml for vanillin was detected. 4 e-liquid samples were
analyzed with GC-MS and various flavors including vanillin and ethyl vanillin were identified. In
vitro cultures of lung cells (human bronchial epithelial cells, human lung fibroblasts) were treated
with each flavoring chemical and analyzed for pro-inflammatory cytokines, IL-8. Rise in IL-8 and
impairment in epithelial barrier function was noted.” As taken from Kaur G et al. 2018. Toxicol. Lett.,
288: 143-155. PubMed, 2018 available at: https://www.ncbi.nIm.nih.gov/pubmed/29481849

Estimated intake based on the MSDI (Maximised Survey-derived Daily Intake) approach is 5400
and 43,000 pg/person/day in the EU and USA, respectively (EFSA, 2008).

Estimated intake from use as a flavouring in the USA is 2.2175 mg/kg bw/day (Burdock GA, 2010).
The following levels in foods have been reported in the USA (Burdock GA, 2010):

Food category Usual (ppm) | Max (ppm) | Food category Usual (ppm) | Max (ppm)

Alcoholic beverages | 5.04 10.04 Gelatins, puddings 18.08 39.93



https://www.ncbi.nlm.nih.gov/pubmed/29481849

Baked goods 42.08 92.97 Hard candy 15.85 30.26
Breakfast cereals 270 330 Meat products 3.9 3.9
Chewing gum 37.46 37.46 Milk products 1398 1403
Condiments, relishes | 13 13 Nonalcoholic beverages | 17.43 29.72
Confection, frosting | 95.94 270.4 Soft candy 56.5 89.64
Fats, oils 0.06 0.15 Sweet sauce 102 172.5
Frozen dairy 12.27 26.61

Ethyl vanillin is used as a fragrance and a soothing ingredient in cosmetics in the EU. As taken
from Coslng (Cosmetic substances and ingredients database).

Ethyl vanillin (CAS RN 121-32-4) is listed as a fragrance ingredient by IFRA and the US EPA (US
EPA InertFinder Database, 2023)

Ethyl vanillin (CAS RN 121-32-4) is listed as an ingredient (at given concentrations, where
specified) in inside the home (1-5%) and auto products by the CPID. Ethyl vanillin (CAS RN 121-
32-4) is used as a flavour enhancer and fragrance ingredient in non-medicinal natural health
products. When used as a flavour enhancer, it has an upper limit toxicity restriction of 10 mg/kg
bw/day (Health Canada, 2022).

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%

3-ethoxy-4-hydroxy-phenyl formate | 40866248 1.24 16594849 0.72

ethyl vanillin 2721890723 | 82.39 1972952561 | 86.13

3-ethoxy-4-hydroxy-benzoic acid 429020826 12.99 162894312 7.1

unknown n.d. n.d. 33847933 1.48

Total ion chromatogram 3295665161 | 100 2304840139 | 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.

Ingredients | Chemical | Mol. Max cig | Purity of Composition of pyrolysate Max

CAS Class Wt. Appln. sample (Compound %) level in

Number (MW) Level Pyrolysed smoke
Bp (ppm) | (%) (Mg)
(°C)

Ethyl vanillin | Phenol MW 250 98 Ethylvanillin 99.2 120 0.5




CAS 121- aldehyde | 166 Benzofurancarboxaldehyde 0.4 0.10.1
32-4 ether Bp 285 Diethoxybenzaldehyde 0,1 0.1
Pyranone 0.1 1 unidentified 0.2

2.3. Ingredient(s) from which it originates

Synthesized from safrole by isomerization to isosafrole and subsequent oxidation to piperonal; the
methylene linkage is broken by heating in an alcoholic solution of KOH. The resulting
protocatechualdehyde is then reacted with ethyl alcohol. From guaethol by condensation with
chloral to yield 3-ethoxy-4-hydroxyphenyl trichloromethyl carinol, which is then boiled with an
alcoholic solution of KOH or NaOH, acidified and extracted with chloroform to yield ethyl vanillin.

Ethyl vanillin is not reported to be found in nature.
As taken from Burdock, 2010

3. Status in legislation and other official guidance

States Germany, France, Belgium, UK

approving use

in tobacco

Food EU Yes USA 21CFR 182.60

ADI / TDI The current JECFA ADI of 0-3 mg/kg bw was set in 1995 and maintained at the 2001

meeting (JECFA, 1996, 2002). At the 2001 meeting, JECFA also concluded that there was
“no safety concern” over its use as a food flavouring, based on current intakes from such
use, estimated to be 6.2 and 43 mg/day in Europe and the USA, respectively (JECFA,
2002). In the European Commission’s “Synoptic Document” [a provisional list of monomers
and additives notified to the European Commission as substances which may be used in
the manufacture of plastics intended to come into contact with foodstuffs] updated to July
2003, a column records the SCF’s ADI of 0-5 mg/kg bw. This refers to an earlier value set
by JECFA in 1990 at its 35" meeting (Commission 2003). [The 1990 JECFA ADI has now
been reduced - see above.]

Codex Alim. Not listed

C of E no. 108 FEMA no. 2464
TLV / OEL Not listed

Cosmetics Not listed in Schedule 1

(UK)

TSCA Requirements:

Section 8(a) of TSCA requires manufacturers of this chemical substance to report preliminary
assessment information concerned with production, exposure, and use to EPA as cited in the
preamble in 51 FR 41329. Effective date: 9/30/91; Reporting date: 11/27/91. [40 CFR 712.30
(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**

Pursuant to section 8(d) of TSCA, EPA promulgated a model Health and Safety Data Reporting
Rule. The section 8(d) model rule requires manufacturers, importers, and processors of listed
chemical substances and mixtures to submit to EPA copies and lists of unpublished health and
safety studies. Benzaldehyde, 3-ethoxy-4-hydroxy- is included on this list. Effective date: 9/30/91;




Sunset date: 6/30/98. [40 CFR 716.120 (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:

Synthetic flavoring substances and adjuvants /for human consumption/ that are generally
recognized as safe for their intended use, withn the meaning of section 409 of the Act. Ethyl vanillin
is included on this list. [21 CFR 182.60 (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**

Substances migrating to food from paper and paperboard products used in food packaging that are
generally recognized as safe for their intended use, within section 409 of the Act. Ethyl vanillin is
included on this list. [21 CFR 182.90 (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**

Synthetic flavoring substances and adjuvants /for animal drugs, feeds, and related products/ that
are generally recognized as safe for their intended use, within the meaning of section 409 of the
Act. Ethyl vanillin is included on this list. [21 CFR 582.60 (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

“ADI of 0-3 mg/kg bw for ethyl vanillin”
As taken from JECFA, 1996

An EFSA Panel agreed with the JECFA conclusion “No safety concern at estimated levels of intake
as flavouring substance”, based on the MSDI (Maximised Survey-derived Daily Intake) approach
(EFSA, 2008).

There is a REACH dossier on 3-ethoxy-4-hydroxybenzaldehyde (CAS RN 121-32-4) (ECHA,
undated).

3-Ethoxy-4-hydroxybenzaldehyde (CAS RN 121-32-4) is not classified for packaging and labelling
under Regulation (EC) No. 1272/2008 (ECHA, 2023).

Ethyl vanillin is included on the FDA's list of Substances Added to Food (formerly EAFUS) as a
flavoring agent or adjuvant, and pH control agent, and is generally recognised as safe under 21
CFR sections 182.60 (Synthetic flavoring substances and adjuvants) and 182.90 (Substances
migrating to food from paper and paperboard products) (FDA, 2022, 2023a).

Ethyl vanillin is listed on the US EPA InertFinder Database (2023) as approved for non-food and
fragrance use pesticide products.

Ethyl vanillin is listed in the US EPA Toxic Substances Control Act (TSCA) inventory and also in the
US EPA 2020 CDR list (Chemical Data Reporting Rule).

US EPA 2020 CDR List. US EPA TSCA inventory

Ethyl vanillin is authorised for use as a flavouring substance in all categories of flavoured foods in
the EU under (EU) legislation no 872/2012 (European Commission, 2012).

Ethyl vanillin (CAS RN 121-32-4) is included on the US EPA’s list of Safer Chemical Ingredients
with functional use in: fragrances (US EPA, 2023).



Ethyl vanillin has been given GRAS (generally recognized as safe) status by FEMA (Hall and Oser,

1965).

Ethyl vanillin is included on the US FDA's list of inactive ingredients for approved drug products. It
is permitted for use as an ingredient in various products, at the following maximum potencies per

unit dose:
Maximum

Inactive CAS Potency per unit Maximum Daily
Ingredient Route | Dosage Form Number | UNII dose Exposure (MDE)
ETHYL
VANILLIN ORAL | CAPSULE 121324 YC9ST449Y) | 0.64mg

CAPSULE,
ETHYL EXTENDED
VANILLIN ORAL | RELEASE 121324 YCOST449Y]) | NA
ETHYL
VANILLIN ORAL | PASTE 121324 YC9ST449Y) 7mg
ETHYL
VANILLIN ORAL | SUSPENSION 121324 YC9ST449Y) | 0.08mg/5ml
ETHYL
VANILLIN ORAL | SYRUP 121324 YCOST449Y) | NA
ETHYL TABLET,
VANILLIN ORAL | CHEWABLE 121324 YCOST449Y) | 0.14mg

As taken from FDA, 2023b

Evaluations of the Joint FAO/WHO Expert Committee on Food Additives (JECFA)

ETHYL VANILLIN

General Information

synonyms: BOURBONAL, BOURBONAL ETHYL PROTAL, 3-ETHOXY PROTOCATECHUALDEHYDE
Chemical 3-ETHOXY-4-HYDROXYBENZALDEHYDE
Names:
CAS number: 121-32-4
JECFA 893
number:
COE number: 108
FEMA number: | 2464
Functional Flavouring Agent
Class:
FLAVOURING_AGENT
Evaluations
Evaluation 2019




year:

ADI: No safety concern at current levels of intake when used as a flavouring agent

Comments: Considered for specifications only

Meeting: 87

Specs Code: R

Evaluation 2001

year:

ADI: 0-3 mg/kg bw (1995)

Comments: No safety concern at current levels of intake when used as a flavouring agent. The 1995
ADI of 0-3 mg/kg bw was maintained at the fifty-seventh meeting (2001).

Meeting: 44

Specs Code: S

Report: TRS 909-JECFA 57/84

Tox FAS 48-JECFA 57/273

Monograph:

Specification: COMPENDIUM ADDENDUM 9/FNP 52 Add.9/146

Previous Years:

1995, TRS 859-JECFA 44/14, COMPENDIUM ADDENDUM 1/FNP 52 Add.1/49 (1992),
FAS 35-JECFA 44/141. 0-3 mg/kg bw. FU. S

1992, TRS 828-JECFA 39/13, COMPENDIUM ADDENDUM 1/FNP 52 Add.1/49.
0-5 (TEMPORARY). TE. R

1989, TRS 789-JECFA 35/17, FNP 49-JECFA 35/16 (COM

As taken from WHO, 2021

COE No.: 108

FEMA No.: 2464

JECFA No.: 893

Chemical 3-ETHOXY-4-HYDROXYBENZALDEHYDE

names:

Synonyms: 3-ETHOXY PROTOCATECHUALDEHYDE; BOURBONAL ETHYL PROTAL

Functional FLAVOURING AGENT

class:

Latest 2001

evaluation:

ADI: 0-3 mg/kg bw (1995)

Comments: No safety concern at current levels of intake when used as a flavouring agent. The 1995
ADI of 0-3 mg/kg bw was maintained at the fifty-seventh meeting (2001).

Report: TRS 909-JECFA 57/84

Specifications:

COMPENDIUM ADDENDUM 9/FNP 52 Add.9/146




Tox FAS 48-JECFA 57/273

monograph:

Previous 1995, TRS 859-JECFA 44/14, COMPENDIUM ADDENDUM 1/FNP 52 Add.1/49 (1992),

status: FAS 35-JECFA 44/141. 0-3 mg/kg bw. FU. S
1992, TRS 828-JECFA 39/13, COMPENDIUM ADDENDUM 1/FNP 52 Add.1/49. 0-5
(TEMPORARY). TE. R
1989, TRS 789-JECFA 35/17, FNP 49-JECFA 35/16 (COMPENDIUM/627), FAS 26-
JECFA 35/23. 0-5 (TEMPORARY). TE. R
1967, NMRS 44/TRS 383-JECFA 11/12, FAS 69.31/NMRS 44B-JECFA 11/25, FAS
68.33/NMRS 44A-JECFA 11/39. 0-10. FU. N

JECFA (2003)

4. Metabolism/Pharmacokinetics
4.1. Metabolism/metabolites

“Early reports indicated that ethyl vanillin was probably metabolized to glucuroethyl vanillin and
ethyl vanillic acid, of which some was conjugated with glucuronic and sulfuric acids (Williams,
1959).”

“Ethyl 14C-vanillin was administered to male and female Sprague Dawley CD rats at single oral
doses of 50, 100, or 200 mg/kg bw. Rapid metabolism occurred and the principal metabolite at all
dose levels was ethyl vanillic acid.”

“Analysis of urine after hydrolysis with glucuronidase and/or sulfatase indicated that the major
metabolites were glucuronide or sulfate conjugates of ethyl vanillic acid (56-62%), ethyl vanillyl
alcohol (15-20%), and ethyl vanillin (7-12%). A minor proportion of the dose (2-8%) was excreted
as the glycine conjugate of vanillic acid (ethyl vanilloyl glycine) (Hawkins et al., 1992).”

“Ethyl vanillic acid was also the major metabolite after dietary administration of ethyl vanillin to rats
at doses of 500, 1000 or 2000 mg/kg bw (Hooks et al., 1992a).”

“‘During urinary organic acid profiling in human subjects, several patients excreted high
concentrations of ethyl vanillic acid (3-ethoxy-4-hydroxybenzoic acid) and traces of 3-ethoxy-4-
hydroxy-mandelic acid.” As taken from JECFA, 1996

0H 0oH OH

OH
@'32”5 ©C2H5 @'32”5 @EEHE
— — i
ezt CHO COOH CONHECHZCO0H
athd wanillyl ethod wanillin ethd wanillic athyd wanillow
alcobol acid glycine
[15-20% of the dose]  [7-12% of the dose ) [56-62%0 of the dose) [2-8%0 of the dose)

As taken from JECFA, 1996
4.2. Absorption, distribution and excretion

“Ethyl 14C-vanillin was administered to male and female Sprague-Dawley CD rats by gavage in
polyethylene glycol solution at single doses of 50, 100, or 200 mg/kg bw. Ethyl vanillin was rapidly
absorbed and peak plasma radioactivity occurred within 2 h after dosing at all dose levels, falling
rapidly to undetectable levels within 96 h. Plasma radioactivity tended to be higher in female than
male rats and it was postulated that this might reflect a lower metabolic capacity of female rats.”



“Urinary excretion of radioactivity was rapid and more than 94% of the dose was excreted by this
route within 24 h. Only 1-5% of the dose was excreted in faeces. After 5 days, more than 99% of
the administered dose was excreted. No radioactivity was detected in expired air, indicating that the
aromatic ring was in a metabolically stable position (Hawkins et al., 1992).”

“Ethyl vanillic acid was identified by GC/MS in the urine of a 9-year old female patient who had
received liquid dietary supplementation flavoured with vanilla. Other patients excreting this acid
were also known to have consumed foodstuffs flavoured with ethyl vanillin. Eight different urine
samples containing more than 50 mg ethyl vanillic acid/g creatinine were also found to contain
small amounts of vanillylmandelic acid. Unchanged ethyl vanillin was not detected in any of the
urine samples.”

“A healthy adult male volunteer drank a 235 ml aliquot of a liquid dietary supplement containing an
unknown quantity of ethyl vanillin. A concentration of 13 mg ethyl vanillic acid/g creatinine was
found in a 12-hour urine sample. The compound was not present in urine collected before exposure
(Mamer et al., 1985).”

As taken from JECFA, 1996
4.3. Interactions

“‘Food safety is of extreme importance to human health. Vanillin and ethyl vanillin are the widely
used food additives and spices in foods, beverages, cosmetics and drugs. The objective of the
present work was to evaluate the impact of vanillin and ethyl vanillin on the activities of CYP2C9,
CYP2E1, CYP3A4, CYP2B6 and CYP1A2 in human liver microsomes (HLM) in vitro, and impact on
the activities of CYP1A2, CYP2C, CYP3A and CYP2E1 in rat liver microsomes (RLM) in vivo. The
in vitro results demonstrated that vanillin and ethyl vanillin had no significant effect on the activity of
five human CYP450 enzymes with concentration ranged from 8 to 128 uM. However, after rats
were orally administered vanillin or ethyl vanillin once a day for seven consecutive days, CYP2E1
activity was increased and CYP1A2 activity was decreased in RLM. The in vivo results revealed
that drug interaction between vanillin/ethyl vanillin and the CYP2E1/CYP1A2-metabolizing drugs
might be possible, and also suggested that the application of the above additives in foods and
drugs should not be unlimited so as to avoid the adverse interaction” As taken from Chen XM et al.
2012. Fd Chem. Toxic. 50, 1897-1901. PubMed, 2014 available at
http://www.ncbi.nim.nih.gov/pubmed/22450566.

Ethyl vanillin ...... was reported to enhance the ability of mitomycin C to cause sister chromatid
exchanges. [WHO/JECFA; Joint Expert Committee on Food Additives monograph 683. Ethyl
vanilin (WHO Food Additives Series 26). Available from, as of June 9, 2015:
http://inchem.org/pages/jecfa.html **PEER REVIEWED**

As taken from HSDB, 2015

Introduction: Flavor aldehydes in e-cigarettes, including vanillin, ethyl vanillin (vanilla), and
benzaldehyde (berry/fruit), rapidly undergo chemical reactions with the e-liquid solvents, propylene
glycol, and vegetable glycerol (PG/VG), to form chemical adducts named flavor aldehyde PG/VG
acetals that can efficiently transfer to e-cigarette aerosol. The objective of this study was to
compare the cytotoxic and metabolic toxic effects of acetals and their parent aldehydes in
respiratory epithelial cells. Aims and methods: Cell metabolic assays were carried out in bronchial
(BEAS-2B) and alveolar (A549) epithelial cells assessing the effects of benzaldehyde, vanillin, ethyl
vanillin, and their corresponding PG acetals on key bioenergetic parameters of mitochondrial
function. The potential cytotoxic effects of benzaldehyde and vanillin and their corresponding PG
acetals were analyzed using the LIVE/DEAD cell assay in BEAS-2B cells and primary human nasal
epithelial cells (HNEpC). Cytostatic effects of vanillin and vanillin PG acetal were compared using
Click-iT EDU cell proliferation assay in BEAS-2B cells. Results: Compared with their parent
aldehydes, PG acetals diminished key parameters of cellular energy metabolic functions, including



http://www.ncbi.nlm.nih.gov/pubmed/22450566

basal respiration, adenosine triphosphate production, and spare respiratory capacity. Benzaldehyde
PG acetal (1-10 mM) increased cell mortality in BEAS-2B and HNEpC, compared with
benzaldehyde. Vanillin PG acetal was more cytotoxic than vanillin at the highest concentration
tested while both diminished cellular proliferation in a concentration-dependent manner.
Conclusions: Reaction products formed in e-liquids between flavor aldehydes and solvent
chemicals have differential toxicological properties from their parent flavor aldehydes and may
contribute to the health effects of e-cigarette aerosol in the respiratory system of e-cigarette users.
Implications: With no inhalation toxicity studies available for acetals, data from this study will
provide a basis for further toxicological studies using in vitro and in vivo models. This study
suggests that manufacturers' disclosure of e-liquid ingredients at time of production may be
insufficient to inform a comprehensive risk assessment of e-liquids and electronic nicotine delivery
systems use, due to the chemical instability of e-liquids over time and the formation of new
compounds. As taken from Jabba SV et al. 2020. Nicotine Tob. Res. 22(Suppl 1), S25-S34.
PubMed, 2021 available at

5. Toxicity
5.1. Single dose toxicity

Non-Human Toxicity Values:

LD50 Dog iv 760 mg/kg [Bingham, E.; Cohrssen, B.; Powell, C.H.; Patty's Toxicology Volumes 1-9
5th ed. John Wiley & Sons. New York, N.Y. (2001)., p. V5 911] **PEER REVIEWED**

LD50 Rat sc 1800 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. 1729] **PEER
REVIEWED**

LD50 Rabbit oral 3000 mg/kg [Bingham, E.; Cohrssen, B.; Powell, C.H.; Patty's Toxicology Volumes
1-9 5th ed. John Wiley & Sons. New York, N.Y. (2001)., p. V5 911] **PEER REVIEWED**

LD50 Rat oral >2000 mg/kg [Bingham, E.; Cohrssen, B.; Powell, C.H.; Patty's Toxicology Volumes
1-9 5th ed. John Wiley & Sons. New York, N.Y. (2001)., p. V5 911] **PEER REVIEWED**

LD50 Rat oral 1590 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. 1729] **PEER
REVIEWED**

LD50 Mouse ip 750 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. 1729] **PEER
REVIEWED**

LD50 Guinea pig ip 1140 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. 1729]
**PEER REVIEWED**

As taken from HSDB, 2015

LD50(oral, rat): 3500 mg/kg bw.
LD50 (dermal, rabbit): > 7940 mg/kg bw.

As taken from Monsanto, 1991.

Type of Route of Species Dose | Toxic Reference
Test Exposure Observed | Data Effects

LD50 - Oral Rodent - 1590 Details of FAONAU FAO Nutrition Meetings




Lethal rat mg/kg | toxic effects | Report Series. (Rome, Italy) No.?-57,
dose, 50 not reported | 1948-77. Discontinued.
percent Kill other than Volume(issue)/pagel/year: 44A,39,1967
lethal dose
value
LDLo - Subcutaneous | Rodent - 1800 Details of JAPMAS8 Journal of the American
Lowest rat mg/kg | toxic effects | Pharmaceutical Association, Scientific
published not reported | Edition. (Washington, DC) V.29-49,
lethal dose other than 1940-60. For publisher information,
lethal dose see JPMSAE.
value Volume(issue)/pagel/year
LD50 - Intraperitoneal | Rodent - 750 Details of CTOXAO Clinical Toxicology. (New
Lethal mouse mg/kg | toxic effects | York, NY) V.1-18, 1968-81. For
dose, 50 not reported | publisher information, see JTCTDW.
percent Kill other than Volume(issue)/pagel/year: 10,61,1977
lethal dose
value
LDLo - Intravenous Mammal - | 760 Details of COREAF Comptes Rendus
Lowest dog mg/kg | toxic effects | Hebdomadaires des Seances,
published not reported | Academie des Sciences. (Paris,
lethal dose other than France) V.1-261, 1835-1965. For
lethal dose publisher information, see CRASEV.
value Volume(issue)/pagelyear:
238,2576,1954
LDLo - Oral Rodent - 3 Details of JAPMAS Journal of the American
Lowest rabbit gm/kg | toxic effects | Pharmaceutical Association, Scientific
published not reported | Edition. (Washington, DC) V.29-49,
lethal dose other than 1940-60. For publisher information,
lethal dose see JPMSAE.
value Volume(issue)/pagelyear: 29,425,1940
LD50 - Administration | Rodent - >7940 | Details of NTIS** National Technical Information
Lethal onto the skin rabbit mg/kg | toxic effects | Service. (Springfield, VA 22161)
dose, 50 not reported | Formerly U.S. Clearinghouse for
percent kill other than Scientific & Technical Information.
lethal dose | Volume(issue)/pagel/year:
value 0TS0534355
LD50 - Intraperitoneal | Rodent - 1140 Details of COREAF Comptes Rendus
Lethal guinea pig | mg/kg | toxic effects | Hebdomadaires des Seances,
dose, 50 not reported | Academie des Sciences. (Paris,
percent kill other than France) V.1-261, 1835-1965. For
lethal dose publisher information, see CRASEV.
value Volume(issue)/pagelyear:
238,2576,1954

As taken from RTECS, 2018
Oral LDsg rat >2 g/kg bw (BIBRA, 1988)

“When groups of 6 rabbits were given ethyl vanillin by gavage, a dose of 150 mg/kg bw caused no
adverse effects. At 2500 mg/kg bw, only a transient increase in respiration rate was observed. The
minimum oral lethal dose was reported to be 3000 mg/kg bw (Deichmann & Kitzmuller, 1940).”



As taken from JECFA, 1996

SPECIES ROUTE DOSE DATA

Mouse Intraperitoneal | LD50: 750 mg/kg bw
Rat Oral

Rat Oral LD50: 1590 mg/kg bw
Rat Subcutaneous | LD50: > 1200 mg/kg bw
Guinea pig | Intraperitoneal | LD50: 1140 mg/kg bw
Dog Intravenous LD50: 760 mg/kg bw

LD50 values taken from EFSA (2012):

Rat (M, F) Gavage: > 2000 (Jenner et al., 1964) Rat (M) Gavage: 4470 (Rhone-Poulenc Inc.,
1992b) Rat (M, F) Oral: 3500 (Monsanto Co., 1991a, b) Rabbit NR Gavage: 2000 (Deichmann and
Kitzmiller, 1940)

5.2. Repeated dose toxicity

Doses of 300 mg/kg bw were administered to rats by gavage twice weekly for 14 weeks without
any adverse effects. In another experiment, groups of 16 rats were fed 20 mg/kg bw daily for 18
weeks without adverse effect but 64 mg/kg bw daily for 10 weeks reduced growth rate and caused
myocardial, renal, hepatic, lung, spleen and stomach injuries. [WHO/JECFA; Joint Expert
Committee on Food Additives monograph 683. Ethyl vanillin (WHO Food Additives Series 26).
Available from, as of June 2, 2015: http://inchem.org/pages/jecfa.html **PEER REVIEWED**

Neither 20,000 and 50,000 ppm of ethyl vanillin fed to male rats in the diet for 1 year, nor 5000,
10,000, and 20,000 ppm fed to male and female rats in the diet for 2 years produced any effects.
[Bingham, E.; Cohrssen, B.; Powell, C.H.; Patty's Toxicology Volumes 1-9 5th ed. John Wiley &
Sons. New York, N.Y. (2001)., p. V5 930] “**PEER REVIEWED**

As taken from HSDB, 2015

No adverse effects were observed in studies in which rats were fed up to 2.5 g/kg bw/day for 1
year, or up to 1 g/kg bw/day in the diet for 2 years (BIBRA, 1988).

Type of Route of | Species Dse Data Toxic Effects Reference
Test Exposure | Observed
TDLo - Oral Rodent - 4480 Cardiac - other JAPMAS8 Journal of the
Lowest rat mg/kg/70D changes Blood - American Pharmaceutical
published (intermittent) | changes in spleen | Association, Scientific Edition.
toxic dose Nutritional and (Washington, DC) V.29-49, 1940-
Gross Metabolic - | 60. For publisher information,
weight loss or see JPMSAE.
decreased weight | Volume(issue)/page/year:
gain 29,425,1940
TDLo - Oral Rodent - 28 Behavioral - food NTIS** National Technical
Lowest rat gm/kg/2W intake (animal) Information Service. (Springfield,
published (intermittent) | Liver - changes in | VA 22161) Formerly U.S.
liver weight Clearinghouse for Scientific &




toxic dose Nutritional and Technical Information.
Gross Metabolic - | Volume(issue)/page/year:
weight loss or 0TS0540113
decreased weight
gain
TDLo - Oral Rodent - 182 Liver - liver NTIS** National Technical
Lowest rat gm/kg/13W function tests Information Service. (Springfield,
published (continuous) | impaired Liver - VA 22161) Formerly U.S.
toxic dose changes in liver Clearinghouse for Scientific &
weight Blood - Technical Information.
changes in serum | Volume(issue)/page/year:
composition (e.g. | OTS0540703
TP, bilirubin,
cholesterol)
TDLo - Oral Rodent - 4480 Nutritional and VCVGK* "Vrednie chemichescie
Lowest rat mg/kg/70D Gross Metabolic - | veshestva, galogen | kislorod
published (intermittent) | weight loss or sodergashie organicheskie
toxic dose decreased weight | soedinenia". (Hazardous
gain substances. Galogen and
oxygen containing substances),
Bandman A.L. et al., Chimia,
1994. Volume(issue)/pagelyear: -
,399,1994
TDLo - Oral Rodent - 21 mg/kg/7D | Biochemical - FCTOD7 Food and Chemical
Lowest rat (intermittent) | Enzyme inhibition, | Toxicology. (Pergamon Press
published induction, or Inc., Maxwell House, Fairview
toxic dose change in blood Park, Elmsford, NY 10523) V.20-
or tissue levels - 1982- Volume(issue)/pagelyear:
hepatic 50,1897,2012
microsomal mixed
oxidase
(dealkylation,
hydroxylation,
etc.)

As taken from RTECS, 2018

“‘Doses of 300 mg ethyl vanillin/kg bw were administered to rats by gavage twice weekly for 14
weeks without any adverse affects. In another experiment, groups of 16 rats were fed ethyl vanillin
at a dose of 20 mg/kg bw/day for 18 weeks without adverse effect. However, 64 mg/kg bw/day for
10 weeks reduced growth rate and caused myocardial, renal, hepatic, lung, spleen and stomach
injuries (nature not specified) (Deichmann & Kitzmuller, 1940).”

“Sixteen rats were given 30 mg ethyl vanillin weekly for 7 weeks without adverse effect on growth,
food intake or protein utilization (Spore, 1960).”

“Groups of CD Sprague-Dawley BR rats (20/sex/group) were fed ethylvanillin of > 99.9% purity
(nature of diet e.g., semi-synthetic/chow diet, not specified) at dose levels of 0, 500, 1000 or 2000
mg/kg bw/day for 13 weeks. The study was designed in accordance with toxicological principles for
the safety assessment of food additives established by the US FDA (FDA, 1982). The diet was
prepared weekly and showed stability for up to 18 days at room temperature. The achieved mean
dose over the 13-week period was within 1.5% of the nominal value. Food consumption and body
weight were recorded weekly. Ophthalmoscopy was done before treatment and at termination of
the study. Detailed haematological and clinical chemical examinations were carried out at week 6
and 13. At termination, all animals were necropsied and organ weights recorded (adrenals, brain,



heart, kidneys, liver, lungs, ovaries, pituitary gland, prostate, spleen, testes, thyroids gland, uterus).
A complete histological examination was performed on rats in the control and top-dose groups
(adrenals, alimentary tract, aorta, brain, eyes, femur, Harderian gland, heart, kidneys, larynx and
pharynx, liver, lungs, cervical and mesenteric lymph nodes, mammary gland, ovaries, pancreas,
pituitary gland, prostate, salivary gland, sciatic nerve, seminal vesicles, skeletal muscle, skin,
spleen, sternum, testes, thymus, thyroid gland, tongue, trachea, urinary bladder, uterus, vagina).
The examination was extended to the low and intermediate dosage groups where treatment-related
effects were suspected. No clinical signs or treatment-related deaths of toxicological significance
were observed in treated animals during the study. Food intake was statistically significantly
reduced in females at the highest dose group at week 1, and in treated male groups at weeks 1-4;
thereafter there were no significant differences in food intake between controls and treated animals.
Water intake, measured accurately during week 12 of treatment, did not differ notably from controls.
Body-weight gain in males and females in the high-dose group was significantly reduced compared
to control throughout the study; significant lower body-weight gain was also apparent in males of
the intermediate- and low-dose groups during the first 4 weeks of treatment. The authors
considered these differences from control not to be treatment-related since the differences were not
dosage-related in magnitude, and because of intra-group variability noted in feeding patterns of all
groups of male rats. Impaired food efficiency was noted for both male and female rats at the
highest dose level. There were no treatment-related differences from control in haematological
parameters at week 6 or at termination. Clinical biochemical analyses showed statistically
significant higher values in the high-dose group compared to control for ALAT, ALP, cholesterol and
total plasma protein. Cholesterol levels were significantly increased in males at the intermediate-
dose group at week 6 only. The authors considered the alteration of the clinical biochemical
parameters secondary to the hepatic changes seen histologically. Other sporadic differences from
control values were generally within normal ranges for the strain and were not considered of
toxicological significance. At autopsy, enlarged cervical lymph nodes were noted in males at the
intermediate-dose group, and in both sexes at the highest dose group. In addition, there was a
reduction in adipose tissue in rats of both sexes at the highest dose group. Absolute liver weights
were similar to controls but relative liver weights were increased in the intermediate- and high-dose
animals. Absolute and relative spleen weights were increased in the intermediate- and high-dose
groups. Although relative spleen weights were increased in the low-dose males, the absolute organ
weights were unaffected, and in the absence of histopathological changes this observation was
considered by the authors to be of no toxicological significance. Histological examination revealed a
dose-related increased incidence of hepatic peribiliary inflammatory change in both males and
females of the intermediate- and high-dose groups, and minor bile duct hyperplasia affecting 1/20
intermediate- and 4/20 high-dose males. There were no changes observed in the liver parenchyma
and no degenerative or inflammatory changes of the bile duct epithelium. Increased white pulp
cellularity and prominence of germinal centres in the spleen, and increased prominence of germinal
centres and lymphoid proliferation in cervical lymph nodes were seen in the intermediate- and high-
dose groups. The authors considered the findings of the lymphoid tissue to be associated reactive
changes to the hepatic peribiliary inflammatory observations. The authors concluded that no
treatment-related changes were observed at 500 mg/kg bw/day which was considered to be the
NOEL in this study (Hooks et al., 1992b).” “Single rabbits were given ethyl vanillin orally in 10%
aqueous glycerine at doses of 15 mg/kg bw/day for 13 or 26 days; 32 mg/kg bw/day for 15 days; 41
mg/kg bw/day for 26 days; or 49 mg/kg bw/day for 43 days. At the highest close level, anaemia,
diarrhoea and lack of weight gain were observed but no toxic signs were reported at any of the
lower doses (Deichmann & Kitzmuller, 1940).”

“Subcutaneous injection of ethyl vanillin to rabbits at doses of 148-154 mg/kg bw/day for 6 days did
not elicit any observed adverse effects. Similarly, oral intubation of ethyl vanillin in a milk vehicle at
a dose of 240 mg/kg bw during 25 days (observation period 56 days), or during 54 days
(observation period 126 days) did not produce any observed effects (the parameters observed
were not specified in any of these studies) (Deichmann & Kitzmuller, 1940).”



“The maximum tolerated dose for ethyl vanillin in strain A mice when administered i.p. 3 times/week
for 2 weeks was reported to be 75 mg/kg bw. Administration of ethyl vanillin i.p. at doses of 15 or
75 mg/kg bw, 3 times/week for 8 weeks resulted in mortalities of 8/20 and 10/20 animals,
respectively. Control animals receiving i.p. injections of the vehicle tricaprylin, had survival rates of
77/80 males and 77/80 females. In the control group, 28% of males and 23% of females developed
lung tumours whereas in the treated groups only one animal, in the higher dose group, exhibited a
single lung nodule. It was concluded that ethyl vanillin did not potentiate the pulmonary tumour
response in strain A mice (Stoner et al., 1973).”

“Vanillin and ethyl vanillin were given as a solution in milk to one rabbit at 240 mg/kg bw per day for
56 days and to two rabbits at the same dose for 126 days. Both substances were also administered
as a solution in 10% glycerol, vanillin at a dose of 83 mg/kg bw per day for 14 days or 103 mg/kg
bw per day for 61 days and ethyl vanillin at a dose of 15 mg/kg bw per day for 15 days, 15 mg/kg
bw per day for 31 days, 32 mg/kg bw per day for 17 days, 41 mg/kg bw per day for 31 days, or 49
mg/kg bw per day for 49 days. Appearance, behaviour, and body-weight gain were not significantly
affected. There were no gross or histopathological alterations in test animals. In rabbits receiving
the substances in glycerol solution, anaemia, diarrhoea, and lack of weight gain were observed at
the highest dose; no toxic effects were seen at lower doses. Glycerol poisoning, evidenced by
restlessness, tremor, convulsions, and coma, was observed in rabbits given 83 mg/kg bw per day
of vanillin for 14 days and in those given 15 mg/kg bw per day of ethyl vanillin for 15 days
(Deichmann & Kitzmiller, 1940).”

“In the recent 13-week toxicity study in which rats were fed ethyl vanillin at 500, 1000 or 2000
mg/kg bw/day, treated males showed a transient reduction in body-weight gain compared with
controls during the first 4 weeks of treatment. Since this effect was only transient and associated
with reduced food intake, probably due to impaired palatability, the Committee concluded that the
NOEL was 500 mg/kg bw/day.”

As taken from JECFA, 2002
Safety Evaluation

Quantitative Quantitative Product Safety POD POD POD Owner
Risk Type Risk Value Use Evaluation Method Value
Owner
Not calculated Not calculated Not EU SCC LOAEL 56.1 COSMOS TTC
specified (NON-CANCER)
Adjustment factors used in calculations:
Adjustment factor: Study: Dose Duration: 3 (3)

Adjustment factor: Study: LOEL-NOEL Extrapolation: 3.0 (3)

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

NOEL/LEL Original NOEL | Original LEL Critical Critical Effects

Owner Sites

US FDA Not 505.0 mg/kg * SPLEEN * SPLEEN - WEIGHT CHANGES;
CFSAN established bw/day PATHOLOGY




Safety Evaluation Comments: PAFA database is a hazard identification resource, not a safety
assessment source. | Murno (oral TTC dataset) and PAFA database (a hazard identification
resource, not a safety assessment source)

Source Document: no source document available

POD Method | POD Value | POD Owner

NOEL 1441.0 MUNRO

Lowest-observed effect

Owner | Type Value Sites Effects

MUNRO [ LOEL | Not established o NO EFFECTS o NO EFFECTS

No-observed effect: MUNRO: NOEL.: 1441.0 mg/kg bw/day

Adjustment factors: >Critical study: Target Organ Toxicity > Chronic Toxicity (Rat, Oral - Dietary
exposure) for 730 day

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

5.3. Reproduction toxicity

“Animals given 200, 1000, or 2000 mg/kg bw per day of ethyl vanillin (No. 893) had a slight, non-
significant increase in body weight and a statistically significant (p <0.05) decrease in food
consumption at the low dose, while those at the two higher doses had an increased mortality rate,
gross lesions, clinical signs, and depressed body-weight gain and food consumption. [...]In view of
the lack of adverse effects on offspring at all doses and on dams at the low dose of each
substance, the authors concluded that the compounds had no reproductive or developmental
effects.” As taken from JECFA, 2002.

SPECIES TEST CONDITIONS EFFECTS | REFERENCE
Rat, strain CD Though not a study of reproductive or developmental None Hooks et al.
Sprague-Dawley BR toxicity, the reproductive tissues were examined in 1992
(20/sex/group) rats fed 0, 500, 1000 or 2000 mg/kg bw/day for 13

weeks. Organ weights were recorded (including
ovaries, testes and uterus) and tissues were examine
microscopically (including ovaries, seminal vesicles,
uterus and vagina) in top-dose groups and in other
groups where treatment-related effects were

suspected.
Saccharomyces In vitro assay for oestrogenic activity. Cells treated None Miller et al.
cerevisiae with serial dilutions (concentration range unspecified). 2001

(recombinant, human
oestrogen receptor
DNA)

Female Sprague-Dawley rats (10/group) were treated orally with ethyl vanillin at 0, 200, 1000 or
2000 mg/kg bw/day from at least one week pre-mating to four days post-partum. There were no
adverse effects observed on the offspring. Maternal toxicity was seen from the lowest dose; critical
effects were on growth and food consumption (Vollmuth et al. 1990).

5.4. Mutagenicity



https://ng.cosmosdb.eu/

The Ames test was used to evaluate the mutagenicity of a number of neat complex flavor mixtures.
Studies in which ethyl vanillin was part of the test mixture include EMT960820 and EMT000305
(CD-ROM 1, JTI Submission, 2002). The results show that these mixtures were not mutagenic.

Ethyl vanillin did not induce micronuclei in vivo. Similarly, whilst it did not induce chromosome
aberrations or sister chromatid exchanges in Chinese hamster cells in vitro directly, it did enhance
the ability of mitomycin C to induce sister chromatid exchanges (BIBRA, 1988).

Ethyl vanillin was not mutagenic in Ames tests, both in the presence and absence of a metabolic
activation system, and it did not induce heritable mutations in fruit flies (BIBRA, 1988).

“From the SCE studies with human lymphocytes the authors concluded that benzaldehyde
derivatives, including ethyl vanillin, were probably direct acting SCE inducers and the aldehyde
moiety was of primary importance (Jansson et al., 1988). This contrasts with the negative effect in
CHO cells (Sasaki et al., 1987).”

“In a study on the anti-mutagenic potential of flavourings, ethyl vanillin was reported to show
marked anti-mutagenic activity against mutagenicity induced by 4-nitroquinoline 1-oxide,
furylfuramide, captan or methylglyoxal in Escherichia coli WP2s but was ineffective against
mutations induced by Trp-P-2 or 1Q in Salmonella typhimurium TA98. It was proposed that the anti-
mutagenic activity was due to enhancement of an error-free recombinant repair system (Ohta et al.,
1986; Watanabe et al., 1988).”

As taken from JECFA, 1996

TEST SYSTEM TEST OBJECT CONCENTRATION | RESULTS
Micronucleus test | Mouse 2x0-1000 mg/kg | Negative
bw

Ames test Salmonella Typhimurium TA92, TA94, TA98, TA100, | 0-10 mg/plate Negative
TA1535,TA1537

Ames test S. Typhimurium TA98, TA100,TA1535, TA1537 0-10 mg/plate Negative

Ames test S. Typhimurium TA98, TA100, A1535, TA1537, | 0-3.6 mg/plate Negative
TA1538

Chromosomal Chinese Hamster Ovary cells 0-0.25 mg/mL Negative

Aberrations (CHO) in vitro Negative

Sister chromatid Chinese Hamster Ovary cells 0-100 M Negative

Exchange (SCE) | (CHO) in vitro Negative

Sister chromatid Human lymphocytes in vitro 0-2 M Positive

Heritable Drosophilia Melanogaster 50 mM Negative

mutations

Ethyl vanilin was found to be negative when tested for mutagenicity using the

Salmonella/microsome preincubation assay, using the standard protocol approved by the National
Toxicology Program (NTP). Ethyl vanillin was tested in as many as 5 Salmonella typhimurium
strains (TA1535, TA1537, TA97, TA98, and TA100) in the presence and absence of rat and hamster
liver S-9, at doses of 0.100, 0.333, 1.000, 3.333, 6.000, and 8.000 mg/plate. The highest ineffective
dose tested without appreciable toxicity in any S. typhimurium strain was 6.000 mg/plate in strains



TA1537 and TA98 without activation. At this dose, strains TA100 and TA1535 exhibited some
clearing of the background bacterial lawn when tested without activation. Slight to total clearing of
the background lawn was observed at the high dose. [Mortelmans K et al; Environ Mutagen 8:1-119
(1986)] **PEER REVIEWED™*

As taken from HSDB, 2015

Genotoxicity [tve, positive; -ve, negative; ?, equivocal; with, with metabolic activation;
without, without metabolic activation]

In vivo
SPECIES TEST CONDITIONS ENDPOINT RESULT REFERENCE
Mice (5 males | Given by intraperitoneal injection at 0, 47, | Chromosome -ve high NTP, 1994,
per group) 94, 187, 375 and 750 mg/kg bw/day for 3 damage quality 1996
days, bone marrow examined for study
micronucleated cells 24 hr later.
Mice (5 male Intraperitoneal injection of a single Chromosome -ve Ohuchida et
strain BDF, unspecified dose followed by sacrifice of damage al. 1989
per group) the animals 24 hr later. Assessed
(presumably bone marrow or peripheral
blood) for micronuclei induction (no further
details given in brief report)
Groups of 4 Two intraperitoneal injections of 0, 0.33, Chromosome -ve Wild et al.
NMRI mice 0.67 or 1 g/kg bw, 24 hr apart. Mice killed | damage 1983
at 30 hr and bone marrow scored for
micronucleated cells.
Drosophila Basc test for induction of sex-linked Germ cell -ve Wild et al.
melanogaster | recessive lethal mutations. Males were fed | mutation 1983
a 50 mM solution of ethyl vanillin for 3
days and allowed to mate with untreated
females to produce 3 successive broods.
IN VITRO
TEST SYSTEM | TEST ENDPOINT ACTIVATION | RESULT REFERENCES
CONDITIONS
Mouse Mutation assay, | Mutation With and +ve (with S9) | Heck et al. 1989
lymphoma cells | only published without S9
as an abstract,
no further
details.
Chinese hamster | Incubated for Chromosome Without -ve (chromo- | Ishidate et al. 1984
lung cells 48 hr at damage and some
concentrations | changes in aberrations)
up to 0.25 chromosome +ve (at the
mg/ml, cells number top dose,
examined for marked
chromosome increase in
aberrations and polyploid
polyploidy. cells)




Human white Incubated at Chromosome Without +ve Jansson et al. 1988
blood cells concentrations | effects
up to 2 mM,
examined for
sister chromatid
exchanges.
Chinese hamster | Incubated at Chromosome Without -ve (limited Sasaki et al. 1987
ovary cells concentrations | effects study, not
upto 0.1 M, tested with
cells examined S9)
for sister
chromatid
exchanges.
Chinese hamster | Cells pretreated | Chromosome Without enhanced Sasaki et al. 1987
ovary cells with mitomycin | effects ability of
C exposed to mitomycin C
concentrations to induce
upto 0.1 M, SCE
and scored for
sister chromatid
exchanges.
Salmonella Ames test with Mutation With and -ve probably | JETOC, 1997
typhimurium amounts up to without S9 a good
TA100, TA1535, | 5 mg/plate. quality study
TA1537, TA98
and Escherichia
coli WP2uvrA
Salmonella Ames test, only | Mutation With and -ve Heck et al. 1989
typhimurium published as an without S9
TA98, TA100, abstract, no
TA1535, details given.
TA1537, TA1538
Salmonella Ames test with Mutation With and -ve probably | Ishidate et al. 1984
typhimurium amounts up to without S9 a good
TA92, TA94, 10 mg/plate quality study
TA100, TA1535
and TA1537
(and possibly
TA2637)
Salmonella Ames test, up Mutation With and -ve high Mortelmans et al.
typhimurium to 8 mg/plate without S9 quality study | 1986; NTP, 1982
TA1535, TA100, from rat and
TA1537, TA98 hamster liver
Salmonella Ames test with Mutation With and -ve Wild et al. 1983
typhimurium amounts up to without S9
TA98, TA100, 3.6 mg/plate.
TA1535,

TA1537, TA1538




Bacillus subtilis
H17 and M45
strains.

Tested for DNA damage Not clear from | -ve Oda et al. 1978
differential (indicative test) | Japanese
killing ability paper
(rec assay) at (JECFA, 2001
21 pg/disk. says with and
without S9)

Test system:

Ames salmonella typhimurium

Strain indicator: | Ta97
Metabolic
g None
activation:
Method: Preincubation
Dose: 0.01-1 mg/plate (test material solvent: dmso)
Results: Negative
Reference: [fujita,h and sasaki,m; mutagenicity test of food additives with salmonella typhimurium ta97

and ta102. li.; kenkyu nenpo - tokyo-toritsu eisei kenkyusho 38:423-430, 1987]

Test system:

Ames salmonella typhimurium

Strain indicator: | Ta102
Metabolic
RN None
activation:
Method: Preincubation
Dose: 0.01-1 mg/plate (test material solvent: dmso)
Results: Negative
Reference: [fujita,h and sasaki,m; mutagenicity test of food additives with salmonella typhimurium ta97

and ta102. li.; kenkyu nenpo - tokyo-toritsu eisei kenkyusho 38:423-430, 1987]

Test system:

Ames salmonella typhimurium

Strain indicator: | Ta97

gﬂciit\?:t?(l)iﬁ: Rat, liver, s-9, aroclor 1254

Method: Preincubation

Dose: 0.01-1 mg/plate (test material solvent: dmso)

Results: Negative

Reference: [fujita,h and sasaki,m; mutagenicity test of food additives with salmonella typhimurium ta97




and ta102. li.; kenkyu nenpo - tokyo-toritsu eisei kenkyusho 38:423-430, 1987]

Test system:

Ames salmonella typhimurium

Strain indicator: | Ta102

gﬂc?it\?:t?ciir?: Rat, liver, s-9, aroclor 1254

Method: Preincubation

Dose: 0.01-1 mg/plate (test material solvent: dmso)

Results: Negative

Reference: [fujita,h and sasaki,m; mutagenicity test of food additives with salmonella typhimurium ta97

and ta102. li.; kenkyu nenpo - tokyo-toritsu eisei kenkyusho 38:423-430, 1987]

Test system:

Ames salmonella typhimurium

Strain

indicator: Ta%8
Metabolic
RN None
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium

Strain Ta08

indicator:

Me.tabgllc. Rat, liver, s-9, phenobarbital and beta-naphthoflavone

activation:

Method: Preincubation

Dose: 0.0763-5000 ug/plate (test material solvent: dmso)

Results: Negative

Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium




Strain

indicator: Ta100
Metabolic
g None
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium

Strain Ta100

indicator:

Me.tabqllc. Rat, liver, s-9, phenobarbital and beta-naphthoflavone

activation:

Method: Preincubation

Dose: 0.0763-5000 ug/plate (test material solvent: dmso)

Results: Negative

Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium

Strain Ta1535
indicator:
Metabolic
RN None
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium




Strain

Ta1535
indicator:
MeF abc.)llc. Rat, liver, s-9, phenobarbital and beta-naphthoflavone
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [japan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium

Strain Ta1537
indicator:
Metabolic
Ry None
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium

Strain

indicator: Ta1537

gﬂc?it\?:t?cl)ir?: Rat, liver, s-9, phenobarbital and beta-naphthoflavone

Method: Preincubation

Dose: 0.0763-5000 ug/plate (test material solvent: dmso)

Results: Negative

Reference: [japan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium




Strain

indicator: Ta102
Metabolic
g None
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium

Strain Ta102

indicator:

Me.tabqllc. Rat, liver, s-9, phenobarbital and beta-naphthoflavone

activation:

Method: Preincubation

Dose: 0.0763-5000 ug/plate (test material solvent: dmso)

Results: Negative

Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium

Strain Ta104
indicator:
Metabolic
RN None
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

Ames salmonella typhimurium




Strain

Ta104
indicator:
MeF abc.)llc. Rat, liver, s-9, phenobarbital and beta-naphthoflavone
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [japan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system: E. Coli

iSntc:?clgtor: Wp2uvra

Metabolic

activation: None

Method: Preincubation

Dose: 0.0763-5000 ug/plate (test material solvent: dmso)

Results: Negative

Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system: E. Coli

Strain

indicator: Wp2uvra

Me_tabgllcl Rat, liver, s-9, phenobarbital and beta-naphthoflavone

activation:

Method: Preincubation

Dose: 0.0763-5000 ug/plate (test material solvent: dmso)

Results: Negative

Reference: [japan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system:

E. Coli




Strain

indicator: Wp2uvra/pkm101
Metabolic
g None
activation:
Method: Preincubation
Dose: 0.0763-5000 ug/plate (test material solvent: dmso)
Results: Negative
Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

Test system: E. Coli

Strain

indicator: Wp2uvra/pkm101

Me.tabqllc. Rat, liver, s-9, phenobarbital and beta-naphthoflavone

activation:

Method: Preincubation

Dose: 0.0763-5000 ug/plate (test material solvent: dmso)

Results: Negative

Reference: [lapan chemical industry ecology- toxicology and information center, japan; mutagenicity test

data of existing chemical substances based on the toxicity investigation of the industrial
safety and health law; (suppl), 1997]

As taken from CCRIS, 2006
Type of Test | Route of | Species Dose Reference
Exposure | Observed Data

Sister Human 1 MUREAV Mutation Research. (Elsevier Science

chromatid Lymphocyte mmol/L | Pub. B.V., POB 211, 1000 AE Amsterdam,

exchange Netherlands) V.1- 1964- Volume(issue)/pagel/year:
206,17,1988

Cytogenetic Rodent - | 250 FCTOD7 Food and Chemical Toxicology.

analysis hamster mg/L (Pergamon Press Inc., Maxwell House, Fairview

Fibroblast Park, Elmsford, NY 10523) V.20- 1982-

Volume(issue)/pagel/year: 22,623,1984

As taken from RTECS, 2018

Ethyl vanillin

was reported to enhance the ability of mitomycin C to cause sister chromatid

exchanges. [WHO/JECFA; Joint Expert Committee on Food Additives monograph 683. Ethyl

vanillin

(WHO Food Additives

Series 26). Available from, as of June 9, 2015:

http://inchem.org/pages/jecfa.html **PEER REVIEWED**




As taken from HSDB, 2015

“The Ministry of Health, Labour and Welfare has carried out genotoxicity tests for food additives
used in Japan in cooperation with the Japan Food Additives Association since 1979. Hayashi et al.
summarized these data and published a list of 337 designated additives (Shitei-tenkabutsu in
Japanese) with genotoxicity test data in 2000. Thereafter, 29 items were eliminated, and 146 items
were newly added. Currently, 454 designated additives are allowed to be used as food additives in
Japan. This report, based on the Hayashi report, covers the addition of newly derived genotoxicity
test data. Routinely, the bacterial reverse mutation test (Ames test), mammalian cell chromosomal
aberration test, and in vivo rodent bone marrow micronucleus test have been used for the
evaluation of genotoxicity of food additives. In addition to the data from these tests being updated
in this report, it newly includes results of transgenic rodent somatic and germ cell gene mutation
assays (TGR assays), incorporated in the Organisation for Economic Co-operation and
Development (OECD) test guidelines after 2000. We re-evaluated the genotoxicity of 13 designated
food additives considering their TGR data.” As taken from Yamada M and Honma M. 2018. Genes
and Environment 40, 27. Available at
https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2

“This paper evaluates use of the Threshold of Toxicological Concern (TTC) approach to assess
safety of botanical preparations that may contain potentially genotoxic constituents, based on
estimation of the fraction that may be genotoxic. A database of 107 chemical constituents of
botanicals was compiled and their potential for genotoxicity evaluated from published data. Forty-
three constituents met the criteria for potential genotoxicity. Concentration data on their occurrence
in plants provided 2878 data points; the majority were in the low ppm level (range 0.00001-139,965
ppm, by dry weight). Weibull models of the quantitative distribution data were used to calculate 95th
percentile values for chemical concentrations, analysing the dataset according to their presence in
botanicals (i) as a single chemical, (ii) as two or more chemicals from the same chemical group, or
(i) as two or more chemicals from different chemical groups. The highest 95th percentile
concentration value from these analyses was 1.8%. Using the TTC value of 0.15 pg/person per day
for potentially genotoxic substances proposed in 2004, this value of 1.8% was used to derive an
adjusted TTC value of 10 ug of plant material on a dry weight basis/person per day for assessment
of potentially genotoxic substances in botanicals.” As taken from Mahony C et al. 2020. Food
Chem. Toxicol. 138, 111182. PubMed, 2021 available at https://pubmed.ncbi.nim.nih.gov/32058013/

5.5. Cytotoxicity

Type of Test Exposure | Species Dose Data | Toxic Effects Reference
Observed
IC50 - In vitro Human - >2000 In Vitro Toxicity TXAPA9 Toxicology and
Inhibitor skin umol/L/48H | Studies - cell Applied Pharmacology.
Concentration viability (Academic Press, Inc., 1 E.
50 (mitochondrial First St., Duluth, MN 55802)
reductase V.1- 1959-
assays): MTT, Volume(issue)/pagelyear:
XTT, MTS, WSTs | 245,281,2010
assays etc.
IC50 - In vitro Human - 161.7 In Vitro Toxicity TXAPA9 Toxicology and
Inhibitor skin umol/L/48H | Studies - other Applied Pharmacology.
Concentration assays (Academic Press, Inc., 1 E.
50 First St., Duluth, MN 55802)
V.1- 1959-
Volume(issue)/pagelyear:
245,281,2010



https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2
https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2
https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2
https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2
https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2
https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2
https://genesenvironment.biomedcentral.com/articles/10.1186/s41021-018-0115-2
https://pubmed.ncbi.nlm.nih.gov/32058013/

IC25 In vitro Human - 569.5 In Vitro Toxicity TIVIEQ Toxicology In Vitro.
leukemia mg/L/24H Studies - cell (Pergamon Press Inc.,
cells viability (dye Maxwell House, Fairview
exclusion): trypan | Park, EImsford, NY 10523)
blue assay etc. V.1- 1987-
Volume(issue)/pagelyear:
26,1150,2012

IC30 - In vitro Human - 66 In Vitro Toxicity TIVIEQ Toxicology In Vitro.
Inhibitor lymphocyte | mg/L/45H Studies - cell (Pergamon Press Inc.,
Concentration viability (dye Maxwell House, Fairview
30 exclusion): trypan | Park, EImsford, NY 10523)

blue assay etc. V.1- 1987-
Volume(issue)/pagelyear:
29,901,2015

As taken from RTECS, 2018

“Increased aggregation of B-amyloid (AB) peptides induces oxidative stress, which is considered a
major contributor in the development of Alzheimer's disease (AD). Prevention of AB-induced
neurotoxicity is proposed as a possible modality for treatment of AD. The present study aimed to
elucidate possible effects of ethyl vanillin (EVA), an analog of vanillin isolated from vanilla beans,
on the AB1-42-induced oxidative injury in PC12 cells. EVA restrained the decrease in PC12 cell
viability and apoptosis induction caused by treatment with AB1-42. In addition, EVA markedly
alleviated intracellular lipid peroxidation as demonstrated by malondialdehyde levels and reactive
oxygen species production in AB1-42-treated PC12 cells. In addition, the reduction in the activity
levels of the antioxidative enzymes superoxide dismutase, catalase and glutathione peroxidase
was detected in AB1-42-treated PC12 cells. This effect was partially reversed by treatment with
EVA. Furthermore, the results indicated that EVA attenuated ABR1-42-induced caspase-3 activation
and the increase noted in the apoptosis regulator Bcl-2/apoptosis regulator Bax ratio of PC12 cells.
These results indicated that EVA could be used as an efficient and novel agent for the prevention of
neurodegenerative diseases via inhibition of oxidative stress and cell apoptosis.” As taken from
Zhong L et al. 2019. Exp. Ther. Med. 17(4), 2666-2674. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/30930969

“We identified the most popular electronic cigarette (EC) refill fluids using an Internet survey and
local and online sales information, quantified their flavor chemicals, and evaluated cytotoxicities of
the fluids and flavor chemicals. “Berries/Fruits/Citrus” was the most popular EC refill fluid flavor
category. Twenty popular EC refill fluids were purchased from local shops, and the ingredient flavor
chemicals were identified and quantified by gas chromatography-mass spectrometry. Total flavor
chemical concentrations ranged from 0.6 to 27.9 mg/ml, and in 95% of the fluids, total flavor
concentration was greater than nicotine concentration. The 20 most popular refill fluids contained
99 quantifiable flavor chemicals; each refill fluid contained 22 to 47 flavor chemicals, most being
esters. Some chemicals were found frequently, and several were present in most products. At a 1%
concentration, 80% of the refill fluids were cytotoxic in the MTT assay. Six pure standards of the
flavor chemicals found at the highest concentrations in the two most cytotoxic refill fluids were
effective in the MTT assay, and ethyl maltol, which was in over 50% of the products, was the most
cytotoxic. These data show that the cytotoxicity of some popular refill fluids can be attributed to
their high concentrations of flavor chemicals.” As taken from Hua M et al. 2019. Scientific Reports
9, 2782. Available at https://www.nature.com/articles/s41598-019-38978-w.pdf

High-throughput Assay Data

The US Environmental Protection Agency (EPA) evaluated 3-ethoxy-4-hydroxybenzaldehyde (CAS
RN 121-32-4) in a series of high-throughput assays, which are publicly available on the US EPA’s



https://www.ncbi.nlm.nih.gov/pubmed/30930969
https://www.nature.com/articles/s41598-019-38978-w.pdf
https://www.nature.com/articles/s41598-019-38978-w.pdf
https://www.nature.com/articles/s41598-019-38978-w.pdf
https://www.nature.com/articles/s41598-019-38978-w.pdf
https://www.nature.com/articles/s41598-019-38978-w.pdf
https://www.nature.com/articles/s41598-019-38978-w.pdf
https://www.nature.com/articles/s41598-019-38978-w.pdf

CompTox Dashboard (section BIOACTIVITY / sub-section TOXCAST:SUMMARY), available at the
following URL.: https://comptox.epa.gov/dashboard

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

A summary of the ToxCast assay data on 3-ethoxy-4-hydroxybenzaldehyde is provided below in
Figure 1. Figure 1 proves an overview of the types of assays where activity was noted with this
substance. The complete study details are available on US EPA’'s CompTox Dashboard.

Figure 1
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“Flavor chemicals in electronic cigarette (EC) fluids, which may negatively impact human health,
have been studied in a limited number of countries/locations. To gain an understanding of how the
composition and concentrations of flavor chemicals in ECs are influenced by product sale location,
we evaluated refill fluids manufactured by one company (Ritchy LTD) and purchased worldwide.
Flavor chemicals were identified and quantified using gas chromatography/mass spectrometry
(GC/MS). We then screened the fluids for their effects on cytotoxicity (MTT assay) and proliferation
(live-cell imaging) and tested authentic standards of specific flavor chemicals to identify those that
were cytotoxic at concentrations found in refill fluids. A total of 126 flavor chemicals were detected
in 103 bottles of refill fluid, and their number per/bottle ranged from 1-50 based on our target list.
Two products had none of the flavor chemicals on our target list, nor did they have any nontargeted
flavor chemicals. A total of 28 flavor chemicals were present at concentrations 21 mg/mL in at least
one product, and 6 of these were present at concentrations 210 mg/mL. The total flavor chemical
concentration was 21 mg/mL in 70% of the refill fluids and 210 mg/mL in 26%. For sub-brand
duplicate bottles purchased in different countries, flavor chemical concentrations were similar and
induced similar responses in the in vitro assays (cytotoxicity and cell growth inhibition). The levels


https://comptox.epa.gov/dashboard

of furaneol, benzyl alcohol, ethyl maltol, ethyl vanillin, corylone, and vanillin were significantly
correlated with cytotoxicity. The margin of exposure calculations showed that pulegone and
estragole levels were high enough in some products to present a nontrivial calculated risk for
cancer. Flavor chemical concentrations in refill fluids often exceeded concentrations permitted in
other consumer products. These data support the regulation of flavor chemicals in EC products to
reduce their potential for producing both cancer and noncancer toxicological effects.” As taken from
Omaiye EE et al. 2020. Chem. Res. Toxicol. 33(12), 2972-2987. PubMed, 2021 available at
https://pubmed.ncbi.nim.nih.gov/33225688/

“Electronic cigarettes (e-cigarettes) were introduced in the United States in 2007 and by 2014 they
were the most popular tobacco product amongst youth and had overtaken use of regular tobacco
cigarettes. E-cigarettes are used to aerosolize a liquid (e-liquid) that the user inhales. Flavorings in
e-liquids is a primary reason for youth to initiate use of e-cigarettes. Evidence is growing in the
scientific literature that inhalation of some flavorings is not without risk of harm. In this review, 67
original articles (primarily cellular in vitro) on the toxicity of flavored e-liquids were identified in the
PubMed and Scopus databases and evaluated critically. At least 65 individual flavoring ingredients
in e-liquids or aerosols from e-cigarettes induced toxicity in the respiratory tract, cardiovascular and
circulatory systems, skeletal system, and skin. Cinnamaldehyde was most frequently reported to be
cytotoxic, followed by vanillin, menthol, ethyl maltol, ethyl vanillin, benzaldehyde and linalool.
Additionally, modern e-cigarettes can be modified to aerosolize cannabis as dried plant material or
a concentrated extract. The U.S. experienced an outbreak of lung injuries, termed e-cigarette, or
vaping, product use-associated lung injury (EVALI) that began in 2019; among 2,022 hospitalized
patients who had data on substance use (as of January 14, 2020), 82% reported using a delta-9-
tetrahydrocannabinol (main psychoactive component in cannabis) containing e-cigarette, or vaping,
product. Our literature search identified 33 articles related to EVALI. Vitamin E acetate, a diluent
and thickening agent in cannabis-based products, was strongly linked to the EVALI outbreak in
epidemiologic and laboratory studies; however, e-liquid chemistry is highly complex, and more than
one mechanism of lung injury, ingredient, or thermal breakdown product may be responsible for
toxicity. More research is needed, particularly with regard to e-cigarettes (generation, power
settings, etc.), e-liquids (composition, bulk or vaped form), modeled systems (cell type, culture type,
and dosimetry metrics), biological monitoring, secondhand exposures and contact with residues
that contain nicotine and flavorings, and causative agents and mechanisms of EVALI toxicity.” As
taken from Stefaniak AB et al. 2021. Pharmacol. Ther. 224, 107838. PubMed, 2021 available at
https://pubmed.ncbi.nim.nih.gov/33746051/

“E-cigarette-related hospitalizations and deaths across the U.S. continue to increase. A high
percentage of patients have elevated liver function tests indicative of systemic toxicity. This study
was designed to determine the effect of e-cigarette chemicals on liver cell toxicity. HepG2 cells
were exposed to flavoring chemicals (isoamyl acetate, vanillin, ethyl vanillin, ethyl maltol, I-menthol,
and trans-cinnamaldehyde), propylene glycol, and vegetable glycerin mixtures, and cell viability
was measured. Data revealed that vanillin, ethyl vanillin, and ethyl maltol decreased HepG2 cell
viability; repeated exposure caused increased cytotoxicity relative to single exposure, consistent
with the hypothesis that frequent vaping can cause hepatotoxicity.” As taken from Rickard BP et al.
2021. ACS Omega 6(10), 6708-6713. PubMed, 2021 available at
https://pubmed.ncbi.nim.nih.gov/33748584/

“Our goal was to evaluate the effects of EC refill fluids and EC exhaled aerosol residue (ECEAR)
on cultured human keratinocytes and MatTek EpiDerm™ a 3D air liquid interface human skin
model. Quantification of flavor chemicals and nicotine in Dewberry Cream and Churrios refill fluids
was done using GC-MS. The dominant flavor chemicals were maltol, ethyl maltol, vanillin, ethyl
vanillin, benzyl alcohol, and furaneol. Cytotoxicity was determined with the MTT and LDH assays,
and inflammatory markers were quantified with ELISAs. Churrios was cytotoxic to keratinocytes in
the MTT assay, and both fluids induced ROS production in the medium (ROS-Glo™) and in cells
(CellROX). Exposure of EpiDerm™ to relevant concentrations of Dewberry Cream and Churrios for
4 or 24 h caused secretion of inflammatory markers (IL-1a, IL-6, and MMP-9), without altering



https://pubmed.ncbi.nlm.nih.gov/33225688/
https://pubmed.ncbi.nlm.nih.gov/33746051/
https://pubmed.ncbi.nlm.nih.gov/33748584/

EpiDerm™ histology. Lab made fluids with propylene glycol (PG) or PG plus a flavor chemical did
not produce cytotoxic effects, but increased secretion of IL-1a and MMP-9, which was attributed to
PG. ECEAR derived from Dewberry Cream and Churrios did not produce cytotoxicity with
Epiderm™, but Churrios ECEAR induced IL-1a secretion. These data support the conclusion that
EC chemicals can cause oxidative damage and inflammation to human skin.”

Khachatoorian C et al. (2021) E-cigarette fluids and aerosol residues cause oxidative stress and an
inflammatory response in human keratinocytes and 3D skin models.

5.6. Carcinogenicity

No evidence of carcinogenicity was observed in studies in which rats were fed up 1 g/kg bw/day in
the diet for 2 years (BIBRA, 1988). However, this study would not meet current regulatory
guidelines.

“Groups of 5 male rats were fed 0, 2%, or 5% ethyl vanillin in the diet for 1 year without any
adverse effects (Hagan et al., 1967).”

“Groups of Osborne-Mendel rats (12/sex/group) were fed diets containing 0, 0.5, 1 or 2% ethyl
vanillin for 2 years, and 2% or 5% for 1 year. Haematological examinations (RBC, WBC,
haemoglobin and haematocrit) were performed at 3, 6, 12 and 22 months and at termination in the
2-year study. All animals were necropsied and liver, kidney, spleen, heart and testes weights
recorded. Histological examinations were performed on these organs and remaining thoracic and
abdominal viscera, bone and bone marrow, and muscle. No adverse effects on growth,
haematology, organ weights or histology of major tissues were reported (Hagan et al., 1967).”

As taken from JECFA, 1996

“Vanillin or ethyl vanillin was dissolved in corn oil and added to the diet of five male weanling
Osborne-Mendel rats at concentrations calculated to provide an average daily intake of 1000 or
2500 mg/kg bw for 1 year. Ten male and 10 female rats were fed a diet containing 3% corn oil as a
control. Weekly measurements of body weight and food intake and observations of general
condition showed no differences between test and control groups. No differences in haematological
parameters were seen at necropsy. The NOEL for vanillin and ethyl vanillin was 2500 mg/kg bw per
day (Hagan et al., 1967).”

“Four groups of eight young albino rats were fed vanillin or ethyl vanillin as a 4% solution in milk at
an estimated daily intake of either 20 mg/kg bw for 126 days or 64 mg/kg bw for 70 days. In the 70-
day study, half the animals were killed and the other half were put on a recovery diet for 8 more
weeks. Additionally, 12 rats were given a dose of 300 mg/kg bw of vanillin or ethyl vanillin as a 4%
solution in olive oil orally by gavage twice per week for 14 weeks. Observation of appearance,
behaviour, and body-weight gain showed a reduced growth rate and myocardial, renal, hepatic,
lung, spleen, and stomach injuries at the dose of 64 mg/kg bw (nature not specified) (Deichmann &
Kitzmiller, 1940).”

“Vanillin or ethyl vanillin dissolved in propylene glycol was added to the diet of groups of 12 male
and 12 female rats at a concentration estimated to provide an average daily intake of 250, 500, or
1000 mg/kg bw, for 2 years. Twenty control rats were fed 3% propylene glycol. Weekly
measurements of body weight and food intake and observations of general condition failed to show
any differences between test and control groups. Haematological examinations at necropsy
showed no effects in any of the animals at any concentration. The NOEL for vanillin and ethyl
vanillin was 1000 mg/kg bw per day (Hagan et al., 1967).”

As taken from JECFA, 2002

SPECIES TEST CONDITIONS EVIDENCE OF REFERENCE
CARCINOGENICITY




Rat, Fed 0, 0.5, 1.0, 2.0% in the diet for 2 years (top None Hagan et al.
Osborne- dose equivalent to about 1 g/kg bw/day). It is not 1967
Mendel, 12 clear whether tissues other than the major organs
per sex per were examined. [Limited study, current protocols
group recommend 50 animals/sex]
Mice, two Mice (of a strain that is highly susceptible to lung None Stoner et al.
groups of 20 | tumour induction) were given intraperitoneal 1973
females, injections of ethyl vanillin at up to a maximum
strain A/He tolerated dose of 75 mg/kg bw, thrice weekly for 8

wk. Examined at 24 wk for lung tumours and for

“abnormalities” of liver, spleen, kidneys, thymus,

intestine and endocrine glands.

5.7. Irritation/immunotoxicity

Skin, Eye and Respiratory Irritations:

A human skin irritant. [Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed.
Volumes 1-3. New York, NY: Van Nostrand Reinhold, 1996., p. 1610] **PEER REVIEWED**

... Highly irritating action on the eyes and mucous membranes of the respiratory tract. /Aldehydes/
[Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York,
NY: Van Nostrand Reinhold, 1996., p. 84] **PEER REVIEWED**

Human Toxicity Excerpts:

... A -maximization test was carried out on 25 volunteers. The material /ethyl vanillin/ was tested at a
concentration of 2% in petrolatum and produced no sensitization reactions. [Bingham, E.;
Cohrssen, B.; Powell, C.H.; Patty's Toxicology Volumes 1-9 5th ed. John Wiley & Sons. New York,
N.Y. (2001)., p. V5 930] **PEER REVIEWED**

... When tested as 2% in petrolatum, ethyl vanillin produced mild irritation after a 48 hr closed-patch
test in 25 human subjects. [Bingham, E.; Cohrssen, B.; Powell, C.H.; Patty's Toxicology Volumes 1-
9 5th ed. John Wiley & Sons. New York, N.Y. (2001)., p. V5 930] **PEER REVIEWED**

In a volunteer study, ethyl vanillin (EV) demonstrated no sensitizing potential but was a skin irritant.
[BIBRA working group; Toxicity profile. The British Industrial Biological Research Association; 4
(1967)] **PEER REVIEWED**

As taken from HSDB, 2015

The present work aimed to assess novel pharmacological properties of ethyl vanillin (EVA) which is
used as a flavoring agent for cakes, dessert, confectionary, etc. EVA exhibited an inhibitory activity
in the chorioallantoic membrane angiogenesis. Anti-inflammatory activity of EVA was convinced
using the two in vivo models, such as vascular permeability and air pouch models in mice.
Antinociceptive activity of EVA was assessed using acetic acid-induced writhing model in mice.
EVA suppressed production of nitric oxide and induction of inducible nitric oxide synthase in the
lipopolysaccharide (LPS)-activated RAW264.7 macrophage cells. However, EVA could not
suppress induction of cyclooxygenase-2 in the LPS-activated macrophages. EVA diminished
reactive oxygen species level in the LPS-activated macrophages. EVA also suppressed enhanced
matrix metalloproteinase-9 gelatinolytic activity in the LPSactivated RAW264.7 macrophage cells.
EVA at the used concentrations couldn't diminish viability of the macrophage cells. Taken together,
the anti-angiogenic, anti-inflammatory and anti-nociceptive properties of EVA are based on its
suppressive effect on the production of nitric oxide possibly via decreasing the reactive oxygen
species level. As taken from Jung HJ et al Pharm Res. 2010, Feb; 33(2):309-16. PubMed, 2010




available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=retrieve&db=pubmed&list uids=20195833&dopt
=AbstractPlus

In human volunteer studies, when tested at 2 % in petrolatum, ethyl vanillin was a mild irritant, but it
failed to induce any sensitisation reactions. Covered contact also caused an irritant reaction in a
dermatitis patient (BIBRA, 1988).

10 mg exposure during 48h on human skin produced only a mild irritant effect (Anon (1975). Food
and Cosmetics Toxicology 13,103).

As taken from RTECS, 2018.

“In a 24-hour closed patch test in 25 subjects, ethyl vanillin tested at 2% in petrolatum produced a
mild irritation. No sensitization reactions occurred when ethyl vanillin was used at 2% in petrolatum
in a maximization test on 25 volunteers (Kligman, 1970).”

“People previously sensitized to balsam of Peru, benzoin, rosin, benzoic acid, orange peel,
cinnamon and cloves have been reported to cross-react with hydroxybenzaldehydes such as
vanillin or ethyl vanillin. A patient with contact dermatitis showed strong reactions to balsam of
Peru, cassia oil and ethyl vanillin, it was not known whether the dermatitis was a response to
occupational exposure to ethyl vanillin in a candy factory or to rubber (Rudzki & Grzwa, 1976).”

As taken from JECFA, 1996

No skin irritation was seen in six rabbits given a 24-hour dermal application of 0.5 g ethavan
moistened with water.

Finely ground ethavan was not irritating to six rabbits when 100 mg instilled into the eye for 24
hours.

As taken from Monsanto, 1991.
Sensitization

No skin sensitization reactions were observed in a maximization test carried out on 25 volunteers
using a concentration of 2% in petrolatum (Kligman, 1970).

A maximization test (Kligman 1966) using 2% in petrolatum did not induce any skin sensitisation
reactions in 25 volunteers (Kligman 1970).

In a two-centre study on a total of 200 patients with contact dermatitis, 5% in petrolatum was not
irritating or sensitizing in (probably 24/48-hr, covered) patch tests (Frosch et al. 1995).

Basketter et al. (2001) observed no activity in the murine lymph node assay and reported ethyl
vanillin to be a non-sensitizer in humans, despite its extensive commercial use.

The SCCS (2011) described ethyl vanillin as a possible sensitizer, assessing the structural alert as
“‘complex”.

“The case of a 28-year-old metal grinder with allergic contact dermatitis to a “cutting oil reodorant”
has been reported, who tested positively not only to the cutting fluid and the reodorant but also to
several ingredients of the latter product, including “Vanillal S10026”, 5% pet” (SCCS, 2011, Annex

).
IMMUNOTOXICITY

Possible effects on cell-mediated immunity were investigated in an assay to measure host
resistance to bacterial challenge. Groups of 20 female CD1 mice were orally dosed with 0, 750,
1500 or 3000 mg/kg bw on 5 consecutive days and challenged with an intravenous injection with
Listeria monocytogenes following the third day of dosing. A decrease in survival time (monitored for
10 days after challenge) was seen at the highest dose (Gaworski et al. 1994). [The authors
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concluded that immune system modulation resulted only at concentrations that produced overt
toxicity and were of limited relevance in terms of immunotoxicity.]

In the same report, no effect on humoral immunity was detected in groups of 10 female CD1 mice
orally dosed with 0, 750, 1500 or 3000 mg/kg bw on 5 consecutive days in an assay for antibody
plague-forming response to sheep erythrocytes (Gaworski et al. 1994).

The present work aimed to assess novel pharmacological properties of ethyl vanillin (EVA) which is
used as a flavoring agent for cakes, dessert, confectionary, etc. EVA exhibited an inhibitory activity
in the chorioallantoic membrane angiogenesis. Anti-inflammatory activity of EVA was convinced
using the two in vivo models, such as vascular permeability and air pouch models in mice.
Antinociceptive activity of EVA was assessed using acetic acid-induced writhing model in mice.
EVA suppressed production of nitric oxide and induction of inducible nitric oxide synthase in the
lipopolysaccharide (LPS)-activated RAW264.7 macrophage cells. However, EVA could not
suppress induction of cyclooxygenase-2 in the LPS-activated macrophages. EVA diminished
reactive oxygen species level in the LPS-activated macrophages. EVA also suppressed enhanced
matrix metalloproteinase-9 gelatinolytic activity in the LPSactivated RAW264.7 macrophage cells.
EVA at the used concentrations couldn't diminish viability of the macrophage cells. Taken together,
the anti-angiogenic, anti-inflammatory and anti-nociceptive properties of EVA are based on its
suppressive effect on the production of nitric oxide possibly via decreasing the reactive oxygen
species level. As taken from Jung HJ et al. Arch Pharm Res. 2010, Feb; 33(2):309-16. PubMed,
2010 available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=retrieve&db=pubmed&list uids=20195833&dopt
=AbstractPlus

“E-cigarette flavorings have not been thoroughly evaluated for inhalational toxicity. We have shown
that the flavoring chemical cinnamaldehyde impairs human neutrophils, macrophages, and natural
killer cells. Here we investigated the effects of other common e-liquid flavoring chemicals on
phagocytosis and oxidative burst in neutrophils. We demonstrate that cinnamaldehyde and ethyl
vanillin dose-dependently decrease oxidative burst and that benzaldehyde and benzaldehyde
propylene glycol acetal dose-dependently impair phagocytosis. Isoamyl acetate did not affect either
measure of neutrophil function. These data suggest that inhaling aromatic aldehydic flavoring
chemicals, such as cinnamaldehyde, benzaldehyde, benzaldehyde propylene glycol acetal, or ethyl
vanillin, could impair neutrophil function.” As taken from Hickman E et al. 2019. Chem. Res. Toxicol.
32(6), 982—-985. PubMed, 2020 available at https://pubmed.ncbi.nim.nih.gov/31117350/

“There has been significant progress in recent years in the development and application of
alternative methods for assessing the skin sensitization potential of chemicals. The pathways
involved in skin sensitization have been described in an OECD adverse outcome pathway (AOP).
To date, a single non-animal test method is not sufficient to address this AOP so numerous
approaches involving the use of 2 or more assays are being evaluated for their performance. The 2
out of 3 approach is a simple approach that has demonstrated very good sensitivity, specificity and
overall accuracy numbers for predicting the skin sensitization potential of chemicals. Chemicals
with at least two positive results in tests addressing Key events 1-3 are predicted sensitizers, while
chemicals with none or only one positive outcome are predicted non-sensitizers. In this report we
have thoroughly reviewed the discordant results of 29 chemicals with 1 out of 3 positive results to
understand better what led to the results observed and how this information might impact our
hazard assessments of these chemicals. We initially categorized each chemical using a weight of
evidence approach as positive, negative or indeterminate based on review of available human and
animal data as well as what skin sensitization alerts were triggered using two versions of OECD
Toolbox and DEREK Nexus. We determined that 4 of the 29 chemicals should be classified as
indeterminate and not included in analysis of method performance based on insufficient, borderline
and/or conflicting data to confidently categorized the chemicals as allergens or non-allergens. Of
the 29 chemicals included in this analysis, 17 were classified as negative and would be correctly
identified using a 2 out of 3 approach while 8 chemicals were classified as positive in vivo and
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would be false-negative with this approach. For some of these chemicals, the outcomes observed
can be explained by in vitro borderline results (13 chemicals) or in some instances there is
mechanistic understanding of why a chemical is positive or negative in a particular assay (9
chemicals). Thus, when comparing the performance of different defined approaches, one should
attempt to only include chemicals which demonstrate clear evidence to be categorize as allergens
or non-allergens. Finally, when interpreting the results obtained for an individual unknown chemical
it is critical that the in vitro skin sensitization data is reviewed critically and there is a good
understanding of the variance and applicability domain limitations for each assay being used.” As
taken from Kolle SN et al. 2019. Regul. Toxicol. Pharmacol. 106, 352-368. PubMed, 2020 available
at https://pubmed.ncbi.nim.nih.gov/31112722/

List of flavouring compounds in e-cigarettes with human health concerns

Chemical CAS number | Concern References

Ethyl vanillin | 121-32-4 Respiratory irritation | (Vardavas et al. 2017)

As taken from NICNAS, 2019
5.8. All other relevant types of toxicity

Total particulate matter (TPM) from heated (tobacco or nicotine) product(s) containing Ethyl vanillin
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 Ethyl vanillin 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 | 1563 JTI KB Study Report(s)
In vitro cytotoxicity | 1563 JTI KB Study Report(s)

“Preservatives could be part of an effective intervention strategy for the control of Cronobacter
species in foods, but few compounds with the desired antimicrobial properties have been identified
to date. We examined the antibacterial activity of vanillin, ethyl vanillin, and vanillic acid against
seven Cronobacter spp. in quarter-strength tryptic soy broth with 5 g/liter yeast extract (TSBYE)
adjusted to pH 5.0, 6.0, and 7.0 at 10, 21, and 37°C. All compounds exhibited pH- and
temperature-dependant bacteriostatic and bactericidal activity. MICs of vanillin and ethyl vanillin
consistently increased with decreasing pH and temperature, but vanillic acid had little activity at pH
values of 6.0 and 7.0. The MICs for all temperatures, pH values, and bacterial strains tested were 2
mg/ml ethyl vanillin, 3 mg/ml vanillin, and >8 mg/ml vanillic acid. MBCs also were influenced by pH,
although significantly higher concentrations were needed to inactivate the bacteria at 21°C than at
10 or 37°C. Survivor curves for Cronobacter sakazakii strains at the MBCs of each compound
revealed that all treatments resulted in immediate loss of cell viability at 37°C. Measurements of
propidium iodide uptake indicated that the cell membranes were damaged by exposure to all three
compounds. The thermal resistance of C. sakazakii was examined at 58°C in TSBYE
supplemented with MBCs of each compound at pH 5.0 and 6.0. D-values at pH 5.0 were reduced
from 14.56 £ 0.60 min to 0.93 = 0.01, 0.63 = 0.01, and 0.98 = 0.02 min for vanillin, ethyl vanillin,
and vanillic acid, respectively. These results suggest that vanillin, ethyl vanillin, and vanillic acid
may be useful for the control of Cronobacter spp. in food during preparation and storage”. As taken
from Yemis GP et al. 2011. J. Food Protec. 74, 2062-2069. PubMed, 2014. Available at
http://www.ncbi.nim.nih.gov/pubmed/22186046.

‘Humans have ~400 intact odorant receptors, but each individual has a unique set of genetic
variations that lead to variation in olfactory perception. We used a heterologous assay to determine
how often genetic polymorphisms in odorant receptors alter receptor function. We identified
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agonists for 18 odorant receptors and found that 63% of the odorant receptors we examined had
polymorphisms that altered in vitro function. On average, two individuals have functional differences
at over 30% of their odorant receptor alleles. To show that these in vitro results are relevant to
olfactory perception, we verified that variations in OR10G4 genotype explain over 15% of the
observed variation in perceived intensity and over 10% of the observed variation in perceived
valence for the high-affinity in vitro agonist guaiacol but do not explain phenotype variation for the
lower-affinity agonists vanillin and ethyl vanillin.” As taken from Mainland JD et al. 2014. Nat.
Neurosci. 17(1), 114-20. PubMed, 2014 available at:
http://www.ncbi.nlm.nih.gov/pubmed/24316890

“Vanilla flavour is familiar to consumers through foods, cosmetics, household products and some
medicines. Vanilla flavouring agents typically contain vanillin or its analogue ethyl vanillin. Our
previous study revealed that the inhalation of eugenol, which contains a vanillyl group, has an
appetite-enhancing effect, and the inhalation of aroma compounds containing the vanillyl group or
its analogues led to increased food intake in mice. Here, we found that vanillin, ethyl vanillin and
eugenol showed appetite-enhancing effects, whereas isoeugenol and safrole did not. These results
suggest that the appetite-enhancing effects could be attributable to the vanillyl group and could be
affected by the position of the double bond in the aliphatic chain. Furthermore, the results of
intraperitoneal administration of eugenol and vanillin suggest that their appetite-enhancing effects
could occur via stimulation of olfactory receptors.” As taken from Ogawa K et al. 2018. J. Nat. Med.
72(3), 798-802. PubMed, 2018 available at: https://www.ncbi.nIm.nih.gov/pubmed/29569223

“An interesting finding from our study was that certain flavorants may actually inhibit the formation
of radicals. Ethyl vanilin PG acetal and ethyl vanillin, both used in fragrances, foods, and
beverages to impart a vanilla characteristic, showed similar inhibitions of radicals. While the
decrease in radicals by ethyl vanillin PG acetal was not significant, decreases observed with higher
concentrations of the unacetalated ethyl vanillin were significant. This differential effect may
indicate that the aldehyde group present in ethyl vanillin but not in ethyl vanillin PG acetal may play
a role in its antioxidant potential. A recent study found that ethyl vanillin and vanillin both can act as
a strong antioxidants in vitro and in vivo further suggesting a role in radical inhibition [54]. This
study also suggests the importance of the aldehyde group found on both ethyl vanillin and vanillin
as the antioxidant properties were not observed with vanillyl alcohol or vanillic acid, both of which
lack the aldehyde group [54]. The radical inhibition effects of ethyl vanillin suggest its possible use
an additive in e-liquids reduce free radical production during aerosol formation. Further tests will be
needed to determine if there are any toxic compounds formed during the aerosolizing process of e-
liquids." As taken from Bitzer ZT et al. 2018. Free Radic. Biol. Med. 120: 72-79. PubMed, 2018
available at:_https://www.ncbi.nlm.nih.gov/pubmed/29548792

Type of Test Exposure | Species Dose Data | Toxic Reference
Observed Effects
IC50 - Inhibitor | In vitro Human - 161.7 In Vitro TXAPA9 Toxicology and Applied
Concentration skin umol/L/48H | Toxicity Pharmacology. (Academic Press,
50 Studies - | Inc., 1 E. First St., Duluth, MN
other 55802) V.1- 1959-
assays Volume(issue)/pagelyear:

245,281,2010

IC50 - Inhibitor | In vitro Human - 66 In Vitro TIVIEQ Toxicology In Vitro.
Concentration lymphocyte | mg/L/45H Toxicity (Pergamon Press Inc., Maxwell
50 Studies - | House, Fairview Park, EImsford, NY
other 10523) V.1- 1987-
assays Volume(issue)/pagelyear:

29,901,2015
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As taken from RTECS, 2018
High-throughput Assay Data

The US Environmental Protection Agency (EPA) evaluated 3-ethoxy-4-hydroxybenzaldehyde (CAS
RN 121-32-4) in a series of high-throughput assays, which are publicly available on the US EPA’s
CompTox Dashboard (section BIOACTIVITY / sub-section TOXCAST.SUMMARY), available at the
following URL.: https://comptox.epa.gov/dashboard

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

A summary of the ToxCast assay data on 3-ethoxy-4-hydroxybenzaldehyde is provided below in
Figure 1. Figure 1 proves an overview of the types of assays where activity was noted with this
substance. The complete study details are available on US EPA's CompTox Dashboard.
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6. Functional effects on

6.1. Broncho/pulmonary system

... Highly irritating action on the eyes and mucous membranes of the respiratory tract. /Aldehydes/
[Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York,

NY: Van Nostrand Reinhold, 1996., p. 84] **PEER REVIEWED**

As taken from HSDB, 2015


https://comptox.epa.gov/dashboard

“Tobacco products containing flavorings, such as electronic nicotine delivery devices (ENDS) or e-
cigarettes, cigars/cigarillos, waterpipes, and heat-not-burn devices (iQOS) are continuously
evolving. In addition to increasing the exposure of teenagers and adults to nicotine containing
flavoring products and flavoring enhancers, chances of nicotine addiction through chronic use and
abuse also increase. These flavorings are believed to be safe for ingestion, but little information is
available about their effects on the lungs. In this review, we have discussed the in vitro and in vivo
data on toxicity of flavoring chemicals in lung cells. We have further discussed the common
flavoring agents, such as diacetyl and menthol, currently available detection methods, and the
toxicological mechanisms associated with oxidative stress, inflammation, mucociliary clearance,
and DNA damage in cells, mice, and humans. Finally, we present potential biomarkers that could
be utilized for future risk assessment. This review provides crucial parameters important for
evaluation of risk associated with flavoring agents and flavoring enhancers used in tobacco
products and ENDS. Future studies can be designed to address the potential toxicity of inhaled
flavorings and their biomarkers in users as well as in chronic exposure studies.” As taken from Kaur
G et al. 2018. Toxicol. Lett. 288, 143-155. PubMed, 2018 available at:
https://www.ncbi.nlm.nih.gov/pubmed/29481849

6.2. Cardiovascular system

“Vanillin (VA) and vanillyl alcohol (VAA), components of natural vanilla, and ethyl vanillin (EtVA;
synthetic analog) are used as flavoring agents and/or as additives by the food, cosmetic, or
pharmaceutic industries. VA, VAA, and EtVA possess antioxidant and anti-inflammatory properties,
but their vascular effects have not been determined. Therefore, we compared in isolated porcine
coronary and basilar arteries the changes in isometric tension caused by VA, VAA, and EtVA. VA
and its analogs caused concentration-dependent relaxations of both preparations during
contractions from U46619 (9,11-dideoxy-11a,9a-epoxymethanoprostaglandin F2a, a thromboxane
A2 receptor agonist), and of coronary arteries contracted with KCI or endothelin-1. The order of
potency was VAA <VA <EtVA. The relaxations were not inhibited by endothelium removal, by
inhibitors of NO synthases (N(w)-nitro-l-arginine methyl ester hydrochloride), cyclooxygenases
(indomethacin), soluble guanylyl cyclase (1H-[1,2,4]Joxadiazolo[4,3-a]lquinoxalin-1-one [ODQ]), KCa
(1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole [TRAM-34], 6,12,19,20,25,26-hexahydro-
5,27:13,18:21,24-trietheno-11,7-metheno-7H-dibenzo[b,n][1,5,12,16]tetraazacyclotricosine-5,13-
diium ditrifluoroacetate hydrate [UCL-1684], or iberiotoxin), by KATP (glibenclamide), by Kir
(BaCl2), by transient receptor potential receptor vanilloid 3 (TRPV3) channels (ruthenium red), or
by antioxidants (catalase, apocynin, tempol, N-acetylcysteine, tiron). VA and its analogs inhibited
contractions induced by Ca(2+) reintroduction in coronary arteries, and by an opener of L-type
Ca(2+)-channels (methyl 2,6-dimethyl-5-nitro-4-[2-(trifluoromethyl)phenyl]-1,4-dihydropyridine-3-
carboxylate [Bay K8644]) in coronary and basilar arteries. They inhibited contractions of coronary
rings induced by the protein kinase C activator phorbol 12,13-dibutyrate to the same extent as the
removal of extracellular Ca(2+) or incubation with nifedipine. Thus, in porcine arteries, relaxation
from VA (and its analogs) is due to inhibition of L-type Ca(2+) channels. Hence, these compounds
could be used to relieve coronary or cerebral vasospasms due to exaggerated Ca(2+) influx, but
therapeutic efficacy would require exposures that far exceed the current levels obtained by the use
of vanillin additives.” As taken from Raffai G et al. 2015. J. Pharmacol. Exp. Ther.352(1), 14-22.
PubMed, 2014 available at_http://www.ncbi.nim.nih.gov/pubmed/25344384.

6.3. Nervous system

“The nonselective cation channel transient receptor potential ankryn subtype family 1 (TRPA1) is
expressed in neurons of dorsal root ganglia and trigeminal ganglia and also in vagal afferent
neurons that innervate the lungs and gastrointestinal tract. Many TRPA1 agonists are reactive
electrophilic compounds that form covalent adducts with TRPA1. Allyl isothiocyanate (AITC), the
common agonist used to identify TRPA1, contains an electrophilic group that covalently binds with
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cysteine residues of TRPA1 and confers a structural change on the channel. There is scientific
motivation to identify additional compounds that can activate TRPA1 with different mechanisms of
channel gating. We provide evidence that ethyl vanillin (EVA) is a TRPA1 agonist. Using fluorescent
calcium imaging and whole-cell patch-clamp electrophysiology on dissociated rat vagal afferent
neurons and TRPA1-transfected COS-7 cells, we discovered that EVA activates cells also activated
by AITC. Both agonists display similar current profiles and conductances. Pretreatment with
A967079, a selective TRPA1 antagonist, blocks the EVA response as well as the AITC response.
Furthermore, EVA does not activate vagal afferent neurons from TRPA1 knockout mice, showing
selectivity for TRPA1 in this tissue. Interestingly, EVA appears to be pharmacologically different
from AITC as a TRPA1 agonist. When AITC is applied before EVA, the EVA response is occluded.
However, they both require intracellular oxidation to activate TRPA1. These findings suggest that
EVA activates TRPA1 but via a distinct mechanism that may provide greater ease for study in
native systems compared with AITC and may shed light on differential modes of TRPA1 gating by
ligand types.” As taken from Wu SW et al. 2017. J. Pharmacol. Exp. Ther. 362(3), 368-377.
PubMed, 2018 available at: https://www.ncbi.nlm.nih.gov/pubmed/28620120

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

“We systematically evaluated the antioxidant activity of ethyl vanillin, a vanillin analog, as compared
with the activities of vanillin and other vanillin analogs using multiple assay systems. Ethyl vanillin
and vanillin exerted stronger antioxidant effects than did vanillyl alcohol or vanillic acid in the
oxygen radical absorbance capacity (ORAC) assay, although the antioxidant activities of vanillyl
alcohol and vanillic acid were clearly superior to those of ethyl vanillin and vanillin in the three
model radical assays. The antioxidant activity of ethyl vanillin was much stronger than that of
vanillin in the oxidative hemolysis inhibition assay, but was the same as that of vanillin in the ORAC
assay. Oral administration of ethyl vanillin to mice increased the concentration of ethyl vanillic acid,
and effectively raised antioxidant activity in the plasma as compared to the effect of vanillin. These
data suggest that the antioxidant activity of ethyl vanillin might be more beneficial than has been
thought in daily health practice” (Tai et al, 2011. Bioscience, Biotechnology and Biochemistry, 75,
2346-2350. Available at https://www.jstage.jst.go.jp/article/bbb/75/12/75 110524/ pdf).

“Diabetes-induced oxidative stress and apoptosis is regarded as a critical role in the pathogenesis
of diabetic nephropathy (DN). Treating diabetes-induced kidney damage and renal dysfunction has
been thought a promising therapeutic option to attenuate the development and progression of DN.
In this study, we investigated the renoprotective effect of ethyl vanillin (EVA), an active analogue of
vanillin isolated from vanilla beans, on streptozotocin- (STZ-) induced rat renal injury model and
high glucose-induced NRK-52E cell model. The EVA treatment could strongly improve the
deterioration of renal function and kidney cell apoptosis in vivo and in vitro. Moreover, treating with
EVA significantly decreased the level of MDA and reactive oxygen species (ROS) and stabilized
antioxidant enzyme system in response to oxidative stress by enhancing the activity of superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) in vivo and in vitro.
Furthermore, EVA also markedly suppressed cleaved caspase-3, Bax, and nuclear transcription
factor erythroid 2-related factor (Nrf2) expression in STZ-induced rats. Therefore, these results of
our investigation provided that EVA might protect against kidney injury in DN by inhibiting oxidative
stress and cell apoptosis.” As taken from Tong Y et al. 2019. Oxid. Med. Cell Longev. 2019,
2129350. PubMed, 2020 available at https://pubmed.ncbi.nim.nih.gov/31781325/

7. Addiction
JTl is not aware of any information that demonstrates that this ingredient has any addictive effect.

8. Burnt ingredient toxicity
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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 ethyl vanillin 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
ethyl vanillin. Table below provides tested level(s) and specific endpoint(s).

Endpoint Tested level (ppm) Reference

Carmines, 2002 &

Smoke chemistry 166 Rustemeier et al., 2002
2,920 Baker et al., 2004a
6.5
195
3900 JTI KB Study Report(s)

3400 (Cigar)

Gaworski et al., 2011 &

8,020 Coggins et al., 2011e

84 Roemer et al, 2014

Carmines, 2002 &

In vitro genotoxicity 166 Roemer et al., 2002
2,920 Baker et al., 2004c
6.5 Renne et al., 2006
6.5
195 JTI KB Study Report(s)
400
3400 (Cigar)
2,720 fGLH Study Report (2010)
8.020 Gaworski et al., 2011 &

Coggins et al., 2011e

84 Roemer et al, 2014

Carmines, 2002 &

In vitro cytotoxicity 166 Roemer et al., 2002
2,920 Baker et al., 2004c
6.5
195 JTI KB Study Report(s)

400




3400 (Cigar)
2,720 fGLH Study Report (2010)
Gaworski et al., 2011 &
8,020 Coggins et al., 2011e
84 Roemer et al, 2014
848 Gaworski et al., 1998
166 Carmines, 2002 &
Vanscheeuwijck et al., 2002
2,920 Baker et al., 2004c
Inhalation study 6.5 Renne et al., 2006
6.5
195 JTI KB Study Report(s)
400
Gaworski et al., 2011 &
8,020 Coggins et al., 2011e
84 Schramke et al, 2014
Skin painting 848 Gaworski et al., 1999
05 JTI KB Study Report(s)
u eport(s
195 ymep
In vivo genotoxicity 84 Schramke et al, 2014
3400 (Cigar) JTI KB Study Report(s)

“Abstract Context: Waterpipe smoke causes DNA damage in peripheral blood leukocytes and in
buccal cells of smokers. OBJECTIVE: To determine the exposure effect of waterpipe smoke on
buccal cells and peripheral blood leukocytes in regard to DNA damage using comet assay.
MATERIALS AND METHODS: The waterpipe smoke condensates were analyzed by gas
chromatography-mass spectrometry (GC-MS). The study was performed on 20 waterpipe smokers.
To perform comet assay on bucaal cells of smokers, 10 ul of cell suspension was mixed with 85 pl
of pre-warmed 1% low melting agarose, applied to comet slide and electrophoresed. To analyze the
effect of smoke condensate in vitro, 1 ml of peripheral blood was mixed with 10 yl of smoke
condensate and subjected for comet assay. RESULTS: The GC-MS analysis revealed the presence
of 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4on, nicotine, hydroxymethyl furancarboxaldehyde
and 3-ethoxy-4-hydroxybenzaldehyde in the smoke condensates. Waterpipe smoking caused DNA
damage in vivo in buccal cells of smokers. The tail moment and tail length in buccal cells of
smokers were 186 +26 and 456 + 71, respectively, which are higher than control. The jurak and
moassel smoke condensates were found to cause DNA damage in peripheral blood leukocytes.
The moassel smoke condensate was more damaging. DISCUSSION: There is wide misconception
that waterpipe smoking is not as harmful as cigarette smoking. This study demonstrated that
waterpipe smoke induced DNA damage in exposed cells. CONCLUSION: Waterpipe smokes cause
DNA damage in buccal cells. The smoke condensate of both jurak and moassel caused comet
formation suggesting DNA damage in peripheral blood leukocytes.” As taken from Al-Amrah HJ et
al. 2014. Inhal. Toxicol.26(14), 891-6. PubMed, 2014 available at
http://www.ncbi.nlm.nih.gov/pubmed/25357232.

Transfer studies:
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In a pyrolysis study, 100% of ethyl vanillin added to cigarettes was transferred intact to the smoke
(Purkis et al. 2011)

9. Heated/vapor emissions toxicity

Total particulate matter (TPM) from heated (tobacco or nicotine) product(s) containing Ethyl vanillin
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 Ethyl vanillin 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 1563 JT1 KB Study Report(s)
In vitro cytotoxicity 1563 JT1 KB Study Report(s)

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

Endpoint Tested level (ppm) | Reference
Aerosol chemistry | 4,500 Logic (2019)

Labstat International Inc. (2021)
In vitro genotoxicity | 4,500 Logic (2019)

Labstat International Inc. (2022)
In vitro cytotoxicity | 4,500 Logic (2019)

Labstat International Inc. (2022)
In vivo genotoxicity | 19.0 Logic (2019)
Inhalation study 19.0 Logic (2019)

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

Endpoint Tested level (mg/stick) | Reference

Aerosol chemistry | 0.14 Labstat International Inc. (2020a)
Labstat International Inc. (2021a)

In vitro genotoxicity | 0.14 Labstat International Inc. (2020b)
Labstat International Inc. (2021b)

In vitro cytotoxicity | 0.14 Labstat International Inc. (2020b)
Labstat International Inc. (2021b)

“Introduction: "Vaping" electronic cigarettes (e-cigarettes) is increasingly popular with youth,
driven by the wide range of available flavors, often created using flavor aldehydes. The objective of
this study was to examine whether flavor aldehydes remain stable in e-cigarette liquids or whether
they undergo chemical reactions, forming novel chemical species that may cause harm to the user.



Methods: Gas chromatography was used to determine concentrations of flavor aldehydes and
reaction products in e-liquids and vapor generated from a commercial e-cigarette. Stability of the
detected reaction products in aqueous media was monitored by ultraviolet spectroscopy and
nuclear magnetic resonance spectroscopy, and their effects on irritant receptors determined by
fluorescent calcium imaging in HEK-293T cells. Results: Flavor aldehydes including
benzaldehyde, cinnamaldehyde, citral, ethylvanillin, and vanillin rapidly reacted with the e-liquid
solvent propylene glycol (PG) after mixing, and upward of 40% of flavor aldehyde content was
converted to flavor aldehyde PG acetals, which were also detected in commercial e-liquids. Vaping
experiments showed carryover rates of 50%-80% of acetals to e-cigarette vapor. Acetals remained
stable in physiological aqueous solution, with half-lives above 36 hours, suggesting they persist
when inhaled by the user. Acetals activated aldehyde-sensitive TRPA1 irritant receptors and
aldehyde-insensitive TRPV1 irritant receptors. Conclusions: E-liquids are potentially reactive
chemical systems in which new compounds can form after mixing of constituents and during
storage, as demonstrated here for flavor aldehyde PG acetals, with unexpected toxicological
effects. For regulatory purposes, a rigorous process is advised to monitor the potentially changing
composition of e-liquids and e-vapors over time, to identify possible health hazards. Implications:
This study demonstrates that e-cigarette liquids can be chemically unstable, with reactions
occurring between flavorant and solvent components immediately after mixing at room
temperature. The resulting compounds have toxicological properties that differ from either the
flavorants or solvent components. These findings suggest that the reporting of manufacturing
ingredients of e-liquids is insufficient for a safety assessment. The establishment of an analytical
workflow to detect newly formed compounds in e-liquids and their potential toxicological effects is
imperative for regulatory risk analysis.” As taken from Erythropel HC et al. 2019. Nicotine Tob. Res.
21(9), 1248-1258. PubMed, 2020 available at

https://pubmed.ncbi.nim.nih.qov/30335174/

“The widespread use of electronic cigarettes (e-cig) is a serious public health concern; however,
mechanisms by which e-cig impair the function of airway epithelial cells-the direct target of e-cig
smoke-are not fully understood. Here we report transcriptomic changes, including decreased
expression of many ribosomal genes, in airway epithelial cells in response to e-cig exposure. Using
RNA-seq we identify over 200 differentially expressed genes in air-liquid interface cultured primary
normal human bronchial epithelial (NHBE) exposed to e-cig smoke solution from commercial e-cig
cartridges. In particular, exposure to e-cig smoke solution inhibits biological pathways involving
ribosomes and protein biogenesis in NHBE cells. Consistent with this effect, expression of
corresponding ribosomal proteins and subsequent protein biogenesis are reduced in the cells
exposed to e-cig. Gas chromatography/mass spectrometry (GC/MS) analysis identified the
presence of five flavoring chemicals designated as 'high priority' in regard to respiratory health, and
methylglyoxal in e-cig smoke solution. Together, our findings reveal the potential detrimental effect
of e-cig smoke on ribosomes and the associated protein biogenesis in airway epithelium. Our study
calls for further investigation into how these changes in the airway epithelium contribute to the
current epidemic of lung injuries in e-cig users.”

Park HR et al. (2021) Electronic cigarette smoke reduces ribosomal protein gene expression to
impair protein synthesis in primary human airway epithelial cells.

10. Ecotoxicity


https://pubmed.ncbi.nlm.nih.gov/30335174/

10.1. Environmental fate

Environmental Fate/Exposure Summary:

Ethyl vanillin's production and use as a flavoring agent and in perfumery may result in its release to
the environment through various waste streams. If released to air, a vapor pressure of 1X10-5 mm
Hg at 25 deg C indicates ethyl vanillin will exist in both the vapor and particulate phases in the
ambient atmosphere. Vapor-phase ethyl vanillin will be degraded in the atmosphere by reaction
with photochemically-produced hydroxyl radicals; the half-life for this reaction in air is estimated to
be 12 hours. Particulate-phase ethyl vanillin will be removed from the atmosphere by wet and dry
deposition. If released to soil, ethyl vanillin is expected to have moderate mobility based upon an
estimated Koc of 180. Volatilization from moist soil surfaces is not expected to be an important fate
process based upon an estimated Henry's Law constant of 8.1X10-10 atm-cu m/mole. Ethyl vanillin
is not expected to volatilize from dry soil surfaces based upon its vapor pressure. A 52.9% of the
theoretical BOD was achieved in 5 days with a sewage inoculum, suggesting that biodegradation
may be rapid in the environment. If released into water, ethyl vanillin is expected to adsorb to
suspended solids and sediment in the water column based upon the estimated Koc. Volatilization
from water surfaces is not expected to be an important fate process based upon this compound's
estimated Henry's Law constant. An estimated BCF of 10 suggests bioconcentration in aquatic
organisms is low. Occupational exposure to ethyl vanillin may occur through inhalation and dermal
contact with this compound at workplaces where ethyl vanillin is produced or used. The general
population may be exposed to ethyl vanillin via dermal contact with perfumes and ingestion of food
products that contain this compound as a flavorant. (SRC) **PEER REVIEWED**

Artificial Pollution Sources:

Ethyl vanillin's production and use as a flavoring agent(1) and in perfumery(2) may result in its
release to the environment through various waste streams(SRC). [(1) Fenaroli's Handbook of
Flavor Ingredients Volume 2. Furia TE, Bellanca N Eds. 2nd ed. Cleveland,OH: The Chemical
Rubber Co (1975) (2) Budvari S; Merck Index, 12th ed, Whitehouse Station, NJ Merck & Co. p 654
(1996)] **PEER REVIEWED**

Environmental Fate:

TERRESTRIAL FATE: Based on a classification scheme(1), an estimated Koc value of 180(SRC),
determined from a log Kow of 1.61(2) and a regression-derived equation(3), indicates that ethyl
vanillin is expected to have moderate mobility in soil(SRC). Volatilization of ethyl vanillin from moist
soil surfaces is not expected to be an important fate process(SRC) given an estimated Henry's Law
constant of 8.1X10-10 atm-cu m/mole(SRC), determined from its experimental values for vapor
pressure, 1X10-5 mm Hg at 25 deg C(4), and water solubility, 2,822 mg/l at 25 deg C(2). Ethyl
vanillin is not expected to volatilize from dry soil surfaces(SRC) based upon its measured vapor
pressure(4). A 52.9% of the theoretical BOD was achieved in 5 days with a sewage inoculum(5),
suggesting that biodegradation may be rapid in the environment(SRC). [(1) Swann RL et al; Res
Rev 85: 23 (1983) (2) Jin L et al; Chemosphere 35: 2707-12 (1997) (3) Lyman WJ et al; Handbook
of Chemical Property Estimation Methods. Washington,DC: Amer Chem Soc pp. 4-9 (1990) (4)
Yaws CL; Handbook of Vapor Pressure Vol 3 C8-C28 Compounds. Houston,TX: Gulf Publ Co
(1994)(5) Babeu L, Vaishnav DD; J Indust Microb 2: 107-15 (1987)] **PEER REVIEWED**

AQUATIC FATE: Based on a classification scheme(1), an estimated Koc value of 180(SRC),
determined from a log Kow of 1.61(2) and a regression-derived equation(3), indicates that ethyl
vanillin is expected to adsorb to suspended solids and sediment in water(SRC). Volatilization from
water surfaces is not expected(3) based upon an estimated Henry's Law constant of 8.1X10-10
atm-cu m/mole(SRC) determined from its experimental values for vapor pressure, 1X10-5 mm Hg
at 25 deg C(4), and water solubility, 2,822 mg/l at 25 deg C(2). According to a classification
scheme(5), an estimated BCF of 10(3,SRC), from its log Kow(2) suggests the potential for
bioconcentration in aquatic organisms is low(SRC). A 52.9% of the theoretical BOD was achieved



in 5 days with a sewage inoculum(6), suggesting that biodegradation may be rapid in the
environment(SRC). [(1) Swann RL et al; Res Rev 85: 23 (1983) (2) Jin L et al; Chemosphere 35:
2707-12 (1997) (3) Lyman WJ et al; Handbook of Chemical Property Estimation Methods.
Washington,DC: Amer Chem Soc pp. 4-9, 5-4, 5-10, 15-1 to 15-29 (1990) (4) Yaws CL; Handbook
of Vapor Pressure Vol 3 C8-C28 Compounds. Houston,TX: Gulf Publ Co (1994) (5) Franke C et al;
Chemosphere 29: 1501-14 (1994) (6) Babeu L, Vaishnav DD; J Indust Microb 2: 107-15 (1987)]
*PEER REVIEWED**

ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic
compounds in the atmosphere(1), ethyl vanillin, which has a vapor pressure of 1X10-5 mm Hg at
25 deg C(2), is expected to exist in both the vapor and particulate phases in the ambient
atmosphere. Vapor-phase ethyl vanillin is degraded in the atmosphere by reaction with
photochemically-produced hydroxyl radicals(SRC); the half-life for this reaction in air is estimated to
be 12 hours(SRC) from its estimated rate constant of 3.3X10-11 cu cm/molecule-sec at 25 deg
C(SRC), determind by a fragment constant estimation method(3). Particulate-phase ethyl vanillin
may be removed from the air by wet and dry deposition(SRC). [(1) Bidleman TF; Environ Sci
Technol 22: 361-367 (1988) (2) Yaws CL; Handbook of Vapor Pressure Vol 3 C8-C28 Compounds.
Houston, TX: Gulf Publ Co (1994) (3) Meylan WM, Howard PH; Chemosphere 26: 2293-99 (1993)]
**PEER REVIEWED**

Environmental Biodegradation:

A 52.9% of the theoretical BOD was achieved in 5 days with a sewage inoculum(1), suggesting that
biodegradation may be rapid in the environment(SRC). [(1) Babeu L, Vaishnav DD; J Indust Microb
2: 107-15 (1987)] **PEER REVIEWED**

Environmental Abiotic Degradation:

The rate constant for the vapor-phase reaction of ethyl vanillin with photochemically-produced
hydroxyl radicals has been estimated as 3.3X10-11 cu cm/molecule-sec at 25 deg C(SRC) using a
structure estimation method(1). This corresponds to an atmospheric half-life of about 12 hours at
an atmospheric concentration of 5X10+5 hydroxyl radicals per cu cm(1). Ethyl vanillin is not
expected to undergo hydrolysis in the environment due to the lack of hydrolyzable functional
groups(2). [(1) Meylan WM, Howard PH; Chemosphere 26: 2293-99 (1993) (2) Lyman WJ et al;
Handbook of Chemical Property Estimation Methods. Washington,DC: Amer Chem Soc pp. 7-4, 7-
5 (1990)] **PEER REVIEWED**

Environmental Bioconcentration:

An estimated BCF of 10 was calculated for ethyl vanillin(SRC), using a log Kow of 1.61(1) and a
regression-derived equation(2). According to a classification scheme(3), this BCF value suggests
the potential for bioconcentration in aquatic organisms is low(SRC). [(1) Jin L et al; Chemosphere
35: 2707-12 (1997) (2) Lyman WJ et al; Handbook of Chemical Property Estimation Methods.
Washington,DC: Amer Chem Soc pp. 5-4, 5-10 (1990) (3) Franke C et al; Chemosphere 29: 1501-
14 (1994)] **PEER REVIEWED**

Soil Adsorption/Mobility:

The Koc of ethyl vanillin is estimated as approximately 180(SRC), using a log Kow of 1.61(1) and a
regression-derived equation(2). According to a classification scheme(3), this estimated Koc value
suggests that ethyl vanillin is expected to have moderate mobility in soil(SRC). [(1) Jin L et al;
Chemosphere 35: 2707-12 (1997) (2) Lyman WJ et al; Handbook of Chemical Property Estimation
Methods. Washington,DC: Amer Chem Soc pp. 4-9 (1990) (3) Swann RL et al; Res Rev 85: 23
(1983)] **PEER REVIEWED**

Volatilization from Water/Soil:

The Henry's Law constant for ethyl vanillin is estimated as 8.1X10-10 atm-cu m/mole(SRC) from its
experimental values for vapor pressure, 1X10-5 mm Hg(1), and water solubility, 2,822 mg/I(2). This



Henry's Law constant indicates that ethyl vanillin is expected to be essentially nonvolatile from
water surfaces(3). Ethyl vanillin's estimated Henry's Law constant(1,2,SRC) indicates that
volatilization from moist soil surfaces is not expected(SRC). Ethyl vanillin is not expected to
volatilize from dry soil surfaces(SRC) based upon its vapor pressure(1). [(1) Yaws CL; Handbook of
Vapor Pressure Vol 3 C8-C28 Compounds. Houston, TX: Gulf Publ Co (1994) (2) Jin L et al;
Chemosphere 35: 2707-12 (1997) (3) Lyman WJ et al; Handbook of Chemical Property Estimation
Methods. Washington,DC: Amer Chem Soc pp. 15-1 to 15-29 (1990)] **PEER REVIEWED**

Sediment/Soil Concentrations:

Ethyl vanillin was identified, not quantified, in suspended sediment from Singletary Lake, NC(1). [(1)
Christman RF et al; Sci Total Environ 47: 195-210 (1985)] **PEER REVIEWED**

As taken from HSDB, 2003
EPISuite provides the following data:
Henrys Law Constant (25 deg C) [HENRYWIN v3.20]:

Bond Method : 1.10E-010 atm-m3/mole (1.11E-005 Pa-m3/mole)

Group Method: 3.79E-009 atm-m3/mole (3.84E-004 Pa-m3/mole)

Henrys LC [via VP/WSol estimate HLC: 2.235E-008 atm-m3/mole (2.264E-003 Pa-m3/mole) VP:
using User-Entered or Estimated 0.000293 mm Hg (source: MPBPVP) WS: 2.87E+003 mg/L (source:
values]: WSKOWWIN)

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

Log Kow used: 1.58 (exp database)

Log Kaw used: -8.347 (HenryWin est)

Log Koa (KOAWIN v1.10 estimate): | 9.927

Log Koa (experimental database): None

Probability of Rapid Biodegradation (BIOWIN v4.10):

Biowin1 (Linear Model): Biowin2 (Non-Linear Model) : Biowin3 (Ultimate Survey | 1.2008 1.0000 2.8525
Model): Biowin4 (Primary Survey Model) : Biowin5 (MITI Linear Model) : (weeks) 3.9214 (days)
Biowin6 (MITI Non-Linear Model): Biowin7 (Anaerobic Linear Model): 0.9631 0.9566 0.8775
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): 0.00459 Pa (3.44E-005 mm
Hg)
Log Koa (Koawin est): 9.927

Kp (particle/gas partition coef. (m3/ug)): Mackay model: Octanol/air (Koa) 0.000654




model: 0.00207

Fraction sorbed to airborne particulates (phi):

Junge-Pankow model: 0.0231

Mackay model: 0.0497

Octanol/air (Koa) model: | 0.142

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

OVERALL OH Rate Constant = 32.6848 E-12 cm3/molecule-sec
Half-Life = 0.327 Days (12-hr day; 1.5E6 OH/cm3)
Half-Life = 3.927 Hrs

Ozone Reaction: No Ozone Reaction Estimation

Reaction With Nitrate Radicals May Be Important!

Fraction sorbed to airborne particulates (phi): 0.0364 (Junge-Pankow, Mackay avg) 0.142 (Koa method)
Note: the sorbed fraction may be resistant to atmospheric oxidation

Soil Adsorption Coefficient (KOCWIN v2.00):

Koc : 16.97 L/kg (MCI method)

Log Koc: | 1.230 (MCI method)

Koc : 62.02 L/kg (Kow method)

Log Koc: | 1.793 (Kow method)

Aqueous Base/Acid-Catalyzed Hydrolysis (25 deg C) [HYDROWIN v2.00]:
Rate constants can NOT be estimated for this structure!

Volatilization from Water:

Henry LC: 3.79E-009 atm-m3/mole (estimated by Group SAR Method)

Half-Life from Model River: | 1.991E+005 hours (8298 days)

Half-Life from Model Lake: | 2.173E+006 hours (9.052E+004 days)

Removal In Wastewater Treatment:

Total removal:; 2.00 percent

Total biodegradation: 0.09 percent

Total sludge adsorption: | 1.91 percent




Total to Air: 0.00 percent

(using 10000 hr Bio P,A,S)
Level lll Fugacity Model:

Mass Amount (percent) | Half-Life (hr) | Emissions (kg/hr)
Air 0.0713 7.85 1000
Water 28.3 360 1000
Soil 71.5 720 1000
Sediment | 0.072 3.24e+003 0

Persistence Time: 630 hr

The Ecological Categorization Results from the Canadian Domestic Substances List state that
benzaldehyde, 3-ethoxy-4-hydroxy- (CAS RN 121-32-4) 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 0.9566
TOPKAT probability of biodegradation 0.926

EPI Predicted Ozone reaction half-life (days) 999

EPI Predicted Atmospheric Oxidation half-life (days) | 0.3272

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

#28: Biodegradation in water: screening tests

MATERIALS AND
METHODS

Test material identity

Identifier : | CAS number

Identity 11 121-32-4

Identifier : | Common name

Identity : | 3-ethoxy-4-hydroxybenzaldehyde

Identifier : | Common name

Identity : n+0n+ipé; paépéjpé+n+in+dn+ipaLEpaépaipéipé+paOpalpé!pédpaspacpaEpaé



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

Study design

Details on - Concentration of sludge:30mg/L
inoculum
Duration 2
Unit wk
Initial test substance
concentration
Initial 100
concentration
Unit mg/L
Parameter followed
for biodegradation
estimation
Details on Standard type
study design
Reference
substance
RESULTS AND
DISCUSSION
% Degradation of
test substance
% degradation 88
Parameter other:
Parameter BOD
% degradation 97
Parameter other:
Parameter TOC
% degradation 100
Parameter other:
Parameter HPLC




As taken from the Japanese National Institute for Technology and Evaluation (NITE’s) Japan
Chemicals Collaborative Knowledge (J-CHECK) database, accessed May 2017. Available at
http://www.safe.nite.go.jp/icheck/template.action?ano=4044&mno=3-1201&cno=121-32-
48&request locale=en

10.2. Aquatic toxicity

According to the Ecological Categorization List from the Canadian Domestic Substances List,
benzaldehyde, 3-ethoxy-4-hydroxy- (CAS RN 121-32-4) is not inherently toxic to aquatic
organisms:

Pivotal value for iT (mg/l) 84.3

Experimental result iT (mg/l) 84.3

Test species iT (Latin) Pimephales promelas

Test species iT (Common) Fathead minnow

Final EndPoint iT EC50

Exposure duration iT (hours) 48

Reference iT First Quarterly Report, U.S.EPA Cooperative Agreement No.CR

809234-01-0, Center for Lake Superior Environ.Stud., Univ.of
Wisconsin, Superior, WI :52 p.(Publ in Part As 12447, 12448, 12858,
12859, 3217) (Author Communication Used)

Toxicity to fathead minnow (LC50 | 47.5
in mg/l) as predicted by Topkat
v6.1

Toxicity to fish (LC50 in mg/l) as 46.214
predicted by Ecosar v0.99¢g

Toxicity to fish (LC50 in mg/l) as 29.8571
predicted by Oasis Forecast M
v1.10

Toxicity to fish (LC50 in mg/l) as 43.667875
predicted by Aster

Toxicity to fish (LC50 in mg/l) as 6.29694
predicted by PNN

Toxicity to daphnia (EC50 in mg/l) | 2
as predicted by Topkat v6.1

Toxicity to fish, daphnia, algae or 206.454
mysid shrimp (EC50 or LC50 in
mg/l) as predicted by Ecosar
v0.99¢g

Toxicity to fish (LC50 in mg/l) as 3.26E+000
predicted by Neutral Organics



http://www.safe.nite.go.jp/jcheck/template.action?ano=4044&amp;mno=3-1201&amp;cno=121-32-4&amp;request_locale=en
http://www.safe.nite.go.jp/jcheck/template.action?ano=4044&amp;mno=3-1201&amp;cno=121-32-4&amp;request_locale=en
http://www.safe.nite.go.jp/jcheck/template.action?ano=4044&amp;mno=3-1201&amp;cno=121-32-4&amp;request_locale=en
http://www.safe.nite.go.jp/jcheck/template.action?ano=4044&amp;mno=3-1201&amp;cno=121-32-4&amp;request_locale=en
http://www.safe.nite.go.jp/jcheck/template.action?ano=4044&amp;mno=3-1201&amp;cno=121-32-4&amp;request_locale=en
http://www.safe.nite.go.jp/jcheck/template.action?ano=4044&amp;mno=3-1201&amp;cno=121-32-4&amp;request_locale=en
http://www.safe.nite.go.jp/jcheck/template.action?ano=4044&amp;mno=3-1201&amp;cno=121-32-4&amp;request_locale=en

QSAR in Ecosar v0.99g

ROBUST STUDY SUMMARY - Inherent Toxicity

Item Yes No

Reference: Call, D.J., L.T. Brooke, N. Ahmad and Q.D. Vaishnav (1981). Aquatic pollutant hazard
assessments and development of a hazard prediction technology by quantitative structure-activity
relationships. First Quarterly Progress Report to EPA. U.S. EPA Cooperative Agreement No. CR 809234010.
University of Wisconsin-Superior. 52p.

Test Substance (CAS # and name): 121-32-4 3-ethoxy-4-hydroxybenzaldehyde

*Chemical composition of the substance ( including purity, by-products) X

Persistence/stability of test substance in aquatic solution X

Method

References X

*OECD, EU, national, or other standard method? X

Justification of the method/protocol if not a standard method was used X

*GLP (Good Laboratory Practice) n/a

Test organisms (specify common and Latin names) Pimephales promelas (fathead minnow)

Latin or both Latin and common names reported? X
Life cycle age / stage of test organism X
Sex n/a
Length and weight of test organisms X
Number of test organisms per replicate X
Food type / feeding periods (acclimation/during test) X

Test design / conditions

Test type — acute or chronic (specify, but do not assess this item): Acute

Experiment type (laboratory or field) specified? X
System type (static, semi-static, flow through)? X
Negative or positive controls (specify)? X
Number of replicates (including controls) and concentrations X
Exposure pathways (food, water, both) X




Exposure duration X
*Measured concentrations reported? X
Exposure media conditions (temperature, pH, electrical conductivity, hardness, TOC, DOC, | X

DO, major cations and anions; other)

Was pH within 6-9 range? (do not assess this item) X

Was temperature within 5-28 °C range? (do not assess this item) X
Photoperiod and light intensity X

Stock and test solution preparation X

Use of emulgators / solubilizers (especially for poorly soluble / unstable substances) X
Analytical monitoring intervals X
Statistical methods used X
Results

Toxicity values (LCso, ECso, or ICs0 - specify, do not assess this item): EC50 (48h) = 84.3 mg/L

Other endpoints reported - BCF/BAF, LOEC/NOEC (specify, do not assess this item):

*Was toxicity value below the chemical’s water solubility? X

Other adverse effects (carcinogenicity, mutagenicity, etc. Do not assess this item) X

Score: Major items: 2/4 Overall score: 17/23 74%

EC Reliability code: 2

Reliability category (high, satisfactory, low): Satisfactory

Comments:

Data accessed May 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx
ECOSAR Version 1.11 reports the following aquatic toxicity data for CAS RN 121-32-4:

Values used to Generate ECOSAR Profile Log Kow: 1.546 (EPISuite Kowwin v1.68 Estimate) Wat
Sol: 2820 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations
Aldehydes (Mono)

Phenols

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



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

Aldehydes (Mono) : Fish 96-hr LC50 16.417
Aldehydes (Mono) : Daphnid 48-hr LC50 33.226
Aldehydes (Mono) : Green Algae | 96-hr EC50 45.746
Aldehydes (Mono) : Fish Chv 2.972
Aldehydes (Mono) : Daphnid Chv 44491
Aldehydes (Mono) : Green Algae Chv 14.969
Aldehydes (Mono) : Fish (SW) 96-hr LC50 23.277
Aldehydes (Mono) : Fish (SW) Chv 2.622!
Phenols : Fish 96-hr LC50 63.894
Phenols : Daphnid 48-hr LC50 15.716
Phenols : Green Algae | 96-hr EC50 75.547
Phenols : Fish Cchv 6.035
Phenols : Daphnid Cchv 2.992
Phenols : Green Algae Chv 35.695
Phenols : Fish (SW) 96-hr LC50 31.288
Neutral Organic SAR : | Fish 96-hr | LC50 [ 349.069
(Baseline Toxicity) : Daphnid 48-hr | LC50 | 190.067
Green Algae | 96-hr | EC50 | 119.051
Fish ChV | 32.474
Daphnid ChVv 16.495
Green Algae Chv 28.398

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.

NOTE: ! = exclamation designates: The toxicity value was estimated through application of acute-
to-chronic ratios per methods outlined in the ECOSAR Methodology Document provided in the
ECOSAR Help Menu.

Record for 3-ethoxy-4-hydroxybenzaldehyde (CAS RN 121-32-4):



Spec. Sci. Exp. Media | Resp. Endpoint | Trend | Effect Conc Stat.

Name Spec. | Type Type Site BCF Eff% Effect | (Standardized) | Signif.

Common Chem. Loc Obs. Meas. Appl. Rate Sig.

Name Anal. Dur. Level
(Days)

Fish; Standard Test Species

Pimephales F FW EC50 DEC BEH A 90600 ug/L

promelas

Fathead M LAB 1 EQUL/

Minnow

Pimephales F FW EC50 DEC BEH A 84300 ug/L

promelas

Fathead M LAB 2 EQUL/

Minnow

Pimephales F FW LC50 INC MOR A 98000 ug/L

promelas

Fathead M LAB 1 MORT

Minnow

Pimephales F FW LC50 INC MOR A 90400 ug/L

promelas

Fathead M LAB 2 MORT

Minnow

Pimephales F FW LC50 MOR A 87600 (81400-

promelas 94300) ug/L

Fathead M LAB 4 MORT

Minnow

Fish; Standard Test Species; U.S. Exotic/Nuisance Species

Cyprinus GV FW MOR/ F (205-222)

carpio mg/kg bdwt

Common U LAB 1.833 MORT

Carp

As taken from the EPA ECOTOX database.
LC50 values to fishes, mg/l : 87.6 96 hr, Pimephales promelas, Brooke et al. 1984
EC50 values to fishes, mg/l : 91.7 96 hr, bhv, Pimephales promelas, Brooke et al. 1984

As taken from The Finnish Environment Institute. Available at
http://wwwp.ymparisto.fi/scripts/Kemrek/Kemrek uk.asp?Method=MAKECHEMdetailsform&txtChe
mld=2664

10.3. Sediment toxicity



http://wwwp.ymparisto.fi/scripts/Kemrek/Kemrek_uk.asp?Method=MAKECHEMdetailsform&amp;txtChemId=2664
http://wwwp.ymparisto.fi/scripts/Kemrek/Kemrek_uk.asp?Method=MAKECHEMdetailsform&amp;txtChemId=2664

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 121-32-4:

Values used to Generate ECOSAR Profile

Log Kow: 1.546 (EPISuite Kowwin v1.68 Estimate) Wat Sol: 2820 (mg/L, PhysProp DB exp value)

ECOSAR v1.11 Class-specific Estimations

Phenols

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

Phenols : Earthworm 14-day LC50 236.709

Phenols : Lemna gibba | 7-day EC50 51.144

10.5. All other relevant types of ecotoxicity
EPISuite provides the following data:

Bioaccumulation Estimates (BCFBAF v3.01):

Log BCF from regression-based method: 0.709 (BCF = 5.123 L/kg wet-wt)

Log Biotransformation Half-life (HL): -1.1325 days (HL = 0.0737 days)

Log BCF Arnot-Gobas method (upper trophic): | 0.564 (BCF = 3.663)

Log BAF Arnot-Gobas method (upper trophic): | 0.564 (BAF = 3.663)

log Kow used: 1.58 (expkow database)

The Ecological Categorization Results from the Canadian Domestic Substances List state that
benzaldehyde, 3-ethoxy-4-hydroxy- (CAS RN 121-32-4) is not bioaccumulative in the environment:

Empirical Log Kow 1.58

Log Kow predicted by KowWin 1.55

Log BAF T2MTL predicted by Gobas 0.523569929420154

Log BCF 5% T2LTL predicted by Gobas | 0.460569840601777




Log BCF Max predicted by OASIS

1.46512127747714

Log BCF predicted by BCFWIN

0.517

Data accessed May 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx
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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
typhimurium 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 h/day, 5 days/wk 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 volurne, differences in body or organ weights compared to air
controls, and a concentration-related hyperplasia, squamous metaplasia, and inflammation in
the respiratory tract. All 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 publications (LLaVoie
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 rodénts of 291 single ingredients added
to cigarettes.

The studies described herein were designed to evaluate the
potential influence of low-use flavoring 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 and/or their combustion or pyrolysis
products. The prototype cigarettes were designed to be repre-
sentative of commercial, full flavor filter cigarettes. Test and
reference cigareties 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 addition was
chosen to mirnic actual process conditions. Study 1 and study 2
ingredients were incorporated into a flavoring or casing system
atlevels 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 2:1) to provide the neces-
sary moisture for standard processing. In preparation of study 1
cigarettes, the ingredients were applied at arate of 10kg/1000 kg
leaf blend, that is, at 1 % on the test cigarettes, and the casing was
applied at a rate of 30 kg/1000 kg leaf blend. The study 2 ingre-
dient system was applied at a rate of 31 kg/1000 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,

R. A.RENNEET AL.

TABLE 1
Blend composition of prototype cigarettes

Percent of blend component in cigarettes

Blend components Tobacco wet weight Tobacco dry weight

Burley 24 22.9
Virginia 28 25.7
Oriental 14.8 13.6
Reconstituted sheet 234 20.1
Expanded tobacco 9.7 8.8

along with the comresponding 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 4 1°C and a relative humidity (RH) of 60 & 2%, in ac-
cordance with ISO Standard 3402. Subsequently, the cigarettes
were smoked on a 20-port Borgwaldt smoking machine under
the conditions stipulated in ISO 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 £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-
co] 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 ISO standard 3308 condition.
TPM was collected 1n 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 strains of Salmonella typhimurium: TA98, TA100,
TA102, TA1535, and TA1537. Evaluation of the Ames assay
data was carried out in terms of the mutagenic response, tak-
ing 1nto 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
(revertants/mg TPM).
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TABLE 2
Ingredients added to test cigarettes in study 1
Application
Ingredient CASno®  FEMAno? CFR°¢ CoE?  rate (ppm)
1 Benzyl alcohol 100-51-6 2137 172,515 58c 260
2 Immortelle extract 8023-95-8 2592 182.20 2250 136
3 Coriander oil 8008-52-4 2334 182.20 154n 65
4 Balsam peru resinoid 8007-00-9 2117 182.20 298n 65
5 Anise star oil 8007-70-3 2096 N.A. 238n 65
6 Celery seed oil 89997-35-3 2271 182.20 52n 65
7 Vanillin 121-33-5 3107 182.60 107¢ 65
8 Potassium sorbate 24634-61-5 2921 182.3640 N.A. 39
9 Propyl para-hydroxybenzoate 94-13-3 2951 172.515 N.A. 39
10 Benzoin resinoid 9000-05-9 2133 172.510 439n 26
11  Cedarwood oil 8000-27-9 N.A. N.A. 252n 26
12 Clary extract 8016-63-5 2321 182.20 415n 26
13 Methylcyclopentenolone 80-71-7 2700 172.515 758¢ 26
14  Phenethyl alcohol 60-12-8 2858 172.515 68c 26
15  Piperonal 120-57-0 2911 182.60 104c 26
16 Tea extract 34650-60-2 N.A. 182.20 451n 26
17 Vanilla oleoresin 8024-06-4 3106 182.20 474n 26
18  Brandy N.A. N.A. N.A, N.A. 26
19  trans-Anethole 4180-23-8 2086 182.60 183¢ 19.5 ,
20  Coffee extract 84650-00-0 N.A. 182.20 452n 19.5 |
21 5-Ethyl-3-hydroxy-4-methyl-2(5 H)-furanone 698-10-2 3153 N.A. 2300c¢ 19.5 Y
22 Propionic acid 79-09-4 2924 184.1081 3¢ 13 .
23 Acetic acid 64-19-7 2006 184.1005 2c 13 |
24 Amyl formate 638-49-3 2068 172,515 497¢ 13 '
25  Angelica root oil 8015-64-3 2088 182.20 56n 13 [
26  Beeswax absolute 8012-89-3 2126 184.1973  N.A. 13 P
27  Benzyl benzoate 120-51-4 2138 172.515 262c 13 Co
28 Benzyl propionate 122-63-4 2150 172.515 413c 13 _—
29  Cardamom oil 8000-66-6 2241 182.20 180n 13 w
30  beta-Carotene 7235-40-7 N.A. 184.1245 N.A. 13 i
31 Ethyl acetate 141-78-6 2414 182.60 191c 13 b
32 Ethyl butyrate 105-54-4 2427 182.60 264¢ 13 g
33 Ethyl levulinate 539-88-8 2442 172.515 373¢ 13 i
34 Eucalyptol 470-82-6 2465 172.515 182¢ 13 |
35  Geranium oil 8000-46-2 2508 182.20 324n 13 ;
36  Labdanum resinoid 8016-26-0 2610 172.510 134n 13 !
37 Lavandin oil 8022-15-9 2618 182.20 2570 13 -
38 Maltol 118-71-8 2656 172.515 148¢ 13 P
39  Spearmint oil 8008-79-5 3032 182.20 285n 13 ;
40  Ethyl hexanoate 123-66-0 2439 172,515 310c 104 :'"
41 Acetylpyrazine 22047-25-2 3126 N.A. 2286¢ 9.1
42 Ethylmaltol 4940-11-8 3487 172.515 692c 9.1 ;
43 Chamomile oil, Roman 8015-92-7 2275 182.20 48n 6.5
44 Citronella oil 8000-29-1 2308 182.20 39n 6.5 |
45 delta-Decalactone 705-86-2 2361 172.515 621c 6.5 f
46  gamma-Decalactone 706-14-9 2360 172.515 2230c 6.5 R
47  Ethyl phenylacetate 101-97-3 2452 172.515 2156¢ 6.5 P

(Continued on next page)
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TABLE 2
Ingredients added to test cigarettes in study 1 (Continued)
Application
Ingredient CAS no.® FEMA no.? CFR¢ CoE?  rate (ppm)
48  Ethyl valerate 539-82-2 2462 172.515 465¢ 6.5
49  Ethyl vanillin 121-32-4 2464 182.60 108¢ 6.5
50  Fennel sweet oil 8006-84-6 2485 182.20 200n 6.5
51  Glycyrrhizin ammoniated 53956-04-0 N.A. 184.1408  N.A. 6.5
52 gamma-Heptalactone 105-21-5 2539 172.515 2253¢ 6.5
53 3-Hexen-1-ol 928-96-1 2563 172,515 750¢ 6.5
54  3-Hexenoic acid 1577-18-0 3170 N.A. 2256¢ 6.5
55  Hexyl alcohol 111-27-3 2567 172.515 53¢ 6.5
56  Isoamyl phenylacetate 102-19-2 2081 172.515 2161c 6.5
57  Methyl phenylacetate 101-41-7 2733 172.515 2155¢ 6.5
58  Nerol 106-25-2 2770 172.515 2018c 6.5
59  Nerolidol 142-50-7 2272 172.515 67c 6.5
60  Peruvian (bois de rose) oil 8015-77-8 2156 182.20 44n 6.5
61  Phenylacetic acid 103-82-2 2878 172.515 672¢ 6.5
62  Pyruvic acid 127-17-3 2970 172,515 19¢ 6.5
63  Rose absolute 8007-01-0 2988 182.20 405n 6.5
64  Sandalwood oil 8006-87-9 3005 172.510 420n 6.5
65  Sclareolide 564-20-5 3794 N.A. N.A, 6.5
66  Triethyl citrate 77-93-0 3083 1841911  NA. 6.5
67 2,3 5-Trimethylpyrazine 14667-55-1 3244 NA. 735¢ 6.5
68  Olibanum absolute 8016-36-2 2816 172.510 93n 6.5
69  delta-Octalactone 698-76-0 3214 N.A. 2195¢ 6.5
70  2-Hexenal 6728-26-3 2560 172.515 748¢ 52
71  Ethyl octadecanoate 111-61-5 3490 N.A. N.A. 52
72 4-Hydroxy-3-pentenoic acid lactone 591-12-8 3293 N.A. 731c 3.9
73 Methyl 2-pyrrolyl ketone 1072-83-9 3202 N.A. N.A. 3.9
74 Methyl linoleate (48%) methyl 112-63-0 301-00-8 3411 N.A. 713c 3.9
linolenate (52%) mixture »
75  Petitgrain mandarin oil 8014-17-3 2854 182.20 142n 3.9
76  Propenylguaethol 94-86-0 2922 172.515 170c 39
77 4-(2,6,6-Trimethylcyclohexa-1,3-dienyl) 23696-85-7 3420 N.A. N.A. 3.9
but-2-en-4-one

78  2-Propionyl pyrrole 1073-26-3 3614 NA. N.A. 39
79  Orange essence oil 8008-57-9 2825 182.20 143n 2.6
80  Benzyl phenylacetate 102-16-9 2419 172.515 232¢ 2.6
81  2,3-Butanedione 431-03-8 2370 184.1278 752¢ 1.95
82  2,3,5,6-Tetramethylpyrazine 1124-11-4 3237 N.A. 734c 1.95
83  Hexanoicacid 142-62-1 2559 172.515 9c 1.56
84  Cinnamaldehyde 104-55-2 2286 182.60 102¢ 1.3
85  Acetophenone 98-86-2 2009 172.515 138c 1.3
86  2-Acetylthiazole 24295-03-2 3328 N.A. N.A. 1.3
87  Amyl alcohol 71-41-0 2056 172.515 5l4c 1.3
88  Amyl butyrate 540-18-1 2059 172.515 270c 1.3
89  Benzaldehyde 100-52-7 2127 182.60 101c 1.3
90  Butyl butyrate 109-21-7 2186 172.515 268c 1.3
91  Butyric acid 107-92-6 2221 182.60 5¢ 1.3
92  Cinnamyl alcohol 104-54-1 2294 172.515 65¢ 1.3

(Continued on next page)
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TABLE 2
Ingredients added to test cigarettes in study 1 (Continued)
Application
Ingredient CASno®  FEMAno? CFR°¢ CoE¢  rate (ppm)
93 pr-Citronellol 106-22-9 2309 172.515 59¢ 1.3
94 Decanoic acid 334-48-5 2364 172.860 lic 13
95 para-Dimethoxybenzene 150-78-7 2386 172515  2059c 1.3
96 3,4-Dimethyl-1,2-cyclopentanedione 13494-06-9 3268 N.A. 2234c¢ 1.3
97 Ethylbenzoate 93-89-0 2422 172.515 261c 1.3
98 Ethyl heptanoate 106-30-9 2437 172.515  365¢ 13
99 Ethyl isovalerate 108-64-5 2463 172.515 442¢ 1.3
100 Ethyl myristate 124-06-1 2445 172.515 385¢ 1.3
101  Ethyl octanoate 106-32-1 2449 172515 392¢ 1.3
102 Ethyl palmitate 628-97-7 2451 N.A. 634c 1.3
103  Ethyl propionate 105-37-3 2456 172,515 402 1.3
104  2-Ethyl-3-methylpyrazine 15707-23-0 3155 N.A. 548¢ 1.3
105  Genet absolute 8023-80-1 2504 172.510 436m 13
106  Geraniol 106-24-1 2507 182.60 60c 1.3
107  Geranyl acetate 105-87-3 2509 182.60 201c 1.3
108  gamma-Hexalactone 695-06-7 2556 172.515  2254c 1.3
109  Hexyl acetate 142-92-7 2565 172.515 196¢ 1.3
110  Isoarnyl acetate 123-92-2 2055 172.515 214c 13
111  lsoamyl butyrate 106-27-4 2060 172.515 282c 1.3
112 3,7-Dimethyl-1,6-octadiene-3-ol 78-70-6 2635 182.60 6ic 1.3
113 Menthyl acetate 89-48-5 2668 172.515 206¢ 1.3
114  Methyl isovalerate 556-24-1 2753 172.515 457¢ 1.3
115  Methyl salicylate 119-36-8 2745 175.105 433c 1.3
116  3-Methylpentanoic acid 105-43-1 3437 N.A. N.A. 1.3
117  gamma-Nonalactone 104-61-0 2781 172.515 178¢ 1.3
118  Oakmuoss absolute 9000-50-4 2795 172.510 194n 1.3
119 Orris absolute 8002-73-1 N.A. 172.510  24In 1.3
120  Palmitic acid 57-10-3 2832 172.860 14c 1.3
121  Phenethyl phenylacetate 102-20-5 2866 172.515 234c 1.3
122 3-Propylidenephthalide 17369-594 2952 172,515 494c¢ 1.3
123 Sage qil 8022-56-8 3001 182.20 61n 1.3
124  alpha-Terpineol 98-55-5 3045 172.515 62c 1.3
125  Terpinyl acetate 80-26-2 3047 172.515 205¢ 1.3
126 gamma-Undecalactone 104-67-6 3091 172.515 179¢ 1.3
127  gamma-Valerolactone 108-29-2 3103 N.A. - T757c 1.3
128  3-Butylidenphthalide 551-08-6 3333 N.A. N.A. 1.04
129  Davana oil 8016-03-3 2359 172.510 69n 0.65
130 3,5-Dimethyl-1, 2-cyclopentanedione ~ 13494-07-0 3269 N.A. 2235¢ 0.65
131  Ethyl cinnamate 103-36-6 2430 172.515 323c 0.65
132 Farnesol 4602-84-0 2478 172.515 78¢ 0.65
133 Geranyl phenylacetate - 102-22-7 2516 172.515  231c¢ 0.65
134  alpha-lrone 79-69-6 2597 172.515 145¢ 0.65
135  Jasmine absolute 8022-96-6 2598 182.20 245n 0.65
136  Kola nut tincture 68916-19-8 2607 182.20 149n 0.65
137  Linalool oxide 1365-19-1 3746 172.515 N.A. 0.65
138  Linalyl acetate 115-95-7 2636 182.60 203c 0.65
139 = para-Methoxybenzaldehyde 123-11-5 2670 172.515 103¢ 0.65
(Continued on next page)
b
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TABLE 2
Ingredients added to test cigarettes in study 1 (Continued)
Application
Ingredient CASno®  FEMAno? CFR* CoE¢  rate (ppm)
140  2-Methylbutyric acid 116-53-0 2695 172.515 2002¢ 0.65
141 Myristic acid 544-63-8 2764 172,860 16¢ 0.65
142 gamma-Octalactone 104-50-7 2796 172,515 2274c¢ 0.65
143 Opoponax oil 8021-36-1 N.A. 172,510 313n 0.65
144  Tagetes oil 8016-84-0 3040 172,510 443n 0.65
145  3-Ethyl-2-hydroxy-2-cyclopenten-1-one 21835-01-3 3152 N.A. 759¢ 0.52
146  4-Methylacetophenone 122-00-9 2677 172.515 156¢ 0.26
147  Isobutyraldehyde 78-84-2 2220 172.515 92c 0.13
148  3-Methylbutyraldehyde 590-86-3 2692 172.515 94c¢ 0.13
149 ° 2,3-Dimethylpyrazine 5910-89-4 3271 N.A.  NA 0.13
150 2,5-Dimethylpyrazine 123-32-0 3272 N.A. 2210c¢ 0.13
151  2,6-Dimethylpyrazine E 108-50-9 3273 N.A. 2211¢ 0.13
152 Dimethyltetrahydrobenzofuranone 13341-72-5 3764 N.A. N.A. 0.13
153  4-Hydroxy-2,5-dimethyl-3(2 H)-furanone  3658-77-3 3174 N.A. 536¢ 0.13
154  4-( para-Hydroxyphenyl)-2-butanone 5471-51-2 2588 172.515 755¢ 0.13
155  alpha-lonone 127-41-3 2594 172.515 141c 0.13
156  beta-lonone 8013-90-9 2595 172.515 142¢ 0.13
157  Isovaleric acid 503-74-2 3102 172.515 8c 0.13
158  Lime oil 8008-26-2 2631 182.20 141n 0.13
159  Mace absolute 8007-12-3 N.A. 182.20 296n 0.13
160  Nutmeg oil 8008-45-5 2793 182.20 296n 0.13
161  Caprylic acid 124-07-2 2799 184.1025 10¢ 0.13
162 Phenylacetaldehyde 122-78-1 2874 172515 116¢ 0.13
163 5,6,7,8-Tetrahydroquinoxaline 34413-35-9 N.A. N.A. 721¢ 0.13
164  Thyme oil 8007-46-3 3064 182.20 456n - 0.13
165  Valeraldehyde 110-62-3 3098 172.515 93¢ 0.13

Note. “n” Follows the name of natural source of flavorings and *“c” follows the number of chemnical 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.

4Council 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 h/day, 5 days/wk for 13 consecu-
tive weeks to concentrations of 0.06, 0.2, or 0.8 mg/L. WTPM of
smoke from test cigarettes containing flavoring (study 1) or to
flavoring or casing ingredients (study 2). Additional groups of
30 rats/sex 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 h/day, 5 days/wk) reflects current laboratory practices for an-
imal inhalation studies camparing 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 rats/sex was subdivided into 2 groups:
20 rats/sex scheduled for necropsy immediately after 13 wk

of exposure (interim sacrifice) and up to 10 rats/sex 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 WTPM/L for the test and reference cigarettes. An
additional group of 30 rats/sex 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 Coggins,
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TABLE 3
Ingredients added to study 2 test cigarettes
Application
Ingredient CAS no. FEMA no.? CFR°® CoE? rate (ppm)

1 Invert sugar 8013-17-0 N.A. 184-1859 N.A. 20,000

2  Block chocolate N.A. N.A. N.A. N.A. 2,500

3 Plum extract 90082-87-4 N.A. N.A. 371n 2,200

4 Fig extract 90028-74-3 N.A. N.A. 198n 2,000

5 Molasse extract and tincture 68476-78-8 N.A. N.A. 371n 2,000

6 Gentian root extract 97676-22-7 2506 172-510 214n 1,000

7  Lovage extract 8016-31-7 2650 172-510 261n 1,000

8  Peppermint oil 8006-90-4 2848 182-20 282n 250

Note. “n” Follows the name of natural source of Aavorings and “c” follows the number of chemical substances.

2Chemucal Abstract Service registry number.

#The Flavor and Extract Manufacturer’s Association reference number.
¢Code of Federal Regulations reference to Title 21 indicating regulatory status of material.

4Council 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 L/min, 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; MIE, 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 controller 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
(WTPM/L) were target +£10% 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 fil-
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 WTPM:nicotine and CO:nicotine ratios

were calculated forthe 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 gravimetrically for WIPM
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 (Crl:CD) rats 4-5 wk of age were purchased
from Charles River 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)/Toolan’s H-1 virus, pneumonia virus of mice (PVM), rat
corona virus/sialodacryoadenitis virus, and Mycoplasma pul-
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, NT) 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 expaosure day 1, biweekly thereafter, and at
neCropsy.

Respiratory Function Measurements

Tidal volume (TV), respiratory 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., 1981).
Each animal was monitored once during a single exposure pe-
riod. MV and the actual WIPM 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 ~35 min, The blood sarmples were obtained from the retro-
orbital plexus of carbon dioxide (CO;)-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% CO; in room air and blood samples were
obtained from the retro-orbital plexus. One sample was collected
in atube (Monoject, Sherwood Medical, St. Louis, MQ) 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 [MCV], mean corpuscular
hemoglobin [MCH], 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
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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 (GGT), 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% CO, 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 organ:body weight ratios. In addition, organ:brain weight
ratios were calculated. The time from removal of the organ until
weighing was minimized to keep tissues moist.

A complete set of over 40 tissues was removed from each
animal at necropsy and examined. All tissues were fixed in 10%
neutral buffered formalin (NBF) except for the eyes, which were
fixedin Karnovsky’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 pm. 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,
Ilung, and trachea were stained with periodic acid-Schiff/Alcian
blue (PAS/AB) 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, mediastinal (thymic) lymph nodes,
heart, and all gross lesions were examined microscopically. The
lungs were sectioned to present a maximal section of the main-
stemn bronchi. The nasal cavity was prepared in four sections us-
ing the landmarks described by Young (1981). Three transverse
laryngeal sections were prepared from the base of the epiglottis,
the ventral 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-telated microscopic lesions were observed in
the tissues from the rats exposed to 0.8 mg/L; target organs were
exarmined 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 aftex
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 statistically analyzed for each sex
by exposure concentration group using the Xybion PATH/TOX
system. Data homogeneity was determined by Bartlett’s test.
Dunnett’s z-test was performed on homogeneous data to iden-
tify differences between each concentration group and the sham
control group, and between corresponding concentrations of test
and reference cigarette smoke-exposed groups. Nonhomoge-
neous data were analyzed using a modified z-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 first
conducted, followed by Bartleit’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 r-test was used to compare
equivalent exposure groups between cigarette types. Differences
were considered significant at p <.05. The statistical evalua-
tion of incidence and severity of lesions was made using the
Kolmogorov—Smirnov 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
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TABLE 4
Key parameters for laboratory control of prototype
study 1 cigarettes

Run average

Test  Reference

Parameter Target cigarette cigarette
Individual weights (g)

Cigarette weight 1.012  0.963 0.965

Standard deviation — 0.019 0.018

Non tobacco weight 0212 0212 0.215

Net tobacco 0.800  0.751 0.750
Air dilution (%) 32 35 34.1
Standard deviation — 3.0 31
Porosity of cigarette paper

(cc/min/cbar/cm?) 50 49 49
Expanded tobacco (%) 9.7 10.1 9.1
Nicotine (mg/cig) 0.9 092 0.97
Nicotine (mg/puff) n.a. 0.118 0.123
NFDPM (mg/cig) 12.0 11.3 11.5
NFDPM (mg/puff) n.a. 1.45 1.46
CO ( mg/cig) na. 124 13.1
CO (mg/puff) na. 1.59 1.66
Puffs/cigarette na. 7.8 7.9
Burning rate (mg tobacco/min) n.a.  68.1 64.4

Note. Cig, cigarette.

cigarettes in both studies. The yields of nicotine and NFDPM and
the puff count were also comparable. These results are consis-
tent with the negligible 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

Run average

Test Reference

Parameter Target cigarette cigarette
Individual weights (g)

Cigarette weight 1.012 1.002 1.025

Standard deviation — 0.0208 0.0173

Nontobacco weight 0.212 0.212 0.212

Net tobacco 0.800 0.790 0.813
Air dilution (%) 32 33.2 36.6

- Standard deviation — 1.6 14

Porosity of cigarette paper 50 50 47

(cc/min/cbar/cm?)
Expanded tobacco-(%) 9.5 9.6 9.3
Nicotine (mg/cig) 0.9 0.93 0.93
Nicotine (mg/puff) n.a. 0.112 0.107
NFDPM (mg/cig) 12.0 11.4 11.0
NFDPM (mg/puff) n.a. 1.37 1.26
CO (mg/cig) n.a. 12.9 12.8
CO (mg/puff) n.a. 1.55 1.47
Puffs/cigarette n.a. 8.3 8.7

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 mg/L test), all female smoke-exposed
groups in study 1 were comparable to sham control females
throughout the study. In study 2, mean body weights were con-
sistently decreased compared to sham controls in males exposed
to 0.8 mg/L of test cigarette smoke and in females exposed to
0.8 mg/I of reference cigarette smoke. Mean body weights of

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 1.

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 cornparison 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 and/or TV resulted in consistently lower
MYV 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 groups exposed to 0.8 or 0.2 mg/L compared
to groups exposed to .06 mg/L caused total inhaled mass for
the high 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 within 2 standard
deviations of historic values for control Sprague-Dawley rats of

comparable age. There were also statistically significant differ-
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 significant 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 COHD 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 attributable 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 & SD (%CV)]

Measured exposure Nicotine Co Percent of
concentration concentration concentration target WIPM
(mg WTPM/L; (ngfL; (ppm; concentration Particle size
n=126) n =28) n=63) (mean 4= SD) (MMAD, pm)
Test target
exposure
concentration
(mg WTPM/L)
0.800 0.787 £ 0.035 4.4) 682 +25@3.7) 584 + 27 (4.6) 984+ 4.3 0.73 £ 0.08
0.200 0.199 + 0.009 (4.5) 15.5 £ 1.0 (6.5) 144 + 6 (4.2) 993+473 0.74 £0.12
0.060 0.061 £ 0.004 (6.6) 444050114 47+ 3(6.4) 101+6 0.6% £ 0.09
Reference
target exposure
concentration
(mg WTPM/L)
0.800 0.795 £ 0.023 (2.9) 70.1x£212.9) 608 £ 20 (3.3) 994 +£27 0.74 £ 0.08
0.200 0.202 + 0.004 (2.0) 15.8 £ 0.7 (4.5) 147 £ 4 (2.7) 1012 0.72 +0.07
0.060 0.060 + 0.002 (3.3) 44104098 50£2(4.8) 100 -4 0.74 £ 0.10
Note. CO, carbon monoxide; WTPM, wet total particulate matier.
700 - Lot A 700 Lot B
600 1 O Reference 600 1
2 500 4 A Sample ~ 500 - y= 1.6516% + 53
= £ R%=0.9809
E 400 A y=16667x+28 E- 400 - -
E R?=0.9464 I 2 R
g 50 = 15269428 2 B 900 1 v=16498x+33
g R?=0.9634 ER R?=0.9732
2 200 1 S 200 1 2
PR & £
100 1 - 100 1
+ J
04 0
Dose of TPM (ugfmL) ;uae:fTP;d (pg/mL) ‘
MEAN+SD of Specific Activity (50 to 150 pg/plate)
Reference......... 1576:141.9 Reference. ... 17344170.9
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, exposure concentration data for rats exposed to smoke from test or reference cigarettes

Concentration [mean + SD (%CV)]

Measured exposure Nicotine CO Percent of
concentration concentration concentration target WTPM
(mg WTPM/L; (ng/L; (ppm; concentration Particle size
n=134) n=28) n=67) (mean + SD) (MMAD, pm)
Test target
exposure
concentration
(g WTPM/L)
0.8 0.798 +£0.040 5.0) 56.8+£2.6(4.6) 646 +34(5.3) 1005 0.65 +0.01
0.2 0.194 £ 0.007 3.6) 129+ 0.6 (4.7) 158 £9 (5.7) 97+4 0.62 £ 0.04
0.060 0.060 £ 0.002 (3.3) 40+0.2(5.0) 34+3(5.6) 100 £ 3 0.66 £0.03
Reference
target exposure
concentration
(mg WIPM/L)
0.8 0.784 - 0.031 (4.0) 55.1£23(42) 676 +31(4.6) 98+ 4 0.57 £0.03
02 0.201 £ 0.004 (1.8) 13.0+04 (34) 170 £ 15 (8.7) 100£2 0.64 &£ 0.07
0.060 0.060 % 0.002 (3.3) 41+0.2(44) 57+£3(5.8) 99 +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

toxicologically significant. 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 epithelivm lining 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 epithelivm 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 incidence/severity
of hyperkeratosis in the epiglottis between test and refer-
ence cigarette smoke-exposed groups indicated a statistically
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FIG. 5. Body weights, study 1 (top) and study 2 (bottom).
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TABLE 8
Organ weights for rats exposed to smoke from study 1 cigarettes (n = 20, g & SD)
Test Reference
Sham 0.06 mg 0.2 mg 0.8 mg 0.06 mg 0.2 mg 0.8 mg
control WTPM/L WTPM/L WTPM/L WTPM/L WTPM/L WTPM/L
Males
Heart 1.60 £ 0.16 1.48 £0.15%% 143 4+0.16%¢ 1.55£0.15 1.60 £ 0.13 1.57+0.16 152+0.15
Kidneys 3.39 £0.33 3.174+0.39 2.92 +0.30% 3.05+£033% 338x033 3204031 3.02 = 0.27¢
Lungs 1.95 £0.22 1.89 +0.17 1.82 +£0.23° 193 4£0.14 2.024+0.28 1.98 +£0.26 1.89 +0.15
Adrenals 0.066 +0.010 0.066 +0.012 0.059 £0.010  0.064 +0.012 0.062 & 0.007 0.064 £ 0.008 0.063 =+ 0.008
Females
Heart 1.06 + 0.09 1.02+0.10 1.00 &= 0.10¢ 1.05+0.12 1.03+£009 1.07+0.09 1.09£0.12
Kidneys 2.18 +0.21 2.02+£0.24 1.90 £ 0.19¢ 1.934+0.182 2.04£021 1994019 195+£0.19*
Lungs 153 £0.13 1.50 £0.13 1.52 £ 0.17¢ 1.52 £ 0.15 1.55+£0.14 1.50 + 0.17 1.60 £ 0.19
Adrenals 0.080 +£0.010 0.081 +£0.011 0.078 £ 0.008 0.082 £0.012 0.078 £0.008 0.080 £ 0.010 0.081 % 0.013

¢p < .05, Dunnett’s z-test of significance, compared to sham control.

bp < .05, Dunnett’s t-test of significance, compared to 0.06 reference group.
¢p < .05, Dunnett’s t-test of significance, compared to 0.2 reference group.

significant difference only in the 0.06-mg/L groups from study
1, in which females exposed to test cigarette smoke had a higher
incidence/severity 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 incidence/severity 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 mg/L
concentration of smoke from the test cigarette and 1/20 rats ex-
posed to the 0.8 mg/L 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 umen 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
from reference or test cigarettes in both studies, compared to con-
current controls. There was some evidence 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 AB/PAS-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 mg/L 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 (7/20) of goblet-cell hyperplasia in males
exposed to the 0.8-mg/L 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 in other tissues examined in both
studies, with no evidence of an effect of exposure to smoke from
the reference or 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 WTPM/L)

Test Reference
Organ/diagnosis Sham controls 0.06 0.2 0.8 0.06 0.2 0.8
Males
Nose/turbinates 207 204 202 204 202 204 20°
Respiratory epithelium, hyperplasia 0% (0.0 2(0.2) 4(0.3) 20(2.2) 1(0.1) 804 202.1)
Goblet-cell hyperplasia 2(0.1) 6(03) 3(02) 905 5(03) 5(03) 10(0.5)
Suppurative inflamimation 2(0.2) 2(0.3) 0 (0.0 1(0.1) 0(0.0) 000.0) 1(0.1)
Larynx , 207 20¢ 20° 20° 204 20¢ 207
Epiglottis, squamous metaplasia 0(0.0) 20022y 2029) 203.0) 2021 2029 2061
Epiglottis, epithelial hyperplasia 0(0.0) 20(2.2) 2029) 2033.00 2021 2029 203.0
Epiglottis, hyperkeratosis - 0(0.0) 9(0.5) 20(14) 19(1.9) 16(0.9) 20(1.8) 20(.9)
Ventral pouch, squamous metaplasia 0(0.0) 12(07) 2024 2028 705 19@7 20029
Ventral pouch, epithelial hyperplasia 0(0.0) 12(0.7) 2024) 20028 7053 1927 20029
Ventral pouch, hyperkeratosis 0(0.0) 000.0) 9 (0.6) 19(1.4) 1(0.2) 17 (1.4) 18(1.5)
Chronic inflammation 0 (0.0) 200.1)  8(0.4) 16(09) 0.0 4(02) 13(0.7)
Caudal larynx, squamous metaplasia 0 (0.0) 0 (0.0) 0(0.0) 1(0.1) 0(0.0) 0(0.0) 0 (0.0)
Trachea 20° 204 204 204 204 200 202
Epithelial hyperplasia 1(0.1) 6(0.3) 6 (0.3) 18(0.9) 5(0.3) 12(0.6) 16(0.8)
Lung 20° 204 204 209 204 20 20¢
Alveoli, macrophages 3(0.2) 15(0.8) 1407y 20014 804 11(0.6) 20Q1.1DH
Bronchi, goblet-cell hyperplasia 0.0 1(0.1) 1(0.1) 7 (0.4) 3(0.2) 4(0.2) 11 (0.6)
Alveoli, hemorrhage 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.1) 0 (0.0
Females
Nose/turbinates 204 204 20° 202 204 20° 208
Respiratory epithelium, hyperplasia 0% (0.0) 0 (0.0) 704) 2020 0(0.0) 302 20201
Goblet-cell hyperplasia 2.(0.1) 200.)  2(01) 7(04) 2.1 201 402
Suppurative inflammation 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0)
Larynx 204 204 20° 204 204 20 204
Epiglottis, squamous metaplasia 0 (0.0 2022) 20@3G.0 231 2022 20@26) 203D
Epiglottis, epithelial hyperplasia 0 (0.0) 20(2.2) 20(3.0) 20(3.1) 20(22) 20(2.6) 20(3.0)
Epiglottis, hyperkeratosis 0(0.0) 19(1.4)¢ 20022y 2022 1307 2020 20@2.D
Ventral pouch, squamous metaplasia 0(0.0) 10(0.6) 20(2.7) 203.0) 12(08) 207 2029
Ventral pouch, epithelial hyperplasia 0 (0.0) 10(0.6) 20(2.7) 20(3.0) 12(0.8) 20(27) 20(2.9
Ventral pouch, hyperkeratosis 0 (0.0) 0 (0.0) 15(1.3) 20(1.8) 1(0.1) 18 (1.5) 18(1.5)
Chronic inflammation 0(0.0) 3(0.2) 2(02) 100.6) 0.0 40.2) 1701.0)
Caudal larynx, squamous metaplasia 0(0.0) 0(0.0) 0(0.0) 1(0.1) 0(0.0) 0 (0.0) 1(0.1)
Trachea 204 207 20° 204 207 204 204
Epithelial hyperplasia 1(0.1) 200.1) 8(04) 12(0.6) 3(02) 7(04) 18(0.9)
Lung 204 207 204 20° 207 208 20°
Alveoli, macrophages 3(0.2) 1000.5) 1307y 20012y 12(0.6) 17(0.9) 20(1.3)
Bronchi, goblet-cell hyperplasia 0 (0.0) 2.1 302 10005 1.D 4(02) 1307
Alveoli, hemorrhage 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0)

Note, Severity: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked.

“Number of tissues or animals examined.
bNumber of diagnoses made.

¢p < .05, Kolmogorov—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 WTPM/L)

Test Reference
Organ/diagnosis Sham controls 0.06 0.2 0.8 0.06 0.2 0.8
Males
Nose/turbinates 20° 200 20¢ 204 20¢ 209 20°
Respiratory epithelium, hyperplasia 0% (0.0) 0(0.0) 2(0.1) 2020 000 402y 20Q0.9
Goblet-cell hyperplasia 20.1) 3(0.2) 3(0.2) 3(0.2) 302y 400.2) 3(0.2)
Suppurative inflammation 0(0.0) 2(0.2) 0.0 0 (0.0) 0(0.0) 1(0.1) 0 (0.0)
Larynx 209 207 20° 204 202 209 202
Epiglottis, squamous metaplasia 0 (0.0) 20(1.8) 2024y 20300 20019 20235 203.0
Epiglottis, epithelial hyperplasia 0 (0.0) 20(1.8) 2024 2030 2019 2025 2030
Epiglottis, hyperkeratosis 0 (0.0) 6(04) 15(1.2) 20(.0) 13(1.0) 20(1.8) 20(2.1)
Ventral pouch, squamous metaplasia 0(0.0) 1(0.1) 18(14) 20(1.8) 1(0.1) 16 (1.2) 20(1.8)
Ventral pouch, epithelial hyperplasia 0 (0.0) 1(0.1) 18(1.4) 20(1.8) 1(0.1) 16 (1.2)  20(1.8)
Ventral pouch, hyperkeratosis 0(0.0) - 0(0.0) 6 (0.4) 16 (1.2) 00.0) 504 1601.0)
Trachea 20° 204 20° 20° 20° 20° 20°
Epithelial hyperplasia 2(0.1) 8 (0.4) 905 11(06) 6(03) 804 10(0.5)
Lung 20° 20° 20° 20° 207 20° 20°
Alveoli, macrophages 4(0.2) 11(0.6) 1609 20014 11(0.6) 14(0.7) 200.4)
Alveoli, hemorrhage 0(0.0) 0(0.0) 0 (0.0) 1(0.1) 0(0.0) 0(0.0) 0(0.0)
Chronic inflammation 0(0.0) 0(0.0) 0 (0.0 0(0.0) 0.0y 0 (0.0) 0(0.0)
Bronchi, goblet-cell hyperplasia 0 (0.0) 1(0.1) 1(0.1) 4(0.2) 0(0.0) 1(0.1) 9 (0.5)
' Females
Nose/turbinates 20¢ 204 204 209 207 208 20
Respiratory epithelium, hyperplasia 0% (0.0) 0(0.0) 402 2005 000 4(02) 20Q.6)
Goblet-cell hyperplasia 3(0.2) - 3(0.2) 5(0.3) 5(0.3) 5(0.3) 2(0.1 804
Suppurative inflammation 00.0) 0 (0.0) 0(0.0) 0(0.0) 1(0.1) 0(0.0) 0(0.0)
Larynx 207 207 207 208 20¢ 204 207
Epiglottis, squamous metaplasia 0 (0.0) 2001.9) 20(2.8) 2028 20(1.8) 2026 202.6)
Epiglottis, epithelial hyperplasia 0(0.0) 2001.9) 20(28) 20(28) 20(1.8) 20(2.6) 20(2.6)
Epiglottis, hyperkeratosis 0(0.0) 16(1.0) 20200 2022) 1509 20(1.6) 20024
Ventral pouch, squamous metaplasia 0 (0.0) 1(0.1) 15(1.2) 19(1.9) 20.1) 16 (1.1) 20 (2.0)
Ventral pouch, epithelial hyperplasia 0 (0.0) 101 14D 19109 201 16011 200Q.0
Ventral pouch, hyperkeratosis 0(0.0) 0(0.0) 6(0.5) 18(1.4) 00.0) 9(0.6) 20017
Trachea 20¢ 20° 20¢° 209 204 204 204
Epithelial hyperplasia 1(0.1) 0(0.0) 1(.1) 2¢(01) 201 101 2.1
Lung 20° 207 204 208 204 207 204
Alveoli, macrophages 3(0.2) 9(0.5 1005 19@0.1) 1005 1005 1700
Perivascular lymphoid infiltrate 0(0.0) 0(0.0) 0 (0.0) 1(0.1) 0(0.0) 0(0.0) 0 (0.0
Alveoli, hemorrhage 0 (0.0) 0.0 000 00 000 000 0(0.0
Chronic inflammation 0(0.09) 1(0.1) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0 0(0.0)
Bronchi, goblet-cell hyperplasia 0(0.0) 1(0.1) 0(0.0) 7(0.4) 3(0.2) 4(0.2) 10 (0.5)

Note. Severity: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked.
2Number 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 distribution 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 mg/L. 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 miclear 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.

DISCUSSION

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 CQ yields of all 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-
phimurium under the conditions 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-wk recovery 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. WITPM was used as
the basis for exposure concentration in these studies, since the
predominant known toxicologic effects of cigarette smoke are
associated with the mainstream particulate phase (Coggins et al.,
1980).

Blood COHD concentrations 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 effects on body weight to be toxicologi-
cally significant due to their recovery after smoke exposure was
terminated, and due to the lack of any concurrent clinical obser-
vations that would indicate any significant dysfunction.



EFFECTS OF INGREDIENTS ON CIGARETTE SMOKE TOXICITY

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 histopathologic ef-
fects were observed in any weighed organ except the lungs. It is
possible that the increased lung/body 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 lung/body 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 o 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 proportion 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-
Jjacent 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 proliferation 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 reported cigarette smoke
inhalation studies in rats (Dalbey et al., 1980; Gaworski et al.,
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1997; Coggins et al., 1989, Ayres et al., 2001; Vanscheeuwijck
et al., 2002) and hamsters (Lewis, 1980; Wehner et al., 1990).
Four recently published papers have described studies similar to
those presented here, in which smokes from cigarettes with and
without flavoring or casing ingredients were compared on the
basis of chemical composition and biologic effects on rodents
(Gaworski et al., 1998; Paschke et al., 2002; Carmines, 2002;
Baker et al., 2004). Results of the studies presented here are con-
sistent with the conclusions of these authors that the presence of
flavoring and casing ingredients studied to date did not signifi-
cantly change the type or extent of toxicologic effects observed
in rodents inhaling cigarette smoke.
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SUMMARY

The Scientific Panel on Food Additives, Flavourings, Processing Aids and Materials in Contact
with Food (the Panel) is asked to advise the Commission on the implications for human health of
chemically defined flavouring substances used in or on foodstuffs in the Member States. In
particular the Scientific Panel is requested to consider the Joint FAO/WHO Expert Committee on
Food Additives (the JECFA) evaluations of flavouring substances assessed since 2000, and to
decide whether no further evaluation is necessary, as laid down in Commission Regulation (EC) No
1565/2000. These flavouring substances are listed in the Register, which was adopted by
Commission Decision 1999/217/EC and its consecutive amendments.

The present consideration concerns 44 hydroxy- and alkoxy-substituted benzyl derivatives
evaluated by JECFA (57" meeting) and will be considered in relation to the European Food Safety
Authority (EFSA) evaluation of 35 benzyl alcohols, benzaldehydes, a related acetal, benzoic acids,
and related esters evaluated in the Flavouring Group Evaluation 20 (FGE.20).
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derivatives evaluated by JECFA (57th meeting) structurally related to benzyl alcohols, benzaldehydes, a
related acetal, benzoic acids, and related esters evaluated by EFSA in FGE.20 (2005)

The Panel concluded that the 44 substances in the JECFA flavouring group of hydroxy- and alkoxy-
substituted benzyl derivatives are structurally related to the group of benzyl alcohols,
benzaldehydes, a related acetal, benzoic acids, and related esters evaluated by EFSA in the FGE.20.

Further two substances were evaluated by the JECFA in this group but are not in the Register (2-
methoxybenzoic acid and ethyl vanillin propylene glycol acetal) and therefore not dealt with in this
consideration.

The Panel agrees with the application of the Procedure as performed by the JECFA for 43 of the 44
substances considered in this FGE. For butyl 4-hydroxybenzoate [FL-no: 09.754] additional data
would be required before it can be evaluated as a flavouring substance, using the Procedure.

For eight substances [FL-no: 04.093, 08.071, 08.076, 08.092, 09.145, 09.754, 09.807 and 16.075]
the JECFA evaluation is only based on Maximised Survey-derived Daily Intake MSDI values
derived from production figures from the USA. EU production figures are needed in order to
finalise the evaluation of these substances.

For all 44 substances use levels are needed to calculate the modified Theorical Added Maximum
Daily Intake (nTAMDI) in order to identify those flavouring substances that need more refined
exposure assessment and to finalise the evaluation.

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

Adequate specifications are available for 40 of the 44 JECFA evaluated substances. For four
substances [FL-no: 06.132, 09.087, 09.751 and 09.763] further information on specifications are
requested.

Thus, for 12 substances [FL-no: 04.093, 06.132, 08.071, 08.076, 08.092, 09.087, 09.145, 09.751,
09.754, 09.763, 09.807 and 16.075] the Panel has reservations (only USA production volumes
available and/or missing data on specifications and/or isomerism/composition). For one of these 12
substances, butyl 4-hydroxybenzoate [FL-no: 09.754], the Panel concluded that additional data
would be required before it can be evaluated as a flavouring substance using the Procedure. For the
remaining 32 JECFA evaluated hydroxy- and alkoxy-substituted benzyl derivatives [FL-no: 02.128,
02.165, 02.213, 04.094, 05.015, 05.016, 05.017, 05.018, 05.019, 05.047, 05.055, 05.056, 05.091,
08.040, 08.043, 08.112, 09.019, 09.035, 09.058, 09.220, 09.430, 09.706, 09.713, 09.714, 09.748,
09.749, 09.750, 09.752, 09.753, 09.796, 09.811 and 09.933] the Panel agrees with the JECFA
conclusion “No safety concern at estimated levels of intake as flavouring substance” based on the
MSDI approach.

KEYWORDS

Hydroxy- and alkoxy-substituted benzyl derivatives, JECFA 57" meeting, FGE.20, butyl 4-
hydroxybenzoate, butyl paraben.
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BACKGROUND

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

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

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

In the period 2000 — 2006, during its 55", 57" 59" 61% 63 and 65" meetings, the JECFA
evaluated about 900 substances which are in the EU Register.

TERMS OF REFERENCE

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

ASSESSMENT

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

The following issues are of special importance.
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Intake

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

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

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

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

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

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

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

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

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

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

Specifications

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

Structural Relationship

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

1. Presentation of the Substances in the JECFA Flavouring Group

1.1. Description
1.1.1. JECFA Status

The JECFA has evaluated a group of 46 flavouring substances consisting of hydroxy- and alkoxy-
substituted benzyl derivatives (JECFA, 2002b). Two of these are not in the Register (2-
methoxybenzoic acid and ethyl vanillin propylene glycol acetal). This consideration will therefore
only deal with 44 JECFA evaluated substances. Butyl 4-hydroxybenzoate [FL-no: 09.754] has been
evaluated as a flavouring substance by the JECFA at its 59" meeting where it was concluded that
butyl 4-hydroxybenzoate was of no safety concern at the current intakes as a flavouring substance
(JECFA, 2003a). In 2006 the JECFA has also considered butyl 4-hydroxybenzoate as a food
additive and concluded that: “The reproductive toxicity of the parabens appears to increase with
increasing length of the alkyl chain, and there are specific data showing adverse reproductive
effects in male rats of butyl paraben. In view of this and the fact that butyl paraben was not
included in the group ADI for parabens, the Committee decided to withdraw the specifications for
this substance (JECFA, 2007b).

1.1.2. EFSA Considerations

The Panel concluded that all the 44 substances in the JECFA flavouring group of hydroxy- and
alkoxy-substituted benzyl derivatives are structurally related to the group of benzyl alcohols,
benzaldehydes, a related acetal, benzoic acids, and related esters evaluated by EFSA in the
Flavouring Group Evaluation 20 (FGE.20).

1.2. Isomers
1.2.1. JECFA Status

The substance [FL-no: 06.132] in the group of JECFA evaluated hydroxy- and alkoxy- substituted
benzyl derivatives has two chiral centres.
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1.2.2. EFSA Considerations
Information is lacking about the stereoisomerism for [FL-no: 06.132].

1.3. Specifications

1.3.1. JECFA Status

JECFA specifications are available for all 44 substances (JECFA, 2001c; JECFA, 2002d). See
Table 1. For one substance, p-Anisyl formate [FL-no: 09.087], the JECFA has reservations.
Although a JECFA specification is available for butyl 4-hydroxybenzoate as a flavouring substance

(JECFA, 2002d), the JECFA has withdrawn the specification for butyl 4-hydroxybenzoate as a food
additive at its 67" meeting in 2006 (see Section 1.1.1).

1.3.2. EFSA Considerations

The available specifications are considered adequate except that information on stereocisomerism is
missing for [FL-no: 06.132], see Section 1.2. For [FL-no: 09.087 and 09.751] further information
on the composition is requested and for [FL-no: 09.763] an ID test is missing.

2. Intake Estimations

2.1. JECFA Status

For 36 substances evaluated through the JECFA Procedure intake data are available for the EU, see
Table 3.1. For the eight remaining substances [FL-no: 04.093, 08.071, 08.076, 08.092, 09.145,
09.754, 09.807 and 16.075] production figures are only available for the USA.

2.2. EFSA Considerations

As production figures are only available for the USA for eight substances, MSDI values for the EU
cannot be calculated for these [FL-no: 04.093, 08.071, 08.076, 08.092, 09.145, 09.754, 09.807 and
16.075].

3. Genotoxicity Data

3.1. Genotoxicity Studies - Text Taken from the JECFA (JECFA, 2002a)
In vitro

The hydroxy- and alkoxy-substituted benzyl derivatives were not mutagenic in standard assays for
reverse mutation with plate incorporation and/or preincubation in Salmonella typhimurium strains
TA92, TA94, TA97, TA98, TA100, TA102, TA104, TA1535, TA1537, TA1538, and TA2637, at
concentrations ranging up to those that are cytotoxic or at maximum test concentrations
recommended by ICH/OECD, in the absence and presence of metabolic activation (S9) (White et
al., 1977; Sasaki & Endo, 1978; Douglas et al., 1980; Florin et al., 1980; Kawachi et al., 1980a;
Kawachi et al., 1980b; Nestmann et al., 1980; Rapson et al., 1980); and (Kasamaki et al., 1982;
Pool & Lin, 1982; Sekizawa & Shibamoto, 1982; Haworth et al., 1983; Wild et al., 1983; Ball et al.,
1984; Ishidate et al., 1984; Haresaku et al., 1985; Nagabhushan & Bhide, 1985); and (Mortelmans
et al., 1986; Fujita & Sasaki, 1987; Heck et al., 1989; Watanabe & Morimoto, 1989c; Dillon et al.,
1992; Muller et al., 1993; King & Harnasch, 1997; Dillon et al., 1998)). An assay for mutation in S.
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typhimurium strain TA1535/pSK1002, in which umu gene expression was the end-point, gave
negative results with salicylaldehyde [FL-no: 05.055] (Nakamura et al., 1987). Assays for mutation
or DNA repair in Escherichia coli strains WP2 uvrA, WP2s, CSH26/pYM3, CSH26/pSK1002,
PQ37, and Sd-4-73 with methyl anisate [FL-no: 09.713], vanillyl alcohol [FL-no: 02.213], vanillin
[FL-no: 05.018], vanillyl butyl ether [FL-no: 04.093], and piperonal [FL-no: 05.016] (Szybalski,
1958; Sekizawa & Shibamoto, 1982; Ohshima et al., 1989; Watanabe & Morimoto, 1989c;
Takahashi et al., 1990), and Saccharomyces cerevisiae strains D3, D4, D7, and XV185-14C with
veratraldehyde [FL-no: 05.017] (Nestmann & Lee, 1983) also gave negative results.

Mixed results were obtained with the hydroxy- and alkoxy-substituted benzyl derivatives in the
assay for DNA repair in Bacillus subtilis strains H17 and M45 for rec mutation, both positive and
negative results being reported for piperonal [FL-no: 05.016] and negative results for para-
methoxybenzaldehyde [FL-no: 05.015], vanillin [FL-no: 05.018], ethyl vanillin [FL-no: 05.019],
and methyl salicylate [FL-no: 09.749] (Oda et al., 1979; Kawachi et al., 1980a; Kawachi et al.,
1980b; Sekizawa & Shibamoto, 1982). Some of the differences in the results were apparently
laboratory-specific. Oda et al. (Oda et al., 1979) reported only negative results with some of the
same compounds; however, the studies were reported in Japanese with English abstracts and could
not be fully evaluated for methodological or other differences. It was not clear whether cytotoxicity
was a factor in the results. No mutations were observed in silkworms treated with methylsalicylate
[FL-no: 09.749] (Kawachi et al., 1980a; Kawachi et al., 1980b).

Both negative and positive results were obtained in assays in isolated mammalian cells with some
of the hydroxy- and alkoxy-substituted benzyl derivatives. Mixed results were reported with para-
methoxybenzaldehyde and vanillin in assays for sister chromatid exchange in several Chinese
hamster cell lines and in human lymphocytes (Jansson et al., 1986; Jansson & Zech, 1987; Sasaki et
al., 1987; Jansson et al., 1988). Negative results were obtained in this assay with ethyl vanillin [FL-
no: 05.019], salicylaldehyde [FL-no: 05.055], and methyl salicylate [FL-no: 09.749] (Kawachi et
al., 1980a; Kawachi et al., 1980b; Sasaki et al., 1987; Jansson et al., 1988). Similarly, mixed results
were obtained in assays for chromosomal aberration in Chinese hamster and human cell lines with
para-methoxybenzaldehyde [FL-no: 05.015], vanillin [FL-no: 05.018], ethyl vanillin [FL-no:
05.019], piperonal [FL-no: 05.016], and methyl salicylate [FL-no: 09.749] (Kawachi et al., 1980a;
Kawachi et al., 1980b; Kasamaki et al., 1982; Ishidate et al., 1984; Kasamaki & Urasawa, 1985;
Jansson & Zech, 1987). The results in the assays for sister chromatid exchange and chromosomal
aberrations were generally obtained independently of the presence or absence of metabolic
activation. Mixed, but mostly positive, results were obtained with veratraldehyde [FL-no: 05.017],
para-methoxybenzaldehyde [FL-no: 05.015], and ethyl vanillin [FL-no: 05.019] in the assay for
forward mutation in L5178Y mouse lymphoma cells, both with and without metabolic activation
(Garberg et al., 1988; Wangenheim & Bolcsfoldi, 1988; Heck et al., 1989). Vanillin [FL-no:
05.018] and piperonal [FL-no: 05.016] were inactive in this assay (Heck et al., 1989). Vanillin
weakly induced micronuclei in human Hep-G2 cells, with only a moderate response at the highest
concentration tested (Sanyal et al., 1997). No unscheduled DNA synthesis was observed in rat
hepatocytes exposed to veratraldehyde [FL-no: 05.017], vanillin [FL-no: 05.018], or ethyl vanillin
[FL-no: 05.019] (Heck et al., 1989). Piperonal [FL-no: 05.016] caused unscheduled DNA synthesis
in one test, but the finding could not be confirmed in subsequent tests (Heck et al., 1989), and the
result was considered to be questionable.

para-Methoxybenzaldehyde [FL-no: 05.015] or benzaldehyde alone did not induce strand breaks in
supercoiled DNA from the phage PM2, although positive results were reported with both substances
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in the presence of CuCl,. The finding that the effect depended on the concentration of copper
suggests that DNA-damaging species are produced during redox reactions of aromatic (and
aliphatic) aldehydes with CuCl, (Becker et al., 1996).

Numerous assays for anti-mutagenicity have been conducted in vitro with some of the hydroxy- and
alkoxy-substituted benzyl derivatives, including evaluations in several sub-mammalian and
mammalian cell lines. Anti-mutagenic activity was reported with para-methoxybenzaldehyde [FL-
no: 05.015] and ethyl vanillin [FL-no: 05.019] (Ohta et al., 1986b; Imanishi et al., 1990; Ohta,
1995). Mixed results were reported with vanillin [FL-no: 05.018] (Takahashi et al., 1990; Tamai et
al., 1992; Sanyal et al., 1997). Analysis of the concentrations, test organisms, and study methods
did not provide an explanation for the discrepant results in these studies. No anti-mutagenic effect
was observed with piperonal [FL-no: 05.016] or methyl salicylate [FL-no: 09.749] (Ohta et al.,
1983; Ohta et al., 1986a; Ohta et al., 1986b).

In vivo

The hydroxy- and alkoxy-substituted benzyl derivatives were inactive in all assays in vivo in
mammals given the compounds orally or by intraperitoneal injection at doses that were significant
fractions of the reported lethal doses. Micronuclei were not induced by para-ethoxybenzaldehyde
[FL-no: 05.056] at a dose of 1005 mg/kg bw, ethyl vanillin [FL-no: 05.019] at 1000 mg/kg bw,
vanillin [FL-no: 05.018] at 500 mg/kg bw, or piperonyl acetate [FL-no: 09.220] at 620 mg/kg bw
(Wild et al.,, 1983; Furukawa et al., 1989). Piperonal [FL-no: 05.016] administered by
intraperitoneal injection at 1000 mg/kg bw caused a slight increase in the number of early fetal
deaths as compared with the incidence in control mice; however, the authors reported that the result
was not statistically significant, and no similar finding was reported after administration by oral
gavage (Epstein et al., 1972).

In assays for sex-linked recessive lethal mutation in fruit flies (Drosophila melanogaster), negative
results were obtained with para-ethoxybenzaldehyde [FL-no: 05.056], ethyl vanillin [FL-no:
05.019], and piperonyl acetate [FL-no: 09.220] after feeding at concentrations of 751, 8309, and
4855 pg/ml, respectively (Wild et al., 1983). Vanillin [FL-no: 05.018] induced an anti-mutagenic
response in fruit flies, and both vanillin and para-methoxybenzaldehyde [FL-no: 05.015] were anti-
mutagenic in mice (Imanishi et al., 1990; Sasaki et al., 1990b; de Andrade et al., 1992). The data on
vanillin, including the results in vitro, suggest some anti-mutagenic activity, although the relevance
of this finding is questionable and impossible to extrapolate to the low concentrations to which
persons are likely to be exposed from its use as a flavour in food.

Conclusion on genotoxicity

The hydroxy- and alkoxy-substituted benzyl derivatives did not have mutagenic activity in bacterial
or other submammalian cellular systems. Mixed results were obtained in an assay for DNA repair in
bacteria and in assays for clastogenicity in isolated mammalian cells. These findings probably
reflect the known activity of alcohols or aldehydes in biological systems, as they were seen both
with and without metabolic activation, and cytotoxicity was often a limitation at high
concentrations. Negative results were obtained in tests for genotoxicity in mice and Drosophila in
vivo. In a 2-year study in mice, no difference in tumour incidence from that in controls was found in
groups fed doses up to 900 mg/kg bw per day of butyl-para-hydroxybenzoate [FL-no: 09.754] (Inai
et al., 1985). The Committee therefore concluded that the hydroxy- and alkoxy-substituted benzyl
derivatives do not have genotoxic potential in vivo.
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For a summary of in vitro / in vivo genotoxicity data considered by the JECFA see Table 2.1.

3.2.  Genotoxicity Studies - Text Taken from EFSA (EFSA, 2006¢)
In vitro

Data from in vitro tests are available for eight candidate substances [FL-no: 09.631, 09.367, 05.129,
05.158, 08.080, 05.153, 08.087 and 02.205] and 29 supporting substances. Data from in vivo tests
are available for two candidate substances [FL-no: 09.367 and 08.080] and for ten supporting
substances.

All the seven candidate substances [FL-no: 09.631, 09.367, 05.129, 05.142, 08.080, 05.153, and
08.087] tested for bacterial gene mutations gave negative results. For five candidate substances [FL-
no: 09.367, 05.129, 05.158, 08.080, and 08.087] both positive and/or negative results were reported
in various other in vitro test systems (Rec assay, chromosomal aberration test, SCE and mammalian
cell gene mutation assay (mouse lymphoma tests)) for most of which the validity cannot be
evaluated or are known to be of very limited relevance.

The same situation was observed for the supporting substances. All the available bacterial gene
mutation assays on supporting substances gave negative results. For fourteen of these substances,
both positive and negative results were reported in other in vitro test systems (Rec assay,
chromosomal aberration test, SCE and mammalian cell gene mutation assay) for most of which,
however, the validity cannot be evaluated.

In vivo

The available in vivo studies on candidate substances reported negative results for ethyl 4-
hydroxybenzoate [FL-no: 09.367] in a chromosome aberration assay in rat bone marrow cells and
for gallic acid [FL-no: 08.080] in a bioassay in the rat liver. However, due to very limited details on
method and results the validity of these studies cannot be evaluated.

The Panel noted that benzyl acetate was positive in an in vivo Comet assay, which may indicate a
genotoxic activity at high dose levels. The study was considered of limited validity. However, all
other in vivo studies with benzyl acetate are negative and several of these studies, among which an
UDS-test in the liver and a mouse bone marrow micronucleus test were considered to be of good
quality (NTP, 1993d). Additionally, in the long term carcinogenicity studies with benzyl acetate, no
carcinogenic effects were observed in mice and rats after administration via the diet (NTP, 1993d).
In a previous study by NTP (NTP, 1986¢) in which this substance was administered by gavage in
corn oil, concern was raised in particular about pancreatic tumours in rats, but for these tumours a
confounding influence of the vehicle was suspected. In two other genotoxicity studies, specifically
aiming at the determination of benzyl acetate-induced DNA damage (UDS test and alkaline elution
assay) in rat pancreas, no indications of a genotoxic effect were obtained although these studies
were of limited or inassessible validity. Taking all this information into account, the Panel
considered the positive result from the in vivo Comet assay as insufficient ground to preclude the
evaluation of benzyl acetate via the Procedure.

Furthermore, all the studies carried out with ten different supporting substances among which were
benzyl alcohol, benzyl acetate and benzaldehyde, give no indication of a genotoxic potential in vivo
in several studies for different genetic endpoints and by different routes of administration.

Conclusion on genotoxicity:
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While some of the in vitro studies indicated equivocal weak positive or positive results, considering
the weight of evidence from candidate and supporting substances and the in vivo studies the Panel
concluded no safety concern with respect to genotoxicity of the substances in the present flavouring

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

3.3. EFSA Considerations

The Panel considered that while some of the in vitro studies indicated equivocal weak positive or
positive results, the weight of evidence from candidate and supporting substances and the in vivo
studies do not preclude evaluation of the 44 JECFA evaluated hydroxy- and alkoxy- substituted
benzyl derivatives through the Procedure.

4. Application of the Procedure

4.1. Application of the Procedure to 44 Hydroxy- and Alkoxy-substituted Benzyl Derivatives
Evaluated by JECFA (JECFA, 2002a):

According to the JECFA 35 of the substances belong to structural class | and nine to structural class
Il using the decision tree approach presented by Cramer et al. (Cramer et al., 1978).

The JECFA concluded 40 of the 44 flavouring substances at step A3 in the JECFA Procedure — i.e.
the substances are expected to be metabolised to innocuous products (step 2) and the intakes for the
substances are below the thresholds for structural classes | and 11 (step A3).

The four remaining substances [FL-no: 05.016, 05.018, 05.019 and 09.749] were concluded at step
A5 — i.e. the intakes are above the threshold for the structural class, the substances are not
endogenous, but a NOAEL is available that can provide an adequate margin of safety to the
estimated intake of the substances.

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

The evaluations of the 44 substances are summarised in Table 3.1: Summary of Safety Evaluation
of 44 Hydroxy- and Alkoxy-Substituted Benzyl Derivatives (JECFA, 2002b).

4.2.  Application of the Procedure to 35 Benzyl Alcohols, Benzaldehydes, a Related Acetal,
Benzoic Acids, and Related Esters Evaluated by EFSA (EFSA, 2006¢):

Thirty-three of the flavouring substances are classified into structural class I, one is classified into
structural class Il and one is classified into structural class Il using the decision tree approach
presented by Cramer et al. (Cramer et al., 1978).

The Panel concluded all of the 35 flavouring substances at step A3 in the EFSA Procedure — i.e. the
substances are expected to be metabolised to innocuous products (step 2) and the intakes for all
substances are below the thresholds for structural classes I, 11 and 111 respectively (step A3).

In conclusion the Panel considered that the 35 substances evaluated through the Procedure were of
no safety concern at the estimated levels of intake based on the MSDI approach.

The EFSA Journal (2008) 637, 11-69



. . . . . The EFSA Journal (2008) 637
Flavouring Group Evaluation 52 (FGE.52): Consideration of hydroxy- and alkoxy-substituted benzyl

derivatives evaluated by JECFA (57th meeting) structurally related to benzyl alcohols, benzaldehydes, a
related acetal, benzoic acids, and related esters evaluated by EFSA in FGE.20 (2005)

The stepwise evaluations of the 35 substances are summarised in Table 3.2: Summary of Safety
Evaluation Applying the Procedure (EFSA, 2006e).

4.3. EFSA Considerations

The Panel agrees with the application of the Procedure as performed by the JECFA at its 57"
meeting (JECFA, 2002a) for 43 of the 44 substances in the group of hydroxy- and alkoxy-
substituted benzyl derivatives.

More recent studies on butyl 4-hydroxybenzoate [FL-no: 09.754] considered in the EFSA opinion
on methyl, ethyl and propyl 4-hydroxybenzoates, evaluated as food additives, have demonstrated
that in juvenile rats given dietary doses of approximately 10, 100 or 1000 mg/kg body weight (bw)
per day for eight weeks, effects were observed on male reproductive organs, sperm parameters or
sex hormones at all doses (EFSA, 2004b; JECFA, 2007b). In juvenile mice given dietary doses of
butyl 4-hydroxybenzoate of 15-1500 mg/kg bw per day for ten weeks, effects on sperm counts and
serum concentrations of testosterone were observed (JECFA, 2007b). As no NOAEL could be
demonstrated for these effects on male reproductive parameters in rodents the Panel concluded that
additional data would be required before butyl 4-hydroxybenzoate [FL-no: 09.754] can be evaluated
as a flavouring substance using the Procedure.

5. Conclusion

The Panel concluded that the 44 substances in the JECFA flavouring group of hydroxy- and alkoxy-
substituted benzyl derivatives are structurally related to the group of benzyl alcohols,
benzaldehydes, a related acetal, benzoic acids, and related esters evaluated by EFSA in the
Flavouring Group Evaluation 20 (FGE.20).

Further two substances were evaluated by the JECFA in this group but are not in the Register (2-
methoxybenzoic acid and ethyl vanillin propylene glycol acetal) and therefore not dealt with in this
consideration.

The Panel agrees with the application of the Procedure as performed by the JECFA for 43 of the 44
substances considered in this FGE. For butyl 4-hydroxybenzoate [FL-no: 09.754] additional data
would be required before it can be evaluated as a flavouring substance, using the Procedure.

For eight substances [FL-no: 04.093, 08.071, 08.076, 08.092, 09.145, 09.754, 09.807 and 16.075]
the JECFA evaluation is only based on MSDI values derived from production figures from the
USA. EU production figures are needed in order to finalise the evaluation of these substances.

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

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

Adequate specifications are available for 40 of the 44 JECFA evaluated substances. For three
substances [FL-no: 06.132, 09.087 and 09.751] further information on the composition is requested
for and for one substance [FL-no: 09.763] an ID test is missing.

Thus, for 12 substances [FL-no: 04.093, 06.132, 08.071, 08.076, 08.092, 09.087, 09.145, 09.751,
09.754, 09.763, 09.807 and 16.075] the Panel has reservations (only USA production volumes
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available and/or missing data on specifications and/or isomerism/composition). For one of these 12
substances, butyl 4-hydroxybenzoate [FL-no: 09.754], the Panel concluded that additional data
would be required before it can be evaluated as a flavouring substance using the Procedure. For the
remaining 32 JECFA evaluated hydroxy- and alkoxy-substituted benzyl derivatives [FL-no: 02.128,
02.165, 02.213, 04.094, 05.015, 05.016, 05.017, 05.018, 05.019, 05.047, 05.055, 05.056, 05.091,
08.040, 08.043, 08.112, 09.019, 09.035, 09.058, 09.220, 09.430, 09.706, 09.713, 09.714, 09.748,
09.749, 09.750, 09.752, 09.753, 09.796, 09.811 and 09.933] the Panel agrees with the JECFA
conclusion “No safety concern at estimated levels of intake as flavouring substance” based on the
MSDI approach.
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TABLE 1: SPECIFICATION SUMMARY FOR JECFA EVALUATED SUBSTANCES IN THE PRESENT GROUP
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Hydroxy- and Alkoxy-substituted Benzyl derivatives

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) |Refrac. Index 4) |EFSA comments
JECFA-no CoE no Mol.formula  [Solubility in ethanol 2) |Melting point, °C  |Spec.gravity 5)
CAS no Mol.weight ID test
Assay minimum
02.128 p-Anisyl alcohol 2099 Liquid Insoluble 259 1.540-1.547
871 oH 66 CgH100, Miscible 24-25 1.107-1.115
~ 105-13-5 138.17 IR
° 97 %
02.165 4-Hydroxybenzyl alcohol 3987 Solid Slightly soluble na. na.
955 o C;Hg0, Soluble 110-112 na.
623-05-2 124.14 IR
" 99 %
02.213 Vanillyl alcohol | 3737 Solid Soluble n.a. na.
886 ° on 690 CgH1003 Soluble 115 na. According to JECFA: Boiling
Kj/\ 498-00-0 154.17 IR point is “n/a (decomposes at the
HO 98 % melting point)".
04.093 Butyl vanillyl ether o 3796 Liquid Insoluble 241 1.511-1.521
888 - NN CioHis0s Miscible 1.048-1.068
82654-98-6 210.27 IR
"o 95 %
04.094 Ethyl 4-hydroxy-3-methoxybenzyl ether o 3815 Liquid Insoluble 212 1.528-1.532
887 ) CioH1403 Miscible 1.106-1.113
Ho 13184-86-6 182.22 NMR
o 98 %
~
05.015 4-Methoxybenzaldehyde N 2670 Liquid Poorly soluble 248 1.568-1.574
878 ° 103 CgHgO, Miscible 1.115-1.123
o /©/\ 123-11-5 136.15 IR
o 97 %
05.016 Piperonal 2911 Solid Slightly soluble 263 na.
896 <°j©/\o 104 CgHsO3 Freely soluble 37 na.
o 120-57-0 150.13 IR
98 %
05.017 Veratraldehyde o 3109 Solid Insoluble 281 na.
877 - j@A 106 CoH10 Soluble 42-45 na.
~ 120-14-9 166.18 IR
o’
95 %
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Hydroxy- and Alkoxy-substituted Benzyl derivatives

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) |Refrac. Index 4)|EFSA comments
JECFA-no CoE no Mol.formula  [Solubility in ethanol 2) |Melting point, °C  |Spec.gravity 5)
CAS no Mol.weight ID test
Assay minimum
05.018 Vanillin o 3107 Solid Slightly soluble 285 n.a.
889 - o 107 CgHgOs Freely soluble 80-81 n.a.
121-33-5 152.15 IR
e 97 %
05.019 Ethyl vanillin o 2464 Solid Insoluble 285 n.a.
893 ( o 108 CoH1003 Very soluble 78 na.
121-32-4 166.18 IR
Ho 98 %
05.047 4-Hydroxybenzaldehyde 3984 Solid Slightly soluble na. n.a.
956 o 558 C;Hg0, Freely soluble 116 n.a. According to JECFA: Melting
123-08-0 122.12 IR point is "116° [sublimes at
" 99 % atmospheric pressure]".
05.055 Salicylaldehyde g 3004 Liquid Slightly soluble 196-197 1.570-1.576
897 ° 605 C;HgO, Miscible 1.159-1.170
©i\ 90-02-8 122.12 IR
o 95 %
05.056 4-Ethoxybenzaldehyde N 2413 Liquid Poorly soluble 250 1.556-1.564
879 o 626 CgH100, Miscible 1.078-1.084 According to JECFA: Boiling
K /©/\ 10031-82-0 150.18 IR point is “250 (minimum)".
© 97 %
05.091 2-Hydroxy-4-methylbenzaldehyde N 3697 Solid Insoluble 207 na.
898 ° 2130 CgHgO, Freely soluble 57 n.a.
/©i\ 698-27-1 136.15 IR
o 98 %
06.132 Vanillin butan-2,3-diol acetal (mixture 4023 Solid Insoluble n.a. n.a.
960 of stereo isomers) 6) o C1oH1604 Soluble 48-52 n.a. CASrn  does not specify
({ 63253-24-7 224.26 IR NMR MS stereoisomers.
° 95 %
08.040 4-Hydroxybenzoic acid i 3986 Solid Slightly soluble na. na.
957 - 693 C;HsO3 Freely soluble 213-214 n.a.
99-96-7 138.12 IR
o 99 %
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Flavouring Group Evaluation 52 (FGE.52): Consideration of hydroxy- and alkoxy-substituted benzyl derivatives ( )

evaluated by JECFA (57th meeting) structurally related to benzyl alcohols, benzaldehydes, a related acetal, benzoic
acids, and related esters evaluated by EFSA in FGE.20 (2005)

Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Hydroxy- and Alkoxy-substituted Benzyl derivatives
FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) |Refrac. Index 4)|EFSA comments
JECFA-no CoE no Mol.formula  [Solubility in ethanol 2) |Melting point, °C  |Spec.gravity 5)
CAS no Mol.weight ID test
Assay minimum
08.043 Vanillic acid f 3988 Solid Slightly soluble n.a. n.a.
959 o 697 CgHgO,4 Soluble 210-212 na.
121-34-6 168.15 IR
o 99 %
/O
08.071 p-Anisic acid i 3945 Solid Soluble 275-280 na.
883 10077 CgHgOs Freely soluble 184 n.a.
o 100-09-4 152.15 IR
~o 98 %
08.076 2,4-Dihydroxybenzoic acid o8 3798 Solid Soluble n.a. n.a.
908 C7HsO4 Soluble 225 na. According to JECFA: Melting
o 89-86-1 154.12 IR point is "225° (decomposes,
o 97 % rapid heating required)".
08.092 3-Methoxybenzoic acid i 3944 Solid Soluble 170-172 na.
882 CgHgOs Freely soluble 107-109 n.a.
o 586-38-9 152.15 IR
98 %
S
08.112 Salicylic acid i 3985 Solid Very slightly soluble 211 (26 hPA) na.
958 10165 C7HgO5 Very soluble 158-160 na.
o 69-72-7 138.12 IR
o 99 %
09.019 p-Anisyl acetate f 2098 Liquid Insoluble 235 1.511-1.517
873 )k 209 C1oH1203 Miscible 1.104-1.111
/@Ao 104-21-2 180.20 IR
~ 97 %
09.035 Vanillyl acetate o No 3108 Solid Slightly soluble 148 (13 hPa) n.a.
890 )k 225 CioH1004 Soluble 77-79 na.
o 881-68-5 194.19 IR
o 97 %
~
09.058 p-Anisyl butyrate f 2100 Liquid Insoluble 270 1.500-1.505
875 O)k/\ 286 C1,H1603 Miscible 1.047-1.067
/@A 6963-56-0  |208.26 IR
~ 97 %
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Hydroxy- and Alkoxy-substituted Benzyl derivatives

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) |Refrac. Index 4)|EFSA comments
JECFA-no CoE no Mol.formula  [Solubility in ethanol 2) |Melting point, °C  [Spec.gravity 5)
CAS no Mol.weight ID test
Assay minimum
09.087 p-Anisyl formate 9) “’ 2101 Liquid Insoluble 220 1.519-1.525
872 ) 354 CoH1003 Miscible 1.136-1.145 According to JECFA:
° 122-91-8 166.18 IR "Minimum assay value is
o 90 % 90%".
l
09.145 p-Anisyl propionate it 2102 Liquid Insoluble 100-103(0.7hPa) 1.505-1.510
874 )k/ 426 C1:H1403 Miscible 1.070-1.086
° 7549-33-9 194.23 IR
o 97 %
09.220 Piperonyl acetate f 2912 Liquid Insoluble 150-151 (13hPa) 1.523-1.529
894 o OJ\ 2068 CioH1004 Miscible 1.227-1.239
< D/\ 326-61-4 194.19 IR
o 97 %
09.430 Piperonyl isobutyrate 7 2913 Liquid Insoluble 91-92(0.007hPa) 1.506-1.513
895 o 305 C1,H1404 Miscible 1.154-1.160
< ° 5461-08-5 22224 IR
o 97 %
09.706 Anisyl phenylacetate o 3740 Liquid 370 1.553-1.563
876 233 Ci6H1603 1.125-1.133
o 102-17-0 256.30 IR
97 %
\O
09.713 Methyl 4-methoxybenzoate i 2679 Solid Very slightly soluble 255 na.
884 - 248 CoH1003 Soluble 48 n.a.
° 121-98-2 166.18 IR
o 97 %
09.714 Ethyl 4-methoxybenzoate i 2420 Liquid Insoluble 270 1.522-1.528
885 249 C1oH1203 Miscible 1.101-1.105
¢ 94-30-4 180.20 IR
~. 97 %
09.748 Ethyl salicylate ™o 2458 Liquid Slightly soluble 234 1.518-1.525
900 AN 432 CoH1003 Miscible 1.125-1.131
118-61-6 166.18 IR
98 %
09.749 Methyl salicylate o8 2745 Liquid Slightly soluble 222 1.534-1.538
899 o 433 CgHgO3 Miscible 1.176-1.185
119-36-8 152.15 IR
98 %
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Flavouring Group Evaluation 52 (FGE.52): Consideration of hydroxy- and alkoxy-substituted benzyl derivatives ( )

evaluated by JECFA (57th meeting) structurally related to benzyl alcohols, benzaldehydes, a related acetal, benzoic
acids, and related esters evaluated by EFSA in FGE.20 (2005)

Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Hydroxy- and Alkoxy-substituted Benzyl derivatives
FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) |Refrac. Index 4)|EFSA comments
JECFA-no CoE no Mol.formula  [Solubility in ethanol 2) |Melting point, °C  [Spec.gravity 5)
CAS no Mol.weight ID test
Assay minimum
09.750 Isobutyl salicylate i 2213 Liquid Insoluble 260 1.506-1.570
902 434 C1:H1403 Miscible 1.062-1.069
°/W/ 87-19-4 194.23 IR
on 98 %
09.751 Isopentyl salicylate 9) i 2084 Liquid Insoluble 277 1.504-1.509
903 OA)\ 435 C1oH1603 Miscible 1.046-1.055 According to JECFA: Min.
87-20-7 208.26 IR assay value is "98 (sum of
on 98 % isoamyl and amyl salicylate)".
09.752 Benzyl salicylate f 2151 Liquid Insoluble 300 1.573-1.584
904 436 C14H1203 Miscible 24-26 1.173-1.183
O/\© 118-58-1 228.25 IR
o 98 %
09.753 Phenethyl salicylate o o 2868 Solid Insoluble 190 (7 hPa) na.
905 437 Ci5H1403 Soluble 44 n.a.
o 87-22-9 242.28 IR
98 %
09.754 Butyl 4-hydroxybenzoate f 2203 Solid Insoluble 156-157 (5 hPa) na.
870 NN 525 C1:H1403 Soluble 67-70 na.
94-26-8 194.23 IR
Ho 98 %
09.763 Butyl salicylate i 3650 Liquid Insoluble 268 1.508-1.520 ID 7).
901 NN 614 C1:H1403 Miscible 1.070-1.080
2052-14-4 194.23
on 98 %
09.796 Methyl 2-methoxybenzoate ~ 9 2717 Liquid Very slightly soluble 246 1.529-1.537
880 2192 CyH1003 Miscible 1.144-1.160
o 606-45-1 166.18 IR
97 %
09.807 o-Tolyl salicylate o o 3734 Solid Insoluble 180 (3 hPa) 1.576-1.584
907 C14H1203 Soluble 1.164-1.174
o 617-01-6 228.25 NMR
99 %
09.811 Vanillin isobutyrate o 0 3754 Liquid Insoluble 130-132 (3 hPa) 1.522-1.526
891 C1,H1404 Miscible 1.110-1.136
o 20665-85-4 222.24 IR
° 98 %
~
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of 44 Hydroxy- and Alkoxy-substituted Benzyl derivatives

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) |Refrac. Index 4)|EFSA comments
JECFA-no CoE no Mol.formula  [Solubility in ethanol 2) |Melting point, °C  |Spec.gravity 5)
CAS no Mol.weight ID test
Assay minimum
09.933 Ethyl vanillin isobutyrate 3837 Solid Insoluble na.
953 C13H1604 Freely soluble 57 na.
P 188417-26-7 |236.27 IR
97 %
O,
7 < S > <
o
16.075 Ethyl vanillin beta-D-glucopyranoside ° 3801 Solid Slightly soluble na. na.
892 Ci15H,500g Slightly soluble 199-200 n.a. CASrn to be included in the
328.32 NMR Register: 122397-96-0.
99 % According to JECFA: Boiling
N point is “n/a (decomposes on
heating)".
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.
8) MP: Missing melting point.
9) Composition of mixture not specified.
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Flavouring Group Evaluation 52 (FGE.52): Consideration of hydroxy- and alkoxy-substituted benzyl derivatives ( )

evaluated by JECFA (57th meeting) structurally related to benzyl alcohols, benzaldehydes, a related acetal, benzoic
acids, and related esters evaluated by EFSA in FGE.20 (2005)

TABLE 2: GENOTOXICITY DATA

Table 2.1: Genotoxicity Data (in vitro / in vivo) for 44 Hydroxy- and Alkoxy-Substituted Benzyl Derivatives (JECFA, 2002a)

Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)
FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no JECFA name
In vitro
02.128 p-Anisyl alcohol oH Reverse mutation (plate|S. typhimurium TA100 > 500 mg/plate Negative® (Ball et al., 1984)
871 Anisyl alcohol - incorporation)
02.213 Vanillyl alcohol | SOS DNA repair Escherichia coli PQ37 Not reported Positive® (Ohshima et al.,
886 :@/\ 1989)
HO’
05.015 4-Methoxybenzaldehyde o Reverse mutation|S. typhimurium TA92, TA1535,|5000 mg/plate* Negative® (Ishidate et al.,
878 p-Methoxybenzaldehyde (preincubation) TA100, TA1537, TA94, TA98, 1984)
o TA2637
Reverse mutation S. typhimurium TA98, TA100 > 500 mg/plate Negative® (Kasamaki et al.,
1982)
Chromosomal Chinese hamster fibroblasts 500 mg/ml? Negative® (Ishidate et al.,
aberration 1984)
Reverse mutation |S. typhimurium TA102, TA97 > 1000 mg/plate Negative® (Fujita & Sasaki,
(preincubation) 1987)
Mutation B. subtilis H17, M45 22 mg/disc Negative® (Oda et al., 1979)
Reverse mutation S. typhimurium TA102 5000 mg/plate Negative® (Mller et al,
1993)
Reverse mutation S. typhimurium TA100 > 1000 mg/plate Negative (Rapson et al.,
1980)
Forward mutation Mouse lymphoma L5178Y cells |> 470 mg/ml|Negative (Wangenheim &
540-780 mg/ml Positive® Bolcsfoldi, 1988)
Reverse mutation S. typhimurium TA98, TA100,(410 mg/plate Negative® (Florin et al,
TA1535, TA1537 1980)
Chromosomal Chinese hamster B241 cell line  |0.0068 mg/ml Positive® (Kasamaki et al.,
aberration 1982)
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Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)

FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no  |JECFA name
In vitro
Mutation Phage PM2 1400 mg/ml Negative (Becker et al,
1996)
Sister chromatid|Human lymphocytes >270
exchange
DNA alkaline|Mouse lymphoma L5178Y/TK*~|> 820 mg/ml 960-1100 mg/ml |Negative® (Garberg et al.,
unwinding cells Positive® 1988)
Sister chromatid |Chinese hamster ovary K-1 cells |> 14 mg/ml Negative (Sasaki et al,
exchange 1987)
05.017 Veratraldehyde Reverse mutation S. typhimurium TA1535, TA100, (8000 mg/plate Negative® (Nestmann et al.,
877 A No TA1537, TA1538, TA98 1980)
~ Reverse mutation S. typhimurium TA1535, TA100, ({8000 mg/plate Negative® (Douglas et al.,
o TA1537, TA1538, TA98 1980)
Mutation Saccharomyces cerevisiae D7,|Not reported Negative® (Nestmann &
XV185-14C Lee, 1983)
Reverse mutation|S. typhimurium TA1535, TA98,|> 6666 mg/plate Negative® (Mortelmans et
(preincubation) TA100, TA97, TA1537 al., 1986)
Reverse mutation S. typhimurium TA1535,|1000 mg/plate? Negative® (Heck et al,
TA1537, TA1538, TA98, TA100 1989)
Forward mutation Mouse lymphoma L5178Y cells |1400 mg/ml* Positive” (Heck et al,
1989)
Reverse mutation|S. typhimurium TA100, TA102,|Not reported Negative® (Dillon et al,
(preincubation) TA104, TA1538, TA982 1992)
Reverse mutation|S. typhimurium TA100, TA102,(33-3300 mg/plate Negative® (Dillon et al,
(preincubation) TA104 1998)
Unscheduled DNA [Rat hepatocytes 100 mg/ml* Negative (Heck et al,
synthesis 1989)
05.055 Salicylaldehyde N Mutation S. typhimurium{110 mg/ml Negative® (Nakamura et al.,
897 @i\ ° TA1535/pSK1002 1987)
o Reverse mutation S. typhimurium TA98, TA100,(370 mg/plate Negative® (Florin et al,
TA1535, TA1537 1980)
Reverse mutation |S. typhimurium TA98, TA100 Not reported Negative® (Sasaki & Endo,
(preincubation) 1978)
Sister chromatid {Human lymphocytes > 61 mg/ml Negative® (Jansson et al.,
exchange 1988)
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Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)
FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no JECFA name
In vitro
05.056 4-Ethoxybenzaldehyde o Reverse mutation S. typhimurium TA1535, TA100, 3600 mg/plate Negative® (Wild et al,
879 p-Ethoxybenzaldehyde K TA1537, TA1538, TA98 1983)
0’
09.713 Methyl 4-methoxybenzoate i Mutation Escherichia coli Sd-4-73 Not reported Negative® (Szybalski, 1958)
884 Methyl anisate —
\0
05.018 Vanillin ~ N0 Reverse mutation S. typhimurium TA1535,|10 000 mg/plate® Negative® (Heck et al,
889 ;@A TA1537, TA1538, TA98, TA100 1989)
Ho Mutation B. subtilis H17, M45 21 mg/disc Negative® (Odaet al., 1979)
Chromosomal Chinese hamster fibroblasts 1000 mg/ml Negative® (Ishidate et al.,
aberration 1984)
Reverse mutation S. typhimurium TA1535,|5000 mg/plate Negative® (Pool & Lin,
TA1537, TA1538, TA98, TA100 1982)
Reverse mutation|S. typhimurium TA1535, TA98,|> 10 000 mg/plate Negative® (Mortelmans et
(preincubation) TA100, TA97, TA1537 al., 1986)
Mutation Escherichia coli Sd-4-73 Not reported Negative® (Szybalski, 1958)
Reverse mutation S. typhimurium TA98, TA100,|Not reported Negative® (Nagabhushan &
TA1535, TA1537, TA1538 Bhide, 1985)
Reverse mutation S. typhimurium TA92, TA1535,(10 000 mg/plate® Negative® (Ishidate et al.,
TA100, TA1537, TA94, TA98, 1984)
TA2637
Reverse mutation S. typhimurium TA100 > 1000 mg/plate Negative (Rapson et al,
1980)
Forward mutation Mouse lymphoma L5178Y cells |> 1500 mg/ml* Negative® (Heck et al,
1989)
Mutation Escherichia coli CSH26/pYM3,|> 15 000 mg/ml Negative (Takahashi et al.,
CSH26/pSK1002 1990)
Reverse mutation S. typhimurium TA98, TA100 > 1000 mg/plate Negative® (Kasamaki et al.,
1982)
Chromosomal Chinese hamster B241 cells >0.006 mg/ml Negative (Kasamaki &
aberration Urasawa, 1985)
Sister chromatid {Human lymphocytes 0-150 mg/ml Positive (Jansson et al,
exchange 1986)
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Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)

FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no  |JECFA name
In vitro
Mitotic gene conversion [S. cerevisiae 10 000 mg/ml Negative (Rosin, 1984)
Chromosomal Chinese hamster V79 lung cells |15 000-150 000 mg |Negative® (Tamai et al,
aberration 300 000 mg Positive® 1992)
Chromosomal Human lymphocytes > 610 mg/ml Negative (Jansson & Zech,
aberration 1987)
Chromosomal Chinese hamster B241 cell line  |0.003 mg/ml Negative (Kasamaki et al.,
aberration 1982)
Sister chromatid|Chinese hamster ovary K-1 cells |> 15 mg/ml Negative (Sasaki et al,
exchange 1987)
Sister chromatid {Human lymphocytes 150-300 mg/ml Positive (Jansson & Zech,
exchange 1987)
Unscheduled DNA [Rat hepatocytes 500 mg/ml? Negative (Heck et al,
synthesis 1989)
SOS DNA repair Escherichia coli PQ37 Not reported Positive® (Ohshima et al.,
1989)
Micronucleus formation [Human hepatoma (Hep-G2) cells {50 mg/ml|Negative (Sanyal et al,
500 mg/ml Positive 1997)
09.749 Methyl salicylate ™o Chromosomal Hamster lung fibroblasts Not reported Positive® (Kawachi et al.,
899 o aberration 1980a; Kawachi
etal., 1980b)
Mutation B. subtilis H17, M45 23 mg/disc Negative® (Oda et al., 1979)
Chromosomal Chinese hamster fibroblasts 250 mg/ml? Negative® (Ishidate et al.,
aberration 1984)
Reverse mutation S. typhimurium TA92, TA1535,(10 000 mg/plate Negative® (Ishidate et al.,
TA100, TA1537, TA94, TA98, 1984)
TA2637
Reverse mutation|S. typhimurium TA1535, TA98,|> 330 mg/plate Negative® (Mortelmans et
(preincubation) TA100, TA97, TA1537 al., 1986)
Reverse mutation S. typhimurium TA100, TA98 Not reported Negative® (Kawachi et al.,
1980a; Kawachi
et al., 1980b)
Mutation B. subtilis H17, M45 Not reported Negative® (Kawachi et al.,

1980a; Kawachi
et al., 1980b)
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Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)

FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no  |JECFA name
In vitro
Chromosomal Human embryo fibroblasts Not reported Negative® (Kawachi et al.,
aberration 1980a; Kawachi
etal., 1980b)
Sister chromatid [Human embryo fibroblasts Not reported Negative® (Kawachi et al.,
exchange 1980a; Kawachi
etal., 1980b)
Mutation Silkworm Not reported Negative® (Kawachi et al.,
1980a; Kawachi
et al., 1980b)
09.754 Butyl 4-hydroxybenzoate Chromosomal Chinese hamster fibroblasts 60 mg/ml* Negative® (Ishidate et al.,
870 R aberration 1984)
PN Reverse mutation|S. typhimurium TA92, TA1535,(1000 mg/platec Negative® (Ishidate et al.,
o (preincubation) TA100, TA1537, TA94, TA98, 1984)
TA2637
HO’
Reverse mutation S. typhimurium TA98, TA100 < 1000 mg/plate Negative® (Haresaku et al.,
1985)
04.093 Butyl vanillyl ether Reverse mutation S. typhimurium TA1535, TA100,({5000 mg/plate Negative® (Watanabe &
888 ° SN TA1537, TA98 Morimoto,
1989c)
HO Mutation Escherichia coli WP2 uvrA 5000 mg/plate Negative® (Watanabe &
Morimoto,
1989c)
09.220 Piperonyl acetate f Reverse mutation|S. typhimurium TA1535, TA98,|> 3300 mg/plate Negative® (Mortelmans et
894 s . )k (preincubation) TA100, TA97, TA1537 al., 1986)
< ]@/\ Reverse mutation S. typhimurium TA1535, TA100, 3600 mg/plate Negative® (Wild et al,
© TA1537, TA1538, TA98 1983)
05.016 Piperonal o o Reverse mutation |Escherichia coli WP2uvrAtrp~ (2400 mg Negative® (Sekizawa &
896 < (histidine substitution) Shibamoto, 1982)
Reverse mutation S. typhimurium TA1535,|10 000 mg/plate* Negative® (Heck et al,
TA1537, TA1538, TA98, TA100 1989)
Reverse mutation S. typhimurium TA98, TA100 0.05-5000 mg/plate Negative® (Kasamaki et al.,
1982)
Reverse mutation S. typhimurium TA1537,|> 5000 mg/plate Negative® (White et al,
TA1538, TA98, TA100 1977)
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Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)

FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no  |JECFA name
In vitro
Mutation B. subtilis H17, M45 20 mg/disc Negative® (Oda et al., 1979)
Reverse mutation S. typhimurium TA100, TA1535,(2400 mg Negative® (Sekizawa &
TA98, TA1537, TA1538 Shibamoto, 1982)
Reverse mutation|S. typhimurium TA1535,|> 10 000 mg/plate Negative® (Haworth et al.,
(preincubation) TA1537, TA98, TA100 1983)
Unscheduled DNA |Rat hepatocytes 500 mg/ml Positive (Heck et al,
synthesis 1989)
Chromosomal Chinese hamster B241 cell line  |0.075 mg/ml Positive (Kasamaki et al.,
aberration 1982)
Chromosomal Chinese hamster B241 cell line  |>0.15 mg/ml Negative (Kasamaki &
aberration Urasawa, 1985)
Mutation B. subtilis H17/M45 5000 mg/disc Positive® (Sekizawa &
Shibamoto, 1982)
Forward mutation Mouse lymphoma L5178Y cells |> 1000 mg/ml Negative® (Heck et al,
1989)
05.019 Ethyl vanillin © Ny Reverse mutation S. typhimurium TA1535, TA100, (> 3600 mg/plate Negative® (Wild et al,
893 r TA1537, TA1538, TA98 1983)
Ho Mutation B. subtilis H17, M45 21 mg/disc Negative® (Odaet al., 1979)
Chromosomal Chinese hamster fibroblasts 250 mg/ml? Positive® (Ishidate et al.,
aberration 1984)
Reverse mutation|S. typhimurium TA1535, TA98,|> 8000 mg/plate Negative® (Mortelmans et
(preincubation) TA100, TA97, TA1537 al., 1986)
Reverse mutation S. typhimurium TA92, TA1535,|10 000 mg/plate® Negative® (Ishidate et al.,
TA100, TA1537, TA94, TA98, 1984)
TA2637
Forward mutation Mouse lymphoma L5178Y cells |> 1000 mg/ml | Negative® (Heck et al,
800 mg/ml Weakly positive® 1989)
Reverse mutation |S. typhimurium TA97, TA102 > 1000 mg/plate Negative® (Fujita & Sasaki,
(preincubation) 1987)
Reverse mutation S. typhimurium TA1535,|10 000 mg/plate Negative® (Heck et al,
TA1537, TA1538, TA98, TA100 1989)
Unscheduled DNA |Rat hepatocytes 200 mg/ml Negative (Heck et al,
synthesis 1989)
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evaluated by JECFA (57th meeting) structurally related to benzyl alcohols, benzaldehydes, a related acetal, benzoic
acids, and related esters evaluated by EFSA in FGE.20 (2005)

Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)

FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no JECFA name

In vitro
Sister chromatid|Human lymphocytes > 330 mg/ml Negative® (Jansson et al.,
exchange 1988)
Sister chromatid|Chinese hamster ovary K-1 cells |> 17 mg/ml Negative (Sasaki et al,
exchange 1987)
09.933 Ethyl vanillin isobutyrate Reverse mutation S. typhimurium TA1535,|> 5000 mg/plate Negative® (King &
953 TA1537, TA1538, TA98, TA100 Harnasch, 1997)

Oy
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Table 2.1: Summary of Genotoxicity Data of hydroxy- and alkoxy-substituted benzyl derivatives evaluated by JECFA (JECFA, 2002a)
FL-no EU Register name Structural formula End-point Test system Concentration Results Reference
JECFA-no  |JECFA name
In vivo
05.056 4-Ethoxybenzaldehyde N Sex-linked recessive | Drosophila melanogaster 750 mg/ml Negative (Wild et al,
879 p-Ethoxybenzaldehyde K /©/\° lethal mutation 1983)
o Micronucleus formation [NMRI mice > 1000 mg/kg bw Negative (Wild et al,
1983)
05.018 Vanillin ~° N0 Micronucleus formation |Male BDF1 mice 500 mg/kg bw Negative (Inouye et al,
889 1988)
HO’
05.019 Ethyl vanillin Sex-linked recessive|D. melanogaster 8300 mg/ml Negative (Wild et al,
893 o lethal mutation 1983)
N
r ° Micronucleus formation |Male BDF1 mice Not reported Negative (Furukawa et al.,
o 1989)
Micronucleus formation [NMRI mice 1000 mg/kg bw Negative (Wild et al,
1983)
09.220 Piperonyl acetate i Sex-linked recessive|D. melanogaster 4900 mg/ml Negative (Wild et al,
894 o )k lethal mutation 1983)
0’
< ]@A Micronucleus formation [NMRI mice > 970 mg/kg bw Negative (Wild et al,
° 1983)
05.016 Piperonal N Dominant lethal |ICR/Ha Swiss mice > 620 mg/kg bw® Negative (Epstein et al.,
896 < :©/\ mutation 1972)
o Dominant lethal |ICR/Ha Swiss mice 1000 mg/kg bw' Negative (Epstein et al.,
mutation 1972)

a Highest dose if result was negative; lowest active dose if result was positive.
b Without metabolic activation.

¢ With and without metabolic activation.

d With metabolic activation.

e Administered by intraperitoneal injection.

f Administered by oral gavage.
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Table 2.2: Genotoxicity (in vitro) EFSA / FGE.20

Substances listed in brackets are JECFA-evaluated substances
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Concentration Result Reference Comments
(Benzyl alcohol [02.010]) Ames test (preincubation | S. typhimurium TA92; TA94; TA98; | Up to 10,000 pg/plate (6 | Negative® (Ishidate et al., 1984) Published study in accordance to OECD guideline 471.
method) TA100; TA1535; TA1537 concentrations) Although some details of results are not reported the study is
considered valid.

Ames test (plate incorporation | S. typhimurium TA100 1000 pg/plate Negative? (Ball et al., 1984)

method)

Ames test (plate incorporation | S. typhimurium TA98; TA100 Not reported Negative? (Rogan et al., 1986)

method)

Ames test  (preincubation | S. typhimurium TA98; TA100; TA1535; | 6666 ug/plate Negative® (Mortelmans et al., 1986)

method) TA1537

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 3 umole/plate Negative® (Florin et al., 1980)

method) TA1537

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 50,000 ug/plate’ Negative® (Heck et al., 1989) Published non-GLP study. No information concerning a

method) TA1537; TA1538 possible cytotoxic effect nor on the number of concentrations
tested.

The test guidelines do not require more than 5 mg/plate. Due
to the lack of some important details of study design and
results the validity of the study cannot be evaluated.

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 5 pl/plate Negative? (Milvy & Garro, 1976)

method) TA1537; TA1538

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 0, 100, 333, 1000, 3333, | Negative' (NTP, 1989) Valid study in accordance with OECD guideline 471 (except

method) TA1537 6666 g/plate that only four strains were used). Cytotoxicity was reported
at the highest concentration tested.

Ames test (plate incorporation | S. typhimurium TA97; TA102 1000 pg/plate Negative® (Fujita et al., 1992)

method)

Ames test (plate incorporation | S. typhimurium TA98; TA1535 5 uM/plate Negative® (Wiessler et al., 1983)

method)

Mutation assay Escherichia coli WP2 uvrA 1000 to 8000 pg/plate Negative (Yoo, 1986) Study published in Japanese with English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated. No information on the use of metabolic activation.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 21 pg/disc Negative (Odacet al., 1979) Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 10 pg/disc Weakly positive | (Kuroda et al., 1984b) Study published in Japanese with English abstract. Data
extracted from figure. Validity of the study cannot be
evaluated. Inhibition of growth was reported.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 20 pl/disc Weakly positive | (Yoo, 1986) Study published in Japanese with English abstract. Data

extracted from tables. Validity of the study cannot be
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Concentration Result

Reference

Comments

evaluated. A weak positive result (i.e. 4 mm< D<8 mm). was
reported (D=5 mm). No information on the use of metabolic
activation.

Chromosomal aberration test Chinese hamster fibroblast cells 1000 pg /ml* (three | Negative?
concentrations, max.
concentration  inducing
50% cell-growth
inhibition)

(Ishidate et al., 1984)

Published study carried out only in the absence of metabolic
activation. Thus, study is not considered valid. Cells were
exposed for 24 and 48 hours. Negative response for
chromosomal aberrations and polyploidization.

Chromosomal aberration test Chinese hamster ovary cells 50 to 5000 pg/ml Equivocal®

(Anderson et al., 1990)

Published summary report including detailed results from
studies on 42 compounds tested in various laboratories
within the NTP in accordance with OECD guideline 473.
Lowest effective dose was 4000 pg/ml with and without S9.
No dose-response observed. Positive results were not
reproducible in all trials. Absence of cytotoxicity reported up
to the highest dose.

Chromosomal aberration test Chinese hamster ovary cells 50 to 5000 pg/ml Negative?
Weakly
positive®

(NTP, 1989)

Valid study in accordance with OECD guideline 473. A
positive result was reported only in the presence of S9 at
relatively high concentrations of 4000 pg/ml in 3 of 4 tests
carried out with harvest times between 12 and 18 hours. No
data on cytotoxicity reported.

Sister chromatid exchange | Chinese hamster ovary cells 16 to 5000 pg/ml Weakly positive
assay

(NTP, 1989)

Valid study in accordance with OECD guideline 479. Dose-
related increase in frequency of SCE at concentrations from
500 - 1250 pg/ml (without metabolic activation) and 500 -
4000 pg/ml (with metabolic activation). No data on
cytotoxicity reported. Number of chromosomes per cell
reduced at 4000 pg/ml with S9.

Sister chromatid exchange | Chinese hamster ovary cells 16 to 1250 pg/ml? Weakly
assay 16 to 4000 pg/ml® positive!

(Anderson et al., 1990)

Published summary report including detailed results from
studies on 42 compounds tested in various laboratories
within the NTP in accordance with OECD guideline 479.
Significant increase (20%) in SCE only at the highest doses.
No dose-response observed. No second trial using high
concentrations to reproduce the positive effects performed.
Absence of cytotoxicity reported up to the highest dose.

Mammalian cell gene mutation | Mouse lymphoma L5178Y cells Up to 5000 pg/ml Questionable
test

(McGregor et al.,
Myhr et al., 1990)

1988a;

Published summary report including detailed method and
results from study on 72 compounds tested in various
laboratories within the NTP in accordance with OECD
guideline 476 (however, no colony sizing performed).
Positive responses observed in some experiments at
concentrations of 3500 and higher. No dose-response was
observed. The highest concentration was letal in some
experiments. Positive and negative responses could not be
reproduced in all experiments.

Mammalian cell gene mutation | Mouse lymphoma L5178Y cells 150 to 5000 pg/ml Negative®
test Positive?

(NTP, 1989)

Valid study in accordance with OECD guideline 476. In one
of three trials without S9 a positive result (relative mutant
fraction >1.6) was reported at 4500 pg/ml with relative total
growth of 20%. The concentration of 5000 pg/ml was letal in
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Concentration Result Reference Comments
this trial, whereas in another one of three trials without S9
3500 pg/ml was letal.

Mutation assay E. coli WP2 uvrA Not reported Negative (Kuroda et al., 1984a) Only abstract available. Methods, test concentrations and
detailed results not reported.

Cytotoxicity assay Human alveolar tumour cells 0.5 mM Negative (Waters et al., 1982)

DNA damage assay Human alveolar tumour cells 0.5 mM Negative (Waters et al., 1982)

DNA damage assay Rat hepatocytes 10mM Negative (Storer et al., 1996) Cytotoxicity was reported at the highest concentration tested.

DNA damage assay E. coli P3478 50 pl/disc Negative® (Fluck et al., 1976)

(Benzyl formate [09.077]) Rec assay B. subtilis M45 (rec’), H17 (rec”) 20 pl/disc Positive (Yoo, 1986) Study published in Japanese with English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated. A weak positive result (i.e. 4 mm< D<8 mm).was
reported (D=4 mm). No information on the use of metabolic
activation.

Mutation assay E. coli WP2 uvrA 500 to 4000 pg/plate Negative (Yoo, 1986) Study published in Japanese with English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated. No information on the use of metabolic activation.

(Benzyl acetate [09.014]) Ames test  (preincubation | S. typhimurium TA98; TA100; TA1535; | 10,000 pg/plate Negative® (Mortelmans et al., 1986)

method) TA1537

Ames test (preincubation and | S. typhimurium TA98; TA100 5000 pg/plate Negative® (Schunk et al., 1986) Cytotoxicity was observed at the three highest doses tested.

plate incorporation method)

Ames test S. typhimurium TA98; TA100; TA1535; | 3 uM/plate Negative® (Florin et al., 1980)

TA1537

Rec assay B. subtilis M45 (rec’), H17 (rec”) 21 pg/disc Negative (Oda et al., 1979) Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 20 pl/disc Positive (Yoo, 1986) Study published in Japanese with English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated. A weak positive result (i.e. 4< D<8).was reported
(D could not clearly be determined). No information on the
use of metabolic activation.

Mutation assay E. coli WP2 uvrA 250 to 2000 pg/plate Negative (Yoo, 1986) Study published in Japanese with English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated. No information on the use of metabolic activation.

Mammalian cell gene mutation | Mouse lymphoma L5178Y cells; Human | Mouse cells 0, 250, 500, | Negative? (Caspary et al., 1988) Published non-GLP study in accordance with OECD

test lymphoblast TK6 cells 1000 pg/ml; Human cells | Positive® guideline 476 (except that no colony sizing was performed).

0, 500, 1000, 1250, 1500 Thus, the study is considered not fully valid. The lowest
pg/ml significantly effective doses in the presence of S9 were 500
pg/ml in mouse cells and 1500 pg/ml in human cells.
Cytotoxicity was reported above 500 pug/ml with and without
S9.
Mammalian cell gene mutation | Mouse lymphoma L5178Y cells 0-1600 pl/ml (6 | Positive? (McGregor et al., 1988a) Published summary report including detailed method and

test

concentrations)

results from study on 72 compounds tested in various
laboratories within the NTP. The study was not in
accordance with OECD guideline 476 (no colony sizing
performed, only in the absence of metabolic activation) and
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no]

Test System

Test Object

Concentration

Result

Reference

Comments

thus not considered valid. The lowest significantly effective
doses was 900 pg/ml at which the relative total growth was
50%. The highest dose was lethal. A positive response was
observed in two of three experiments. No dose-response was
observed.

Mammalian cell gene mutation
test

Mouse lymphoma L5178Y cells

Not reported

Negative?
Positive®

(Rudd et al., 1983)

Study carried out within a larger NTP project. Only abstract
available. Validity of the study cannot be evaluated.

Mammalian cell gene mutation
test

Mouse lymphoma L5178Y TK+/- cells

Not reported

Negative?
Inconclusive®

(Honma et al., 1999a)

Published collaborative study on 40 chemicals. Protocol was
in accordance with OECD guideline 476, except that no
colony sizing was performed. As the results are insufficiently
reported, their validity cannot be evaluated. In the presence
of S9 metabolic activation one laboratory achieved a
statistically significant dose-dependant result, but did not
induce mutations greater than three times the spontaneous
response. The second laboratory did not obtain a positive
response.

Chromosomal aberration test Chinese hamster ovary cells 160-1600 pg/ml%, 500- | Negative® (Galloway et al., 1987) Published non-GLP study. Doses were selected based on
5000 pg/ml® preliminary assay. Although some details of results are not
reported the study is considered valid.
Chromosomal aberration test Chinese hamster lung fibroblast cells 2400 pg/ml Negative® (Matsuoka et al., 1996) Cytotoxicity was reported at the highest concentration tested.
Sister chromatid exchange | Chinese hamster ovary cells 50-500 pg/ml?; 500-5000 | Negative™ (Galloway et al., 1987) Published non-GLP study. Doses were selected based on
assay ug/mi® preliminary assay. Although some details of results are not
reported the study is considered valid.
Unscheduled DNA synthesis | Rat hepatocytes Not reported Negative (Mirsalis et al., 1983) Only abstract available. Methods, test concentrations and
test detailed results not reported.
Micronucleus test Human lymphocytes and hepatoma cell | 500 uM Negative® (Kevekordes et al., 2001)
line Hep G2
(Benzyl propionate [09.132]) Rec assay B. subtilis M45 (rec’), H17 (rec”) 21 pg/disc Negative (Odaet al., 1979) Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.
(Benzyl benzoate [09.727]) Ames test S. typhimurium TA98; TA100; TA1535; | 3 uM/plate Negative® (Florin et al., 1980)
TA1537
Ames test (preincubation and | S. typhimurium TA98; TA100 5000 pg/plate Negative® (Schunk et al., 1986) Cytotoxicity was observed at the three highest doses tested.
plate incorporation method)
(Benzaldehyde [05.013]) Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 37,500 nl/plate’ Negative® (Heck et al., 1989) Published non-GLP study. No information concerning a
method) TA1537; TA1538 possible cytotoxic effect nor on the number of concentrations
tested.
The test guidelines do not require more than 5 mg/plate. Due
to the lack of some important details of study design and
results the validity of the study cannot be evaluated.
Ames test (plate incorporation | S. typhimurium TA98; TA100 50 to 300 pl/plate Negative® (Rockwell & Raw, 1979) Assay of urine samples from rats given benzaldehyde by oral
method) gavage.
Ames test (plate incorporation | S. typhimurium TA98; TA100 100 pl/plate Negative® (Rockwell & Raw, 1979) Samples assayed prior to administration to rats.
method)
Ames test S. typhimurium TA98; TA100; TA2637 | 2000 mg/plate Negative® (Nohmi et al., 1985) Article published in Japanese. Data reported from English
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Chemical Name [FL-no] Test System Test Object Concentration Result Reference Comments
summary.

Ames test S. typhimurium TA98; TA100; TA1535; | 3 uM/plate Negative® (Florin et al., 1980)

TA1537

Ames test (preincubation | S. typhimurium TA98; TA100; TA1535; | 0, 10, 33, 100, 333, 1000 | Negative® (Haworth et al., 1983) Published summary report including detailed results from

method) TA1537 Hg/plate studies on 250 compounds tested in various laboratories
within the NTP to a large extent in accordance with OECD
guideline 471.

Ames test S. typhimurium TA100; TA102; TA104 | 3333 ug/plate Negative® (NTP, 1990c)

Ames test S. typhimurium TA100 1000 pg/plate Negative (Rapson et al., 1980) The use of metabolic activation was not reported.

Ames test  (preincubation | S. typhimurium TA98; TA100 Not reported Negative® (Sasaki & Endo, 1978)

method)

Ames  test  (preincubation | S. typhimurium TA100; TA102; TA104 | Not reported Negative® (Dillon et al., 1992)

method)

Ames test  (preincubation | S. typhimurium TA100 2000 nM/ Negative® (Vamvakas et al., 1989)

method)

Ames test  (preincubation | S. typhimurium TA97; TA102 1000 pg/plate Negative® (Fujita et al., 1992)

method)

Ames test S. typhimurium TA98; TA100 0.05 to 500 pg/plate Negative® (Kasamaki et al., 1982) Published non-GLP study with insufficient report of some
details of method and results. Thus, the validity of the study
cannot be evaluated.

Ames test  (preincubation | S. typhimurium TA98; TA1535 5 uM/plate Negative® (Wiessler et al., 1983)

method)

Ames test  (preincubation | S. typhimurium TA97a; TA100; TA102; | Not reported Negative® (Dillon et al., 1998)

method) TA104

Ames test (plate incorporation | S.  typhimurium  TA98; TA1537; | 1000 ug/ml Negative® (Gee etal., 1998)

method) TAT7001; TA7002; TA7003; TA7004;

TAT7006; Mix of TA7001-7006
TA7005 Negative?;
Positive®

Rec assay B. subtilis M45 (rec’), H17 (rec”) 21 pg/disc Negative (Oda et al., 1979) Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.

Rec assay B. subtilis M45 (rec’), H17 (rec”) Not reported Negative? (Matsui et al., 1989) Published non-GLP study with insufficient report of some

Positive® details of method and results. Thus, the validity of the study
cannot be evaluated.

Unscheduled DNA synthesis | Rat hepatocytes 251 nl/ml Negative (Heck et al., 1989) Published non-GLP study. Some important details of study

test design and results are not reported. Thus, the validity of the
study cannot be evaluated.

Mammalian cell gene mutation | Mouse lymphoma L5178Y cells 12.5 to 800 nl/ml Negative? (Heck et al., 1989) Published non-GLP study. Some important details of study

test Weakly design and results are not reported. Thus, the validity of the

positive® study cannot be evaluated. Different concentration ranges

(12.5-800, 25-600, 400-600 nl/ml) were used in three
independent experiments within which positive responses
were observed. A 2.8 to 5.2-fold increase in mutant
frequency was observed in the presence of S9.
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Chemical Name [FL-no] Test System Test Object Concentration Result Reference Comments

Mammalian cell gene mutation | Mouse lymphoma L5178Y cells 0 to 800 pg/ml (6] Positive? (McGregor et al., 1991) Published summary report including detailed method and

test concentrations) results from study on 27 compounds tested in various
laboratories within the NTP in accordance with OECD
guideline 476 (however, no colony sizing performed).
Statistically significant increase in mutant fraction at the
highest non-lethal concentration (400 pg/ml) in two
experiments. Concentration of 640 and 800 pg/ml were
lethal. Thus, significant increases in mutant fraction were
close to toxic doses. No dose-response was observed. Since a
positive response was observed without S9, no experiment
was carried out with S9.

Mammalian cell gene mutation | Mouse lymphoma L5178Y +/- cells 600 pg/ml Negative? (Bigger & Clarke, 1991)

test

Chromosomal aberration test Chinese hamster cells 0, 800, 1000, 1200 pg/ml | Positive? (Sofuni et al., 1985) Article published in Japanese. Data extracted from English

Weak positive®

summary and tables. Validity of the study cannot be
evaluated. Cytotoxicity was observed at the two maximum
concentrations tested. In the presence and in the absence of
S9 a positive response was only observed at cytotoxic
concentrations. Polyploidization (11%) was reported at non-
cytotoxic concentrations.

Chromosomal aberration test

Chinese hamster ovary cells

50-500 pg/ml% 160-1600
ug/mi®

Negative®

(Galloway et al., 1987)

Published non-GLP study. Doses were selected based on
preliminary assay. Although some details of results are not
reported the study is considered valid.

Chromosomal aberration test

Chinese hamster cell line B241

50 nM (0.0053 pg/ml)

Positive!

(Kasamaki et al., 1982)

Published non-GLP study of sufficient quality to be taken
into account for the evaluation, although some details of
method and results are not reported. Information is only
given for the final concentration at which maximal frequency
of aberration was observed without visible cytotoxicity in the
treated cells. Dose-dependent increase of total aberrations
(chromatid gaps, chromatid breaks, chromosome breaks
observed, no ring or dicentric aberrations or chromatic
exchanges).

Sister  chromatid
assay

exchange

Chinese hamster ovary cells

5-160 pg/ml% 160-1600
ug/mi®

Positive?
Weakly
positive®

(Galloway et al., 1987)

Published non-GLP study. Doses were selected based on a
preliminary assay. Although some deatails of results are not
reported the study is considered valid. Weakly positive
results with metabolic activation were observed at the highest
concentration which was cytotoxic and resulted in 50%
growth reduction.

Sister  chromatid
assay

exchange

Chinese hamster ovary cells

Up to 1000 pM (up to
106 pg/ml)

Negative®

(Sasaki et al., 1989)

Published non-GLP study of limited quality. Study designed
to investigate the influence on spontaneous as well as on
mitomycin-induced SCEs. The substance did not influence
cell cycle (data not shown) and spontaneous SCEs at the
concentrations used. Cytotoxicity was reported at the highest
concentration tested.
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Sister chromatid exchange | Human lymphocytes 0-2 mM (0-212 pg/ml) Positive’ (Jansson et al., 1988) Published non-GLP study not in accordance with OECD

assay guideline 479 (no metabolic activation). Insufficient report of
important details of method and results. This study is not
considered valid.

(Benzoic acid [08.021]) Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 2500 pg/plate Negative® (Anderson & Styles, 1978)
method) TA1538
Ames test S. typhimurium TA98; TA100; TA1535; | 3.6 pg/plate Negative® (Cotruvo et al., 1977)
TA1536

Ames test  (preincubation | S. typhimurium TA97; TA98; TA100; | 10,000 pg/plate Negative® (Zeiger et al., 1988)

method) TA1535; TA1537

Ames test S. typhimurium TA100 1000 pg/plate Negative (Rapson et al., 1980) Cytotoxicity was reported at the highest concentration tested.

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 1000 pg/plate Negative® (McCann et al., 1975)

method) TA1537

Ames test (preincubation | S. typhimurium TA92; TA94; TA98; | Up to 10,000 pg/plate (6 | Negative® (Ishidate et al., 1984) Published study in accordance to OECD guideline 471.

method) TA100; TA1535; TA1537 concentrations) Although some details of results are not reported the study is
considered valid.

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 100 pg/plate Negative? (Milvy & Garro, 1976)

method) TA1537; TA1538

Ames test (plate incorporation | S. typhimurium TA1535; TA1537; | 0.5% (5 mg/ml) Negative® (FDA, 1975b)

method) TA1538

Ames  test  (preincubation | S. typhimurium TA98; TA100 100 to 10000 pg/plate Negative® (Kuboyama & Fujii, 1992) Published non-GLP study deficient in the report of some

method) details on method and results (no single doses, no data on
cytotoxicity reported), however, of sufficient quality to be
taken into account in the evaluation.

Umu mutation assay S. typhimurium TA1535/ pSK1002 1607 pg/ml Negative® (Nakamura et al., 1987)

Rec assay (liquid method) B. subtilis M45 (rec’), H17 (rec”) Not reported Positive (Nonaka, 1989) Only abstract available. Details on method and results not
reported. Use of metabolic activation not reported. The
validity of the study cannot be evaluated.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 0 to 5000 pg/disc Positive (Kuboyama & Fujii, 1992) Well conducted published non-GLP study with some minor
deficiencies (no cytotoxicity data, no detailed data for
different concentrations reported) of sufficient quality to be
taken into account in the evaluation. A weak positive result
(D>2 mm) was observed at concentrations of 4 mg/disc or
more. At 5 mg/disc D=2.9 mm.

Mutation assay S. cerevisiae D3 0.18% Negative® (Cotruvo et al., 1977)

Mutation assay S. cerevisiae D4 0.15% Negative® (FDA, 1975b)

Indirect DNA repair test E. coli PQ37 400 pg/ml Negative (Glosnicka & Dziadziuszko, | Genotoxicity measured as ability to induce B-galactosidase.

1986)

SOS Chromotest E. coli PQ37 50 pg Negative® (Kevekordes et al., 1999)

Chromosomal aberration test Chinese hamster fibroblast cells 1500 pa/mi (three | Equivocal? (Ishidate et al., 1984) Published study carried out only in the absence of metabolic
concentrations, max. activation. Thus, study is not considered valid. Cells were
concentration  inducing exposed for 24 and 48 hours. Total incidence of cells with
50% cell-growth aberrations was 8%.. Negative response for polyploidization.
inhibition) *

Sister chromatid exchange | Human lymphocytes 0-2 mM (0-244 pg/ml) Negative? (Jansson et al., 1988) Published non-GLP study not in accordance with OECD
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assay guideline 479 (no metabolic activation). Insufficient report of
important details of method and results. This study is not
considered valid.
In vitroMicronucleus assay Mouse lymphoma L5178Y cells 1000 pg/ml Negative® (Nesslany & Marzin, 1999)
(Methyl benzoate [09.725]) Ames test (preincubation | S. typhimurium TA97; TA98; TA100; | 0 to 666 pg/plate (-S9); 0 | Negative® (Zeiger et al., 1992) Published summary report including detailed results from
method) TA1535; TA1537 to 6666 pg/plate (+S9) (6 NTP studies on 311 compounds in accordance with OECD
concentrations) guideline 471.
Mutation assay E. coli Sd-4-73 Not reported Negative? (Szybalski, 1958)
Methyl 4-methylbenzoate [09.631] Ames test (preincubation | S. typhimurium TA97; TA98; TA100; | 0 to 333 pg/plate (-S9); 0 | Negative® (Zeiger et al., 1992) Published summary report including detailed results from
method) TA1535; TA1537; to 3333 pg/plate (+S9) (6 NTP studies on 311 compounds in accordance with OECD
concentrations) guideline 471.
(Isopentyl benzoate [09.755]) Mutation assay E. coli Sd-4-73 Not reported Negative? (Szybalski, 1958)
(4-1sopropylbenzyl alcohol [02.039]) Ames test (plate incorporation | S. typhimurium TA98; TA100 100 pl/plate Negative® (Rockwell & Raw, 1979)
method)
Ames test (plate incorporation | S. typhimurium TA98; TA100 300 pl/plate Negative® (Rockwell & Raw, 1979) Assay of urine samples from rats given isopropylbenzyl
method) alcohol by oral gavage.
(Tolualdehydes (mixed o, m, p)|Ames test (preincubation | S.typhimurium TA104 0.8 uM/plate Negative® (Marnett et al., 1985a)
[05.0277) method)
Ames test S. typhimurium TA98; TA100; TA1535; | 3 uM/plate Negative® (Florin et al., 1980)
TA1537
Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 18,750 pg/plate* Negative® (Heck et al., 1989) Published non-GLP study. No information concerning a
method) TA1537; TA1538 possible cytotoxic effect nor on the number of concentrations
tested.
The test guidelines do not require more than 5 mg/plate. Due
to the lack of some important details of study design and
results the validity of the study cannot be evaluated.
Ames test (plate incorporation | S. typhimurium TA98; TA100; TA102 0.8 mM/plate Negative® (Aeschbacher et al., 1989)
method)
Ames  test  (preincubation | S. typhimurium TA97; TA100; TA1535; | 666 pg/plate Negative® (Zeiger et al., 1988)
method) TA1537
Unscheduled DNA synthesis | Rat hepatocytes 1000 pg/ml* Negative (Heck et al., 1989) Published non-GLP study. No information concerning the
test number of concentrations tested.
Due to the lack of some important details of study design and
results the validity of the study cannot be evaluated.
Mammalian cell gene mutation | Mouse lymphoma L5178Y cells 300 pg/ml (+S9), 600 pg | Negative® (Heck et al., 1989) Published non-GLP study. Some important details of study
test /ml (-S9)* design and results are not reported. Thus, the validity of the
study cannot be evaluated.
(4-1sopropylbenzaldehyde [05.022]) Ames test (plate incorporation | S. typhimurium TA98; TA100 100 pl/plate Negative® (Rockwell & Raw, 1979)
method)
Ames test (plate | S. typhimurium TA98; TA100 300 pl/plate Negative® (Rockwell & Raw, 1979) Assay of urine samples from rats given 4-isopropyl
method)incorporation benzaldehyde (cuminaldehyde) by gavage.
Umu test S. typhimurium TA1535/ pSK1002 1 pmole/ml Negative (Miyazawa et al., 2000) Results  indicated that  4-isopropyl  benzaldehyde

(cuminaldehyde) was positive for antimutagenicty, but not
genotoxic.
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Sister chromatid exchange | Chinese hamster ovary cells Up to 333 puM (up to 50 | Negative? (Sasaki et al., 1989) Published non-GLP study of limited quality. Study designed

assay pg/ml) to investigate the influence on spontaneous as well as on
mitomycin-induced SCEs. The substance did not influence
cell cycle (data not shown) and spontaneous SCEs at the
concentrations used. Cytotoxicity was reported at the highest
concentration tested.

(4-Hydroxybenzoic acid [08.040]) Ames test (plate incorporation | S. typhimurium TA98; TA100 5000 pg/plate Negative? (Mikulasova & Bohovicova,
method) 2000)
DNA Repair test E. coli WP2, WP2uvrA, CM611; CM561 | 2000 pg/ml Negative (Mikulasova & Bohovicova,
2000)
(Salicylic acid [08.112]) Ames  test  (preincubation | S. typhimurium TA98; TA100 100 to 10000 pg/plate Negative® (Kuboyama & Fujii, 1992) Published non-GLP study deficient in the report of some
method) details on method and results (no single doses, no data on
cytotoxicity reported), however, of sufficient quality to be
taken into account in the evaluation.

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | Not reported Negative? (McCann et al., 1975)

method) TA1537

Rec assay B. subtilis M45 (rec’), H17 (rec’) 0 to 5000 pg/disc Weakly positive | (Kuboyama & Fujii, 1992) Well conducted published non-GLP study with some minor
deficiencies (no cytotoxicity data, no detailed data for
different concentrations reported) of sufficient quality to be
taken into account in the evaluation. A weak positive result
(D>2 mm) was observed at concentrations of 2 mg/disc or
more. At 5 mg/disc D=4.7 mm.

Mitotic recombination assay S. cerevisiae D7 10,000 pg/ml Negative? (Rosin, 1984) Published non-GLP study with insufficient report of
experimental details and results. Study was carried out only
in the absence of metabolic activation and is thus not
considered valid. Negative response reported both at neutral
and alkaline conditions.

Mutation assay S. cerevisiae rad18 Up to 0.1 mM (up to 13.8 | Weakly positive | (Zetterberg, 1979) Published non-GLP study with limited report of experimental

Hg/ml; 8 concentrations) details and result. Use of metabolic activation not reported.
The validity of the study cannot be evaluated. The dose level
tested was clearly cytotoxic. An increase in mutant frequency
was not evident until 95-99% of cells were killed.
Ethyl 4-hydroxybenzoate [09.367] Ames test S. typhimurium TA98; TA100 Not reported Negative® (Kawachi et al., 1980a) Published summary report of unpublished extensive
screening study. No details of method and results reported.
Thus, the validity of the study cannot be evaluated.
Rec assay B. subtilis Not reported Negative® (Kawachi et al., 1980a) dito.
Chromosomal aberration assay | Hamster lung fibroblast cells Not reported Positivez3 (Kawachi et al., 1980a) dito.
Negative

Chromosomal aberration assay | Human embryo fibroblasts Not reported Negative? (Kawachi et al., 1980a) dito.

Chromosomal aberration assay | Chinese hamster fibroblast cells Up to 250 pg/ml Positive (Ishidate et al., 1978) Published non-GLP study in Japanese with English summary
and tabulated results. Some important details of method and
results are not available. There is no information on the use
of metabolic activation. The substance was tested up to the
maximum dose tolerated. Thus, the validity of the study
cannot be evaluated.

Sister chromatid exchange | Human embryo fibroblasts Not reported Negative? (Kawachi et al., 1980a) Published summary report of unpublished extensive
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assay screening study. No details of method and results reported.
Thus, the validity of the study cannot be evaluated.

Sister chromatid exchange | Human fibroblastic cells HE2144 0, 83, 166 pg/ml Negative? (Sasaki et al., 1980) Published non-GLP study not in accordance with OECD

assay guideline 479 (no metabolic activation). Insufficient report of
important details of method and results. This study is not
considered valid.

Mutation assay Silk worms Not reported Negative (Kawachi et al., 1980a) Published summary report of unpublished extensive
screening study. Unusual protocol, no details of method and
results reported. Thus, the validity of the study cannot be
evaluated.

(Butyl 4-hydroxybenzoate [09.754]) | Ames test S. typhimurium TA98; TA100 1000 pg/plate Negative® (Haresaku et al., 1985)

Ames test (preincubation | S. typhimurium TA92; TA94; TA98; | Up to 1000 pg/plate (6 | Negative® (Ishidate et al., 1984) Published study in accordance to OECD guideline 471.

method) TA100; TA1535; TA1537; TA2637 concentrations) Although some details of results are not reported the study is
considered valid.

Chromosomal aberration test Chinese hamster fibroblast cells 60 pa/mi (three | Negative? (Ishidate et al., 1984) Published study carried out only in the absence of metabolic
concentrations, max. activation. Thus, study is not considered valid. Cells were
concentration  inducing exposed for 24 and 48 hours. Negative response for
50% cell-growth chromosomal aberrations and polyploidization.
inhibition) *

Ames test (plate incorporation | S. typhimurium TA100 500 pg/plate Negative? (Ball et al., 1984)

assay)

(Veratraldehyde [05.017]) Ames test S. typhimurium TA98; TA100; TA1535; | 8000 pg/plate Negative® (Nestmann et al., 1980)
TA1537; TA15378
Ames test S. typhimurium TA98; TA100; TA1535; | 8000 pg/plate Negative® (Douglas et al., 1979)
TA1537; TA1538

Ames test  (preincubation | S. typhimurium TA97; TA98; TA100; | 6666 ug/plate Negative® (Mortelmans et al., 1986)

method) TA1535; TTA1537

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 1000 pg/plate® Negative® (Heck et al., 1989) Published non-GLP study. No information concerning a

method) TA1537; TA1538 possible cytotoxic effect nor on the number of concentrations
tested. Due to the lack of some important details of study
design and results the validity of the study cannot be
evaluated.

Ames  test (preincubation | S. typhimurium TA100; TA102; TA104; | Not reported Negative® (Dillon et al., 1992)

method) TA982; TA1538

Ames  test  (preincubation | S. typhimurium TA100; TA102; TA104 | 33 - 3333 pg/plate Negative® (Dillon et al., 1998)

protocol)

Mutation assay S. cerevisiae D7; XV185-14C Not reported Negative? (Nestmann & Lee, 1983)

Mammalian cell gene mutation | Mouse lymphoma L5178Y cells 250 to 1800 pg/ml Positive! (Heck et al., 1989) Published non-GLP study. Some important details of study

test

design and results are not reported. Thus, the validity of the
study cannot be evaluated. Different concentration ranges
(250, 1400-1600, 1400-1800 pg/ml) were used in three
independent experiments within which positive responses
were observed. A 2.3 to 6.2fold increase in the mutation
frequency was observed both with and without S9.
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Ames test (plate incorporation | S. typhimurium TA98; TA100 5000 pg/plate Negative? (Mikulasova & Bohovicova,

method) 2000)

DNA Repair test E. coli WP2; WP2uvrA; CM611; CM561 | 2000 pg/ml Negative (Mikulasova & Bohovicova,

2000)
Unscheduled DNA synthesis | Rat hepatocytes 100 pg/ml* Negative (Heck et al., 1989) Published non-GLP study. No information concerning the
test number of concentrations tested.
Due to the lack of some important details of study design and
results the validity of the study cannot be evaluated.
(4-Methoxybenzaldehyde [05.015]) Ames test (preincubation | S. typhimurium TA92; TA94; TA98; [ Up to 5000 pg/plate (6 | Negative® (Ishidate et al., 1984) Published study in accordance to OECD guideline 471.
method) TA100; TA1535; TA1537; TA2637 concentrations) Although some details of results are not reported the study is
considered valid.

Ames test S. typhimurium TA98; TA100 0.05 to 500 pg/plate Negative® (Kasamaki et al., 1982) Published non-GLP study with insufficient report of some
details of method and results. Thus, the validity of the study
cannot be evaluated.

Ames  test  (preincubation | S. typhimurium TA1537 Up to 5000 ug/plate (6 | Negative® (Engelhardt, 1986)

method) concentrations)

Ames test S. typhimurium TA98; TA100; TA1535; | 408 pg/plate Negative® (Florin et al., 1980)

TA1537

Ames test  (preincubation | S. typhimurium TA97; TA102 1000 pg/plate Negative® (Fujita & Sasaki, 1987)

method)

Rec assay B. subtilis M45 (rec’), H17 (rec”) 22 pg/disc Negative (Oda et al., 1979) Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated. No information on the use of metabolic activation.

Ames test S. typhimurium TA102 5000 pg/plate Negative® (Maller et al., 1993)

Ames test S. typhimurium TA 100 1000 pg/plate Negative (Rapson et al., 1980)

Mutation assay Phage PM2 1362 pg/ml Negative (Becker et al., 1996)

Chromosomal aberration test Chinese hamster fibroblast cells 500 pg/ml (three | Negative? (Ishidate et al., 1984) Published study carried out only in the absence of metabolic
concentrations, max. activation. Thus, study is not considered valid. Cells were
concentration  inducing exposed for 24 and 48 hours. Negative response for
50% cell-growth chromosomal aberrations and polyploidization.
inhibition) *

Chromosomal aberration test Chinese hamster cell line B241 50 nM (0.0068 pg/ml) Positive! (Kasamaki et al., 1982) Published non-GLP study of sufficient quality to be taken
into account for the evaluation, although some details of
method and results are not reported. Results are reported for
the concentration at which maximal frequency of aberration
was observed without visible cytotoxicity in the treated cells.
Dose-dependent increase of total aberrations (chromatid
gaps, chromatid breaks, chromosome breaks observed, ring
and dicentric aberrations, chromatic exchanges).

Mammalian cell gene mutation | Mouse lymphoma L5178Y TK+/- cells 0-3.0 mM (0-408 pg/ml) | Negative? (Wangenheim & Bolcsfoldi, | Published non-GLP study not in accordance with OECD

test 36-51 mM (484-691 | Positive? 1988) guideline 476 (no metabolic activation, no colony sizing).
pg/ml) Important details of method and results are insufficiently

reported. This study is not considered valid.

Ames test S. typhimurium TA102 5000 pg/plate Negative® (Jung et al., 1992) Results confirmed at three separate contract laboratories
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Sister chromatid exchange | Human lymphocytes 0-2 mM (0-273 pg/ml) Positive’ (Jansson et al., 1988) Published non-GLP study not in accordance with OECD
assay guideline 479 (no metabolic activation). Insufficient report of
important details of method and results. This study is not
considered valid.
Sister chromatid exchange | Chinese hamster ovary K1 cells 14 pg/ml Negative (Sasaki et al., 1987)
assay
DNA alkaline unwinding assay | Mouse lymphoma L5178Y TK+/- cells 0, 4, 5, 6 mole/l (0, 544, | Negative? (Garberg et al., 1988) Published study on 78 compounds not in accordance with
680, 816 pg/ml) standard guidelines. Test suitable for rapid screening only.
7, 8 mole/l (953, 1089 | Positive? Strand breaks or mutations observed only at cytotoxic
pg/ml) concentrations.
2-Methoxybenzaldehyde [05.129] Mutation assay E. coli WP2uvrA, trpE 5000 pg/plate Negative? (Watanabe et al., 1989) Published non-GLP study with limited report of experimental
details and results. Study evaluating the enhancing effect on
N'-nitro-N-nitrosoguanidine (MNNG)-induced mutagenesis
in pretreated cells and not on the mutagenicity of the
substance itself. Absence of an enhancing effect reported.
Sister chromatid exchange | Human lymphocytes 0-0.25 mM (0-34 pg/ml) | Positive? (Jansson et al., 1988) Published non-GLP study not in accordance with OECD
assay guideline 479 (no metabolic activation). Insufficient report of
important details of method and results. This study is not
considered valid.
3-Methoxybenzaldehyde [05.158] Sister chromatid exchange | Human lymphocytes 0-2.0 mM (0-273 ug/ml) | Positive? (Jansson et al., 1988) dito.
assay
Mammalian cell gene mutation | Mouse lymphoma L5178Y TK+/- cells 0- 2.5 mM (0- 340 pg/ml) | Negative? (Wangenheim & Bolcsfoldi, | Published non-GLP study not in accordance with OECD
test 1988) guideline 476 (no metabolic activation, no colony sizing).
3 mM (408 pg/ml) Positive? Important details of method and results are insufficiently
reported. This study is not considered valid.
(4-Ethoxybenzaldehyde [05.056]) Ames test S. typhimurium TA98; TA100; TA1535; | 3600 ug/plate Negative? (Wild et al., 1983)
TA1537; TA1538
(Methyl 4-methoxybenzoate [09.713]) | Paper disk mutation assay E. coli Sd-4-73 Not reported Negative? (Szybalski, 1958)
Gallic acid [08.080] Ames  test  (preincubation | S. typhimurium TA98; TA100 3000 pg/plate Negative® (Chen & Chung, 2000)
method)
Ames test (preincubation | S. typhimurium TA98; TA100; TA1535; | 0, 100, 333, 1000, 3333, | Negative® (Haworth et al., 1983) Published summary report including detailed results from
method) TA1537 6666 ug/plate (solvent studies on 250 compounds tested in various laboratories
DMSO) Equivocal* within the NTP to a large extent in accordance with OECD
0, 100, 333, 1000, 3333, guideline 471. Results on gallic acid from two different
10,000 pg/plate (solvent laboratories using different solvent. A negative response was
acetone) observed in both laboratories with TA98, TA1535, TA1537.
A negative result was also reported with TA100 in the
laboratory using DMSO as solvent. With acetone, a low-level
response with a dose-related trend was found with TA100
both in the absence and in the presence of metabolic
activation. The effect was reproducible in a second, not
reproducible in a third experiment.
Ames test  (preincubation | S. typhimurium TA98; TA100; TA1535 | 5000 ug/plate Negative® (Rashid et al., 1985) Inhibition was noted at the 5000-pg/plate dose-level;
method) however this may have been due to toxicity. No mutagenicity
was observed at the 1000-pg/plat dose-level.
Ames test S. typhimurium TA98; TA100; TA1537 | 15 uM/plate Negative® (Wang & Klemencic, 1979)
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Ames test

S. typhimurium TA100

100 pg/plate

Weakly
positive?
Positive®

(YYamaguchi, 1981)

Published non-GLP. Insufficient report of important details
of method and results, thus the validity of the result cannot
be evaluated.

Ames test

S. typhimurium TA98; TA100

Not reported

Negative®

(Sugimura et al., 1976)

Chromosomal aberration test

Chinese hamster ovary cells

50 pg/ml

Positive!

(Stich et al., 1981c)

Published non-GLP study. Some important details of method
and results are not reported. Thus, the validity of the study
cannot be evaluated. Results are reported for one
concentration only which was half the dose inducing mitotic
inhibition.The clastogenic activity was reported to be reduced
by the addition of S9.

Chromosomal aberration test

Chinese hamster ovary K1 cells

up to 2 mM (up to 340
ug/ml)

Negative®

(Tayama
2001)

&  Nakagawa,

Published non-GLP study. Part of the study with insufficient
report of important details of method and results. The
validity of the results cannot be evaluated.

Sister  chromatid
assay

exchange

Chinese hamster ovary K1 cells

0, 0.25, 05, 1.0, 1.5, 2.0
mM

(0, 425, 85, 170, 255,
340 pg/ml)

Positive’

(Tayama &
2001)

Nakagawa,

Published non-GLP study. Well conducted part of the study,
however with insufficient report of some important details of
method and results (results with metabolic activation not
reported)..

Mitotic gene conversion assay

S. cerevisiae D7

0, 100, 1000 pg/ml

Negative?
Positive?

(Rosin, 1984)

Published non-GLP study with insufficient report of
experimental details and results. Study was carried out only
in the absence of metabolic activation and is thus not
considered valid. Gallic acid did not induce a significant
extent of gene conversions under acidic conditions. At
neutral pH no convertogenic activity was reported at 100
pg/ml, however, gallic acid was considerably convertogenic
at 1000 pg/ml. The presence of catalase completely inhibited
the convertogenic activity.gene conversions. Under alkaline
conditions (pH 10), the concentration of 100 pg/ml was
reported to induce a significant (p <0.01) increase of Trp*
convertants.

(Vanillin [05.018])

Ames test (plate incorporation
method)

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

10,000 ug/plate*

Negative®

(Heck et al., 1989)

Published non-GLP study. No information concerning a
possible cytotoxic effect nor on the number of concentrations
tested.

The test guidelines do not require

more than 5 mg/plate. Due to the lack of some important
details of study design and results the validity of the study
cannot be evaluated.

Ames test

S. typhimurium TA98; TA100; TA 1535;
TA1537; TA1538

5000 pg/plate

Negative®

(Pool & Lin, 1982)

Rec assay

B. subtilis M45 (rec’), H17 (rec”)

21 pg/disc

Negative

(Odacet al., 1979)

Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.

Ames  test
assay)

(preincubation

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

10,000 pg/plate

Negative®

(Mortelmans et al., 1986)

Ames test

S. typhimurium TA98; TA100

0.05 to 1000 pg/plate

Negative®

(Kasamaki et al., 1982)

Published non-GLP study with insufficient report of some
details of method and results. Thus, the validity of the study
cannot be evaluated.
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evaluated by JECFA (57th meeting) structurally related to benzyl alcohols, benzaldehydes, a related acetal, benzoic
acids, and related esters evaluated by EFSA in FGE.20 (2005)

Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Concentration Result Reference Comments
Ames test S. typhimurium TA98; TA100; TA1535; | Not reported Negative® (Nagabhushan &  Bhide,
TA1537; TA1538 1985)
Ames test S. typhimurium TA92; TA94; TA98; | Up to 10,000 ug/plate (6 | Negative® (Ishidate et al., 1984) Published study in accordance to OECD guideline 471.
TA100; TA1535; TA1537; TA2637 concentrations) Although some details of results are not reported the study is
considered valid.

Ames test S. typhimurium TA100 1000 pg/plate Negative (Rapson et al., 1980)

Paper disk mutation assay E. coli Sd-4-73 Not reported Negative? (Szybalski, 1958)

Ames test (plate incorporation | S. typhimurium TA98; TA100 2500 pg/plate Negative? (Mikulasova & Bohovicova,

method) 2000)

DNA Repair test E. coli WP2; WP2uvrA; CM611; CM561 | 2000 pg/ml Negative (Mikulasova & Bohovicova,

2000)

Mutation assay E. coli CSH26/pYM3; CSH26/pSK 1002 | 15,215 pg/mi Negative (Takahashi et al., 1990)

Mitotic recombination assay S. cerevisiae D7 10,000 pg/ml Negative? (Rosin, 1984) Published non-GLP study with insufficient report of
experimental details and results. Study was carried out only
in the absence of metabolic activation and is thus not
considered valid. Negative response reported both at neutral
and alkaline conditions.

Chromosomal aberration test Chinese hamster cell line B241 5, 20, 40 nM (0.0008, | Negative (Kasamaki &  Urasawa,

0.003, 0.006 pg/ml) 1985)

Chromosomal aberration test Chinese hamster fibroblast cells 1000 pg/ml (three | Negative? (Ishidate et al., 1984) Published study carried out only in the absence of metabolic
concentrations, max. activation. Thus, study is not considered valid. Cells were
concentration  inducing exposed for 24 and 48 hours. Negative response for
50% cell-growth chromosomal aberrations and polyploidization.
inhibition) *

Chromosomal aberration test Chinese hamster V79 lung cells 15,215 -152,150 pg Negative? (Tamai et al., 1992)

Chromosomal aberration test Human lymphocytes 0, 1, 2, 4 mM (0, 152, | Negative (Jansson & Zech, 1987) Published non-GLP study not in accordance with OECD
304, 608 pg/ml) guideline 473 (no metabolic activation). Insufficient report of

important details of method and results. No information on
cytotoxicity. This study is not considered valid.

Chromosomal aberration test Chinese hamster cell line B241 20 nM (0.003 pg/ml) Negative® (Kasamaki et al., 1982) Published non-GLP study of sufficient quality to be taken
into account for the evaluation, although some details of
method and results are not reported. Results are only reported
for the final concentration at which maximal frequency of
aberration was observed without visible cytotoxicity in the
treated cells. No significant increase increase of single types
of aberrations and of total aberrations.

Sister chromatid exchange | Human lymphocyte cells 0 - 1.0 mM (0 - 152 | Positive? (Jansson et al., 1986) Published non-GLP study not in accordance with OECD
assay pg/ml) guideline 479 (no metabolic activation). This study is not
considered  valid. Dose-dependent effect reported.
Insufficient report of important details of method and results.

Sister chromatid exchange | Chinese hamster ovary K1 cells 15 pg/ml Negative (Sasaki et al., 1987)

assay

Sister chromatid exchange | Human lymphocytes 0, 1, 2 mM (0, 152, 304 | Positive? (Jansson & Zech, 1987) Published non-GLP study not in accordance with OECD
assay pg/ml) guideline 479 (no metabolic activation). Insufficient report of

important details of method and results. Dose-dependent
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Concentration Result Reference

Comments

effect reported This study is not considered valid.

Mutation assay Mouse lymphoma L5178Y cells 1000 pg/ml (-S9), 1500 | Negative® (Heck et al., 1989)
ug/ml (+S9)*

Published non-GLP study. Some important details of study
design and results are not reported. Thus, the validity of the
study cannot be evaluated.

Unscheduled DNA synthesis | Rat hepatocytes 500 pg/ml* Negative (Heck et al., 1989)
test

Published non-GLP study. No information concerning the
number of concentrations tested.

Due to the lack of some important details of study design and
results the validity of the study cannot be evaluated.

Micronucleus assay Human hepatoma (Hep-G2) cells 5, 50 pg/ml Negative 2 (Sanyal et al., 1997)
500 pg/ml Positive?

Published non-GLP study carried out only in the absence of
metabolic activation. Thus, the study is not considered valid.
A statistically  significant increase of  spontaneus
micronucleus frequency was reported at the highest
concentration. Low concentrations of vanillin (0.25 — 5
pg/ml) but not higher (50, 500 pg/ml) showed an inhibitory
effect on micronuclei induced by heterocyclic amines.

(Vanillic acid [08.043]) Chromosomal aberration test Chinese hamster ovary cells 25,000 pg/ml Positive! (Stich et al., 1981c)

Published non-GLP study. Some important details of method
and results are not reported. Thus, the validity of the study
cannot be evaluated. Data are only reported for one
concentration which was half the dose inducing mitotic
inhibition.The clastogenic activity was reported to be
increased by the addition of S9.

Mitotic recombination assay S. cerevisiae D7 10,000 pg/ml Negative? (Rosin, 1984)

Published non-GLP study with insufficient report of
experimental details and results. Study was carried out only
in the absence of metabolic activation and is thus not
considered valid. Negative response reported both at neutral
and alkaline conditions.

4-Hydroxy-3,5- Ames test S. typhimurium TA100 10,000 pg/plate Negative (Rapson et al., 1980)
dimethoxybenzaldehyde [05.153]

The use of metabolic activation was not reported.

4-Hydroxy-3,5- dimethoxybenzoic | Ames test S. typhimurium TA98; TA100; TA1535; | 366 ug/plate Negative® (Florin et al., 1980)
acid [08.087] TA1537

Chromosomal aberration test Chinese hamster ovary cells 3000 pg/ml Positive! (Stich et al., 1981c)

Published non-GLP study. Some important details of method
and results are not reported. Thus, the validity of the study
cannot be evaluated. Data are only reported for one
concentration which was half the dose inducing mitotic
inhibition. The clastogenic activity was reported to be
reduced by the addition of S9.

Mitotic recombination assay S. cerevisiae D7 10,000 pg/ml Negative? (Rosin, 1984)

Published non-GLP study with insufficient report of
experimental details and results. Study was carried out only
in the absence of metabolic activation and is thus not
considered valid.

(Salicylaldehyde [05.055]) Ames test S. typhimurium TA98; TA100; TA1535; | 366 pg/plate Negative® (Florin et al., 1980)
TA1537

Ames  test  (preincubation | S. typhimurium TA98; TA100 Not reported Negative® (Sasaki & Endo, 1978)
method)

Ames test S. typhimurium TA98; TA100 16 pg/ml Negative® (Kono et al., 1995)

Mutation assay S. typhimurium TA1535/ pSK1002 111 pg/ml Negative® (Nakamura et al., 1987)
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Concentration Result

Reference

Comments

Chromosomal aberration test CHL/IU cells Not reported (max. 5 | Positive®

mg/ml)

(Kusakabe et al., 2002)

Published study in accordance to OECD guideline 473.
However, some details on method and results are
insufficiently reported. Thus the validity of the study cannot
be evaluated. Positive result with minimum effective dose
manifesting over 50% cytotoxicity at short-term treatment (6
h, less than 50% cells with chromosomal aberrations without
S9, less than 20% cells with chromosomal aberrations with
S9). Reduced effect at continuous treatment without S9 (24 h
less than 10% cells with chromosomal aberrations). No
chromosomal aberrations after 48 h treatment without S9.
After 48 h treatment without S9 18% polyploid cells..

Sister  chromatid Negative?

assay

exchange | Human lymphocyte cells 0-0.5 mM (0-61 pg/ml)

(Jansson et al., 1988)

Published non-GLP study not in accordance with OECD
guideline 479 (no metabolic activation). Insufficient report of
important details of method and results. This study is not
considered valid.

Ames test S. typhimurium TA92; TA94; TA98;
TA100; TA1535; TA1537; TA2637

Up to 10,000 pg/plate (6
concentrations)

(Methyl salicylate [09.749]) Negative®

(Ishidate et al., 1984)

Published study in accordance to OECD guideline 471.
Although some details of results are not reported the study is
considered valid.

Ames Negative®

method)

test S. typhimurium TA97; TA98; TA100;

TA1535; TA1537

(preincubation 333.3 pg/plate

(Mortelmans et al., 1986)

Ames test S. typhimurium TA98; TA100 Not reported Negative®

(Kawachi et al,
Kawachi et al., 1980a)

1980b;

Published summary report of unpublished extensive
screening study. No details of method and results reported.
Thus, the validity of the study cannot be evaluated.

Positive’
Negative®

Chromosomal aberration test Hamster lung fibroblast cells Not reported

(Kawachi et al.,
Kawachi et al., 1980a)

1980b;

dito.

Chinese hamster fibroblasts 250 ug/ml*
concentrations,
concentration
50%

inhibition)

Chromosomal aberration test (three | Negative?
max.
inducing

cell-growth

(Ishidate et al., 1984)

Published study carried out only in the absence of metabolic
activation. Thus, study is not considered valid. Cells were
exposed for 24 and 48 hours. Negative response for
chromosomal aberrations and polyploidization.

Ames Positive!

method)

test  (preincubation | S. typhimurium TA98; TA100 100 to 10000 pg/plate

(Kuboyama & Fujii, 1992)

Published non-GLP study deficient in the report of some
details on method and results (no single doses, no data on
cytotoxicity reported), however, of sufficient quality to be
taken into account in the evaluation. At 100 pg/plate a
positive response was observed in strain TA98 in the
presence of S9 mix obtained from hamsters a negative
response was observed in TA98 in the presence of S9 mix
obtained from rat, mouse and guinea pig.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 23 pg/disc Negative

(Odacet al., 1979)

Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.

Rec assay B. subtilis Not reported Negative®

(Kawachi et al., 1980b;

Kawachi et al., 1980a)

Published summary report of unpublished extensive
screening study. No details of method and results reported.
Thus, the validity of the study cannot be evaluated.
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Concentration Result Reference Comments

Rec assay B. subtilis M45 (rec’), H17 (rec”) 0 to 5000 pg/disc Negative (Kuboyama & Fujii, 1992) Well conducted published non-GLP study with some minor
deficiencies (no cytotoxicity data, no detailed data for
different concentrations reported), however, of sufficient
quality to be taken into account in the evaluation.

Mutation assay Silkworm Not reported Negative (Kawachi et al., 1980b; | Published summary report of unpublished extensive

Kawachi et al., 1980a) screening study. Unusual protocol, no details of method and
results reported. Thus, the validity of the study cannot be
evaluated.

Chromosomal aberration test Human embryo fibroblast cells Not reported Negative? (Kawachi et al., 1980b; | dito.

Kawachi et al., 1980a)

Sister chromatid exchange | Human embryo fibroblast cells Not reported Negative? (Kawachi et al., 1980b; | dito.

assay Kawachi et al., 1980a)
(Butyl vanillyl ether [04.093]) Ames test S. typhimurium TA98; TA100; TA1535; | 5000 pg/plate Negative® (Watanabe &  Morimoto,
TA1537 1989c¢)

Mutation assay E. coli WP2 uvrA 5000 pg/plate Negative® (Watanabe &  Morimoto,

1989c)
(Ethyl vanillin [05.019]) Ames test S. typhimurium TA98; TA100; TA1535; | 3600 ug/plate Negative® (Wild et al., 1983)
TA1537; TA1538

Ames test  (preincubation | S. typhimurium TA97; TA98; TAL00; | 8000 ug/plate Negative® (Mortelmans et al., 1986)

method) TA1535; TA1537

Ames test S. typhimurium TA92; TA94; TA98; | Up to 10,000 ug/plate (six | Negative® (Ishidate et al., 1984) Published study in accordance to OECD guideline 471.

TA100; TA1535; TA1537; TA2637 concentrations) Although some details of results are not reported the study is
considered valid.

Ames test  (preincubation | S. typhimurium TA97; TA102 1000 pg/plate Negative® (Fujita & Sasaki, 1987)

method)

Ames test S. typhimurium TA98; TA100; TA1535; | 10,000 pg/plate* Negative® (Heck et al., 1989) Published non-GLP study. No information concerning a

TA1537; TA1538 possible cytotoxic effect nor on the number of concentrations
tested.
The test guidelines do not require
more than 5 mg/plate. Due to the lack of some important
details of study design and results the validity of the study
cannot be evaluated.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 21 pg/disc Negative (Odacet al., 1979) Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.

Chromosomal aberration test Chinese hamster fibroblast cells 250 pg/ml (three | Positive? (Ishidate et al., 1984) Published study carried out only in the absence of metabolic

concentrations, maximal
concentration  inducing
50% cell-growth
inhibition) *

activation. Thus, study is not considered valid.
Polyploidization in 48% of cells reported at 48 hours.
Negative response for chromosomal aberrations.
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no]

Test System

Test Object

Concentration

Result

Reference

Comments

Mammalian cell gene mutation
test

Mouse lymphoma L5178Y cells

125-800 pg/ml

Negative?
Weak positive®

(Heck et al., 1989)

Published non-GLP study. Some important details of study
design and results are not reported. Thus, the validity of the
study cannot be evaluated. Different concentration ranges
(125-500 pg/ml, 600 pg/ml, 800 pg/ml) were used in three
independent experiments within which positive responses
were observed. In the presence of S9 a 2.1 to 3-fold increase
in the mutant frequency was reported.

Unscheduled DNA synthesis | Rat hepatocytes 199 pg/ml* Negative (Heck et al., 1989) Published non-GLP study. No information concerning the

test number of concentrations tested.

Due to the lack of some important details of study design and
results the validity of the study cannot be evaluated.

Sister chromatid exchange | Human lymphocytes 0-2.0 mM (0-332 pug/ml) | Negative? (Jansson et al., 1988) Published non-GLP study not in accordance with OECD

assay guideline 479 (no metabolic activation). Insufficient report of
important details of method and results. This study is not
considered valid.

Sister chromatid exchange | Chinese hamster ovary K1 cells 17 pg/ml Negative (Sasaki et al., 1987)

assay

(Ethyl vanillin isobutyrate) Ames test S. typhimurium TA98; TA100; TA1535; | 5000 pg/plate Negative® (King & Harnasch, 1997)
TA1537; TA1538
(Piperonyl acetate [09.220]) Ames test  (preincubation | S. typhimurium TA97; TA98; TA100; | 3333 ug/plate Negative® (Mortelmans et al., 1986)
method) TA1535; TA1537
Ames test S. typhimurium TA98; TA100; TA1535; | 3600 pg/plate Negative® (Wild et al., 1983)
TA1537; TA1538
(Piperonal [05.016]) Modified Ames test S. typhimurium TA98; TA100; TA1535; | 0, 300, 600, 1200, 2400 | Negative® (Sekizawa &  Shibamoto, | Valid study in accordance with OECD guideline 471. The
TA1537; TA1538 ug/plate 1982) plate incorporation method was used -S9; the preincubation
E. coli WP2uvrAtrp method +S9.

Ames test (plate incorporation | S. typhimurium TA98; TA100; TA1535; | 10,000 ug/plate’ Negative® (Heck et al., 1989) Published non-GLP study. No information concerning a

method) TA1537; TA1538 possible cytotoxic effect nor on the number of concentrations
tested.

The test guidelines do not require more than 5 mg/plate. Due
to the lack of some important details of study design and
results the validity of the study cannot be evaluated.

Ames test S. typhimurium TA98; TA100 0.05 to 5000 pg/plate Negative® (Kasamaki et al., 1982) Published non-GLP study with insufficient report of some
details of method and results. Thus, the validity of the study
cannot be evaluated.

Ames test S. typhimurium TA98; TA100; TA1537; | 5000 pg/plate Negative® (White et al., 1977)

TA1538

Ames test (preincubation | S. typhimurium TA98; TA100; TA1535; | 0, 10, 33, 100, 333, 1000 | Negative® (Haworth et al., 1983) Published summary report including detailed results from

method) TA1537 Hg/plate studies on 250 compounds tested in various laboratories
within the NTP to a large extent in accordance with OECD
guideline 471.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 20 pg/disc Negative (Odacet al., 1979) Study published in Japanese without English abstract. Data
extracted from tables. Validity of the study cannot be
evaluated.

Rec assay B. subtilis M45 (rec’), H17 (rec”) 5000 pg/disc Positive’ (Sekizawa &  Shibamoto, | Well designed and reported study, however with some

1982) limitations with respect to results. DNA-repair tests in the
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Table 2.2: GENOTOXICITY (in vitro) EFSA / FGE.20

Chemical Name [FL-no]

Test System

Test Object

Concentration

Result

Reference

Comments

presence of S9 were not successful (no data reported).

Chromosomal aberration test

Chinese hamster cell line B241

50 nM (0.0075 pg/ml)

Positive!

(Kasamaki et al., 1982)

Published non-GLP study of sufficient quality to be taken
into account for the evaluation, although some details of
method and results are not reported. Data are only reported
for the concentration at which maximal frequency of
aberration was observed without visible cytotoxicity in the
treated cells. Dose-dependent increase of total aberrations
(chromatid gaps, chromatid breaks, chromosome breaks
observed, no ring or dicentric aberrations or chromatic
exchanges).

Chromosomal aberration test

Chinese hamster cell line B241

0.15 pg/ml

Negative

(Kasamaki &  Urasawa,

1985)

Mammalian cell gene mutation
test

Mouse lymphoma L5178Y cells

1000 pg/ml*

Negative®

(Heck et al., 1989)

Published non-GLP study. Some important details of study
design and results are not reported. Thus, the validity of the
study cannot be evaluated.

Unscheduled DNA synthesis
test

Rat hepatocytes

10 to 502 pg/ml

Positive

(Heck et al., 1989)

Published non-GLP study. No information concerning the
number of concentrations tested.

Due to the lack of some important details of study design and
results the validity of the study cannot be evaluated.

NR = not reported

! with and without S9 metabolic activation.

2 Without S9 metabolic activation.
3 With S9 metabolic activation.
* Concentration listed is either the highest tested if the result was negative or the concentration at which the maximum effect was observed for positive results.
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Table 2.3: GENOTOXICITY (in vivo) EFSA / FGE.20

Chemical Name [FL-no] Test System Test Object Route Dose Result Reference Comments
(Benzyl alcohol [02.010]) In vivo Sex- linked | D. melanogaster Diet 5000 ppm Negative (Foureman et al., 1994)
recessive lethal
mutations(SLRL)
In vivo SLRL D. melanogaster Injection 8000 ppm Negative (Foureman et al., 1994)
In vivo Micronucleus test Mouse bone marrow cells IP injection 200 mg/kg bw Negative (Hayashi et al., 1988)
In vivo Replicative DNA | Mouse and rat hepatocytes Not reported Not reported Negative (Yoshikawa, 1996) Screening test for the detection of non-genotoxic
synthesis test hepatocarcinogens. The substance was administered
once at the maximum tolerated dose or at half the
maximum tolerated dose to male mice and rats.
Hepatocytes were prepared after 24, 39 and 48 hours.
In vivo Replicative DNA | Mouse hepatocytes Oral gavage 800 mg/kg Negative (Miyagawa et al., 1995)

synthesis test

In vivo Replicative DNA | Rat hepatocytes Oral or SC injection 600 mg/kg Negative (Uno et al., 1994)
synthesis test
(Benzyl acetate [09.014]) In vivo SLRL D. melanogaster Diet 300 ppm Negative (NTP, 1993d; Foureman et
al., 1994)
In vivo SLRL D. melanogaster Injection 20,000 ppm Negative (NTP, 1993d; Foureman et
al., 1994)
In vivo Sister chromatid | Mouse bone marrow cells IP injection 1700 mg/kg bw Negative (NTP, 1993d)
exchange assay
In vivo Chromosomal | Mouse bone marrow cells IP injection 0 to 1700 mg/kg | Negative (NTP, 1993d) Test substance same batch as NTP chronic bioassays.

aberration test

bw

The highest dose caused toxicity and cell cycle delay.
Test not fully in compliance with the OECD guideline
(insufficient cells per animal studied). GLP status not
stated. The study is considered of limited validity.

In vivo Micronucleus test

Mouse bone marrow cells

3 IP injection with 24 | 0, 312, 625 and | Negative
h intervals 1250 mg/kg bw

(NTP, 1993d; Shelby et al.,
1993)

Test substance same batch as NTP chronic bioassays.
Study in compliance with OECD guideline. GLP not
stated. Micronuclei were determiend at 24 h after the
last dose. A dose-related decrease in PCE/NCE ratio
was observed. The study is considered valid.

In vivo Micronucleus test

Mouse erythrocytes

Dietary exposure for | 0 to 50,000 ppm | Negative

(NTP, 1993d)

Test substance same batch as NTP chronic bioassays.

13 weeks. (equal to 0 to 7900 In life phase under GLP; for determination of
mg/kg bwi/day for genotoxic effects. GLP not specified. Test in
males and 0 to compliance with OECD guideline. The test is
9400 mg/kg bw/day considered valid, but of limited relevance because no
for females) chance in PCE/NCE ratio was observed.

In vivo Unscheduled DNA | Rat hepatocytes Oral gavage 0, 50, 200 and 1000 | Negative (Mirsalis et al., 1989) Test substance same batch as NTP chronic bioassays.
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Chemical Name [FL-no] Test System Test Object Route Dose Result Reference Comments
synthesis test mg/kg bw Test in compliance with OECD guidelines. GLP not
stated. The test is considered valid.
In vivo Unscheduled DNA | Rat pancreatic cells Oral gavage 1000 mg/kg bw Negative (Steinmetz & Mirsalis, 1984) | Only abstract available. Non guideline test. Validity
synthesis test cannot be assesed.
In vivo DNA damage Rat pancreatic cells IP injection 0, 150, 500 and | Negative (Longnecker et al., 1990) Alkaline elution assay. GLP status not specified.
1500 mg/kg bw Limited number of animals/group; DNA damage
monitored at 1 hr post dosing. The study is of limited
validity.
In vivo Comet assay Mouse/ Rat Oral 1600 mg/kg | Positive (Sekihashi et al., 2002) Non-GLP and non-guideline test; but in compliance
(mouse); 1200 with recommended protocols. Some important details
mg/kg (rat) of method and results insufficiently reported. No
toxicity data reported. The administered dose was 0.5
x LD50. Sampling time was 3, 8 and 24 hours after
dosing. Positive result reported in mice for stomach,
colon, kidney, urinary bladder and brain, in rats for
stomach, colon, liver, kidney, urinary bladder, lung.
After 24 h no significant effect in mice, significant
effects in rat only in lung and kidney. The study is of
limited validity.
(Benzaldehyde [05.013]) In vivo SLRL D. melanogaster Diet 1150 ppm Negative (Woodruff et al., 1985)
In vivo SLRL D. melanogaster Injection 2500 ppm Negative (Woodruff et al., 1985)
(Salicylic acid [08.112]) In vivo Chromosomal | Mouse bone marrow cells IP injection 0, 50, 100, 200 | Negative (Giri et al., 1996) Published study widely in accordance with OECD
aberration assay gavage mg/kg Negative guideline 475 and well reported (except that only
0, 350 mg/kg males were tested, only one sampling time was chosen
and signs of toxicity were not reported). Oral and i.p.
dose were selected to be 1/3 and 1/5 of the reported
oral LD50.
In vivo Sister chromatid | Mouse bone marrow cells IP injection 0, 25, 50, 100 | Negative (Giri et al., 1996) Well described published study of good quality. Oral
exchange assay gavage mg/kg Negative and i.p. dose were selected to be 1/3 and 1/10 of the
0, 350 mg/kg reported oral LD50.
Ethyl 4-hydroxybenzoate [09.367] In vivo Chromosomal | Rat bone marrow cells Not reported Not reported Negative (Kawachi et al., 1980a) Published summary report of unpublished extensive
aberration assay screening study. No details of method and results
reported. Thus, the validity of the study cannot be
evaluated.
(4-Ethoxybenzaldehyde [05.056]) In  vivo Basc test| D.melanogaster NR 751 pg/ml Negative (Wild et al., 1983) Published non-GLP study. Details of study protocol
Micronucleus test reported elsewhere,. However, results sufficiently
reported. Study is considered valid.
In vivo NMRI mice NR 1005 mg/kg bw Negative (Wild et al., 1983) Published non-GLP study. Details of study protocol
Micronucleus test and results insufficiently reported. Effect on PCE/NCE
ratio not reported. No positive control. Validity of the
study cannot be evaluated.
Gallic acid [08.080] In vivo Medium-term rat | Male rats initiated with 1P | Not reported. Not reported Negative (Shirai, 1997) Published non-GLP study. Unusual study protocol not
liver bioassay injection of diethylnitrosamine following OECD guidelines. Some important details of
method missing and only summarized results of a large
screening study reported. Thus, the validity of the
study cannot be evaluated.
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Table 2.3: GENOTOXICITY (in vivo) EFSA / FGE.20

Chemical Name [FL-no]

Test System

Test Object

Route Dose Result

Reference

Comments

(Vanillin [05.018])

In vivo Micronucleus test

Male BDF1 mice

Oral gavage 500 mg/kg bw Negative

(Inouye et al., 1988)

Published non-GLP study not in accordance with
OECD guideline 474 (smaller group size, only males
tested, no toxicity data reported, single dose level used,
no negative control, effect on PCE/NCE ratio not
reported.) Induction of micronuclei in mitomycin-
treated mice was suppressed by post-treatment with
vanillin due to an anticlastogenic effect. Vanillin itself
did not induce micronucleated PCEs (vanillin control
group without mitomycin-treatment, six sampling
times from 5 to 65 h).

(Salicylaldehyde [05.055])

In vivo Spot test

D. melanogaster BINSC
D. melanogaster Oregon-R

NR 1.05 to 1.40 ppm Negative
0.09 to 0.35 ppm Negative

(Kono et al., 1995)

Study published in Japanese with English abstract.
Data extracted from tables. Validity of the study
cannot be evaluated

(Ethyl vanillin [05.019])

In vivo Basc test

D. melanogaster

NR 8309 pg/ml Negative

(Wild etal., 1983)

Published non-GLP study. Details of study protocol
reported elsewhere,. However, results sufficiently
reported. Study is considered valid.

In vivo Micronucleus test

Male BDF1 mice

IP injection Not reported Negative

(Furukawa et al., 1989)

Only abstract available. Insufficient report of
experimental details and result to evaluate the validity
of the study.

In vivo Micronucleus test

NMRI mice

NR 1000 mg/kg bw Negative

(Wild et al., 1983)

Published non-GLP study. Details of study protocol
and results insufficiently reported. Effect on PCE/NCE
ratio not reported. No positive control. Validity of the
study cannot be evaluated.

(Piperonyl acetate [09.220])

In vivo Basc test

D. melanogaster

NR 4855 pg/ml Negative

(Wild et al., 1983)

Published non-GLP study. Details of study protocol
reported elsewhere,. However, results sufficiently
reported. Study is considered valid.

In vivo Micronucleus test

NMRI mice

NR 970 mg/kg bw Negative

(Wild et al., 1983)

Published non-GLP study. Details of study protocol
and results insufficiently reported. Effect on PCE/NCE
ratio not reported. No positive control. Validity of the
study cannot be evaluated.

(Piperonal [05.016])

In vivo Dominant lethal
assay

ICR/Ha Swiss mice

IP injection 0, 124, 620 mg/kg | Negative

bw

(Epstein et al., 1972)

Published non-GLP study evaluating 174 substances.
Study protocol not fully in accordance with OECD
guideline 478 (lower number of animals and of dose
levels used, limited report of experimental
observations). However, due to the large body of
control data available the results are considered valid.
Doses were selected in preliminary acute toxicity tests.
Parameters recorded were percent pregnancy, total
implants and early and late fetal deaths.

In vivo Dominant lethal
assay

ICR/Ha Swiss mice

Oral gavage 0, 1000 mg/kg bw | Negative
(repeated doses on

5 successive days)

(Epstein et al., 1972)

Dito.
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Table 3.1: Summary of Safety Evaluation of 44 Hydroxy- and Alkoxy-Substituted Benzyl Derivatives Evaluated by JECFA (JECFA, 2002b)

Table 3.1: Summary of safety evaluation of 44 JECFA-evaluated hydroxy and alkoxy substituted benzyl derivatives (JECFA, 2002b)

FL-no EU Register name Structural formula EU MSDI 1) Class 2) Outcome  on  the|EFSA conclusion on the|EFSA conclusion on the
JECFA-no US MSDI (ug/capita/day) |Evaluation procedure path{named compound named compound material of commerce
3) [4) or 5)] (Procedure steps, intake
estimates, NOAEL,
genotoxicity)

02.128 p-Anisyl alcohol oH 130 Class | 4) 6) 6)
871 - 58 A3: Intake below threshold
02.165 4-Hydroxybenzyl alcohol on 5.2 Class | 4) 6) 6)
955 0.06 A3: Intake below threshold

HO'
02.213 Vanillyl alcohol \ 5.4 Class | 4) 6) 6)
886 "Kj/\oH 6 A3: Intake below threshold

HO’
05.015 4-Methoxybenzaldehyde o 370 Class | 4) 6) 6)
878 580 A3: Intake below threshold

\O
05.017 Veratraldehyde A N0 120 Class | 4) 6) 6)
877 55 A3: Intake below threshold

\0
05.047 4-Hydroxybenzaldehyde o 55 Class | 4) 6) 6)
956 56 A3: Intake below threshold
05.055 Salicylaldehyde S 84 Class | 4) 6) 6)
897 16 A3: Intake below threshold

OH
05.056 4-Ethoxybenzaldehyde o 0.073 Class | 4) 6) 6)
879 K 0.01 A3: Intake below threshold
o
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The EFSA Journal (2008) 63;

Table 3.1: Summary of safety evaluation of 44 JECFA-evaluated hydroxy and alkoxy substituted benzyl derivatives (JECFA, 2002b)

FL-no EU Register name Structural formula EU MSDI 1) Class 2) Outcome  on  the|EFSA conclusion on the|EFSA conclusion on the
JECFA-no US MSDI (ug/capita/day) |Evaluation procedure path{named compound named compound material of commerce
3) [4) or 5)] (Procedure steps, intake
estimates, NOAEL,
genotoxicity)
05.091 2-Hydroxy-4-methylbenzaldehyde o 0.61 Class | 4) 6) 6)
898 0.3 A3: Intake below threshold
'OH

08.040 4-Hydroxybenzoic acid i 16 Class | 4) 6) 6)
957 /©)‘\0H 17 A3: Intake below threshold

HO’
08.043 Vanillic acid f 24 Class | 4) 6) 6)
959 /Q)k"” 26 A3: Intake below threshold

o

08.071 p-Anisic acid i ND Class | 4) 7) 7)
883 /©)‘\0H 0.1 A3: Intake below threshold

\O
08.076 2,4-Dihydroxybenzoic acid o8 ND Class | 4) 7 7
908 /@/‘km 6 A3: Intake below threshold

HO’
08.092 3-Methoxybenzoic acid i ND Class | 4) 7 7
882 Q)‘\OH 0.01 A3: Intake below threshold

S

08.112 Salicylic acid i 0.024 Class | 4) 6) 6)
958 ©f‘\ 0.03 A3: Intake below threshold
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Table 3.1: Summary of safety evaluation of 44 JECFA-evaluated hydroxy and alkoxy substituted benzyl derivatives (JECFA, 2002b)

FL-no EU Register name Structural formula EU MSDI 1) Class 2) Outcome  on  the|EFSA conclusion on the|EFSA conclusion on the
JECFA-no US MSDI (ug/capita/day) |Evaluation procedure path{named compound named compound material of commerce
3) [4) or 5)] (Procedure steps, intake
estimates, NOAEL,
genotoxicity)
09.019 p-Anisyl acetate f 50 Class | 4) 6) 6)
873 )k 300 A3: Intake below threshold
()
\D/O/\
09.035 Vanillyl acetate 9 o 18 Class | 4) 6) 6)
890 1 A3: Intake below threshold
()
S
09.058 p-Anisyl butyrate i 29 Class | 4) 6) 6)
875 O)k/\ 0.1 A3: Intake below threshold
g /@A
09.087 p-Anisyl formate i 39 Class | 4) 6) According to JECFA:
872 ) 24 A3: Intake below threshold "Minimum assay value is
© 90%", composition of mixture
- to be specified.
l
09.145 p-Anisyl propionate )L/ ND Class | 4) 7) 7)
874 /@/\O 5 A3: Intake below threshold
\O
09.706 Anisyl phenylacetate o 0.0024 Class | 4) 6) 6)
876 0.1 A3: Intake below threshold
o
\D
09.713 Methyl 4-methoxybenzoate f 0.97 Class | 4) 6) 6)
884 0.01 A3: Intake below threshold
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Table 3.1: Summary of safety evaluation of 44 JECFA-evaluated hydroxy and alkoxy substituted benzyl derivatives (JECFA, 2002b)

FL-no EU Register name Structural formula EU MSDI 1) Class 2) Outcome  on  the|EFSA conclusion on the|EFSA conclusion on the
JECFA-no US MSDI (ug/capita/day) |Evaluation procedure path{named compound named compound material of commerce
3) [4) or 5)] (Procedure steps, intake
estimates, NOAEL,
genotoxicity)
09.714 Ethyl 4-methoxybenzoate i 9.1 Class | 4) 6) 6)
885 Q)‘\OJ 2 A3: Intake below threshold
\0
09.748 Ethyl salicylate P 27 Class | 4) 6) 6)
900 AN 1700 A3: Intake below threshold
09.750 Isobutyl salicylate i 0.97 Class | 4) 6) 6)
902 ©fl\° /Y 6 A3: Intake below threshold
OH
09.751 Isopentyl salicylate o 41 Class | 4) 6) According to JECFA: Min.
903 A)\ 7 AZ3: Intake below threshold assay value is "98 (sum of
o isoamyl and amyl salicylate)",
composition of mixture to be
ort specified.
09.752 Benzyl salicylate f 26 Class | 4) 6) 6)
904 : \JL N : 29 A3: Intake below threshold
OH
09.753 Phenethyl salicylate oH o 0.12 Class | 4) 6) 6)
905 4 A3: Intake below threshold
o
09.754 Butyl 4-hydroxybenzoate f ND Class | 4) 7 7
870 /©)ko/\/\ 0.03 A3: Intake below threshold Additional data required Additional data required.
HO'
09.763 Butyl salicylate i 0.012 Class | 4) 6) 1d test is requested.
901 0.0007 A3: Intake below threshold
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Table 3.1: Summary of safety evaluation of 44 JECFA-evaluated hydroxy and alkoxy substituted benzyl derivatives (JECFA, 2002b)

FL-no EU Register name Structural formula EU MSDI 1) Class 2) Outcome  on  the|EFSA conclusion on the|EFSA conclusion on the
JECFA-no US MSDI (ug/capita/day) |Evaluation procedure path{named compound named compound material of commerce
3) [4) or 5)] (Procedure steps, intake
estimates, NOAEL,
genotoxicity)
09.796 Methyl 2-methoxybenzoate ~ q 49 Class | 4) 6) 6)
880 P 8 A3: Intake below threshold
09.807 o-Tolyl salicylate o o ND Class | 4) 7 7
907 30 A3: Intake below threshold
o
09.811 Vanillin isobutyrate o S 55 Class | 4) 6) 6)
891 Yﬂk 0.04 A3: Intake below threshold
o~
05.018 Vanillin 47000 Class | 4) 6) 6)
889 150000 A3: Intake above threshold, The NOAEL of 1000 mg/kg
A N0 A4: Not endogenous, A5: bw/day in a 2-year study in
:@A Adequate NOAEL exists rats is > 100 times the
Ho' estimated daily intake of
vanillin  when used as a
flavouring substance.
09.749 Methyl salicylate 410 Class | 4) 6) 6)
899 on ° 44000 A3: Intake above threshold, The NOAEL of 50 mg/kg
A4: Not endogenous, A5: bw/day in a 2-year study in
o Adequate NOAEL exists dogs is > 100 times the
estimated daily intake of
methyl salicylate when used as
a flavouring substance.
04.093 Butyl vanillyl ether e N ND Class Il 4) 7 7
888 0.1 A3: Intake below threshold
HO'
04.094 Ethyl 4-hydroxy-3-methoxybenzyl ether ° 20 Class Il 4) 6) 6)
887 22 A3: Intake below threshold
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Table 3.1: Summary of safety evaluation of 44 JECFA-evaluated hydroxy and alkoxy substituted benzyl derivatives (JECFA, 2002b)

FL-no EU Register name Structural formula EU MSDI 1) Class 2) Outcome  on  the|EFSA conclusion on the|EFSA conclusion on the
JECFA-no US MSDI (ug/capita/day) |Evaluation procedure path{named compound named compound material of commerce
3) [4) or 5)] (Procedure steps, intake
estimates, NOAEL,
genotoxicity)
06.132 Vanillin butan-2,3-diol acetal (mixture 3.4 Class Il 4) 6) CASrn  does not specify
960 of stereo isomers) o 3 A3: Intake below threshold stereoisomers, stereoisomeric
c{ composition to be specified.
o
HO'
09.220 Piperonyl acetate i 34 Class Il 4) 6) 6)
894 o . )k 11 AZ3: Intake below threshold
a7
09.430 Piperonyl isobutyrate 7 0.085 Class I 4) 6) 6)
895 N o /NW/ 3 A3: Intake below threshold
<oh
09.933 Ethyl vanillin isobutyrate 0.61 Class I 4) 6) 6)
953 ND A3: Intake below threshold
o
°
7 < S > <
o
16.075 Ethyl vanillin beta-D-glucopyranoside ° ND Class Il 4) 7 CASn to be included in the
892 30 AZ3: Intake below threshold Register: 122397-96-0.

7
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Table 3.1: Summary of safety evaluation of 44 JECFA-evaluated hydroxy and alkoxy substituted benzyl derivatives (JECFA, 2002b)

FL-no EU Register name Structural formula EU MSDI 1) Class 2) Outcome  on  the|EFSA conclusion on the|EFSA conclusion on the
JECFA-no US MSDI (ug/capita/day) |Evaluation procedure path{named compound named compound material of commerce
3) [4) or 5)] (Procedure steps, intake
estimates, NOAEL,

genotoxicity)

05.016 Piperonal 1500 Class Il 4) 6) 6)
896 3200 A3: Intake above threshold, The NOAEL of 250 mg/kg
o o A4: Not endogenous, A5: bw/day in a 2-year study in
<j©/\ Adequate NOAEL exists rats is > 100 times the
o estimated daily intake of
piperonal when used as a

flavouring substance

05.019 Ethyl vanillin 5400 Class Il 4) 6) 6)
893 43000 A3: Intake above threshold, The NOAEL of 500 mg/kg
© N0 A4: Not endogenous, A5: bw/day in a 14-week study in
rjg/\ Adequate NOAEL exists rats is > 100 times the
Ho estimated daily intake of ethyl

vanillin  when used as a
flavouring substance

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) = pg/capita/day.
2) Thresholds of concern: Class | = 1800, Class Il =540, Class Il = 90 pg/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 as flavouring substance based on the MSDI approach.

7) MSDI based on USA production figure.

ND: not determined
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (EFSA / FGE.20)

Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.20 (based on intakes calculated by the MSDI approach)

FL-no |EU Register name Structural formula MSDI 1)|Class 2) Outcome on the named|Outcome on  the|Evaluation remarks
(ng/capita/day) |Evaluation procedure path 3) |compound material of commerce
[4) or 5)] [6), 7), or 8)]
02.164 |4-Hydroxy-3,5-dimethoxybenzyl P on 0.037 Class | 4) 6)
alcohol I;/\ A3: Intake below threshold
/O
05.129 |2-Methoxybenzaldehyde o 0.16 Class | 4) 6)
A3: Intake below threshold
e

05.142 |3,4-Dihydroxybenzaldehyde o 85 Class | 4) 6)
A3: Intake below threshold
HO’

05.153 |4-Hydroxy-3,5- ~° A 0.74 Class | 4) 6)
dimethoxybenzaldehyde A3: Intake below threshold
HO'

e
05.158 |3-Methoxybenzaldehyde ~° o 0.011 Class | 4) 6)
A3: Intake below threshold
06.017 |(Diethoxymethyl)benzene K 17 Class | 4) 6)
o A3: Intake below threshold

08.080 |Gallic acid f 0.011 Class | 4) 6)
Ho:;j)k A3: Intake below threshold
'OH
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Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.20 (based on intakes calculated by the MSDI approach)

FL-no |EU Register name Structural formula MSDI 1)|Class 2) Outcome on the named|Outcome on  the|Evaluation remarks
(ng/capita/day) |Evaluation procedure path 3) |compound material of commerce
[4) or 5)] [6), 7), or 8)]
08.087 |4-Hydroxy-3,5-dimethoxybenzoic acid i 1.2 Class | 4) 6)
o A3: Intake below threshold
OH
o
09.152 |Benzyl valerate i 1.7 Class | 4) 6)
@/\OJW AZ3: Intake below threshold
09.313 |Benzyl 2-methylbutyrate f 7.3 Class | 4) 7)
@/\O)K(\ A3: Intake below threshold
09.314 |Benzyl crotonate f 0.37 Class | 4) 6)
QAOM A3: Intake below threshold
09.315 |Benzyl dodecanoate i 0.13 Class | 4) 6)
: ~ OJW/W A3: Intake below threshold
09.316 |Benzyl hexanoate f 0.75 Class | 4) 6)
: ~ OM A3: Intake below threshold
09.317 |Benzyl lactate f 0.91 Class | 4) 7
@/\O)H/ A3: Intake below threshold
09.318 |Benzyl octanoate f 0.12 Class | 4) 6)
: ~ OM A3: Intake below threshold
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Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.20 (based on intakes calculated by the MSDI approach)

FL-no |EU Register name Structural formula MSDI 1)|Class 2) Outcome on the named|Outcome on  the|Evaluation remarks
(ng/capita/day) |Evaluation procedure path 3) |compound material of commerce
[4) or 5)] [6), 7), or 8)]
09.362 |Ethyl 2-hydroxy-4-methylbenzoate 7 0.0012 Class | 4) 6)
N A3: Intake below threshold
09.363 |Ethyl 2-methoxybenzoate i 55 Class | 4) 6)
N A3: Intake below threshold
o
09.367 |Ethyl 4-hydroxybenzoate 7 10 Class | 4) 6)
N A3: Intake below threshold
09.560 |Hex-3(cis)-enyl anisate f 0.12 Class | 4) 6)
Q)ko/\/—\/ A3: Intake below threshold
\O
09.570 |Hex-3-enyl salicylate o8 0.13 Class | 4) 7
W NN A3: Intake below threshold
Trans form shown
09.581 |Hexyl salicylate P 0.018 Class | 4) 6)
i)/‘ko/\/\/\ A3: Intake below threshold
09.611 |4-Isopropylbenzyl acetate i 0.012 Class | 4) 6)
Ok A3: Intake below threshold
09.623 |Methyl 2,4-dihydroxy-3,6- i 0.012 Class | 4) 6)
dimethylbenzoate — A3: Intake below threshold
HO’ 'OH
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Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.20 (based on intakes calculated by the MSDI approach)

FL-no |EU Register name Structural formula MSDI 1)|Class 2) Outcome on the named|Outcome on  the|Evaluation remarks
(ng/capita/day) |Evaluation procedure path 3) |compound material of commerce
[4) or 5)] [6), 7), or 8)]
09.631 |Methyl 4-methylbenzoate i 0.0012 Class | 4) 6)
/©)‘\D/ A3: Intake below threshold
09.656 |3-Methylbut-3-enyl benzoate f 0.12 Class | 4) 6)
. A3: Intake below threshold
09.762 |Pentyl salicylate o™ 0.24 Class | 4) 6)
e e A3: Intake below threshold
09.779 |Butyl benzoate il 3.7 Class | 4) 6)
NN A3: Intake below threshold
09.798 |Ethyl vanillate i 0.024 Class | 4) 6)
AN A3: Intake below threshold
P
09.799 |Methyl vanillate f 0.011 Class | 4) 6)
— A3: Intake below threshold
HO’
/0
09.825 |Pentyl benzoate i 1.1 Class | 4) 6)
e e A3: Intake below threshold
09.835 |Benzyl decanoate i 0.35 Class | 4) 6)
@/\OM A3: Intake below threshold
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Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.20 (based on intakes calculated by the MSDI approach)

FL-no |EU Register name Structural formula MSDI 1)|Class 2) Outcome on the named|Outcome on  the|Evaluation remarks
(ng/capita/day) |Evaluation procedure path 3) |compound material of commerce
[4) or 5)] [6), 7), or 8)]
09.852 |2-Methylbutyl 2-hydroxybenzoate F 0.011 Class | 4) 7
D/Y\ A3: Intake below threshold
09.895 |4-Methoxybenzyl-2-methylpropionate i 0.37 Class | 4) 6)
OJW/ A3: Intake below threshold
N /@/\
05.066 |4-Ethoxy-3-methoxybenzaldehyde ° o 1.2 Class Il 4) 6)
A3: Intake below threshold
02.205 |Piperonyl alcohol ° on 0.011 Class 111 4) 6)
< A3: Intake below threshold

1) MSDI: Amount added to food as flavour in (kg / year) x 10E9 / (0.1 x population in Europe (= 375 x 10E6) x 0.6 x 365) = pg/capita/day.

2) Thresholds of concern: Class | = 1800, Class Il = 540, Class 11l = 90 ug/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).

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.

8) No conclusion can be drawn due to lack of information on the purity of the material of commerce.
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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 45 flavouring substances in the Flavouring Group
Evaluation 20, Revision 4 (FGE.20Rev4), using the Procedure in Commission Regulation (EC) No
1565/2000. This revision 4 is made due to inclusion of four additional substances, 0-, m- and p-
tolualdehyde [FL no: 05.026, 05.028 and 05.029] and phenylmethyl 2-methyl-2-butenoate [FL no:
09.858]. None of the substances were considered to have genotoxic potential. The 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 all the 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. Adequate specifications including complete purity criteria and identity for
the materials of commerce have been provided for all 45 candidate substances.
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SUMMARY

The European Food Safety Authority (EFSA) asked the Scientific Panel on Food Contact Materials,
Enzymes, Flavourings and Processing Aids (the Panel) to provide scientific advice to 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 45 flavouring
substances in the Flavouring Group Evaluation 20, Revision 4 (FGE.20Rev4), using the Procedure as
referred to in the Commission Regulation (EC) No 1565/2000. These flavouring substances belong to
chemical groups 23 and 30, Annex I of the Commission Regulation (EC) No 1565/2000.

The present revision of FGE.20, FGE.20Rev4, includes the evaluation of four additional substances,
0- m- and p-tolualdehyde [FL no: 05.026, 05.028 and 05.029] and phenylmethyl 2-methyl-2-butenoate
[09.858].

Four flavouring substances can exist as optical isomers [FL-no: 06.104, 09.313, 09.317 and 09.852]
and four substances can exist as geometrical isomers [FL-no: 09.314, 09.560, 09.570 and 09.858].

Forty-one candidate substances are classified into structural class I and four [FL-no: 02.205, 05.066,
05.221 and 06.104] are classified into structural class II according to the decision tree approach
presented by Cramer et al., 1978.

Twenty-five 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 Intake” (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 Flavour 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.

According to the default MSDI approach, the 41 flavouring substances allocated to structural class I
have intakes in Europe from 0.001 to 610 microgram/capita/day, which are below the threshold of
concern value for structural class I (1800 microgram/person/day). The four substances in structural
class II [FL-no: 02.205, 05.066, 05.221 and 06.104] have estimated intakes of 0.011, 1.2, 0.61 and 100
microgram/capita/day, respectively. These intakes are below the threshold values of 540
microgram/person/day for structural class II.

On the basis of the reported annual production in Europe (MSDI approach), the combined intake of
the 41 of the candidate substances belonging to structural class I is approximately 1400
microgram/capita/day and the combined intake of the four candidate substances belonging to
structural class II is approximately 100 microgram/capita/day. These values are lower than the
threshold of concern for structural class I and II substances. Based on reported production volumes,
European per capita intakes (MSDI) could be estimated for 76 of the 77 supporting substances. The
total combined intakes of the candidate and supporting substances are approximately 75000 and 7100
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microgram/capita/day for structural class I and II, respectively, which exceed the thresholds of
concern. However, the substances are expected to be efficiently metabolised and are not expected to
saturate the metabolic pathways.

For the substances in this group the available genotoxicity data do not preclude the evaluation of the
candidate substances using the Procedure.

It is anticipated that the candidate substances in FGE.20Rev4 would be metabolised to innocuous
products.

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

It is considered that on the basis of the default MSDI approach the 45 candidate substances would not
give rise to safety concerns at the estimated levels of intake arising from their use as flavouring
substances.

When the estimated intakes were based on the mTAMDI approach they ranged from 770 to 120000
microgram/person/day for 41 flavouring substances from structural class 1. The intakes were all above
the threshold of concern for structural class I of 1800 microgram/person/day, except for six flavouring
substances [FL-no: 05.129, 05.142, 05.153, 05.158, 08.080 and 09.858]. The estimated intakes, based
on the mTAMDI, of the four flavouring substances [FL-no: 02.205, 05.066, 05.221 and 06.104]
assigned to structural class II were 3900, 1600, 7000 and 3900 microgram/person/day, respectively,
which are all above the threshold of concern for the structural class (540 microgram/person/day for
structural class II). The six substances which have mTAMDI intake estimates below the threshold of
concern for structural class I are also expected to be metabolised to innocuous products. Thus, on the
basis of the mTAMDI, the estimated intakes for 39 flavouring substances considered in this Opinion,
exceed the relevant threshold for their structural class to which the flavouring substance has been
assigned. Therefore, for these 39 substances more reliable exposure data are required. On the basis of
such additional data, these flavouring substances should be re-evaluated using the Procedure.
Subsequently, additional toxicological data might become necessary.

In order to determine whether the conclusion for the 45 candidate substances can be applied to the
materials of commerce, it is necessary to consider the available specifications. Adequate specifications
including complete purity criteria and identity for the materials of commerce have been provided for
each of the 45 flavouring substances.

For these 45 flavouring substances the Panel concluded that they would present no safety concern at
their estimated levels of intake based of the MSDI approach.
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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 2008/163/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 Union list of flavourings and source materials is established in Commission Regulation (EC) No
872/2012 (EC, 2012a).

HISTORY OF THE EVALUATION

The Flavouring Group Evaluation 20 (FGE.20) dealt with 35 benzyl alcohols, benzaldehydes, a related
acetal, benzoic acids, and related esters.

The Revision 1 of FGE.20, FGE.20Rev1, included the assessment of one additional candidate
substance, vanillin propylene glycol acetal [FL-no: 06.104]. For this substance there are hydrolysis
data and for a related substance [FL-no: 02.248] in vitro genotoxicity data. Additional information for
three substances [FL-no: 09.313, 09.317 and 09.852] was made available since FGE.20 was published.
Toxicity and metabolism data on a substance, vanillin 3-I-menthoxypropane-1,2-diol acetal [FL-no:
02.248], related to the candidate substance vanillin propylene glycol acetal [FL-no:06.104], are
included.

The Revision 2 of FGE.20, FGE.20Rev2, included the assessment of five additional candidate
substances [FL-no: 05.221, 08.132, 08.133, 09.693 and 09.696]. Toxicity data are available for four of
the five substances. In vitro genotoxicity data are available for [FL-no: 05.221 and 08.133], long-term
toxicity data are available for [FL-no: 08.133] and acute toxicity data are available for [FL-no: 08.133,
09.693 and 09.696]. Two of the substances [FL-no: 09.693 and 09.696] were considered with respect
to genotoxicity in FGE.202 in which the Panel concluded that the genotoxicity data available do not
preclude their evaluation through the Procedure.

The Revision 3 of FGE.20, FGE.20Rev3, included the consideration of the SCF Opinion on benzoic
acid (SCF, 2002c). Furthermore, the Industry has for two substances [FL-no: 06.104 and 09.570]
submitted information on the stereoisomeric composition (EFFA, 2010a), which was missing in the
previous version of the FGE. Finally, the Industry has submitted new information to support the re-
allocation of structural class to the candidate substance piperonyl alcohol [FL-no: 02.205]. For
piperonyl alcohol [FL-no: 02.205], the Flavouring Industry has submitted new information, since the
publication of FGE.20Rev2, that suggests natural occurrence in several food sources of closely
structurally related substances, which are most likely metabolised to piperonyl alcohol. Therefore
Flavouring Industry considered it correct to answer the question whether the substance occur naturally
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with a yes, and therefore the substance should be allocated to structural class 11, instead of class III.
The Panel agreed in this consideration and allocated [FL-no: 02.205] to structural class II.

FGE Opinion adopted  Link No. Of candidate
by EFSA substances

FGE.20 7 December 2005 http://www.efsa.europa.eu/en/efsajournal/doc/296.pdf 35

FGE.20Revl 29 November 2007 http://www.efsa.europa.eu/en/efsajournal/doc/976.pdf 36

FGE.20Rev2 26 November 2009 http://www.efsa.europa.eu/en/scdocs/doc/1405.pdf 41

FGE.20Rev3 17 May 2011 http://www.efsa.europa.eu/en/efsajournal/pub/2176.htm 41

FGE.20Rev4 20 November 2012 45

The present Revision of FGE.20, FGE.20Rev4, includes the assessment of four additional substances
0-, m- and p-tolualdehyde [FL-no: 05.026, 05.028 and 05.029] and phenylmethyl 2-methyl-2-
butenoate [FL no: 09.858].

No toxicity or metabolism data were submitted for the new substances. A search in the open literature
for these substances provided four additional studies on the biotransformation of tolualdehydes.
Additional data on toxicity were not found. Some genotoxicity studies on the tolualdehyde isomers
were already included in the previous versions of this FGE for a supporting substance (tolualdehyde,
mixture of isomers; [FL no: 05.027]). These studies have been relocated in the tables with
genotoxicity data, but no new information was included. No additional data were found for substance
[FL no: 09.858].

Furthermore, additional information on composition has been submitted for [FL-no: 05.221] (EFFA,
2012k) and [FL-no: 06.104] (EFFA, 2012u).

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.

In addition, the Commission has asked EFSA to reflect newly submitted information on specifications
in the revisions of FGEs.
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ASSESSMENT

1. PRESENTATION OF THE SUBSTANCES IN FLAVOURING GROUP EVALUATION 20,
REVISION 4

1.1. Description

The present Flavouring Group Evaluation 20, Revision 4 (FGE.20Rev4), 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 45 benzyl alcohols, benzaldehydes, a related
acetal, benzoic acids and related esters. These flavouring substances belong to chemical groups 23 and
30, Annex I of Commission Regulation (EC) No 1565/2000 (EC, 2000a).

The 45 candidate substances under consideration with their chemical Register names, FLAVIS- (FL-),
Chemical Abstract Service- (CAS-), Council of Europe- (CoE-) and Flavor and Extract Manufactures
Association- (FEMA-) numbers, structure and specifications, are listed in Table 1.

This group of candidate substances includes 19 benzyl derivatives (subgroup 1), 25 hydroxy- and
alkoxy-ringsubstituted benzyl derivatives (subgroup 2) and one hydroxy- and alkoxy-substituted
biphenyl derivative (subgroup 3).

e Subgroup 1: Benzyl derivatives

This subgroup comprises three tolualdehyde isomers (0-, m- and p-tolualdehyde [FL no:
05.026, 05.028 and 05.029] and 15 alkyl esters, ten of which are benzyl esters [FL-no: 09.152,
09.313, 09.314, 09.315, 09.316, 09.317, 09.318, 09.611, 09.835 and 09.858] and five are
benzoic acid esters [FL-no: 09.631, 09.656, 09.693, 09.779 and 09.825]. Four of these
candidate esters contain a double-bond in the alkyl side chain [FL-no: 09.314, 09.656, 09.693
and 09.858] and two contain an alkyl substituent at the aromatic ring [FL-no: 09.631 and
09.611]. The remaining substance [FL-no: 06.017] is an acetal of benzaldehyde.

e Subgroup 2: Hydroxy- and alkoxy-ringsubstituted benzyl derivatives

This subgroup includes two benzyl alcohols [FL-no: 02.164, and the derivative piperonyl
alcohol FL-no: 02.205], six benzaldehyde derivatives [FL-no: 05.066, 05.129, 05.142, 05.153,
05.158 and 06.104], four benzoic acids [FL-no: 08.080, 08.087, 08.132 and 08.133] and 13
related esters [FL-no: 09.362, 09.363, 09.367, 09.560, 09.570, 09.581, 09.623, 09.696, 09.762,
09.798, 09.799, 09.852 and 09.895]. One of the esters is a benzyl ester [FL-no: 09.895], all the
others are benzoic acid esters. Three of the esters contain a double-bond in the alkyl side chain
[FL-no: 09.560, 09.570 and 09.696].

e Subgroup 3: Hydroxy- and alkoxy-substituted biphenyl derivative

This subgroup contains one candidate substance, a hydroxy- and alkoxy-substituted biphenyl
derivative [FL-no: 05.221].

The 45 flavouring substances (candidate substances) are closely related structurally to 77 flavouring
substances (supporting substances) evaluated at the 46™ and 57" JECFA meeting (JECFA, 1997a;
JECFA, 2002b). The names and structures of the 77 supporting substances are listed in Table 3,
together with their evaluation status (CoE, 1992; JECFA, 1997a; JECFA, 2002b; SCF, 1995).
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The 77 supporting substances include 34 benzyl derivatives (subgroup 1) and 43 hydroxy- and alkoxy-
substituted benzyl derivatives (subgroup 2).

The hydrolysis products of the candidate esters are listed in Table 2b.

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 variability
in 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.).

Three flavouring substances possess one chiral centre [FL-no: 09.313, 09.317 and 09.852] and one
flavouring substance possesses two chiral centres [FL-no: 06.104]. Due to the presence and the
position of double bonds, four candidate substances can exist as geometrical isomers [FL-no: 09.314,
09.560, 09.570 and 09.858]. For all eight substances, the stercoisomeric composition has been
specified (see Table 1).

1.3. Natural Occurrence in Food

Twenty-five candidate substances have been reported to occur in fruit (cherry, mango, papaya,
bilberry, black currants, mulberry, sapodilla, cloudberry, pineapple, grape), cocoa, potato, coffee, tea,
beer, rum, sherry, whisky, wine, honey, spices, soybean, peanut, wort and pork. Quantitative data on
the natural occurrence of these substances have been reported for the occurrence of 16 of these
substances in food.

Table 1.3.1 Candidate Substances Reported to Occur in Food (TNO, 2000; EFFA, 2010a; TNO, 2012)

FL-no: Name: Quantitative data reported:

05.026 o-Tolualdehyde 0.6 mg/kg in allium species.

05.029 p-Tolualdehyde Up to 0.3 mg/kg in tea, up to 0.004 mg/kg in honey.

05.129 2-Methoxybenzaldehyde 7000 mg/kg in cassia leaf (oil), up to 1500 mg/kg in cinnamon
bark (oil).

05.142 3,4-Dihydroxybenzaldehyde Up to 20 mg/kg in coffee, 313 mg/kg in bourbon vanilla.

05.153 4-Hydroxy-3,5-dimethoxybenzaldehyde Up to 0.7 mg/kg in beer, up to 9.2 mg/kg in grape, up to 0.014
mg/kg in mango, 0.08 mg/kg in pineapple, 8.3 mg/kg in pork, up
to 19.9 mg/kg in rum, 0.035 mg/kg in sherry, 1.9 mg/kg in
bourbon vanilla, up to 8.7 mg/kg in whisky, up to 0.86 mg/kg in
red wine, up to 0.04 mg/kg in wort.

05.158 3-Methoxybenzaldehyde 3900 mg/kg in clove bud (oil).

08.080 Gallic acid Up to 0.6 mg/kg in beer, up to 7 mg/kg in cherry, up to 11 mg/kg
in grape, up to 6.1 mg/kg in whisky, up to 35 mg/kg in wine.

08.087 4-Hydroxy-3,5-dimethoxybenzoic acid Up to 1.1 mg/kg in beer, 1.3 mg/kg in grape, up to 0.096 mg/kg in
mango, up to 18 mg/kg in rum, up to 34 mg/kg in soybean, up to
1.4 mg/kg in whisky, up to 10 mg/kg in wine.

08.132 3-Hydroxybenzoic acid Up to 2.7 mg/kg in honey.
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Table 1.3.1 Candidate Substances Reported to Occur in Food (TNO, 2000; EFFA, 2010a; TNO, 2012)

FL-no: Name: Quantitative data reported:

08.133 3,4-Dihydroxybenzoic acid Up to 1.4 mg/kg in brandy, up to 0.4 mg/kg in beer, up to 52
mg/kg in black currants, up to 6.8 mg/kg in honey, 4.3 mg/kg in
mulberry, 0.15 mg/kg in rum, 10 mg/kg in soybean, up to 0.3
mg/kg in whisky, up to 10 mg/kg in wine.

09.152 Benzyl valerate 0.11 mg/kg in sea buckthorn.

09.314 Benzyl crotonate 0.0001 mg/kg in papaya.

09.779 Butyl benzoate 200 mg/kg in galanga (oil), 2 mg/kg in hog plum, up to 0.05
mg/kg in papaya.

09.798 Ethyl vanillate 0.3 mg/kg in rum, up to 113 mg/kg in red wine.

09.799 Methyl vanillate 0.05 mg/kg in cloudberry, up to 214 mg/kg in red wine.

09.825 Pentyl benzoate 0.001 mg/kg in bilberry, trace amounts in sapodilla fruit.

According to TNO the remaining 20 substances have not been reported to occur naturally in any food

items.

2.

Table 1.3.2 Candidate Substances Not Reported to Occur in Food (TNO,

2000; TNO, 2012)

FL-no: Name:

02.164 4-Hydroxy-3,5-dimethoxybenzyl alcohol

09.858  Phenylmethyl 2-methyl-2-butenoate

09.315 Benzyl dodecanoate

09.317 Benzyl lactate

09.318 Benzyl octanoate

09.362  Ethyl 2-hydroxy-4-methylbenzoate

09.560 Hex-3(cis)-enyl anisate

09.581 Hexyl salicylate

09.611 4-Isopropylbenzyl acetate

09.623 Methyl 2,4-dihydroxy-3,6-dimethylbenzoate

09.656 3-Methylbut-3-enyl benzoate

09.693 Prenyl benzoate

09.696 Prenyl salicylate

09.762  Pentyl salicylate

09.835 Benzyl decanoate

09.852  2-Methylbutyl 2-hydroxybenzoate

09.895 4-Methoxybenzyl-2-methylpropionate

05.066  4-Ethoxy-3-methoxybenzaldehyde

05.221 6,6'-Dihydroxy-5,5'-dimethoxy-biphenyl-3,3'-dicarbaldehyde

06.104  Vanillin propylene glycol acetal

SPECIFICATIONS

Purity criteria for the 45 candidate substances have been provided by the Flavour Industry (EFFA,
2003u; EFFA, 2004c; EFFA, 2007d; EFFA, 2011e; Flavour Industry, 2008c¢).

Judged against the requirements in Annex Il of Commission Regulation (EC) No 1565/2000 (EC,
2000a), this information is adequate for all the 45 substances (see Section 1.2 and Table 1).

EFSA Journal 2012;10(12):2994



-efsam

x
European Food Safety Authority Flavouring Group Evaluation 20, Revision 4

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) 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, 1995a). 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 population® (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).

* 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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The total annual volume of production of the candidate substances in the present Flavouring Group
Evaluation (FGE.20Rev4) from use as flavouring substances in Europe has been reported to be
approximately 12500 kg (EFFA, 2003u; EFFA, 2004d; EFFA, 2007d; EFFA, 2011e; EFFA, 2012m;
Flavour Industry, 2008c). For 76 of the 77 supporting substances the total annual volume of
production is approximately 660000 kg in Europe (vanillin [FL-no: 05.018] accounts for 390000 kg)
(JECFA, 2002a). The annual volume of production in Europe for one of the supporting substances
[FL-no: 09.754] has not been reported.

On the basis of the annual volumes of production reported for the 45 candidate substances, the daily
per capita intakes for each of these flavourings have been estimated. Approximately 97 % of the
annual volume of production for the candidate substances is accounted for by four substances [FL-no:
05.029; 06.104, 08.132 and 08.133]. The estimated daily per capita intake of these four candidate
substances from use as flavouring substances is 160, 100, 610 and 610 microgram, respectively. For
each of the remaining substances the estimated daily per capita intake is 10 microgram or less (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 all candidate substances information on food categories and normal and maximum use levels™®’
were submitted by the Flavour Industry (EFFA, 2003u; EFFA, 2004c; EFFA, 2007a; EFFA, 2007d;
EFFA, 2012m; EFFA, 20120; EFFA, 2012q; Flavour Industry, 2008c). The candidate substances 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.

3 »Normal use” is defined as the average of reported usages and “maximum use” is defined as the 95" percentile of reported
usages (EFFA, 2002i).

% The normal and maximum use levels in different food categories (EC, 2000) have been extrapolated from figures derived
from 12 model flavouring substances (EFFA, 2004¢).

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

Food Description Flavourings used

category

01.0 Dairy products, excluding products of category 2 All except [FL-no: 08.132,
08.133, 09.858]

02.0 Fats and oils, and fat emulsions (type water-in-oil) All except [FL-no: 05.026,
05.028, 05.029, 08.132,
08.133, 09.858]

03.0 Edible ices, including sherbet and sorbet All except [FL-no: 05.026,
05.028, 05.029, 08.132,
08.133, 09.858]

04.1 Processed fruits All except [FL-no: 05.026,
05.028, 05.029, 05.221,
08.132, 08.133, 09.858]

04.2 Processed vegetables (incl. mushrooms & fungi, roots & tubers, pulses None

and legumes), and nuts & seeds
05.0 Confectionery All
06.0 Cereals and cereal products, incl. flours & starches from roots & tubers,  All except [FL-no: 05.026,
pulses & legumes, excluding bakery 05.028, 05.029, 05.221,

08.132, 08.133, 09.858]

07..0 Bakery wares All except [FL-no 05.129,
08.132, 08.133]

08.0 Meat and meat products, including poultry and game All except [FL-no: 05.026,
05.028, 05.029, 05.221,
08.132, 08.133, 09.858]

09.0 Fish and fish products, including molluscs, crustaceans and echinoderms  All except [FL-no: 05.026,
05.028, 05.029, 05.221,
08.132, 08.133, 09.825]

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: 05.026,
05.028, 05.029, 08.132,
08.133]

13.0 Foodstuffs intended for particular nutritional uses All except [FL-no: 05.026,
05.028, 05.029, 05.221,
08.132, 08.133, 09.858]

14.1 Non-alcoholic ("soft") beverages, excl. dairy products All except [FL-no: 09.858]

14.2 Alcoholic beverages, incl. alcohol-free and low-alcoholic counterparts All except [FL-no: 09.858]

15.0 Ready-to-eat savouries All except [FL-no: 05.026,
05.028, 05.029, 08.132,
08.133, 09.693, 09.858]

16.0 Composite foods (e.g. casseroles, meat pies, mincemeat) - foods that All except [FL-no: 05.026,

could not be placed in categories 1 — 15

05.028, 05.029, 08.132,
08.133, 09.858]

According to the Flavour Industry the normal use levels for the candidate substances are in the range
of 1 - 500 mg/kg food, and the maximum use levels are in the range of 5 - 2000 mg/kg (EFFA, 2003u;
EFFA, 2004c; EFFA, 2007a; EFFA, 2007d; EFFA, 2012m; EFFA, 20120; EFFA, 2012q; Flavour
Industry, 2008¢).

The mTAMDI value is 770 - 120000 microgram/person/day for the 41 candidate substances from
structural class I (see Section 5). For the candidate substances [FL-no: 02.205, 05.066, 05.221, and
06.104] from structural class II (see Section 5) the mTAMDIs are 3900, 1600, 7000 and 3900
microgram/person/day, respectively.

For detailed information on use levels and intake estimations based on the mTAMDI approach, see
Section 6 and Annex II.
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4, ABSORPTION, DISTRIBUTION, METABOLISM AND ELIMINATION

The 45 candidate substances are subdivided into three subgroups. Subgroup 1 includes three
tolualdehyde isomers and 16 benzyl derivatives of which 15 are benzyl esters or benzoic acid esters
and one is an acetal, [FL-no: 06.017] (diethoxymethyl)benzene. Subgroup 2 includes 25 hydroxy- and
alkoxy-substituted benzyl derivatives of which 12 are benzyl alcohols, benzaldehydes or benzoic acids
and 13 are related esters. Subgroup 3 contains one derivative of biphenyl [FL-no: 05.221] (6,6’-
dihydroxy-5,5’dimethoxy-biphenyl-3,3’-dicarbaldehyde).

Subgroup 1

Nine of the 15 esters from subgroup 1, benzyl valerate [FL-no: 09.152], benzyl 2-methylbutyrate [FL-
no: 09.313], benzyl crotonate [FL-no: 09.314], benzyl dodecanoate [FL-no: 09.315], benzyl hexanoate
[FL-no: 09.316], benzyl lactate [FL-no: 09.317], benzyl octanoate [FL-no: 09.318], benzyl decanoate
[FL-no: 09.835] and phenylmethyl 2-methyl-2-butenoate [FL-no: 09.858], will yield benzyl alcohol,
which has previously been evaluated by the JECFA (JECFA, 1996b) and SCF (SCF, 2002b). One
candidate ester, 4-isopropylbenzyl acetate [FL-no: 09.611], will yield 4-isopropylbenzyl alcohol,
previously evaluated by the JECFA (JECFA, 2002a). The benzyl alcohols are expected to be oxidised
to corresponding benzoic acids, which will be conjugated with glycine and excreted as hippuric acids.
Of the remaining five candidate esters in subgroup 1, four are expected to yield benzoic acid and
simple aliphatic alcohols upon hydrolysis, 3-methylbut-3-enyl benzoate [FL-no: 09.656], butyl
benzoate [FL-no: 09.779], pentyl benzoate [FL-no: 09.825] and prenyl benzoate [FL-no: 09.693]. One
ester, methyl 4-methylbenzoate [FL-no: 09.631], will yield 4-methylbenzoic acid upon hydrolysis.
Benzoic acid will mainly be conjugated with glycine and excreted as hippuric acid. Conjugation with
glycine may be a saturable process with increasing levels of exposure and glucuronide conjugation
may become relatively more important.

One of the substances in subgroup 1 is an acetal, (diethoxymethyl)benzene [FL-no: 06.017]. This
substance would be expected to yield benzaldehyde and ethanol upon hydrolysis. Benzaldehyde has
been evaluated by the JECFA (JECFA, 1996b). Benzaldehyde is expected to be oxidized to benzoic
acid and subsequently conjugated with glycine or glucuronic acid and eliminated via the urine. The
same biotransformations will occur with the three tolualdehyde isomers ([FL no: 05.026, 05.028 and
05.029]). Additionally, for the tolualdehyde isomers, reduction of the aldehyde function to yield the
corresponding alcohol has also been demonstrated. These alcohols can be converted into the
corresponding sulphate esters, which in their turn can further react with glutathione to give
benzylmercapturic acids. This metabolic pathway is more important for 0-toluadehyde than for the
other two isomers, but at any rate, only a limited fraction of the dose (< 10 %) will be eliminated via
this route.

Subgroup 2

Subgroup 2 includes 13 esters of which one, 4-methoxybenzyl-2-methylpropionate [FL-no: 09.895],
will yield 4-methoxybenzyl alcohol (p-anisyl alcohol) (supporting substance [FL-no: 02.128]) upon
hydrolysis. This substance has been evaluated by the JECFA (JECFA, 2002a). 4-Methoxybenzyl
alcohol is expected to be excreted in the urine either unchanged or as glucuronic acid, glycine or
sulphate conjugate. The same metabolic pathway is proposed for the candidate benzyl alcohol
derivative, 4-hydroxy-3,5-dimethoxybenzyl alcohol [FL-no: 02.164].

The remaining 12 esters in subgroup 2, ethyl 2-hydroxy-4-methylbenzoate [FL-no: 09.362], ethyl 2-
methoxybenzoate [FL-no: 09.363], ethyl 4-hydroxybenzoate [FL-no: 09.367], hex-3(cis)-enyl anisate
[FL-no: 09.560] (hex-3(cis)-enyl 4-methoxybenzoate), hex-3-enyl salicylate [FL-no: 09.570] (hex-3-
enyl 2-hydroxybenzoate), hexyl salicylate [FL-no: 09.581] (hexyl 2-hydroxybenzoate), methyl 2,4-
dihydroxy-3,6-dimethylbenzoate [FL-no: 09.623], prenyl salicylate [FL-no: 09.696] (3-methylbut-2-
enyl 2-hydroxybenzoate), pentyl salicylate [FL-no: 09.762] (pentyl 2-hydroxybenzoate), ethyl
vanillate [FL-no: 09.798] (ethyl 3-methoxy-4-hydroxybenzoate), methyl vanillate [FL-no: 09.799]
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(methyl 3-methoxy-4-hydroxybenzoate), 2-methylbutyl 2-hydroxybenzoate [FL-no: 09.852] (2-
methylbutyl salicylate) will yield alkoxy- and/or hydroxy-substituted benzoic acids upon hydrolysis.
The substituted benzoic acids that are hydrolysis products of candidate esters are expected to be
excreted in the urine unchanged or as the glucuronic acid, glycine or sulphate conjugates. The same
metabolic route is proposed for the candidate acids, 4-hydroxy-3,5-dimethoxybenzoic acid [FL-no:
08.087], 3-hydroxybenzoic acid [FL-no: 08.132] and 3.,4-dihydroxybenzoic acid [FL-no: 08.133].

The main metabolic pathway for the acetal, vanillin propylene glycol acetal [FL-no: 06.104], after
hydrolysis to the aldehyde, and for the five candidate aldehydes in subgroup 2, 4-ethoxy-3-
methoxybenzaldehyde [FL-no: 05.066], 2-methoxybenzaldehyde [FL-no: 05.129], 3,4-
dihydroxybenzaldehyde [FL-no: 05.142], 4-hydroxy-3,5-dimethoxybenzaldehyde [FL-no: 05.153], 3-
methoxybenzaldehyde [FL-no: 05.158], is presumed to be oxidation of the aldehyde to the
corresponding acids, followed by conjugation and excretion. The reduction to alcohols is a minor
metabolic route and the oxidative pathway dominates clearly. For 2-methoxybenzaldehyde it has been
shown that this reductive metabolic pathway leads to the formation of sulphate conjugates, which are
converted into glutathione conjugates. The latter are eliminated via the urine as mercapturic acids. To
a minor extent O-demethylation followed by conjugation may occur.

The candidate substance piperonyl alcohol [FL-no: 02.205] (3,4-methylenedioxybenzylalcohol) is
expected to mainly undergo oxidation and conjugation of the side chain, and be excreted as glycine
conjugate. Demethylenation of the methylenedioxy moiety is a very minor metabolic path for this
compound.

The main metabolite of gallic acid [FL-no: 08.080] (3,4,5-trihydroxybenzoic acid) is expected to be 4-
O-methyl gallic acid (3,5-dihydroxy-4-methoxybenzoic acid), the product of O-methylation.
Decarboxylation to pyrogallol (1,2,3-trihydroxybenzene) may occur as a very minor pathway, but no
further dehydroxylation to catechol has been observed.

Subgroup 3

The biphenyl substance in subgroup 3 [FL-no: 05.221] is expected to be metabolised in a similar way
to the benzaldehyde derivatives in subgroup 2. It is expected that the aldehyde group(s) will undergo
oxidation to form the corresponding carboxylic acid which is likely to be conjugated and excreted.
The reduction to alcohol may again be a minor pathway, but some steric hindrance may occur making
this less likely than for the benzaldehyde derivatives in subgroup 2.

Based on experimental evidence and general knowledge of toxicokinetics of structurally related
compounds, it is expected, that at the reported levels of intake as flavouring substances, the candidate
substances are metabolised to innocuous products.

For more detailed information, see 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 the safety evaluation of the 45 candidate substances from chemical groups 23 and 30 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.
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Step 1

Forty-one of the flavouring substances are classified according to the decision tree approach by
Cramer et al. (Cramer et al., 1978) into structural class I, four are classified into structural class II [FL-
no: 02.205, 05.066, 05.221 and 06.104].

Step 2

Step 2 requires consideration of the metabolism of the candidate substances. It can be anticipated that
at the estimated levels of intake all candidate substances are expected to be metabolised to innocuous
products. Accordingly, the evaluation of these substances proceeds via the A-side of the Procedure
scheme.

Step A3

The estimated levels of the European daily per capita intake (MSDI) for the 41 candidate substances
classified into structural class I are in the range of 0.0012 to 610 micrograms. For the four candidate
substances [FL-no: 02.205, 05.066, 05.221 and 06.104] classified into structural class II, the intakes
are 0.011, 1.2, 0.61 and 100 micrograms, respectively (Table 2a). These intakes are below the
thresholds of concern of 1800 and 540 microgram/person/day for structural class I and II, respectively.

Based on results of the safety evaluation sequence of the Procedure, these 45 candidate substances do
not pose a safety concern when used as flavouring substances 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 estimated intakes for the 41 candidate substances in structural class I, based on the mTAMDI
approach, range from 770 to 120000 microgram/person/day. For six of the substances [FL-no: 05.129,
05.142, 05.153, 05.158, 08.080 and 09.858] the mTAMDI values are below the threshold of concern
of 1800 microgram/person/day for structural class I. For the remaining 35 substances in class I, the
mTAMDI is above the threshold of concern.

The estimated intake of the four candidate substances [FL-no: 02.205, 05.066, 05.221 and 06.104]
assigned to structural class II, based on the mTAMDI, are 3900, 1600, 7000 and 3900
microgram/person/day, respectively. These intakes are above the threshold of concern of 540
microgram/person/day for structural classes II.

Thus, for 39 candidate substances, for which the mTAMDI is above the threshold of concern, further
information is required. This would include more reliable intake data and subsequently, if required,
additional toxicological data.

For comparison of the intake estimates based on the MSDI approach and the mTAMDI approach, see
Table 6.1.

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

FL-no EU Register name MSDI mTAMDI Structural Threshold of concern
(ng/capita/day) (ng/person/day) class (ug/person/day)

02.164 4-Hydroxy-3,5-dimethoxybenzyl alcohol 0.037 3900 Class I 1800

05.026 o-Tolualdehyde 1.0 9100 Class | 1800

05.028 m-Tolualdehyde 0.85 9100 Class | 1800

05.029 p-Tolualdehyde 160 9100 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 mTAMDI Structural Threshold of concern
(ug/capita/day) (ng/person/day) class (ng/person/day)
05.129 2-Methoxybenzaldehyde 0.16 1400 Class | 1800
05.142 3,4-Dihydroxybenzaldehyde 8.5 1600 Class 1 1800
05.153 4-Hydroxy-3,5-dimethoxybenzaldehyde 0.74 1600 Class I 1800
05.158 3-Methoxybenzaldehyde 0.011 1600 Class I 1800
06.017 (Diethoxymethyl)benzene 1.7 3900 Class 1 1800
08.080 Gallic acid 0.011 1600 Class I 1800
08.087 4-Hydroxy-3,5-dimethoxybenzoic acid 1.2 3200 Class I 1800
08.132 3-Hydroxybenzoic acid 610 120000 Class I 1800
08.133 3,4-Dihydroxybenzoic acid 610 120000 Class 1 1800
09.152 Benzyl valerate 1.7 3900 Class 1 1800
09.313 Benzyl 2-methylbutyrate 7.3 3900 Class I 1800
09.314 Benzyl crotonate 0.37 3900 Class | 1800
09.315 Benzyl dodecanoate 0.13 3900 Class | 1800
09.316 Benzyl hexanoate 0.75 3900 Class 1 1800
09.317 Benzyl lactate 0.91 3900 Class I 1800
09.318 Benzyl octanoate 0.12 3900 Class I 1800
09.362 Ethyl 2-hydroxy-4-methylbenzoate 0.0012 3900 Class | 1800
09.363 Ethyl 2-methoxybenzoate 5.5 3900 Class 1 1800
09.367 Ethyl 4-hydroxybenzoate 10 3900 Class I 1800
09.560 Hex-3(cis)-enyl anisate 0.12 3900 Class I 1800
09.570 Hex-3-enyl salicylate 0.13 3900 Class 1 1800
09.581 Hexyl salicylate 0.018 3900 Class I 1800
09.611 4-Isopropylbenzyl acetate 0.012 3900 Class I 1800
09.623 Methyl 2,4-dihydroxy-3,6-dimethylbenzoate 0.012 3900 Class I 1800
09.631 Methyl 4-methylbenzoate 0.0012 3900 Class 1 1800
09.656 3-Methylbut-3-enyl benzoate 0.12 3900 Class 1 1800
09.693 Prenyl benzoate 0.012 4900 Class I 1800
09.696 Prenyl salicylate 0.011 3900 Class I 1800
09.762 Pentyl salicylate 0.24 3900 Class 1 1800
09.779 Butyl benzoate 3.7 3900 Class I 1800
09.798 Ethyl vanillate 0.024 3900 Class I 1800
09.799 Methyl vanillate 0.011 3900 Class I 1800
09.825 Pentyl benzoate 1.1 3900 Class 1 1800
09.835 Benzyl decanoate 0.35 3900 Class 1 1800
09.852 2-Methylbutyl 2-hydroxybenzoate 0.011 3900 Class I 1800
09.858 Phenylmethyl 2-methyl-2-butenoate 0.037 770 Class | 1800
09.895 4-Methoxybenzyl-2-methylpropionate 0.37 3900 Class 1 1800
02.205 Piperonyl alcohol 0.011 3900 Class 11 540
05.066 4-Ethoxy-3-methoxybenzaldehyde 1.2 1600 Class 11 540
05.221 6,6'-Dihydroxy-5,5'-dimethoxy-biphenyl-3,3'- 0.61 7000 Class 11 540
dicarbaldehyde
06.104 Vanillin propylene glycol acetal 100 3900 Class 11 540
1. 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.

On the basis of the reported annual production volumes in Europe (EFFA, 2003u; EFFA, 2004d;
EFFA, 2007d; EFFA, 2011e; EFFA, 2012m; Flavour Industry, 2008c) the combined estimated daily
per capita intake as flavourings of the 41 candidate flavouring substances assigned to structural class I
is 1400 microgram. This value does not exceed the threshold of concern for a substance belonging to
structural class I of 1800 microgram/person/day. The combined estimated daily per capita intake as
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flavourings of the four candidate flavouring substances assigned to structural class II is 100
microgram. This value does not exceed the threshold of concern for a substance belonging to structural
class II of 540 microgram/person/day.

The candidate substances are structurally related to 77 supporting substances evaluated by the JEFCA
at its 46™ and 57" meeting (JECFA, 1996b; JECFA, 2002a). Based on reported production volumes,
European per capita intakes (MSDI) could be estimated for 76 of the 77 supporting substances.
Production volumes in Europe were not reported for one of the supporting substances [FL-no: 09.754].

The total combined intakes of the candidate and supporting substances are approximately 75000 and
7100 microgram/capita/day for structural class I and II, respectively, which exceed the thresholds of
concern of 1800 and 540 microgram/capita/day for structural classes I and II, respectively. However,
the supporting substances were evaluated by the JECFA at the 46™ and 57" meeting, where it was
noted that although the combined intakes exceed the thresholds for the structural classes, the
substances are expected to be efficiently detoxicated and the available detoxication pathways would
not be saturated.

The Panel agreed with this view and concluded that the contributions to the total combined intakes of
the candidate substances of about 1400 and 100 microgram/capita/day for structural class I and II,
respectively, would not alter the JECFA conclusion based on combined intakes of approximately
75000 and 7100 microgram/capita/day for the two classes. The Panel noted that a considerable
proportion of this combined intake is accounted for by the supporting substance vanillin [FL-no:
05.018] and for this compound the JECFA has allocated an Acceptable Daily Intake (ADI) of 0 - 10
mg/kg body weight (bw) (JECFA, 1967a; JECFA, 2002b).

8. ToxicITy

8.1. Acute Toxicity

Data are available for 13 candidate substances and for 63 structurally related supporting substances
evaluated by the JECFA (JECFA, 2002a). The LDs, values range from 500 to more than 5000 mg/kg
body weight (bw) in four different animal species.

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

8.2. Subacute, Subchronic, Chronic and Carcinogenicity Studies
Benzyl Derivatives (Subgroup 1)

There are no data available on short-term and long-term toxicity of candidate substances from
subgroup 1 (benzyl derivatives). Data on benzyl derivatives are available for 10 supporting substances,
which have been tested for subacute oral toxicity [FL-no: 05.110], for subchronic oral toxicity [FL-no:
09.051, 09.725, 09.812, 09.803 and 05.027] and for chronic toxicity and carcinogenicity [FL-no:
02.010, 09.014, 05.013 and 08.021].

Results from carcinogenicity studies on benzyl alcohol, benzyl acetate and benzaldehyde by
administration via gavage showed that in some of the studies, in mice benign squamous cell
hyperplasia and papillomas of the forestomach could be induced without progression into malignant
carcinomas. In male mice benzyl acetate also induced adenomas (no carcinomas) in the liver. No
tumorigenic effects were observed in rats. These substances are not genotoxic. The Panel considered
the observed pathological changes in mouse forestomach and livers to be of no toxicological relevance
for humans following dietary exposure at the indicated levels of use. This consideration is based on
the observation that the spontaneous incidence of tumors is that high that the mouse carcinogenicity
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study does not contribute to human risk assessment (Billington et al., 2010; Carmichael et al., 1997;
EFSA, 2012). These substances have been evaluated by the JECFA (JECFA, 1996b). The JECFA
concluded that “the data reviewed for compounds in this group were sufficient to demonstrate the lack
of teratogenic, reproductive or carcinogenic potential”. A group ADI of 0 - 5 mg/kg bw was allocated
to these compounds. The SCF evaluated data on benzyl alcohol (SCF, 2002b) and concluded that it
did not show compound-related effects with respect to carcinogenicity.

Four candidate esters in subgroup 1, 3-methylbut-3-enyl benzoate [FL-no: 09.656], butyl benzoate
[FL-no: 09.779], pentyl benzoate [FL-no: 09.825], prenyl benzoate [FL-no: 09.693], yield benzoic
acid and simple aliphatic alcohols upon hydrolysis. One of the substances in subgroup 1 is an acetal,
(diethoxymethyl)benzene [FL-no: 06.017], which would be expected to yield benzaldehyde and
ethanol upon hydrolysis, and in turn benzaldehyde is expected to be oxidized to benzoic acid. The
SCF (2002) has established a group ADI of 5 mg/kg bw for benzoic acid and its salts including benzyl
alcohol and related benzyl derivatives used as flavourings, based on a developmental toxicity study in
rats (SCF, 2002¢)®.

From two studies with the supporting substance [FL no: 05.027], a mixture of tolualdehyde isomers, a
NOAEL of 250 mg/kg bw could be derived, based on the study by Brantom et al., 1972 (Brantom et
al., 1972). The second study (Oser et al., 1965) only provide information that no toxicity was observed
at one exposure level of ca. 40 mg/kg bw/day when administered to male and female rats for 90 days.

Hydroxy-/Alkoxy- Substituted Benzyl Derivatives (Subgroup 2)

Short- and long-term toxicity data on hydroxy- and alkoxy-substituted benzyl derivatives (subgroup 2)
are available for five candidate substances and eight supporting substances. The candidate substances
have been tested for subacute oral toxicity [FL-no: 05.142, 08.080, 08.087 and 08.133] and for
subchronic oral toxicity [FL-no: 08.080, 08.133 and 09.367]. There are data available on chronic
toxicity and carcinogenicity for one candidate substance [FL-no: 08.133] in a study designed to
evaluate incidences of lesions (hyperplasia, papillomas, squamous cell carcinoma and sarcoma
incidence) in the forestomach in rats. No lesions developed in the forestomach of the rats. Other
organs (oesophagus, stomach, intestines, liver and kidney) were inspected grossly. Mean body weight
was not different from the control, but relative liver and kidney weight was significantly increased, but
not further evaluated.

For the supporting substances, data are available on subacute oral toxicity [FL-no: 09.796], on
subchronic oral toxicity [FL-no: 05.015 and 09.751] and on chronic toxicity and carcinogenicity [FL-
no: 09.754, 05.018, 09.749, 05.019 and 05.016].

Ethyl 4-hydroxybenzoate and other parabens were evaluated by SCF in 1994 (SCF, 1996). From
subchronic and chronic toxicity tests conducted in rats, dogs and mice, an overall NOAEL of 1000
mg/kg bw/day was derived. This NOAEL value has been confirmed for ethyl- and methyl paraben by
EFSA (EFSA, 2004b).

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

8.3. Developmental / Reproductive Toxicity Studies

There are data available for one candidate substance [FL-no: 09.367] (subgroup 2) and for 12
supporting substances of which four belong to subgroup 1 [FL-no: 02.010, 05.013, 08.021 and 09.014]
and eight to subgroup 2 [FL-no: 05.016, 05.017, 05.018, 05.019, 08.076, 08.112, 09.749 and 09.754].

¥ The CEF panel is aware that the benzoic acid is currently under reviewing in the ANS Panel.
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For the candidate substance ethyl 4-hydroxybenzoate (ethyl paraben) [FL-no: 09.367], a NOAEL of
2600 mg/kg bw/day has been reported for developmental toxicity in rats (Moriyama et al, 1975), while
a NOAEL of 460 mg/kg bw/day was found in the same study for maternal toxicity. From another
study a NOAEL of 1043 mg/kg bw/day is available for reproductive toxicity in male rats (Oishi,
2004). Ethyl paraben has been evaluated as a food additive by the AFC panel, and the Panel
considered 1000 mg/kg bw/day as the overall NOAEL, based on the absence of effects on sex
hormones and on the male reproductive organs in juvenile rats at doses up to 1000 mg/kg bw/day in
the above study (EFSA, 2004b).

As there are valid and sufficient studies available on the candidate substance ethyl paraben, the data on
the supporting substance butyl paraben [FL-no: 09.754] were not considered for the evaluation of
ethyl paraben.

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

8.4. Genotoxicity Studies

Data from in vitro tests are available for 12 candidate substances [subgroup 1: FL-no: 05.026, 05.028,
05.029, 09.631; subgroup 2: FL-no: 09.367, 05.129, 05.158, 08.080, 05.153, 08.087 and 08.133;
subgroup 3: FL-no: 05.221], for 28 supporting substances (12 from subgroup 1 and 16 from subgroup
2) and for one related substance (vanillin 3-(I-menthoxy)propane-1,2-diol acetal [FL-no: 02.248]
related to subgroup 2). Data from in vivo tests are available for two candidate substances from
subgroup 2 [FL-no: 09.367 and 08.080] and for 10 supporting substances (three from subgroup 1 and
seven from subgroup 2).

All the candidate substances [FL-no: 05.026, 05.028, 05.029, 05.129, 05.153, 05.221, 08.080, 08.087,
09.367 and 09.631] tested for bacterial gene mutations gave negative results. For six candidate
substances [FL-no: 09.367, 05.129, 05.158, 08.080, 08.087 and 08.133] both positive and/or negative
results were reported in various other in vitro test systems (Rec assay, chromosomal aberration test,
sister chromatid exchange (SCE) and mammalian cell gene mutation assays (mouse lymphoma tests
and silk worm)) for most of which the validity cannot be evaluated or are known to be of very limited
relevance.

The same situation was observed for the supporting substances. All the available bacterial gene
mutation assays on supporting substances gave negative results. Both positive and negative results
were reported in other in vitro test systems (Rec assay, chromosomal aberration test, sister chromatid
exchange (SCE) and mammalian cell gene mutation assay) for most of which, however, the validity
cannot be evaluated.

The available in vivo studies on candidate substances reported negative results for ethyl 4-
hydroxybenzoate [FL-no: 09.367] in a chromosome aberration assay in rat bone marrow cells and for
gallic acid [FL-no: 08.080] in a bioassay in the rat liver. However, due to very limited details on
method and results, the validity of these studies cannot be evaluated.

The Panel noted that the supporting substance benzyl acetate [FL-no: 09.014] was positive in an in
vivo Comet assay, which may indicate a genotoxic activity at high dose levels. The study was
considered of limited validity. However, all other in vivo studies with benzyl acetate were negative
and several of these studies, among which an unscheduled DNA synthesis (UDS) test in the liver and a
mouse bone marrow micronucleus test, were considered to be of good quality (NTP, 1993d).
Additionally, in the long term carcinogenicity studies with benzyl acetate (Table 1V.2), no
carcinogenic effects were observed in mice and rats after administration via the diet (NTP, 1993d). In
a previous study by NTP (1986) in which this substance was administered by gavage in corn oil,
concern was raised, in particular about pancreatic tumours in rats, but for these tumours a confounding
influence of the vehicle was suspected. In two other genotoxicity studies, specifically aiming at the
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determination of benzyl acetate-induced DNA damage (UDS test and alkaline elution assay) in rat
pancreas, no indications of a genotoxic effect were obtained, although these studies were of limited or
inassessible validity. Taking all this information into account, the Panel considered the positive result
from the in vivo Comet assay as insufficient grounds to preclude the evaluation of benzyl acetate via
the Procedure.

Furthermore, all the studies carried out with 10 different supporting substances, among which were
benzyl alcohol, benzyl acetate and benzaldehyde, give no indication of a genotoxic potential in vivo in
several studies for different genetic endpoints and by different routes of administration.

Conclusion on genotoxicity:

While some of the in vitro studies indicated equivocal weak positive or positive results, considering
the weight of evidence from candidate and supporting substances and the in vivo studies, the Panel
concluded there was no safety concern with respect to genotoxicity of the substances in the present
flavouring group.

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

CONCLUSIONS

The present revision of FGE.20, FGE.20Rev4, includes the assessment of four additional substances,
0- m- and p-tolualdehyde [FL no: 05.026, 05.028 and 05.029] and phenylmethyl 2-methyl-2-butenoate
[09.858].

So, the present FGE.20Rev4 deals in total with 45 benzyl alcohols, benzaldehydes, related acetals,
benzoic acids and related esters and a hydroxy- and alkoxy-substituted biphenyl derivative. These
flavouring substances belong to chemical groups 23 and 30 of Annex I of Regulation (EC) No
1565/2000.

Four flavouring substances can exist as optical isomers [FL-no: 06.104, 09.313, 09.317 and 09.852]
and four substances can exist as geometrical isomers [FL-no: 09.314, 09.560, 09.570 and 09.858].

Forty-one candidate substances are classified into structural class I and four [FL-no: 02.205, 05.066,
05.221 and 06.104] are classified into structural class II according to the decision tree approach
presented by Cramer et al., 1978.

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

According to the default MSDI approach, the 41 flavouring substances allocated to structural class I
have intakes in Europe from 0.001 to 610 microgram/capita/day, which are below the threshold of
concern value for structural class I (1800 microgram/person/day). The four substances in structural
class II [FL-no: 02.205, 05.066, 05.221 and 06.104] have estimated intakes of 0.011, 1.2, 0.61 and 100
microgram/capita/day, respectively. These intakes are below the threshold values of 540
microgram/person/day for structural class II.

On the basis of the reported annual production in Europe (MSDI approach), the combined intake of
the 41 of the candidate substances belonging to structural class I is approximately 1400
microgram/capita/day and the combined intake of the four candidate substances belonging to
structural class II is approximately 100 microgram/capita/day. These values are lower than the
threshold of concern for structural class I and II substances. Based on reported production volumes,
European per capita intakes (MSDI) could be estimated for 76 of the 77 supporting substances. The
total combined intakes of the candidate and supporting substances are approximately 75000 and 7100
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microgram/capita/day for structural class I and II, respectively, which exceed the thresholds of
concern. However, the substances are expected to be efficiently metabolised and are not expected to
saturate the metabolic pathways.

For the substances in this group the available genotoxicity data do not preclude the evaluation of the
candidate substances using the Procedure.

It is anticipated that the candidate substances in FGE.20Rev4 would be metabolised to innocuous
products.

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

It is considered that on the basis of the default MSDI approach the 45 candidate substances would not
give rise to safety concerns at the estimated levels of intake arising from their use as flavouring
substances.

When the estimated intakes were based on the mTAMDI approach they ranged from 770 to 120000
microgram/person/day for 41 flavouring substances from structural class 1. The intakes were all above
the threshold of concern for structural class I of 1800 microgram/person/day, except for six flavouring
substances [FL-no: 05.129, 05.142, 05.153, 05.158, 08.080 and 09.858]. The estimated intakes, based
on the mTAMDI, of the four flavouring substances [FL-no: 02.205, 05.066, 05.221 and 06.104]
assigned to structural class II were 3900, 1600, 7000 and 3900 microgram/person/day, respectively,
which are above the threshold of concern for the structural class (540 microgram/person/day ). The six
substances which have mTAMDI intake estimates below the threshold of concern for structural class I
are also expected to be metabolised to innocuous products. Thus, on the basis of the mTAMDI, the
estimated intakes for 39 flavouring substances considered in this Opinion, exceed the relevant
threshold for their structural class to which the flavouring substance has been assigned. Therefore, for
these 39 substances more reliable exposure data are required. On the basis of such additional data,
these flavouring substances should be re-evaluated using the Procedure. Subsequently, additional
toxicological data might become necessary.

In order to determine whether the conclusion for the 45 candidate substances can be applied to the
materials of commerce, it is necessary to consider the available specifications. Adequate specifications
including complete purity criteria and identity for the materials of commerce have been provided for
each of the 45 flavouring substances.

For these 45 flavouring substances the Panel concluded that they would present no safety concern at
their estimated levels of intake based of the MSDI approach.
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TABLE 1: SPECIFICATION SUMMARY OF THE SUBSTANCES IN THE FLAVOURING GROUP EVALUATION 20, REVISION 4

Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 20, Revision4

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) Refrac. Index4)  Specification comments
CoE no Mol.formula Solubility in Melting point, °C Spec.gravity 5)
CAS no Mol.weight ethanol 2) ID test
Assay minimum
02.164 4-Hydroxy-3,5-dimethoxybenzyl ~° on Solid Practically insoluble 387 n.a.
alcohol CoH 5,04 or insoluble 133 n.a.
HO' 530-56-3 184.19 Freely soluble MS
5 95 %
e
02.205 Piperonyl alcohol ° oH Solid Very slightly soluble 161 (26 hPa) n.a.
< 10306 CgHgO4 Freely soluble 55 n.a.
N 495-76-1 152.15 MS
95 %
05.026 o-Tolualdehyde Z° 3068 Liquid Soluble 200 1.540-1.547
CsHgO Soluble 1.013-1.029
529-20-4 120.15 MS
95 %
05.028 m-Tolualdehyde 3068 Liquid Soluble 199 1.540-1.549
CsHgO Soluble 1.013-1.029
. 620-23-5 120.15 MS
Z 95 %
05.029 p-Tolualdehyde A 3068 Liquid Soluble 204 1.540-1.547
\—@ CsH;0 Soluble 1.013-1.027
104-87-0 120.15 MS
95 %
05.066 4-Ethoxy-3-methoxybenzaldehyde ~° o Solid Practically insoluble 168 (17 hPa) n.a.
703 CoH ;1,05 or insoluble 63 n.a.
s 120-25-2 180.20 Freely soluble MS
95 %
05.129 2-Methoxybenzaldehyde o 4077 Solid Practically insoluble 238 1.556-1.562
@i\ 10350 CsHg0, or insoluble 38 1.128-1.136
o 135-02-4 136.15 Freely soluble MS
97 %
05.142 3,4-Dihydroxybenzaldehyde AN Solid Slightly soluble 323 n.a.
10328 C;Hg05 Freely soluble 154 n.a.
HO 139-85-5 138.12 MS
o 98 %
05.153 4-Hydroxy-3,5- 0 A Solid Practically insoluble 192 (19 hPa) n.a.
1878 dimethoxybenzaldehyde 10340 CoH,004 or insoluble 113 n.a.
HO 134-96-3 182.18 Freely soluble MS
o 95 %
05.158 3-Methoxybenzaldehyde ~° o Liquid Practically insoluble 230 1.549-1.555
\©/\ 10351 CsHzO, or insoluble 1.116-1.122
591-31-1 136.15 Freely soluble MS
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 20, Revision4

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) Refrac. Index 4)  Specification comments
CoE no Mol.formula Solubility in Melting point, °C Spec.gravity 5)
CAS no Mol.weight ethanol 2) ID test
Assay minimum
95 %
05.221 6,6'-Dihydroxy-5,5'-dimethoxy- Solid Practically insoluble n.a.
1881 biphenyl-3,3"-dicarbaldehyde C6H,404 or insoluble 315 n.a. Secondary component is
2092-49-1 302.28 Soluble MS Vanillin at 5-7 % (EFFA,
91.4 % 2012k).
06.017 (Diethoxymethyl)benzene Liquid Practically insoluble 222 1.475-1.481
517 C11H60, or insoluble 0.903-0.909
774-48-1 180.25 Freely soluble MS
95 %
06.104 Vanillin propylene glycol acetal °/>\ 3905 Liquid Practically insoluble 154 (0.1 hPa) 1.537-1.543
1882 y C1H,404 or insoluble 1.190-1.206 Commercial compound:
68527-74-2 210.23 Freely soluble NMR Vanillin propylene glycol
o 97 % acetal up to 80 % and with
18-20 % vanillin (EFFA,
~ 2010a).
Four diastereoisomers (RR,
RS, SS & SR - or two trans
forms (RR & SS) & two cis
forms (RS & SR)). The
composition will be 50-70
% trans (50/50 for RR/SS)
and 30-50 % cis ( 50/50 for
RS/SR)(EFFA, 2012u).
08.080 Gallic acid i Solid Sparingly soluble 501 n.a.
Ho. o 10170 C;H4Os5 Freely soluble 242 n.a.
149-91-7 170.12 MS
o 95 %
on
08.087 4-Hydroxy-3,5-dimethoxybenzoic f Solid Sparingly soluble 440 n.a.
acid _© o 10111 CoH,05 Freely soluble 206 n.a.
530-57-4 198.18 MS
o 95 %
/O
08.132 3-Hydroxybenzoic acid i Solid Soluble n.a.
Ho - C;Hg05 Soluble 202 n.a.
99-06-9 138.12 IR NMR MS
>99%
08.133 3,4-Dihydroxybenzoic acid i Solid Soluble n.a.
Ho o C;H¢O4 Soluble 221 n.a.
99-50-3 154.12 IR NMR MS
o >99%
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 20, Revision4

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) Refrac. Index 4)  Specification comments
CoE no Mol.formula Solubility in Melting point, °C Spec.gravity 5)
CAS no Mol.weight ethanol 2) ID test
Assay minimum
09.152 Benzyl valerate i Liquid Practically insoluble 236 1.487-1.493
OM 470 C,H;60, or insoluble 0.990-0.996
©/\ 10361-39-4 192.26 Freely soluble MS
95 %
09.313 Benzyl 2-methylbutyrate f Liquid Practically insoluble 248 1.486-1.495
o)kr\ 10523 C,H 60, or insoluble 0.982-0.994 Racemate.
©/\ 56423-40-6 192.26 Freely soluble MS
99 %
09.314 Benzyl crotonate i Liquid Practically insoluble 138 (16 hPa) 1.515-1.521
OM C1H,,0, or insoluble 1.029-1.035
©/\ 65416-24-2 176.21 Freely soluble MS
95 %
09.315 Benzyl dodecanoate i Liquid Practically insoluble 210 (16 hPa) 1.479-1.485
OW C19H300, or insoluble 0.937-0.943
©/\ 140-25-0 290.44 Freely soluble MS
95 %
09.316 Benzyl hexanoate i Liquid Practically insoluble 270 1.486-1.492
OM 10521 C5H;50, or insoluble 0.978-0.985
©/\ 6938-45-0 206.28 Freely soluble MS
99 %
09.317 Benzyl lactate i Liquid Practically insoluble 134 (13 hPa) 1.512-1.518
OJH/ CoH 205 or insoluble 1.120-1.144 Racemate.
©/\ 2051-96-9 180.20 Freely soluble MS
o 95 %

09.318 Benzyl octanoate i Liquid Practically insoluble 153 (8 hPa) 1.484-1.490
©/\O)Jw/v\ C,5H,,0, or insoluble 0.960-0.966

10276-85-4 234.34 Freely soluble MS
95 %
09.362 Ethyl 2-hydroxy-4-methylbenzoate i Liquid Practically insoluble 254 1.514-1.520
PR CoH ;1,05 or insoluble 1.088-1.094
60770-00-5 180.20 Freely soluble MS
o 95 %
09.363 Ethyl 2-methoxybenzoate i Liquid Practically insoluble 235 1.519-1.525
N CoH ;5,05 or insoluble 1.109-1.115
7335-26-4 180.20 Freely soluble MS
e 95 %
09.367 Ethyl 4-hydroxybenzoate i Solid Slightly soluble 298 n.a.
AN CoH,003 Freely soluble 118 n.a.
120-47-8 166.18 MS
o 95 %
09.560 Hex-3(cis)-enyl anisate i Solid Practically insoluble 363 n.a.
NN C4H 305 or insoluble 73 n.a.
121432-33-5 234.29 Freely soluble NMR
o 95 %
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 20, Revision4

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) Refrac. Index 4)  Specification comments
CoE no Mol.formula Solubility in Melting point, °C Spec.gravity 5)
CAS no Mol.weight ethanol 2) ID test
Assay minimum
09.570 Hex-3-enyl salicylate P Solid Practically insoluble 394 1.518-1.522
@)‘\OW 10685 C3H,605 or insoluble 139 1.057-1.065 Register name to be changed
65405-77-8 220.26 Freely soluble MS to (Z)-Hex-3-enyl salicylate
98 % (EFFA, 2010a).
(Z)-form shown
09.581 Hexyl salicylate F Liquid Practically insoluble 290 1.501-1.507
@/‘LO/\/\/\ 10695 Ci3H 505 or insoluble 1.029-1.040
6259-76-3 222.28 Freely soluble MS
99 %
09.611 4-Isopropylbenzyl acetate f Liquid Practically insoluble 250 1.494-1.500
O)k C,H 60, or insoluble 0.998-1.004
59230-57-8 192.26 Freely soluble MS
95 %
09.623 Methyl 2,4-dihydroxy-3,6- i Solid Slightly soluble 246 n.a.
dimethylbenzoate o C,oH,04 Freely soluble 143 n.a.
4707-47-5 196.20 MS
HO’ OH 95 %
09.631 Methyl 4-methylbenzoate i Solid Practically insoluble 421 n.a.
/@)‘\o/ CoH,00, or insoluble 33 n.a.
99-75-2 150.18 Freely soluble MS
95 %
09.656 3-Methylbut-3-enyl benzoate f Liquid Practically insoluble 60 (0.1 hPa) 1.499-1.505
©)ko/\/g CpH,40, or insoluble 0.986-0.992
5205-12-9 190.24 Freely soluble MS
95 %
09.693 Prenyl benzoate i 4203 Liquid Practically insoluble 60 (0.1 hPa) 1.505-1.511
@)Lo/\% C,H;40, or insoluble 0.982-0.988
5205-11-8 190.24 Freely soluble MS
95 %
09.696 Prenyl salicylate ™ Solid Practically insoluble 370 n.a.
D/\/k C,H,404 or insoluble 113 n.a.
68555-58-8 206.24 Freely soluble MS
95 %
09.762 Pentyl salicylate i Liquid Practically insoluble 268 1.533-1.539
6)1\0/\/\/ 613 Ci2H,6053 or insoluble 1.062-1.068
2050-08-0 208.26 Freely soluble MS
95 %
09.779 Butyl benzoate i Liquid Practically insoluble 249 1.493-1.499
N 740 C,1H,40, or insoluble 1.003-1.009
136-60-7 178.23 Freely soluble MS
95 %
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Table 1: Specification Summary of the Substances in the Flavouring Group Evaluation 20, Revision4

FL-no EU Register name Structural formula FEMA no Phys.form Solubility 1) Boiling point, °C 3) Refrac. Index 4)  Specification comments
CoE no Mol.formula Solubility in Melting point, °C Spec.gravity 5)
CAS no Mol.weight ethanol 2) ID test
Assay minimum
09.798 Ethyl vanillate i Solid Practically insoluble 292 n.a.
AN 2302 C,oH,04 or insoluble 44 n.a.
617-05-0 196.20 Freely soluble MS
o 95 %
o
09.799 Methyl vanillate i Solid Sparingly soluble 286 n.a.
o 2305 CoH,(0y4 Freely soluble 63 n.a.
3943-74-6 182.18 MS
o 95 %
o
09.825 Pentyl benzoate i Liquid Practically insoluble 260 1.482-1.493
e e 2307 CoH,60, or insoluble 0.989-0.993
2049-96-9 192.26 Freely soluble MS
95 %
09.835 Benzyl decanoate f Solid Practically insoluble 400 n.a.
OMW\ Cy7H,60, or insoluble 76 n.a.
©/\ 42175-41-7 262.39 Freely soluble MS
95 %
09.852 2-Methylbutyl 2-hydroxybenzoate P Solid Practically insoluble 366 n.a.
o C,H,605 or insoluble 117 n.a. Racemate.
/\(\ S1115-63-0 208.26 Freely soluble MS
95 %
09.858 Phenylmethyl 2-methyl-2- i 3330 Liquid Insoluble 250 1.515-1.526
butenoate O)H/\ 2184 Cy,H,40, Soluble 1.029-1.040 Mixture of (Z)- and (E)-
©/\ 67674-41-3 190.24 IR isomer, 60-90 % E-form and
95 % 10-40 % Z-form (EFFA,
2012k).
09.895 4-Methoxybenzyl-2- i Solid Practically insoluble 287 1.499-1.505
methylpropionate o C,H;605 or insoluble 40 1.057-1.063 CASrn is missing. CASrn in
/Q/\ 208.26 Freely soluble MS Register to be introduced
o 95 % 71172-26-4.

Register name to be changed
to 4-methoxybenzyl 2-
methylpropionate.

D)
2)
3)
4)
5)

Solubility in water, if not otherwise stated.
Solubility in 95 % ethanol, if not otherwise stated.
At 1013.25 hPa, if not otherwise stated.

At 20°C, if not otherwise stated.

At 25°C, if not otherwise stated.
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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) Class 2) Outcome on the named Outcome on the Evaluation remarks
(ng/capita/day)  Evaluation procedure path compound material of
3) [4)or5] commerce [6), 7), or
8]
02.164 4-Hydroxy-3,5-dimethoxybenzyl ~ _~° on 0.037 Class 1 4) 6)
alcohol A3: Intake below threshold
HO’
o
05.026 o-Tolualdehyde #° 1.0 Class I 4) 6)
A3: Intake below threshold
05.028 m-Tolualdehyde 0.85 Class I 4) 6)
A3: Intake below threshold
/O
05.029 p-Tolualdehyde 0\ 160 Class I 4) 6)
A3: Intake below threshold
05.129 2-Methoxybenzaldehyde S 0.16 Class I 4) 6)
A3: Intake below threshold
e
05.142 3,4-Dihydroxybenzaldehyde AN 8.5 Class I 4) 6)
A3: Intake below threshold
OH
05.153 4-Hydroxy-3,5- 0 A 0.74 Class I 4) 6)
1878 dimethoxybenzaldehyde A3: Intake below threshold
/O
05.158 3-Methoxybenzaldehyde ~° o 0.011 Class 1 4) 6)
A3: Intake below threshold
06.017 (Diethoxymethyl)benzene k 1.7 Class 1 4) 6)
o A3: Intake below threshold
08.080 Gallic acid f 0.011 Class I 4) 6)
'OH
OH

HO.
HO

A3: Intake below threshold
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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) Class 2) Outcome on the named Outcome on the Evaluation remarks
(ug/capita/day)  Evaluation procedure path compound material of
3 [4) or 5] commerce [6), 7), or
8)]
08.087 4-Hydroxy-3,5- i 12 Class 1 4) 6)
dimethoxybenzoic acid _° o A3: Intake below threshold
HO’
o
08.132 3-Hydroxybenzoic acid f 610 Class I 4) 6)
”O\©/LOH A3: Intake below threshold
08.133 3,4-Dihydroxybenzoic acid f 610 Class 1 4) 6)
HOQ/LOH A3: Intake below threshold
HO'
09.152 Benzyl valerate i 1.7 Class I 4) 6)
©/\O )JW A3: Intake below threshold
09.313 Benzyl 2-methylbutyrate i 7.3 Class I 4) 6)
©/\O )‘\h A3: Intake below threshold
09.314 Benzyl crotonate i 0.37 Class 1 4) 6)
@/\o)Jv/\ A3: Intake below threshold
09.315 Benzyl dodecanoate i 0.13 Class I 4) 6)
©/\O W A3: Intake below threshold
09.316 Benzyl hexanoate i 0.75 Class I 4) 6)
©/\O )Jw/\ A3: Intake below threshold
09.317 Benzyl lactate f 0.91 Class I 4) 6)
©/\0 )%/ A3: Intake below threshold
09.318 Benzyl octanoate f 0.12 Class 1 4) 6)
@/\OM A3: Intake below threshold
09.362 Ethyl 2-hydroxy-4- 0.0012 Class 1 4) 6)

methylbenzoate

g}o

A3: Intake below threshold
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