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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

Ethyl (Z)-octadec-9-enoate (PubChem)

1.2. Synonyms

9-Octadecenoic acid (Z)-, ethyl ester; Al3-00657; EINECS 203-889-5; Ethyl 9-octadecenoate, (Z)-;
Ethyl cis-9-octadecenoate; Ethyl oleate; Ethyl oleate (natural); FEMA No. 2450; NSC 229428; Oleic
acid, ethyl ester; UNII-Z2Z2439864Y; 9-Octadecenoic acid, ethyl ester; 9-Octadecenoic acid (9Z)-,
ethyl ester (ChemIDplus)

1.3. Molecular formula

C20H3802 (ChemlIDplus)

1.4. Structural Formula

(ChemlIDplus)

1.5. Molecular weight (g/mol)

310.5182 (ChemIDplus)

1.6. CAS registration number

111-62-6

1.7. Properties

1.7.1. Melting point

(°C): 5.8 (EPISuite, 2017); -32 (ChemSpider; EPISuite, 2017); -13.1 (PubChem)
1.7.2. Boiling point

(°C): 216-218 at 15 mmHg (EPISuite, 2017); 205-208 (ChemSpider)

1.7.3. Solubility



Insoluble; 0.000579 mg/L at 25°C (estimated) (EPISuite, 2017).
1.7.4. pKa

No data available to us at this time.

1.7.5. Flashpoint

(°C): 79.4, 110 or 181 (ChemSpider)

1.7.6. Flammability limits (vol/vol%)

No data available to us at this time.

1.7.7. (Auto)ignition temperature

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

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

Stable at normal temperatures and pressure.
1.7.10. Vapor pressure

6.07E-005 mmHg at 25°C (estimated) (EPISuite, 2017); 0.0£0.9 mmHg at 25°C (estimated)
(ChemSpider)

1.7.11. log Kow

8.936 (ChemSpider)

2. General information

2.1. Exposure

Estimated intake as a flavouring in the USA is 0.00005225 ug/kg bw/day (Burdock GA, 2010).

JECFA (1999) estimated intakes of 69 and 3 pg/person/day in Europe and the USA, respectively
from its use as a flavouring.

The estimated intake of ethyl oleate in the EU, based on the Maximised Survey-derived Daily
Intake (MSDI) approach, is 60 ug/person/day (EFSA, 2011).

The following table gives reported levels added to food in the USA (Burdock GA, 2010):

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

Baked goods 17.86 2414 Gelatins, puddings 2.72 3.50

Condiments, relishes | 0.60 0.60 Nonalcoholic beverages | 0.60 1.25




Frozen dairy 2.72 3.5 Soft candy 11.05 16.15

The CoE (2000) has approved the use of 0.1 ppm in beverages and 10 ppm in food.

Ethyl oleate is used as a skin conditioning - emollient and perfuming ingredient in cosmetics in the
EU. As taken from Coslng (undated)

Ethyl oleate (CAS RN 111-62-6) is listed as a fragrance ingredient by IFRA and the US EPA (US
EPA InertFinder Database, 2022).

Ethyl oleate is listed as a flavor enhancer and flavoring agent or adjuvant by the US FDA CFSAN
PAFA.

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

“Food packaging may be a potential source of contamination, through the migration of chemicals
from the packaging into the food, thus food consumption is an important route of human exposure
to packaging contaminants. In the present study an approach to estimate the exposure to different
chemicals transferred from food packaging was designed. As a first step a GC-MS screening was
conducted to identify potential contaminants in the materials. Secondly, different chemicals
previously identified in the packaging materials were selected for exposure assessment. The
proposed methodology was applied to cereal based foods packed with plastic packaging. A variety
of chemicals including e.g. acetyl tributyl citrate (ATBC), bis (2-ethylhexyl) adipate (DEHA) and
diethyl phthalate (DEP) among others were identified and analyzed in the foodstuffs. For this
purpose a LC-MS/MS method was developed. The selected foodstuffs were pooled into three
groups according to the population age (12—35 months, 3-9 years and 10-17 years) and based on
the Spanish consumption data (Enalia). In general, ATBC mean exposure was higher than that of
phthalates and DEHA for the three groups considered, with mean dietary exposure values ranging
from 1.01 ug/kg bw/day (pool 12—35 months) to 2.01 ug/kg bw/day (pool 3-9 years).” As taken from
Ibarra VG et al. 2019. Food Chem. Toxicol. 128, 180-192. PubMed, 2020 available at
https://pubmed.ncbi.nim.nih.gov/30974151/

Ethyl oleate (CAS RN 111-62-6) is used as a skin-conditioning agent in non-medicinal natural
health products (Health Canada, 2021).

2.2. Combustion products
No data available to us at this time.
2.3. Ingredient(s) from which it originates

“Synthesised by direct esterification of oleic acid with ethyl alcohol in the presence of HCI at the
boil; in the presence of Twitchell’s reagent or chlorosulfonic acid” (Burdock GA, 2010).

Reported to be found naturally in cocoa, buckwheat, elderberry and babaco fruit (Burdock GA,
2010). Levels of up to 0.01, 8 and 2 mg/kg occur naturally in grapefruit juice, rum and other alcohol,
repectively (CoE, 2000).

Ethyl oleate is present in genet absolute (4.86%).
As taken from Khan IA and Abourashed EA, 2010.

“The SPME-GC-MS analysis of the aroma components of Serapias cordigera, Serapias cordigera
subsp. lucana, Serapias vomeracea, Serapias lingua, and Serapias parviflora were reported. The
relevant components of the scent of Serapias cordigera were a-amorphene, ethyl oleate,
heneicosane, heptadecane, 2-heptadecanone, ethyl elaidate, pentadecane, octadecane,
farnesylacetaldehyde, nonadecane, and ethyl stearate. Serapias cordigera subsp. lucana gave a-


https://ng.cosmosdb.eu/
https://pubmed.ncbi.nlm.nih.gov/30974151/

amorphene, pentadecane, propyl undecanoate, heptadecane, ethyl elaidate and oleate, ethyl
stearate, and 8-heptadecene. Serapias vomeracea showed pentadecane, 5-nonadecene, 1-
nonadecene, 3-heptadecene, benzyl benzoate, 2-undecanone, and octadecane. Serapias lingua
showed the presence of heptadecane, 3-heptadecene, isopropyl myristate, pentadecane,
nonadecane, isopropyl palmitate, octadecane, and benzyl benzoate. Serapias parviflora gave
pentadecane, pentadecene, hexadecane, heptadecane, nonadecane, and ethyl elaidate.” As taken
from D'Auria M et al. 2020. Nat. Prod. Res. Epub ahead of print. PubMed, 2020 available at
https://pubmed.ncbi.nim.nih.qov/31957485/

“Feijoa is an aromatic fruit and the essential oil from feijoa peel could be a valuable by-product in
the juicing industry. An initial comparison of the essential oil extraction methods, steam-distillation
and hydro-distillation, was conducted. The volatile compounds in the essential oils from four feijoa
cultivars were identified and semi-quantified by GC-MS and the aroma active compounds in each
essential oil were characterized using SPME-GC-0O-MS. Hydro-distillation, with a material to water
ratio of 1:4 and an extraction time of 90 min, was the optimized extraction method for feijoa
essential oil. The Wiki Tu cultivar produced the highest essential oil yield among the four selected
cultivars. A total of 160 compounds were detected, among which 90 compounds were reported for
the first time in feijoa essential oils. Terpenes and esters were dominant compounds in feijoa
essential oil composition and were also major contributors to feijoa essential oil aroma. Key aroma
active compounds in feijoa essential oils were a-terpineol, ethyl benzoate, (Z)-3-hexenyl
hexanoate, linalool, (E)-geraniol, 2-undecanone, 3-octanone, a-cubebene, and germacrene D. This
is the first report on the optimization of the extraction method and the establishment of the aroma
profile of feijoa essential oils, with a comparison of four New Zealand grown cultivars.” As taken
from Peng Y et al. 2019. Molecules 24(11), 2053. PubMed, 2020 available at
https://pubmed.ncbi.nim.nih.gov/31146480/

“Yuzu (Citrus junos Sieb. ex Tanaka) is a very specific citrus variety mostly produced in Japan and
South Korea. In recent years, it received considerable interest from the flavour and fragrance
industry, and many studies devoted to the characterization of its volatile constituents have been
published, often leading to somewhat contradictory results. This comprehensive review aims at
giving a general view of the volatile components and the putative key odorants of Yuzu peel oil.” As
taken from Uehara A and Baldovini N. 2021. Flavour and Fragrance Journal 36(2), 292-318.
Available at https://onlinelibrary.wiley.com/doi/abs/10.1002/ffj.3630

“The aim of the work was to identify the chemical compounds present in the ethanol roots extract of
Rauwolfia vomitoria Afel (Apocynaceae) using Gas Chromatography - Mass spectroscopy (GC-
MS). The GC-MS analysis revealed fifty seven compounds ranging from high and low molecular
weight chemical entities at different concentrations. The major compounds present include Ethyl
Oleate (10.59%), 9,12-Octadecadienoic acid, ethyl ester (8.26%), Hexadecanoic acid, ethyl ester
(8.11%), Bis(2-ethylhexyl) phthalate (6.05.%), Hexanedioic acid, bis(2-ethylhexyl) ester (5.12%),
1,8(2H,5H)-Naphthalenedione, hexahydro-8a (3.89%), 2-(4-Hydroxybutyl)cyclohexanol (3.89)
Benzophenone (3.07) Benzene, 1,1'-(1-methylethylidene)bis[4-(2-propenyloxy)- (2.45%), Dibutyl
phthalate (2.39%), Hexadecanoic acid, methyl ester (2.88%), 10-Hydroxyhexadecan-1-yl acetate
(2.25%), 1-Heptatriacotanol (2.24%), 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl (2.08%)
The minor ones such as Azulene (0.25%), Cyclohexanol, 5-methyl-2-(1-methylethyl)- (0.20%),
Naphthalene, 1,4-dimethyl- (0.18%), are also present. These chemical compounds are
pharmacologically significant.” As taken from Johnson EC et al. 2020. World Journal of Innovative
Research 9(2), 32-34. Available at https://www.wijir.org/download data/\WJIR0902024.pdf

3. Status in legislation and other official guidance

U.S. Food and Drug Administration (FDA) Center for Food Safety and Applied Nutrition (CFSAN)
under an ongoing program known as the Priority-based Assessment of Food Additives (PAFA)
states that ethyl oleate is Generally Recognized As Safe (GRAS) by FEMA (List 3) for use as an
additive to food.
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Ethyl oleate is included on the FDA’s list of Substances Added to Food (formerly EAFUS) as a
flavor enhancer and flavoring agent or adjuvant, and is covered under 21 CFR Part 172.515
(synthetic flavoring substances and adjuvants) (FDA, 2022a,b).

JECFA (1999) considered there to be “no safety concern at current levels of intake when used as a
flavouring agent” (69 and 3 ug/person/day in Europe and the USA, respectively).

Ethyl oleate is pre-registered under REACH (“envisaged registration deadline 30 November 2010”)
(ECHA).

Ethyl oleate (CAS RN 111-62-6) is not classified for packaging and labelling under Regulation (EC)
No. 1272/2008 (ECHA, 2021).

Ethyl oleate is listed in the US EPA InertFinder Database (2022) as approved for food, non-food
and fragrance use pesticide products. For food use it is covered under 40 CFR section 180.910
(Inert ingredients used pre- and post-harvest; exemptions from the requirement of a tolerance) (US
EPA, 2022).

Ethyl oleate 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 inventoryEthyl oleate 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).

9-Octadecenoic acid (92)-, ethyl ester (CAS RN 111-62-6) is listed in the New Zealand Inventory of
Chemicals (NZIoC) and does not have an individual approval but may be used under an appropriate
group standard.(New Zealand EPA, 2006).

Ethyl oleate 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 and maximum daily exposures:

Inactive Route Dosage Form | CAS UNII Maximum Maximum
Ingredient Number Potency per | Daily
unit dose Exposure
(MDE)
ETHYL TOPICAL SYSTEM 111626 | Z27439864Y 14mg
OLEATE
ETHYL TRANSDERMAL | FILM, 111626 | Z27439864Y 15mg
OLEATE EXTENDED
RELEASE

As taken from FDA, 2022c.

Ethyl oleate (FEMA no. 2450) has been given GRAS (generally recognised as safe) status for use
as a food flavouring in the US by FEMA (Hall and Oser, 1965).

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

ETHYL OLEATE

General Information

Chemical Names: | ETHYL OCTADEC-9-ENOATE

JECFA number: 345




COE number: 633

FEMA number: 2450

Functional Class: | Flavouring Agent

Evaluations

Evaluation year: | 2019

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 year: | 1998

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

Report: TRS 891-JECFA 51/68

Tox Monograph: FAS 42-JECFA 51/267

Specification: COMPENDIUM ADDENDUM 6/FNP 52 Add.6/180

As taken from WHO, 20219-Octadecenoic acid, ethyl ester, (Z)- (CAS RN 111-62-6) is included by
the Australian Government Department of Health AICIS (Australian Industrial Chemicals
Introduction Scheme) in the document: “Chemicals that are unlikely to require further regulation to
manage risks to health.”

9-Octadecenoic acid, ethyl ester, (Z)- was identified as the highest exposure category — cosmetic —
personal care products.

"Based on the available information, there are no identified risks to the public that require further
regulation to manage the risk to human health. Although some of the chemicals with cosmetic and
domestic uses may have potential health hazards, the risks to the public are minimised by:

* the concentrations to which the public are exposed

» normal precautions being taken when using domestic products to avoid skin and eye contact

+ the systemic bioavailability of chemicals.”

AICIS (2021)

4. Metabolism/Pharmacokinetics

4.1. Metabolism/metabolites

No data available to us at this time.

4.2. Absorption, distribution and excretion

“The absorption, distribution, and excretion of radiolabeled ethyl oleate (EO) was studied in
Sprague-Dawley rats after a single, peroral dose of 1.7 or 3.4 g/kg body weight and was compared
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with a radiolabeled triacylglycerol (TG) containing only oleic acid as the fatty acid (triolein). Both
test materials were well absorbed with approximately 70-90% of the EO dose absorbed and
approximately 90-100% of the TG dose absorbed. At sacrifice (72 h post-dose), tissue distribution
of EO-derived radioactivity and TG-derived radioactivity was similar. The tissue with the highest
concentration of radioactivity in both groups was mesenteric fat. The other organs and tissues had
very low concentrations of test material-derived radioactivity. Both test materials were rapidly and
extensively excreted as CO(2) with no remarkable differences between their excretion profiles.
Approximately 40-70% of the administered dose for both groups was excreted as CO(2) within the
first 12 h (consistent with beta-oxidation of fatty acids). Fecal elimination of EO appeared to be
dose-dependent. At the dose of 1.7 g/kg, 7-8% of the administered dose was eliminated in the
feces. At the dose of 3.4 g/kg, approximately 20% of the administered dose was excreted in the
feces. Excretion of TG-derived radiolabel in the feces was approximately 2-4% for both doses.
Overall, the results demonstrate that the absorption, distribution, and excretion of radiolabeled EO
is similar to that of TG providing evidence that the oleic acid moiety of EO is utilized in the body as
a normal dietary TG-derived fatty acid. To confirm the expected safety of EO in humans, a total of
235 subjects participated in a 12-week frial where two levels of ethyl oleate in a milk-based
beverage were investigated: 8 g/day in a single serving (approximately 0.1 g/kg) and 16 g/day
taken in two divided servings (approximately 0.2 g/kg). Adverse events (AEs) were recorded
throughout the 12-week trial. In addition, a brief physical exam (including vital signs and body
weight), ECGs, fasting serum chemistry profile, serum lipid profile, and urinalysis were performed at
baseline and after study completion. Results showed the incidence of reported AEs was similar
between the EO groups and the control groups. Analysis of comprehensive laboratory data
revealed no EO exposure-related, clinically significant adverse changes in laboratory parameters.
These studies demonstrated that EO has a highly favorable safety profile and is well tolerated in
the diet." As taken from Bookstaff RC et al. 2003. Regulatory Toxicology and Pharmacology, 37(1),
133-48. PubMed, 2010 available at: http://www.ncbi.nlm.nih.gov/pubmed/12662915

“The effects of a single oral dose of ethyl linoleate on urinary prostaglandin E2 (PGE2) excretion
and urine output were investigated in essential fatty acid (EFA)-deficient rats. Weanling male rats
were fed a fat-free diet. After 13 wk of feeding, eight rats received an oral dose of 400 mg of ethyl
oleate. Seven days later the same eight rats received 400 mg of ethyl linoleate. The oleate dosage
served as control. Another seven EFA-deficient rats received an oral dose of 100 mg of ethyl
linoleate. The 24-h urine collections from each animal were analyzed for PGE2 by
radioimmunoassay. Within 24 h the oleate dose resulted in a 1.3-fold increase in urinary PGE2
excretion. The 400-mg dose of ethyl linoleate induced a 2- to 3-fold increase in urinary PGE2
excretion during 7 d. The 100-mg dose of ethyl linoleate resulted in a 1.3- to 1.5-fold increase for 2
d. Neither the ethyl oleate dose nor the low dose of ethyl linoleate had any effect on urine output,
whereas the high dose of ethyl linoleate induced a slow increase during the following 6 d.” As taken
from Hansen HS et al. 1985. Journal of Nutrition 115(1), 39-44. Available at:
http://in.nutrition.org/cgi/content/abstract/115/1/39

4.3. Interactions

"The local delivery of chemotherapeutic drugs to tumor sites is an effective approach for achieving
therapeutic drug concentrations in solid tumors. Injectable implants with the ability to form in situ
represent one of the most promising technologies for intratumoral chemotherapy. However, many
issues must be resolved before these implants can be applied in clinical practice. Herein, we report
a novel injectable in situ-forming implant system composed of n-butyl-2-cyanoacrylate (NBCA) and
ethyl oleate, and the sol-gel phase transition is activated by anions in body fluids or blood. This
newly developed injectable NBCA ethyl oleate implant (INEI) is biodegradable, biocompatible, and
non-toxic. INEI solidifies in several seconds after exposure to body fluids or blood, and the
implant's in vivo degradation time can be controlled. In addition, the pore sizes formed by the
polymerization of NBCA can be decreased by increasing the NBCA concentration in the implants.
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Therefore, the drug retention/release time can be adjusted from a few weeks to several months by
changing the concentration of NBCA in the implant formulation. Anti-tumor experiments in animal
models showed that the average growth inhibition rate of xenografted human breast cancer cells by
the paclitaxel-loaded INEI (40% NBCA) was 80%, and they also indicated that tumors in some of
the mice were completely eliminated by just a single dosage injection. For the epirubicin-loaded
INEI (50% NBCA), the average growth inhibition rate of xenografted human liver cancer cells was
58%. Thus, the chemotherapeutic drug-loaded INEls exhibited excellent therapeutic efficacy for
local chemotherapy." As taken from Wu Y et al. 2017. Drug Deliv. 24(1), 729-736. PubMed, 2017
available at: https://www.ncbi.nlm.nih.gov/pubmed/28440691

"Drug solubility and lymphatic transport enhancements are two main pathways to improve drug oral
bioavailability for microemulsions. However, it is not easy to have both achieved simultaneously
because excipients used for improving lymphatic transport were usually insufficient in forming
microemulsions and solubilizing drugs. Our research is to explore whether ethyl oleate, an oil
effective in developing microemulsions with desired solubilizing capability, could increase
bioavailability to a higher extent by enhancing lymphatic transport. As a long-chain oil, ethyl oleate
won larger microemulsion area than short-chain tributyrin and medium-chain GTCC. In contrast,
long-chain soybean oil failed to prepare microemulsions. The solubility of piroxicam in ethyl oleate
microemulsions (ME-C) increased by about 30 times than in water. ME-C also won significantly
higher AUCO-t compared with tributyrin microemulsions (ME-A) and GTCC microemulsions (ME-B).
Oral bioavailability in ME-C decreased by 38% after lymphatic transport was blocked by
cycloheximide, severer than those in ME-A and ME-B (8% and 34%). These results suggest that
improving lymphatic transport and solubility simultaneously might be a novel strategy to increase
drug oral bioavailability to a higher extent than increasing solubility only. Ethyl oleate is a preferred
oil candidate due to its integrated advantages of high solubilizing capability, large microemulsion
area and effective lymphatic transport." As taken from Xing Q et al. 2016. Int. J. Pharm. 511(2),
709-18. PubMed, 2017 available at: https://www.ncbi.nIm.nih.gov/pubmed/27473280

“Biotin is indispensable for normal cellular metabolism, proliferation and survival. The vitamin acts
as a co-factor for multiple carboxylases that play critical roles in fatty acid, glucose and amino acid
metabolism. Emerging evidence has also shown important roles for biotin in immune function and
in gene expression, as well as in the maintenance of intestinal integrity and homeostasis. Humans
and other mammals cannot synthesize biotin, and thus, must obtain the vitamin from exogenous
sources (diet and the gut microbiota) via absorption in the gut. We had previously observed that
chronic alcohol feeding/exposure leads to a significant inhibition in small intestinal and colonic
biotin uptake (Am J Physiol Gastrointest Liver Physiol 300: G494—-G501, 2011). The aim of this
study was to elucidate the role of transcriptional/epigenetic factors in mediating the inhibitory effect
of chronic alcohol on intestinal uptake of biotin, and to study the effect of alcohol metabolites on
biotin uptake in the large intestine. Our results showed that the inhibition in biotin uptake by
intestinal epithelial Caco-2 cells upon chronic exposure to alcohol is associated with a decrease in
the expression of KLF-4, a key transcription factor involved in the regulation of SLC5A6. We also
observed (using Chip-gPCR) that exposure of Caco-2 cells to alcohol to lead to decrease in the
euchromatin histone markers (activators-H3K4me3 and H3K9Ac) and an increase in the
heterochromatin histone marker (repressor — H3K27me3) at the SLC5A6 P1 promoter. However,
DNA methylation status appeared to be unaltered in these cells upon alcohol exposure. We
confirmed the above effects of alcohol on histone modifications in vivo using small intestinal
mucosa from mice chronically fed alcohol. We also examined the effect of the alcohol metabolites
ethyl oleate (3 mM), ethyl palmitate (3 mM) and acetaldehyde (500 uM) on biotin uptake by human
colonic epithelial NCM460 cells and observed a significant inhibition in carrier-mediated biotin
uptake in these cells. Studies are in progress to delineate the exact molecular mechanism(s)
involved in this inhibitory effect. This study show, for the first time, that exposure of small intestinal
epithelial cells to alcohol alters the epigenetic profile at the SLC5A6 promoters and the expression
of an important nuclear factor that drive promoter activity, and that these changes contribute to the
inhibition in biotin uptake. Further, the results show that relevant alcohol metabolites inhibit biotin
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uptake by colonic epithelial cells.” As taken from Srinivasan PM et al. 2020. The FASEB Journal
34(S1), 1. Available at
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.2020.34.s1.08907

5. Toxicity

5.1. Single dose toxicity

Organism | Test Route | Reported Dose Effect | Source
Type (Normalized Dose)
rabbit LD50 skin > 5gm/kg (5000mg/kg) Food and Chemical Toxicology. Vol.

20, Pg. 683, 1982.

rat LD50 oral > 5gm/kg (5000mg/kg) Food and Chemical Toxicology. Vol.
20, Pg. 683, 1982.

As taken from ChemlIDplus, available at: https://chem.nim.nih.gov/chemidplus/

5.2. Repeated dose toxicity

“The purpose of this study was to determine the safety of ethyl oleate (EO) in a 91-day feeding
study in Sprague-Dawley rats. EO was mixed into AIN-93G purified diet at levels of 0, 3.3, 6.7, and
10% by weight (the high-dose males and females consumed 5.5 and 6.1g/kg/day EO, respectively).
All diets were calorie- and fat-matched using high oleic safflower oil (HOSO) as the control fat. The
study design followed the 1993 US FDA draft "Redbook II" guidelines (Toxicological Principles for
the Safety Assessment of Direct Food Additives and Color Additives Used in Food). There were 20
male and 20 female rats per group. EO in the diet was well tolerated and there were no
toxicologically significant findings in any of the measured parameters (clinical observations, body
weight gains, appearance of the feces, ophthalmic examinations, hematology, clinical chemistry,
urinalysis, organ weights, histopathology, or male and female reproductive assessments). Mortality
was limited to three males during the course of the study whose cause of death was unrelated to
test material administration. The terminal body weight of the mid- and high-dose females was
approximately 10% lower than that of the control group. This finding does not represent a
toxicologically significant effect because rats on the EO diets gained more weight during the course
of the study than historical control data on this strain of rats. The lower body weight relative to
control rats is directly related to lower food consumption relative to the controls. The lower food
consumption relative to controls is fully consistent with a decrease in the palatability of the EO-
containing food versus the triglyceride-containing food. This conclusion is based on (1) a decrease
in food consumption was noted within the first week (consistent with palatability preferences), (2)
there was not a dose-response with regard to food consumption (mid-dose consumed less than
high-dose), (3) the lack of cumulative decreases in food consumption which often are observed
with toxicity, and (4) anecdotal experiences in our lab show that rats prefer diets containing high
triglyceride fat over high EO-fat. Hepatocellular vacuolation typical of fat accumulation was noted
for both control and high-dose animals. The incidence and severity of the vacuolation were higher
for animals given 10% HOSO (controls) than for the animals given 10% EO. Serum calcium and
phosphorous levels in high dose males were slightly, but statistically significantly, lower than in the
controls. There was a dose-related increase in fecal fat concentration in both sexes from
approximately 9% (control) to 18% in males, and from 4 (control) to 13% in females There were no
visually obvious differences with regard to feces quality or quantity at any level of EO in the diet
(i.e., color, diarrhea, weight, etc.). The increase in fat most likely represents small amounts of
unabsorbed EO at the mid- and high-dose (estimates of EO absorption in this study are >80%).
The No Observable Adverse Effect Level was determined to be 10% EO when administered daily in
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the diet for 91-days (approximately 6g EO/kg bw/day). As taken from Bookstaff RC et al. 2004.
Regulatory Toxicology and Pharmacology 39(2), 202-13. Pubmed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/1504 1149

Safety Evaluation

Quantitative Quantitative Product Safety POD POD POD Owner
Risk Type Risk Value Use Evaluation Method Value
Owner
Not calculated Not calculated Not COSMOS TTC | NOAEL 1300.0 COSMOS
specified (NON- TTC (NON-
CANCER) CANCER)
Adjustment factors used in calculations:

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

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

NOEL LEL | Original NOEL Original LEL Critical Critical Effects

Owner Sites

PAFA 3900.0 mg/kg | 6100.0 mg/kg . BODY WEIGHT
bw/day bw/day CHANGES

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

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

5.3. Reproduction toxicity

“Specific fatty acid ethyl esters (FAEE) in meconium of newborns have been shown to correlate
with maternal ethanol exposure. An animal model is needed to assess the validity of this biomarker.
We hypothesized that the pregnant/fetal sheep is a feasible animal model for validating FAEE as a
biomarker of prenatal ethanol exposure. Nine pregnant ewes were treated during the third trimester
with different i.v. ethanol doses. The control group consisted of 14 pregnant ewes exposed to
similar volumes of saline. On gestational d 133, the fetuses were delivered and meconium samples
removed. FAEEs were quantified by gas chromatography-flame ionization detection. FAEEs were
found in both control and ethanol exposed fetuses. Ethyl oleate, ethyl linoleate, and ethyl
arachidonate levels were significantly higher in the ethanol-exposed sheep. Ethyl oleate was the
FAEE that correlated most strongly with alcohol ingestion during pregnancy and had the greatest
area under the curve (0.94). Using a cut-off value of 131 ng/g ethyl oleate dry weight, sensitivity
was 89% and specificity was 100%. In conclusion, pregnant ewes are a feasible model for
validating biomarkers of prenatal ethanol exposure. Ethyl oleate, ethyl linoleate, and ethyl
arachidonate may be useful biomarkers of prenatal alcohol exposure.” As taken from Littner Y et al.
2008. Pediatr Res. 63(2),164-8. PubMed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/18091344

“To determine the relationship between fatty acid ethyl esters (FAEE) in meconium and
neurodevelopment in infants exposed to alcohol in utero at 6.5 months, 1 year, and 2 years of age.
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STUDY DESIGN: A secondary analysis of a prospective cohort of mothers at high risk and their
infants recruited after admission to a labor and delivery unit. Mothers were screened for drug and
alcohol use during pregnancy by clinical interview and urine screening. Meconium was analyzed for
FAEE in 216 newborn infants. Outcome measures included the Bayley Scales of Infant
Development Mental (MDI) and Psychomotor (PDI) Developmental Index scores in infants at 6.5
months, 1 year, and 2 years of age. RESULTS: After controlling for prenatal visits and maternal
factors, increasing concentrations of FAEE were significantly associated with poorer mental and
psychomotor development (beta +/- standard error) at all follow-up visits: ethyl myristate (MDI -2.46
+/- 1.24, P = .05; PDI -3.88 +/- 1.67, P = .02), ethyl oleate (MDI -1.94 +/- 0.65, P < .01; PDI -2.60
+/- 0.93, P < .01), ethyl linoleate (MDI -1.92 +/- 0.60, P < .01; PDI -2.28 +/- 0.84, P < .01), ethyl
linolenate (MDI -1.99 +/- 0.74, P < .01; PDI -2.98 +/- 1.04, P < .01), and ethyl arachidonate (MDI -
240 +/- 1.11, P = .03; PDI -3.32 +/- 1.51, P = .03). CONCLUSION: FAEE in meconium may be a
marker for identifying newborns at risk for neurodevelopmental delay from alcohol exposure in
utero.” As taken from Peterson J et al. 2008. J Pediatr. 152(6), 788-92. PubMed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/18492517

“‘“BACKGROUND: Chronic alcohol exposure alters the function of alveolar macrophages (AM),
impairing immune defenses in both adult and neonatal lungs. Fatty acid ethyl esters (FAEEs) are
biological markers of prenatal alcohol exposure in newborns. FAEEs contribute to alcohol-induced
mitochondrial (MT) damage in multiple organs. We hypothesized that in utero ethanol exposure
would increase FAEEs in the neonatal lung and that direct exposure of neonatal AM to FAEEs
would contribute to MT injury and cellular dysfunction. METHODS: FAEEs were measured in
neonatal guinea pig lungs after + in utero ethanol exposure via gas chromatography/mass
spectrometry. The NR8383 cell line and freshly isolated neonatal guinea pig AM were exposed to
ethyl oleate (EQ) in vitro. MT membrane potential, MT reactive oxygen species generation (mMROS),
phagocytosis, and apoptosis were evaluated after exposure to EO + the MT-specific antioxidant
mito-TEMPO (mitoT) or + the pan-caspase inhibitor Z-VAD-FMK. Whole lung FAEEs were
compared using the Mann-Whitney U-test. Cellular results were analyzed using 1-way analysis of
variance, followed by the Student-Newman-Keuls Method for post hoc comparisons. RESULTS: In
utero ethanol significantly increased ethyl linoleate and the combinations of ethyl oleate + linoleate
+ linolenate (OLL), and OLL + stearate in the neonatal lung. In vitro EO caused significant MT
dysfunction in both NR8383 and primary neonatal AM, as indicated by increased mROS and loss of
MT membrane potential. Impaired phagocytosis and apoptosis were significantly increased in both
the cell line and primary AM after EO exposure. MitoT conferred significant but only partial
protection against EO-induced MT injury, as did caspase inhibition with Z-VAD-FMK.
CONCLUSIONS: In utero ethanol exposure increased FAEEs in the neonatal guinea pig lung.
Direct exposure to the FAEE EO significantly contributed to AM dysfunction, in part via oxidant
injury to the MT and in part via secondary apoptosis.” As taken from Mohan SS et al. 2015. Alcohol.
Clin. Exp. Res. 39(3), 434-44. PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/25703924

“Background: Testicular function is modified by maturational gonadostatic control highly susceptible
to negative physiologic niche-altering factors like UV-rays. Objective: This study was performed in
order to uncover new aspects of Compact Florescent Lamps (CFLs) induced damages on the
testicular tissue of rats and evaluating the effect of curcumin on testis of rats after exposure to
compact florescent Lamps. Materials and Methods: Twenty-four adult male Albino rats were
randomly divided into three groups: control group (ethyl oleate 0.2 ml, IP, for 45 days, without CFLs
exposure), fluorescent group (ethyl oleate 0.2 ml, IP, daily and treated with 12 hr CFLs exposure for
45 days) and curcumin group (curcumin 20 y M, IP along with 12 hr CFLs exposure for 45 days).
The rats were anesthetized at the end of the experiment. Gonadotropin hormones and prolactin
levels were measured; Histopathological and histomorphometrical analysis of the testis was carried
out. Results: Results of this study showed that CFLs significantly decreased serum levels of follicle
stimulating hormone, prolactin, testicular weight, sperm motility, TDI, and SPI. Furthermore, CFLs
had no effect on serum levels of luteinizing hormone and sperm count and also, increased
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abnormal sperm shapes. Our results also showed that curcumin supplementation following CFLs
reversed these alterations. Conclusion: These results strongly suggest that CFLs severely impairs
testis while curcumin as an antioxidant had protective effects on undesirable effects in testis
induced by CFLs.” As taken from Khalaji N et al. 2018. Int. J. Reprod. Biomed. (Yazd.) 16(7), 447-
454. PubMed, 2019 available at https://www.ncbi.nim.nih.gov/pubmed/30234185

5.4. Mutagenicity
No data available to us at this time.
5.5. Cytotoxicity

“‘BACKGROUND: Fatty acid ethyl esters (FAEE), nonoxidative products of ethanol metabolism, are
formed by the esterification of fatty acids and ethanol. Alcoholic subjects have high levels of FAEE
in the circulation as well as in organs and tissues, especially those most often damaged by ethanol
abuse. Our previous studies showed a significant synthesis of FAEE by human mononuclear cells
within seconds of exposure to physiologic doses of ethanol. In addition, FAEE inhibited
phytohemagglutinin (PHA)-stimulated interleukin-2 production and calcium (Ca(2+)) influx into
human mononuclear cells. FAEE also caused a rapid increase in the intracellular cAMP. The
mechanism by which alcohol suppresses the immune system remains undetermined.
OBJECTIVES: To evaluate the morphological and physiological effects of FAEE on human
mononuclear cells and to study the impact of FAEE on cell viability. METHODS: Mononuclear cell
fractions of human white blood cells (WBC) were incubated with physiological doses (25 and 50
microM) of ethyl oleate, a representative FAEE, for 15, 30, 60, 120 or 180 minutes. Morphological
changes were evaluated by light and transmission electron microscopy (TEM). Lactate
dehydrogenase (LDH) release was measured as a physiological indicator of necrosis. Physiological
changes were also evaluated by western blots performed on whole-cell lysates of treated and
untreated cells and by DNA electrophoresis. RESULTS: Significant morphological changes were
detected in cells exposed to FAEE by both light and TEM. Concentration and time-dependent
increases in the rates of apoptosis and necrosis were found by light microscopy and by LDH
release, respectively, following 60 minutes exposure to 25 or 50 microM FAEE. One-hour 50
microM FAEE exposure caused activation of the caspase cascade, as demonstrated by Poly (ADP-
ribose) Polymerase (PARP) cleavage, and significant DNA damage as a result of necrosis in
human mononuclear cells. CONCLUSIONS: These studies provide evidence to support the toxic
effects of FAEE on intact human mononuclear cells. The results from our studies also show that
both apoptosis and necrosis are modes of cell death in FAEE-treated human mononuclear cells.
This may be an important mechanism in alcohol-induced immunosuppression.” As taken from
Alhomsi K et al. 2008. Alcohol Clin Exp Res. 32(3), 534-43. PubMed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/18215210

OTHER IN VITRO TEST:

“‘OBJECTIVES: To evaluate the morphological and physiological effects of FAEE on human
mononuclear cells and to study the impact of FAEE on cell viability. METHODS: Mononuclear cell
fractions of human white blood cells (WBC) were incubated with physiological doses (25 and 50
microM) of ethyl oleate, a representative FAEE, for 15, 30, 60, 120 or 180 minutes. Morphological
changes were evaluated by light and transmission electron microscopy (TEM). Lactate
dehydrogenase (LDH) release was measured as a physiological indicator of necrosis. Physiological
changes were also evaluated by western blots performed on whole-cell lysates of treated and
untreated cells and by DNA electrophoresis. RESULTS: Significant morphological changes were
detected in cells exposed to FAEE by both light and TEM. Concentration and time-dependent
increases in the rates of apoptosis and necrosis were found by light microscopy and by LDH
release, respectively, following 60 minutes exposure to 25 or 50 microM FAEE. One-hour 50
microM FAEE exposure caused activation of the caspase cascade, as demonstrated by Poly (ADP-
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ribose) Polymerase (PARP) cleavage, and significant DNA damage as a result of necrosis in
human mononuclear cells. CONCLUSIONS: These studies provide evidence to support the toxic
effects of FAEE on intact human mononuclear cells. The results from our studies also show that
both apoptosis and necrosis are modes of cell death in FAEE-treated human mononuclear cells.
This may be an important mechanism in alcohol-induced immunosuppression.” As taken from
Alhomsi K et al. 2008. Alcohol Clin Exp Res. 32(3), 534-43. PubMed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/18215210

“Longkong (Lansium domesticum Corr., Family: Meliaceae) is a fruit found in the south of Thailand.
This plant has been used in traditional medicines. OBJECTIVES: To investigate the antiproliferative
activities and the phytoconstituents of Longkong extracts. MATERIALS AND METHODS:
Cytotoxicity and apoptotic activity of 48 extracts were tested using the SRB assay and acridine
orange (AO)/ethidium bromide (EB) staining, respectively. The extracts which gave the highest
anticancer activity were selected to prepare the semipurified extracts and analysis for the
constituents by gas chromatography-mass spectrometry (GC/MS).RESULTS: The highest
percentage yield (59.38%) was from the cold water extract of Longkong ripe fruits (RFWC). The
highest total phenolic and flavonoid contents were observed in cold and hot methanol extract of
Longkong stalks (STMC and STMH). The hot and cold chloroform young Longkong fruit extracts
(YFCH and YFCC) exhibited a cytotoxic effect (IC(50) < 1 mg/mL) against cancer cells. For
apoptotic induction, YFCH demonstrated the highest activity against KB of 13.84 + 4.21% at 0.5
mg/mL which was 0.88 and 1.35 times of cisplatin and 5-FU, respectively, while apoptotic cells in
HT-29 were 8.68 + 1.85% at 5 mg/mL, which was 0.61 and 1.43 times of cisplatin and 5-FU,
respectively. YFCC showed the highest apoptotic effect against KB cells at 10.70 £ 2.15% at 0.5
mg/mL, which was 0.68 and 1.07 times of cisplatin and 5-FU, respectively. The major
phytoconstituents in  YFCH were hexadecanoic acid (11.53%) and ethyl oleate
(10.58%).DISCUSSION AND CONCLUSION: The crude extracts of Longkong showed anticancer
activities and may provide new lead compounds for the development of anticancer products”. As
taken from Manosroi A et al. 2012. Pharm. Biol. 50, 1397-1407. PubMed, 2013 available at:
http://www.ncbi.nim.nih.gov/pubmed/22849519.

“CONTEXT: Water-in-oil microemulsions (w/o ME) are ideal for parenteral drug delivery. However,
no such formulations have been tested for biocompatibility in in vitro cell cultures. Furthermore,
sterilization of w/o MEs is a challenging process that has not been previously developed and
validated. PURPOSE: To formulate pharmaceutically relevant water-in-oil (w/0) microemulsion's
systems suitable for use as a parenteral formulation. METHODS: w/o MEs were prepared using
dioctyl sodium sulfosuccinate (DOSS), ethyl oleate (EO), and water. Formulations were
characterized using polarized light microscopy, electrical conductivity, rheology, and dynamic light
scattering. An aseptic filtration method for sterilization was developed using membrane filtration.
The biocompatibility of selected MEs were evaluated in NIH3T3 cell cultures. Dissolution studies
were performed on microemulsions containing methylene blue to evaluate the drug release profile.
RESULTS: ....... All MEs showed no toxicity to NIH 3T3 cells. ........ ” As taken from Nesamony J et
al. 2013. Drug Dev. Ind. Pharm. 39(2), 240-51. PubMed, 014 available at:
http://www.ncbi.nlm.nih.gov/pubmed/22480266

‘BACKGROUND: Chronic alcohol exposure alters the function of alveolar macrophages (AM),
impairing immune defenses in both adult and neonatal lungs. Fatty acid ethyl esters (FAEEs) are
biological markers of prenatal alcohol exposure in newborns. FAEEs contribute to alcohol-induced
mitochondrial (MT) damage in multiple organs. We hypothesized that in utero ethanol exposure
would increase FAEEs in the neonatal lung and that direct exposure of neonatal AM to FAEEs
would contribute to MT injury and cellular dysfunction. METHODS: FAEEs were measured in
neonatal guinea pig lungs after £ in utero ethanol exposure via gas chromatography/mass
spectrometry. The NR8383 cell line and freshly isolated neonatal guinea pig AM were exposed to
ethyl oleate (EO) in vitro. MT membrane potential, MT reactive oxygen species generation (mROS),
phagocytosis, and apoptosis were evaluated after exposure to EO + the MT-specific antioxidant
mito-TEMPO (mitoT) or = the pan-caspase inhibitor Z-VAD-FMK. Whole lung FAEEs were
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compared using the Mann-Whitney U-test. Cellular results were analyzed using 1-way analysis of
variance, followed by the Student-Newman-Keuls Method for post hoc comparisons. RESULTS: In
utero ethanol significantly increased ethyl linoleate and the combinations of ethyl oleate + linoleate
+ linolenate (OLL), and OLL + stearate in the neonatal lung. In vitro EO caused significant MT
dysfunction in both NR8383 and primary neonatal AM, as indicated by increased mROS and loss of
MT membrane potential. Impaired phagocytosis and apoptosis were significantly increased in both
the cell line and primary AM after EO exposure. MitoT conferred significant but only partial
protection against EO-induced MT injury, as did caspase inhibition with Z-VAD-FMK.
CONCLUSIONS: In utero ethanol exposure increased FAEEs in the neonatal guinea pig lung.
Direct exposure to the FAEE EO significantly contributed to AM dysfunction, in part via oxidant
injury to the MT and in part via secondary apoptosis.” As taken from Mohan SS et al. 2015. Alcohol.
Clin. Exp. Res. 39(3), 434-44., PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/25703924

High-throughput Assay Data

The US Environmental Protection Agency (EPA) evaluated ethyl oleate 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 ethyl oleate 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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5.6. Carcinogenicity

“The development of mammary tumors was examined in female noninbred Sprague-Dawley rats
fed either a low-fat diet or high-fat diets containing different fats and fatty acid esters. Each rat was
given 5 mg 7,12-dimethylbenz[alanthracene by stomach tube 1 week before diets were introduced.
Addition of 3% ethyl oleate (an ethyl ester of an unsaturated fatty acid) to a diet high in saturated
fat (coconut oil) had no significant effect on tumor development, but the addition of 3% ethyl
linoleate (an ethyl ester of a polyunsaturated fatty acid) increased the tumor yield to about twice
that in rats fed either the high-saturated fat diet or a low-fat diet. Animals fed the high-saturated fat
diet containing 3% ethyl linoleate developed as many tumors as those fed a 20% sunflower seed oll
diet, though the sunflower seed oil diet contained about four times as much linoleate. Rats fed a
high coconut oil diet containing 3% menhaden fish oil, which contains polyunsaturated fatty acids of
the linolenate family (but having little linoleic acid), also developed as many tumors as those fed the
20% sunflower seed oil diet. These differences in mammary tumor yield could not be explained by
alterations in the serum levels of prolactin, estrogen, or progesterone. However, the higher tumor
yields were associated with increased unsaturation of mammary tissue phospholipids.” As taken
from Hopkins GJ et al. 1981. J Natl Cancer Inst. 66(3), 517-22. PubMed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/6782319

5.7. Irritation/immunotoxicity

“Water-in-oil microemulsions (w/o ME) capable of undergoing a phase-transition to lamellar liquid
crystals (LC) or bicontinuous ME upon aqueous dilution were formulated using Crodamol EO, Ciill
1 and Crillet 4, an alkanol or alkanediol as cosurfactant and water. The hypothesis that phase-
transition of ME to LC may be induced by tears and serve to prolong precorneal retention was
tested. The ocular irritation potential of components and formulations was assessed using a
modified hen's egg chorioallantoic membrane test (HET-CAM) and the preocular retention of
selected formulations was investigated in rabbit eye using gamma scintigraphy. Results showed
that Crill 1, Crillet 4 and Crodamol EO were non-irritant. However, all other cosurfactants
investigated were irritant and their irritation was dependent on their carbon chain length. A w/o ME
formulated without cosurfactant showed a protective effect when a strong irritant (0.1 M NaOH) was
used as the aqueous phase. Precorneal clearance studies revealed that the retention of colloidal
and coarse dispersed systems was significantly greater than an aqueous solution with no
significant difference between ME systems (containing 5% and 10% water) as well as o/w emulsion
containing 85% water. Conversely, a LC system formulated without cosurfactant displayed a
significantly greater retention compared to other formulations.” As taken from Alany RG et al. 2006.
J Control Release. 111(1-2), 145-52. PubMed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/16426694

“Twenty-three potential nonaqueous parenteral vehicles were evaluated for tissue irritation in
chicken pectoral muscle. Irritation evaluation was conducted by injecting 0.5 ml of vehicle 1.3 cm
deep in the right and left pectoral muscle of 7-8 week old male Hubbard Crossbred broilers
weighing 3-4 Ib. Six chickens were used for each vehicle. The injection site was the anterior third of
the pectoral muscle. Feathers were pulled and a 2.5 cm square was outlined on the skin with
waterproof ink. A 20 gauge disposable needle was used for injection. Benzyl benzoate, 1,3-
butylene glycol, ethyl oleate, glyceryl triacetate, sesame oil and sesame oil:benzyl benzoate (1:1)
were found to cause minimal tissue irritation. Vehicles causing necrosis were: ethyl formate,
isoamyl formate, octyl alcohol, polyoxyethylene oleyl ether, propyl alcohols, propylene carbonate
and sorbitan trioleate. Butyl lactate, castor oil and glyceryl monoricinoleate were not absorbed and
caused moderate irritation.” As taken from Hem SL et al. 1974. JP Drug Dev. Commun. 1(5), 471-
477.

Ethyl oleate is a suspected skin sensitizer. The CAESAR skin sensitization model in VEGA (Q)SAR
platform predicts that the chemical is a sensitizer (good reliability).
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As taken from ECHA, 2022

The reliability and applicability of this QSAR prediction as standalone source of toxicological
information is limited and inappropriate for some complex endpoints like reprotoxicity or
carcinogenicity. Nevertheless, for the toxicological assessment of this ingredient, this result was still
taken into consideration and used within the WoE approach as a supportive tool, in combination
with other sources of information when available, like experimental data or appropriate read-across.

“The Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG) 439
is an in vitro test method of reconstructed human epidermis (RhE), which was developed for hazard
identification of irritating chemicals in accordance with a primary skin irritation test using rabbits
with 4-hr exposure. A regulation for quasi-drugs in Japan requires data from primary skin irritation
tests using rabbits to undergo 24-hr exposure, and this is used as an evidence for 24-hr closed
patch tests in humans. In this study with the same chemicals, primary skin irritation test data using
rabbits undergoing 24-hr exposure and a 24-hr occlusive human patch test data were analyzed by
comparing the results obtained with four test methods adopted in OECD TG 439. The
performances of in vitro test methods showed a positive predictive value of 72.7-85.7% to predict
the results of 24-hr primary rabbit skin irritation test knowing that its positive predictive value was
57.1% against humans only. The prediction factors of in vitro test methods were higher for the
human patch test data with a sensitivity reaching 60 to 80%. Three surfactants gave false
negatives in some of the RhE methods evaluated with the human patch test, but in each case, they
were correctly classified as positive when evaluated at double concentration. Therefore, the
approach of setting the margin to 2 was effective in eliminating false negatives. This suggests that
in vitro test methods are useful for assessing skin irritation potential without animal testing for the
application of quasi-drugs in Japan.” As taken from Sugiyama M et al. 2018. J. Toxicol. Sci.43(12),
751-768. PubMed, 2019 available at https://www.ncbi.nim.nih.gov/pubmed/30518713

5.8. All other relevant types of toxicity

“Viscous ethyl oleate (VEO) was prepared as an oil drug carrier by the addition of aluminum
stearate or ethyl cellulose. Since the rate of shear of VEO containing aluminum stearate was
greatly and nonlinearly changed against the shearing stress compared to that containing ethyl
cellulose, the latter was used for subsequent microvascular and organ distribution experiments in
rats and hamsters. For infusion into the carotid artery in hamsters, neat ethyl oleate (EO, 4cP) or
VEOs of various apparent viscosities (40, 80, 120 cP-VEOs) embolized the vascular system in the
cheek pouch, although arrival time to the site where the embolization was observed and the
embolization period differed depending on the type of oily drug carrier. For infusion into the hepatic
artery in rats, however, only 120 cP-VEO embolized the vascular system in the liver. After infusion
of the oily drug carrier containing 3H-oleic acid into the artery of hamster cheek pouch and rat liver,
30-50% of the radioactivity was gradually eliminated within 48 h, whereas about 80% of the dose
was rapidly eliminated after infusion to rat stomach and kidney. In addition, the amount of 120 cP-
VEO remaining in each organ 48 h after infusion was higher than those of EO and 40 and 80 cP-
VEOs. Histological observation after infusion in rat liver revealed that 120 cP-VEO slowly migrated
from the artery or arteriole to the sinusoidal capillary region. These results suggest that 120 cP-
VEO can be used as a drug carrier because of its function of vascular embolization and high
retention in a targeted tissue.” As taken from Natsume H et al. 1992. Chemical & Pharmaceutical
Bulletin 40(6), 1545-52. PubMed, 2010 available at: http://www.ncbi.nlm.nih.gov/pubmed/1394675

“Previous studies have shown that administration of the fatty acids, linoleic and oleic acid, either by
intragastric or intraintestinal infusion, suppresses food intake and body weight in rats. While still not
fully understood, gut-mediated satiety mechanisms likely are potential effectors of this robust
response to gastrointestinal fatty acid infusions. The objective of this study was to assess the
effects of voluntary access to an oleic acid derivative, ethyl oleate (EO), on subsequent food intake
and body weight in rats. Animals were randomized either to a 12.5% EO diet or a soybean oil diet
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as a "breakfast," followed either by two one-hour or one five-hour access periods to standard
rodent diet, and food intake and body weights were collected. Across 14 days access, rats
consuming EO on both feeding schedules gained less weight and consumed less total kilocalories
than rats consuming the SO diet. Further, plasma levels of glucose and insulin were comparable in
both EO and SO diet groups. In summary, EO was found to increase weight loss in rats maintained
on a 75% food-restriction regimen, and attenuate weight-gain upon resumption of an ad-libitum
feeding regimen. These data indicate that voluntary access to EO promoted short-term satiety,
compared to SO diet, and that these effects contributed to an important and novel attenuated
weight gain in EO-fed animals.” As taken from Kemp CJ et al. 2007. Physiol Behav. 93(4-5), 912-
918. PubMed, 2014 available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2372161/

‘BACKGROUND, AIMS: During development of alcoholic pancreatitis, oxidative (acetaldehyde) and
nonoxidative metabolites (ethyl palmitate, ethyl oleate), rather than ethanol itself, mediate toxic
injury. Exposure of pancreatic acini to ethanol blocks cholecystokinin (CCK)-8-stimulated apical
exocytosis and redirects exocytosis to the basolateral plasma membrane, causing interstitial
pancreatitis. We examined how each ethanol metabolite contributes to these changes in
exocytosis. METHODS: Rat pancreatic acini were incubated with concentrations of ethanol
associated with alcoholic pancreatitis (20-50 mmol/L) or ethanol metabolites (1-3 mmol/L) and then
stimulated with CCK-8. We performed single zymogen granule (ZG) exocytosis assays, Ca(2+)
imaging studies, ultrastructural analyses (with electron microscopy), and confocal microscopy to
assess the actin cytoskeleton and track the movement of vesicle-associated membrane protein
(VAMP)-8-containing ZGs. Coimmunoprecipitation assays were used to identify complexes that
contain the distinct combinations of Munc18 and the soluble N-ethylmaleimide sensitive factor
attachment protein receptor proteins, which mediate apical (ZG-apical plasma membrane) and
basolateral exocytosis and fusion between ZGs (ZG-ZG). RESULTS: The ethanol metabolites
acetaldehyde, ethyl palmitate, and ethyl oleate reduced CCK-8-stimulated apical exocytosis and
formation of apical exocytotic complexes (between Munc18b and Syntaxin-2, synaptosomal-
associated protein of 23 kilodaltons [SNAP23], and VAMP2) in rat pancreatic acini. Acetaldehyde
and ethyl oleate redirected CCK-8-stimulated exocytosis to the basal and lateral plasma
membranes and translocation of VAMP8-containing ZGs toward the basolateral plasma membrane.
This process was mediated primarily via formation of basolateral exocytotic complexes (between
Munc18c and Syntaxin-4, SNAP23, and VAMP8). Exposure of the acini to acetaldehyde and ethyl
oleate followed by CCK-8 stimulation mildly perturbed the actin cytoskeleton and Ca(2+) signaling;
exposure to ethyl palmitate severely affected Ca(2+) signaling. Acetaldehyde, like ethanol,
promoted fusion between ZGs by the formation of ZG-ZG exocytotic complexes (between Munc18b
and Syntaxin-3, SNAP23, and VAMPS8), whereas ethyl palmitate and ethyl oleate reduced ZG-ZG
fusion and formation of these complexes. CONCLUSIONS: The ethanol metabolites acetaldehyde,
ethyl palmitate, and ethyl oleate perturb exocytosis processes in cultured rat pancreatic acini
(apical blockade, basolateral exocytosis, and fusion between ZGs). Acetaldehyde and, to a lesser
degree, ethyl oleate produce many of the same pathologic effects of ethanol on CCK-8-stimulated
exocytosis in pancreatic acini”. As taken from Dolai S et al. 2012. Gastroeneterology 143, 832-843.
PubMed, 2013 available at: http://www.ncbi.nlm.nih.gov/pubmed/22710192.

‘BACKGROUND & AIMS: Evidence is accumulating that ethanol and its oxidative metabolite,
acetaldehyde, can disrupt intestinal epithelial integrity, an important factor contributing to ethanol-
induced liver injury. However, ethanol can also be metabolized non-oxidatively generating
phosphatidylethanol and fatty acid ethyl esters (FAEEs). This study aims to investigate the effects
of FAEEs on barrier function, and to explore the role of oxidative stress as possible mechanism.
METHODS: Epithelial permeability was assessed by paracellular flux of fluorescein isothiocyanate-
conjugated dextran using live cell imaging. Cell integrity was evaluated by lactate dehydrogenase
release. Localization and protein levels of ZO-1 and occludin were analyzed by
immunofluorescence and cell-based ELISA, respectively. Intracellular oxidative stress and cellular
ATP levels were measured by dichlorofluorescein and luciferase driven bioluminescence,
respectively. RESULTS: In vitro, ethyl oleate and ethyl palmitate dose dependently increased


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2372161/
http://www.ncbi.nlm.nih.gov/pubmed/22710192

permeability associated with disruption and decreased ZO-1 and occludin protein levels,
respectively, and increased intracellular oxidative stress without compromising cell viability. These
effects could partially be attenuated by pretreatment with the antioxidant, resveratrol, pointing to the
role of oxidative stress in the FAEEs-induced intestinal barrier dysfunction. CONCLUSIONS: These
findings show that FAEEs can induce intestinal barrier dysfunction by disrupting the tight junctions,
most likely via reactive oxygen species-dependent mechanism.” As taken from Elamin E et al.
2013. PLoS One 8(3), e58561. PubMed, 2014 available at:
http://www.ncbi.nlm.nih.gov/pubmed/23526996

High-throughput Assay Data

The US Environmental Protection Agency (EPA) evaluated ethyl oleate 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 ethyl oleate 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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6. Functional effects on

6.1. Broncho/pulmonary system


http://www.ncbi.nlm.nih.gov/pubmed/23526996?dopt=AbstractPlus
https://comptox.epa.gov/dashboard

‘BACKGROUND: Chronic alcohol exposure alters the function of alveolar macrophages (AM),
impairing immune defenses in both adult and neonatal lungs. Fatty acid ethyl esters (FAEEs) are
biological markers of prenatal alcohol exposure in newborns. FAEEs contribute to alcohol-induced
mitochondrial (MT) damage in multiple organs. We hypothesized that in utero ethanol exposure
would increase FAEEs in the neonatal lung and that direct exposure of neonatal AM to FAEEs
would contribute to MT injury and cellular dysfunction. METHODS: FAEEs were measured in
neonatal guinea pig lungs after £ in utero ethanol exposure via gas chromatography/mass
spectrometry. The NR8383 cell line and freshly isolated neonatal guinea pig AM were exposed to
ethyl oleate (EO) in vitro. MT membrane potential, MT reactive oxygen species generation (mROS),
phagocytosis, and apoptosis were evaluated after exposure to EO + the MT-specific antioxidant
mito-TEMPO (mitoT) or = the pan-caspase inhibitor Z-VAD-FMK. Whole lung FAEEs were
compared using the Mann-Whitney U-test. Cellular results were analyzed using 1-way analysis of
variance, followed by the Student-Newman-Keuls Method for post hoc comparisons. RESULTS: In
utero ethanol significantly increased ethyl linoleate and the combinations of ethyl oleate + linoleate
+ linolenate (OLL), and OLL + stearate in the neonatal lung. In vitro EO caused significant MT
dysfunction in both NR8383 and primary neonatal AM, as indicated by increased mROS and loss of
MT membrane potential. Impaired phagocytosis and apoptosis were significantly increased in both
the cell line and primary AM after EO exposure. MitoT conferred significant but only partial
protection against EO-induced MT injury, as did caspase inhibition with Z-VAD-FMK.
CONCLUSIONS: In utero ethanol exposure increased FAEEs in the neonatal guinea pig lung.
Direct exposure to the FAEE EO significantly contributed to AM dysfunction, in part via oxidant
injury to the MT and in part via secondary apoptosis.” As taken from Mohan SS et al. 2015. Alcohol.
Clin. Exp. Res. 39(3), 434-44, PubMed, 2016 available at
http://www.ncbi.nlm.nih.gov/pubmed/25703924

6.2. Cardiovascular system

“Fatty acid ethyl esters (FAEE), esterification products of fatty acids and ethanol, have been
implicated as toxic mediators of ethanol ingestion. In this study, we investigated the in vitro
hydrolysis of FAEE reconstituted in low-density lipoproteins (LDL) when incubated with human
blood, cell free plasma, red blood cells, white blood cells, and platelets. We also determined the
metabolic fate of the fatty acid originally incorporated in the FAEE following FAEE hydrolysis. When
FAEE were incubated with human red blood cells. white blood cells, or platelets, at physiologic cell
counts, 80% of the FAEE were hydrolyzed at 2 h. The FAEE-derived fatty acid was predominantly
found in phospholipid and free fatty acid fractions. Cell free plasma contained minimal FAEE
hydrolytic activity. These studies demonstrate that FAEE are degraded to free fatty acids and
ethanol by the cellular elements in the blood. The generation of free fatty acids from extensive
hydrolysis of FAEE adds support to the growing concept that at least some of the toxic effects of
FAEE are mediated by the free fatty acids generated upon hydrolysis of the ethyl esters.” As taken
from Saghir M et al. 1999. Alcohol 19(2), 163-8. PubMed, 2010 available at:
http://www.ncbi.nim.nih.gov/pubmed/10548161

‘Fatty acid ethyl ester (FAEE), a myocardial metabolite of ethanol, causes mitochondrial
dysfunction in vitro in rabbits. We investigated the effect of these esters on rat heart mitochondria in
vitro and in vivo. In vitro studies were conducted to investigate the binding of ethyl oleate (FAEE) to
mitochondria and their capacity to hydrolyze these FAEE. In vivo effects of ethyl esters were
studied by the direct transfer of [3H]oleate into the myocardium. Mitochondria were prepared from
the myocardium of injected rats, and the amount of [3H]oleate bound to them was determined. In
another in vivo study, 50 microliters of 50 microM cold oleic acid ethyl ester was injected into the rat
myocardium and the histopathological changes induced by oleic acid ethyl ester were examined by
light microscopy. Our results show that fatty acid ethyl ester can bind to myocardial mitochondria in
vitro as well as in vivo and the mitochondria can hydrolyze FAEE to fatty acid, which is a known
uncoupler of oxidative phosphorylation. Of the total ethyl [3H] oleate injected, 8 microM [3H]oleate


http://www.ncbi.nlm.nih.gov/pubmed/25703924
http://www.ncbi.nlm.nih.gov/pubmed/10548161

and 1 microM ethyl [3H]oleate was bound to the mitochondria. Significant myocardial cell damage
was first observed on day 4 and markedly increased on day 30 after ethyl ester injection, with cells
showing gross deformation and enlargement. However, no significant histopathological changes
were observed in the myocardial tissue on day 2 after injection. Our results suggest that the FAEE
may damage the myocardial cells as well as the mitochondria and may provide a metabolic link
between ethanol abuse and myocardial dysfunction.” As taken from Bora PS et al. 1996. Journal of
Cardiovascular Pharmacology, 27(1), 1-6. PubMed, 2010 available at:
http://www.ncbi.nlm.nih.gov/pubmed/8656641

6.3. Nervous system

“Background: Ethanol is metabolized to fatty acid ethyl esters (FAEE). High levels of FAEE in
meconium are associated with reported maternal alcohol use during pregnancy. Children exposed
to alcohol in utero have an increased risk for behavioral and developmental abnormalities.
Objective: The objective was to determine the relationship between specific FAEE in meconium
and neurodevelopmental outcome at 6.5 months, 1 year, and 2 years of age. Design/Methods:
Meconium, the first fecal material passes by newborns, was collected from 202 infants enrolled in a
longitudinal neurobehavioral study. Silica and gas chromatography/flame ionization detection was
used to isolate and quantify specific FAEE [ethyl myristate (14:0EE), ethyl palmitate (16:0EE), ethyl
oleate (18:1EE), ethyl linoleate (18:2EE), ethyl linolenate (18: 3EE) and ethyl arachidonate
(20:4EE)] in the meconium. Mental (MDI) and psychomotor (PDI) developmental index scores were
obtained at 6.5 months, 1 year, and 2 years of age using Bayley Scales of Infant Development (2nd
edition). Continuous measures of FAEE were compared to Bayley scores using linear regression
methods. Categorical measures of FAEE were compared using ANOVA. Statistics were performed
using JMP 5.1 (SAS Corp., Cary, NC). Results: PDI scores at 2 years were negatively correlated
with 14:0EE (p=0.04), 18:1EE (p=0.02), 18:2EE (p=0.01), and 18:3EE (p=0.02). MDI scores at 2
years were also negatively correlated with 14:0EE (p=0.04). There was no relationship between
FAEE and Bayley scores at 6.5 months and 1 year of age. Significant categorical results are show
in Table 1. Conclusion: Increasing concentrations of specific FAEE in meconium are associated
with poorer psychomotor performance at 2 years of age. Elevated FAEE may be a useful marker
for identifying infants who have been exposed to alcohol in utero and are at risk for
neurodevelopmental delay.” As taken from Anon. 2005. Alcohol Clin Exp Res. May, 29(5 Suppl),
44A.

"Amyloid B-protein (AB) is the major component of extracellular plaques in the brains of patients
with Alzheimer's disease. It has been suggested that the interaction of AB with membrane
cholesterol is essential for AB to exert neurotoxicity; however, the effect of phospholipids, another
major membrane lipid component, on AB-induced neurotoxicity remains unclarified. Here we report
the protective effect of phosphatidylcholine (PC) on primary cultured neurons against AB1-42-
induced damage. AB1-42 caused neuronal death as demonstrated by lactose dehydrogenase
(LDH) release, which was completely prevented by a pretreatment with PC in a dose-dependent
manner. PC containing unsaturated long-chain acyl groups, 1,2-dioleoyl-PC (DOPC), also
prevented neuronal death caused by AB1-42. The oleic acid ethyl-ester (OAEE) partially prevented
AB1-42-induced neurotoxicity. Neurons that were pretreated with DOPC or OAEE for 24h, washed
out, and exposed to AB1-42 in the absence of either of these reagents, were still resistant to AB1-
42-induced neurotoxicity. In contrast, treatment with phosphotidylserine (PS) or docosahexaenoic
acid etyl-ester (DHAEE) had no protective effect on neurons against Ap1-42-induced damage.
These results suggest that the control of cellular PC content, not PS content, may prove useful in
the prevention or treatment of Alzheimer's disease." As taken from Ko M et al. 2016. Brain Res.
1642, 376-83. PubMed, 2017 available at: https://www.ncbi.nIm.nih.gov/pubmed/27086970

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


http://www.ncbi.nlm.nih.gov/pubmed/8656641
https://www.ncbi.nlm.nih.gov/pubmed/27086970

“Although lipids are essential nutrients in the mammalian diet, we have shown that fatty acids are
injurious to epithelial cells of developing piglet intestine during luminal perfusion. Furthermore, the
intestine of young animals sustains greater injury than that of older piglets. In an effort to
understand the mechanism for this developmental injury, we investigated whether changes in the
chemical configuration of oleic acid would alter this damage. Mucosal permeability, as quantitated
by the plasma-to-lumen clearance of 51chromium EDTA, was evaluated during luminal perfusion
with oleic acid as compared with its ethyl (ethyl oleate) and glyceryl (glycerol-1-mono-oleate)
esters, solubilized with taurocholic acid, in jejunum of 1-d-, 3-d-, 2-wk-, and 1-mo-old piglets.
51Chromium EDTA clearance increased significantly during oleic acid and glycerol-1-mono-oleate
perfusion, but did not increase during perfusion with ethyl oleate or saline. This result was not
secondary to failure of absorption of ethyl oleate, as [14C]oleic acid and ethyl [1-14C]oleate were
absorbed to a similar extent. Furthermore, developing intestine was able to remove the ethyl group
and then re-esterify the fatty acid to form triacyglycerol. These studies indicate that oleic acid-
induced mucosal injury can be abolished when the carboxylic group of the fatty acid is esterified
with an ethyl, but not a glycerol, group. Since the ethyl ester is also absorbed and metabolized
similarly to the free fatty acid, this may provide a means of supplying long-chain fatty acids to
developing intestine without causing mucosal damage.” As taken from Velasquez OR et al. 1994.
Journal of Clinical Investigation 93(2), 479-85. Available at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC293863/pdf/jcinvest00031-0031.pdf

“Female rats were given oleic acid, erucic acid, ethyl oleate, ethyl erucate, triolein and trierucin by
oral intubation for 4 days (3 g/kg/day) and drug-metabolizing enzymes were investigated. A
significant increase in liver microsomal enzymes occurred after erucic acid treatment. Ethyl erucate
and triolein exerted a stimulatory effect only on certain enzymes whereas oleic acid, ethyl oleate
and trierucin had no effect. These changes were associated with significant modifications in DNA,
RNA and protein content of the rat liver and of the hepatic fraction containing microsomes. The
data indicated that erucic acid acted as a potent inducer of microsomal enzymes and suggested
that this acid was a "foreign" compound.” As taken from Gaillard D et al. 1974. Toxicology 2 (2),
165-172. Science Direct, 2014 available at: http://www.sciencedirect.com/

"Although ethanol causes acute pancreatitis (AP) and lipolytic fatty acid (FA) generation worsens
AP, the contribution of ethanol metabolites of FAs, ie, FA ethyl esters (FAEEs), to AP outcomes is
unclear. Previously, pancreata of dying alcoholics and pancreatic necrosis in severe AP,
respectively, showed high FAEEs and FAs, with oleic acid (OA) and its ethyl esters being the most
abundant. We thus compared the toxicities of FAEEs and their parent FAs in severe AP. Pancreatic
acini and peripheral blood mononuclear cells were exposed to FAs or FAEEs in vitro. The
triglyceride of OA (i.e., glyceryl tri-oleate) or OAEE was injected into the pancreatic ducts of rats,
and local and systemic severities were studied. Unsaturated FAs at equimolar concentrations to
FAEEs induced a larger increase in cytosolic calcium, mitochondrial depolarization, and necro-
apoptotic cell death. Glyceryl tri-oleate but not OAEE resulted in 70% mortality with increased
serum OA, a severe inflammatory response, worse pancreatic necrosis, and multisystem organ
failure. Our data show that FAs are more likely to worsen AP than FAEEs. Our observations
correlate well with the high pancreatic FAEE concentrations in alcoholics without pancreatitis and
high FA concentrations in pancreatic necrosis. Thus, conversion of FAs to FAEE may ameliorate
AP in alcoholics." As taken from Patel K et al. 2016. Am. J. Pathol. 186(4), 874-84. PubMed, 2017
available at: https://www.ncbi.nlm.nih.gov/pubmed/26878214

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

Endpoint Tested level (ppm) | Reference
65
JT1 KB Study Report(s)
. 110
Smoke chemistry
222 Roemer et al, 2014
65
JTI KB Study Report(s)
In vitro genotoxicity 160
222 Roemer et al, 2014
65
JT1 KB Study Report(s)
In vitro cytotoxicity 160
222 Roemer et al, 2014
65
JTI KB Study Report(s)
Inhalation study 160
222 Schramke et al, 2014
Skin painting 65 JT1 KB Study Report(s)
In vivo genotoxicity | 222 Schramke et al, 2014

9. Heated/vapor emissions toxicity

Aerosol from an electronic nicotine delivery system (ENDS) that creates a vapor by heating an e-
liquid containing Ethyl oleate was tested in a battery of in vitro 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) 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
responses upon exposure. The table below provides the highest tested level(s) and specific
endpoint(s):

Endpoint Tested level (ppm) | Reference

Aerosol chemistry | 60 Labstat International Inc. (2021)
In vitro genotoxicity | 60 Labstat International Inc. (2022)
In vitro cytotoxicity | 60 Labstat International Inc. (2022)




10. Ecotoxicity
10.1. Environmental fate

EPISuite provides the following data:

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

Bond Method : 1.91E-002 atm-m3/mole (1.93E+003 Pa-m3/mole)

Group Method: 1.04E-002 atm-m3/mole (1.06E+003 Pa-m3/mole)

Henrys LC [via VP/WSol estimate HLC: 4.283E-002 atm-m3/mole (4.340E+003 Pa-m3/mole) VP:
using User-Entered or Estimated 6.07E-005 mm Hg (source: MPBPVP) WS: 0.000579 mg/L (source:
values]: WSKOWWIN)

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

Log Kow used: 8.51 (KowWin est)
Log Kaw used: -0.107 (HenryWin est)

Log Koa (KOAWIN v1.10 estimate): | 8.617

Log Koa (experimental database): None

Probability of Rapid Biodegradation (BIOWIN v4.10):

Biowin1 (Linear Model): Biowin2 (Non-Linear Model) : Biowin3 (Ultimate Survey
Model): Biowin4 (Primary Survey Model) : Biowin5 (MITI Linear Model) :
Biowin6 (MITI Non-Linear Model): Biowin7 (Anaerobic Linear Model):

0.8823 0.9893 2.9515
(weeks) 3.8978 (days)
0.8865 0.9273 0.7739

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): 0.00809 Pa (6.07E-005 mm
Hg)

Log Koa (Koawin est): 8.617

Kp (particle/gas partition coef. (m3/ug)): Mackay model: Octanol/air (Koa) 0.000371 0.000102




model:

Fraction sorbed to airborne particulates (phi):

Junge-Pankow model: 0.0132
Mackay model: 0.0288

Octanol/air (Koa) model: | 0.00806

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

OVERALL OH Rate Constant = | 76.1620 E-12 cm3/molecule-sec [Cis-isomer]
OVERALL OH Rate Constant = | 83.7620 E-12 cm3/molecule-sec [Trans-isomer]
Half-Life = 1.685 Hrs (12-hr day; 1.5E6 OH/cm3) [Cis-isomer]

Half-Life = 1.532 Hrs (12-hr day; 1.5E6 OH/cm3) [Trans-isomer]

Ozone Reaction:

OVERALL Ozone Rate Constant =

OVERALL Ozone Rate Constant =

Half-Life =

Half-Life =

Reaction With Nitrate Radicals May Be Important!

13.000000 E-17 cm3/molecule-sec [Cis-]
20.000000 E-17 cm3/molecule-sec [Trans-]
2.116 Hrs (at 7E11 mol/cm3) [Cis-isomer]

1.375 Hrs (at 7E11 mol/cm3) [Trans-isomer]

Fraction sorbed to airborne particulates (phi): 0.021 (Junge-Pankow, Mackay avg) 0.00806 (Koa method)
Note: the sorbed fraction may be resistant to atmospheric oxidation

Soil Adsorption Coefficient (KOCWIN v2.00):

Koc : 8.651E+004 L/kg (MCI method)
Log Koc: | 4.937 (MCI method)

Koc : 3.687E+005 L/kg (Kow method)

Log Koc: | 5.567 (Kow method)

Aqueous Base/Acid-Catalyzed Hydrolysis

(25 deg C) [HYDROWIN v2.00]:

Total Kb for pH > 8 at 25 deg C: | 2.848E-002 L/mol-sec




‘ Kb Half-Life at pH 8: | 281.632 days ‘

Kb Half-Life at pH 7: | 7.711 years ‘

(Total Kb applies only to esters, carbmates, alkyl halides)
Volatilization from Water: Henry LC: 0.0104 atm-m3/mole (estimated by Group SAR Method)

Half-Life from Model River: | 1.897 hours

Half-Life from Model Lake: | 168.5 hours (7.019 days)

Removal In Wastewater Treatment:

Total removal: 94.03 percent
Total biodegradation: 0.78 percent
Total sludge adsorption: | 93.23 percent

Total to Air: 0.02 percent

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

Mass Amount (percent) | Half-Life (hr) | Emissions (kg/hr)
Air 0.141 1.3 1000
Water 23.2 360 1000
Soil 73.2 720 1000
Sediment | 3.44 3.24e+003 0

Persistence Time: 463 hr

The Ecological Categorization Results from the Canadian Domestic Substances List state that ethyl
9-octadecenoate (ethyl oleate) is not persistent in the environment:

Media of concern leading to Categorization Soill
Experimental Biodegradation half-life (days) Not Available
Predicted Ultimate degradation half-life (days) 15

MITI probability of biodegradation 0.9273
TOPKAT probability of biodegradation 1

EPI Predicted hydrolysis half-life (days) 2.82E+003
EPI Predicted Ozone reaction half-life (days) 0.08815




EPI Predicted Atmospheric Oxidation half-life (days) | 0.1404

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

10.2. Aquatic toxicity

The Ecological Categorization Results from the Canadian Domestic Substances List simply state
that ethyl 9-octadecenoate (ethyl oleate) is of uncertain inherent toxicity to aquatic organisms.

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 111-62-6:

Values used to Generate ECOSAR Profile

Log Kow: 8.507 (EPISuite Kowwin v1.68 Estimate)

Wat Sol: 0.001105 (mg/L, EPISuite WSKowwin v1.43 Estimate)

ECOSAR v1.11 Class-specific Estimations
Esters
ECOSAR Class Organism Duration | End Pt | Predicted
mg/L (ppm)

Esters : Fish 96-hr LC50 0.007 *
Esters : Daphnid 48-hr LC50 0.007 *
Esters : Green Algae | 96-hr EC50 0.00103
Esters : Fish Chv 0.000126
Esters : Daphnid Chv 0.000717
Esters : Green Algae Chv 0.002 *
Esters : Fish (SW) 96-hr LC50 0.007 *
Esters : Mysid 96-hr LC50 0.000268
Esters : Fish (SW) ChVv 0.003 *
Esters : Mysid (SW) ChVv 3.43e-008
Neutral Organic SAR : | Fish 96-hr LC50 0.000366
(Baseline Toxicity) : Daphnid 48-hr LC50 0.000378

Green Algae | 96-hr EC50 0.003 *

Fish Chv 7.26e-005

Daphnid Chv 0.000196



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

‘ Green Algae ‘ Chv | 0.003 * ‘

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.

Class Specific LogKow Cut-Offs

If the log Kow of the chemical is greater than the endpoint specific cut-offs presented below, then
no effects at saturation are expected for those endpoints.

Esters:

Maximum LogKow: 5.0 (Fish 96-hr LC50; Daphnid LC50, Mysid LC50)
Maximum LogKow: 6.4 (Green Algae EC50)

Maximum LogKow: 8.0 (ChV)

Baseline Toxicity SAR Limitations:

Maximum LogKow: 5.0 (Fish 96-hr LC50; Daphnid LC50)

Record for (Z)-9-octadecenoic acid, ethyl ester (CAS RN 111-62-6):

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

Name Type Type Obs. Dur. BCF Eff% | Effect (Standardized)
Spec. Common Chem. Loc (Days) Meas. Appl. Rate
Name Anal.

F (56-118) mg/kg

Cyprinus carpio | GV FW MOR/ bawt

Common Carp U LAB 2.917 MORT

As taken from EPA ECOTOX. Available at http://cfpub.epa.gov/ecotox/quick query.htm

10.3. Sediment toxicity

No data available to us at this time.

10.4. Terrestrial toxicity

ECOSAR Version 1.11 reports the following terrestrial toxicity data for CAS RN 111-62-6:
Values used to Generate ECOSAR Profile

Log Kow: 8.507 (EPISuite Kowwin v1.68 Estimate)
Wat Sol: 0.001105 (mg/L, EPISuite WSKowwin v1.43 Estimate)

ECOSAR v1.11 Class-specific Estimations
Esters



http://cfpub.epa.gov/ecotox/quick_query.htm

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

Esters : Earthworm | 14-day LC50 32.322 %

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.

Class Specific LogKow Cut-Offs

If the log Kow of the chemical is greater than the endpoint specific cut-offs presented below, then
no effects at saturation are expected for those endpoints.

Esters:
Maximum LogKow: 6.0 (Earthworm LC50)

“Parasites are known to cause the loss of individuals in social insects. In honey bee colonies the
disappearance of foragers is a common factor of the wide extended colony losses. The emergent
parasite of the European honey bee Nosema ceranae has been found to reduce homing and
orientation skills and alter metabolism of forager bees. N. ceranae-infected bees also show
changes in Ethyl Oleate (EO) levels, which is so far the only primer pheromone identified in
workers that is involved in foraging behavior. Thus, we hypothesized that N. ceranae (i) modifies
flight activity of honey bees and (ii) induces EO changes that can alter foraging behavior of
nestmates. We compared flight activity of infected bees and non-infected bees in small colonies
using an electronic optic bee counter during 28 days. We measured EO levels by gas
chromatography-mass spectrometry and spore-counts. Bee mortality was estimated at the end of
the experiment. Infected bees showed precocious and a higher flight activity than healthy bees,
which agreed with the more elevated EO titers of infected bees and reduced lifespan. Our results
suggest that the higher EO levels of infected bees might delay the behavioral maturation of same
age healthy bees, which might explain their lower level of activity. We propose that delayed
behavioral maturation of healthy bees might be a protective response to infection, as healthy bees
would be performing less risky tasks inside the hive, thus extending their lifespan. We also discuss
the potential of increased flight activity of infected bees to reduce pathogen transmission inside the
hive. Further research is needed to understand the consequences of host behavioral changes on
pathogen transmission. This knowledge may contribute to enhance natural colony defense
behaviors through beekeeping practices to reduce probability of colony losses.” As taken from
Dussaubat C et al. 2013. J. Invertebr. Pathol. 113(1), 42-51. PubMed, 2014 available at:
http://www.ncbi.nlm.nih.gov/pubmed/23352958

10.5. All other relevant types of ecotoxicity

EPISuite provides the following data:
Bioaccumulation Estimates (BCFBAF v3.01):

Log BCF from regression-based method: 2.789 (BCF = 615.4 L/kg wet-wt)
Log Biotransformation Half-life (HL): 0.6054 days (HL = 4.031 days)
Log BCF Arnot-Gobas method (upper trophic): | 1.401 (BCF = 25.17)

Log BAF Arnot-Gobas method (upper trophic): | 2.840 (BAF = 691.9)



http://www.ncbi.nlm.nih.gov/pubmed/23352958

log Kow used: 8.51 (estimated)

The Ecological Categorization Results from the Canadian Domestic Substances List state that ethyl
9-octadecenoate (ethyl oleate) is not bioaccumulative in the environment:

Log Kow predicted by KowWin 8.51

Log BAF T2MTL predicted by Gobas 6.31152964258839
Log BCF 5% T2LTL predicted by Gobas | 3.72310867471307
Log BCF Max predicted by OASIS 3.6263198204524

Log BCF predicted by BCFWIN 1.246

Data accessed May 2017 on the OECD website: http://webnet.oecd.org/CCRWeb/Search.aspx
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2.1

Introduction

The Joint FAO/WHO Expert Committee on Food Additives met in
Geneva from 9 to 18 June 1998. The meeting was opened by Dr M.
Younes, Chief, Assessment of Risks and Methodology, International
Programme on Chemical Safety, WHO, on behalf of the Directors-
General of the Food and Agriculture Organization of the United
Nations and the World Health Organization. Dr Younes noted the
increasing importance in the work of the Committee of intake
assessments, which are carried out in response to requests for advice
by the Codex Committee on Food Additives and Contaminants in
the course of its development of the General Standard for Food
Additives and the General Standard for Contaminants and Toxins in
Food.

General considerations

As a result of the recommendations of the first Joint FAO/WHO
Conference on Food Additives, held in September 1955 (1), there
have been 50 previous meetings of the Expert Committee (Annex 1).
The present meeting was convened on the basis of the recommen-
dation made at the forty-ninth meeting (Annex 1, reference 731).

The tasks before the Committee were:

— to elaborate further principles for evaluating the safety of food
additives and contaminants (section 2);

— to undertake toxicological evaluations of certain food additives
and flavouring agents (sections 3 and 4 and Annex 2);

— to assess the intake of certain food additives (section 5 and Annex
2); and

— to review and prepare specifications for selected food additives
and flavouring agents (sections 3 and 6 and Annex 2).

Modification of the agenda

Montanic acid esters were removed from the agenda because data
were not submitted. Methylmercury was removed because some of
the relevant studies needed for the evaluation had not yet been
completed. Furfural was added to the agenda at the request of an
international organization. (—)-Menthol ethylene glycol carbonate,
a mixture of (—)-menthol 1- and 2-propylene glycol carbonate,
(-)-menthone 12-glycerol ketal, (*)-menthone 1,2-glycerol ketal,
mono-menthyl succinate and 1-ethylhexyl tiglate (octen-3-yl 2-methyl-
2-butenoate) were also added to the agenda at the present meeting.
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On the basis of comments received at the Thirtieth Session of the
Codex Committee on Food Additives and Contaminants (2), 11
substances were added to the agenda for review of the specifications
only: citric acid, carthamus yellow, calcium propionate, sucrose esters
of fatty acids, potassium sorbate, sodium sorbate, calcium sorbate,
aluminium powder, talc, microcrystalline cellulose and gum arabic.

Six substances were added to the agenda for review of the specifi-
cations only at the initiative of FAO, by the Committee itself, or in
response to requests of other interested parties: ferrous sulfate, fur-
furyl alcohol, polydextroses, sorbitan monolaurate, xanthan gum, and
tartaric, acetic and fatty acid esters of glycerol, mixed (DATEM).

Principles governing the toxicological evaluation of
compounds on the agenda

In making recommendations on the safety of food additives and
contaminants, the Committee took into consideration the principles
established and contained in Environmental Health Criteria, No. 70,
Principles for the safety assessment of food additives and contaminants
in food (Annex 1, reference 76), as well as the principles elaborated
subsequently at meetings of the Committee (Annex 1, references 77,
83, 88, 94, 101, 107, 116, 122 and 131), including the present one.
Environmental Health Criteria, No. 70 (Annex 1, reference 76) em-
braces the major observations, comments and recommendations on
the safety assessment of food additives and contaminants contained,
up to the time of its publication, in the reports of the Committee and
other associated bodies. The Committee noted that the document
reaffirms the validity of recommendations that are still appropriate,
and points out the problems associated with those that are no longer
valid in the light of modern technical advances.

2.2.1 Prediction of metabolism of flavouring agents into innocuous

products

Comprehensive metabolism data were not available for most of the
flavouring agents evaluated at the present meeting. However, data
were available for at least one member of each group of flavouring
agents, and the response to question 2 of the Procedure for the Safety
Evaluation of Flavouring Agents (Fig. 1) “Can the substance be
predicted to be metabolized to innocuous products?” was based on
knowledge of the substrate specificities of the enzymes involved in the
different metabolic pathways, and on the fates and toxicological
profiles of structural analogues. The Committee recognized that the
Procedure for the Safety Evaluation of Flavouring Agents requires
scientific judgement of the predicted metabolic fates of the
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compounds under evaluation and the possible toxicological conse-
quences. Such judgements are inherent in the adoption of the Proce-
dure, and are considered acceptable only because of the low intakes
of the flavouring agents, and the conservative assumptions made in
defining the thresholds of concern for the different structural classes.
In many cases, the prediction of the metabolic fates for individual
members of the groups of flavouring agents considered at the present
meeting was based on extrapolation from data on compounds with
analogous structures, rather than from data on the individual fla-
vouring agent per se. Accordingly, the Committee recognized that
there are limitations in the extent to which reliable predictions of
metabolic fate can be made. For instance, it is unlikely that the me-
tabolism of pulegone into a menthofuran capable of oxidation to a
hepatotoxic epoxide (3) would have been predicted. In consequence,
steps B3, B4 and B5 of the Procedure should be used when the
metabolic fate of a flavouring agent and its toxicological consequen-
ces cannot be predicted with confidence. Whenever flavouring agents
are predicted to be metabolized to innocuous products, the validity of
this conclusion should be checked by comparison with available toxi-
cological data on the agent and/or its structural analogues.

All safety evaluations are based on the information available at
the time. New data, including information on novel pathways of
metabolic bioactivation, should be the stimulus for a re-evaluation of
flavouring agents.

2.2.2 Literature surveys

2.3

The Committee expects sponsors of food additives to include in their
dossiers relevant published papers that they have identified in litera-
ture surveys. However, the extent to which the literature has been
surveyed is not always clear from the information submitted. Spon-
sors should perform comprehensive literature searches and indicate
their origin and extent. They should specify the databases scanned,
the years covered and the search strategy employed, including the key
words used. This will permit authors of working papers and those
doing independent literature surveys for the Committee to focus their
own searches more productively.

Principles governing intake assessments

Important considerations underlie the procedures for evaluating as-
sessments of intake of (or dietary exposure to) food additives and
contaminants. Intake assessments may be part of an assessment of
total exposure that includes water and other non-dietary sources of
chemicals, where relevant. Exposure assessments are an integral part



of the risk assessment process which includes four stages: hazard
identification, hazard characterization, exposure assessment and risk
characterization (4).

Intake assessments can be requested by the Expert Committee, Mem-
ber States, the Codex Committee on Food Additives and Contami-
nants, Codex commodity committees or international organizations.
When substances are evaluated toxicologically by the Expert Com-
mittee, intake should also be assessed. All relevant information
should be submitted and the purpose and scope of the intake assess-
ment should be described.

To ensure that the submitted data are uniform, the Committee re-
quests that data be collected using standardized methods as detailed
in Table 1. Information about assessments of national intake is gen-
erally based on five methods: “poundage” (disappearance) data; food
balance sheet data; household economic surveys or retail sales sur-
veys; model diets; and individual dietary records. Countries are requ-
ested to submit information on dietary intake obtained using one or
more of these methods, chosen on the basis of the availability of data.

General considerations

* Whenever a substance undergoes toxicological evaluation, the
Committee should assess its intake so that the risk can be
characterized.

* Intake assessments should be undertaken in a transparent and
consistent manner.

* The budget method should be used at the international level as a
screening tool to identify food additives requiring detailed intake
assessments.

* Intake assessments should integrate data on food consumption with
data on the level of chemicals in food to enable the intake of the
chemical to be estimated.

e Estimates of chronic (long-term) intake should generally be derived
for the population group to which the Acceptable Daily Intake
(ADI) for a food additive or the Provisional Tolerable Weekly
Intake (PTWI) for a contaminant applies.

e The estimate of chronic intake is adjusted for body weight and
then compared with the ADI for a food additive or PTWI for a
contaminant, where established by the Committee (3).

* Estimates of acute (short-term) intake can be derived when

regarded as necessary because of potential acute adverse effects on
health.
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e Additional assessments of intake for a specific population subgroup
can be undertaken when the Committee has identified the groups
that are potentially susceptible or at risk for toxicological reasons.

e When a number of compounds have a group ADI, the intake
assessment should cover the whole group of compounds.

* A body weight of 60kg for entire populations is used for intake
assessments unless alternative body weights are provided by
countries for use with national data.

Data used in evaluations
e The Committee uses the data on intake assessments submitted by
countries to undertake additional calculations, where appropriate.

» Data on food consumption are collected at the national, household
or individual level (Table 1).

e Data on food consumption should be representative of the
population group to which the ADI or PTWI refers.

» Intake assessments are based on three types of data: maximum
levels of use from the proposed draft General Standard for
Food Additives or the proposed draft General Standard for
Contaminants and Toxins in Food, national food standards, and
measured levels, where available.

¢ Intake assessments based on national data on food consumption
and maximum levels of use specified in the draft General Standard
for Food Additives should state whether all the food categories
proposed in the General Standard have been considered or only
those food categories permitted in national standards.

e Food intakes reported on an “as consumed” basis should be
grouped for assessments of intake of a food additive according to
the food classification system used in the draft General Standard
for Food Additives (Annex 4), and for assessments of intake of
contaminants according to the General Standard for Contaminants
and Toxins in Food.

Evaluations

e Evaluations of national estimates of intake should include
comments on the quality, uncertainty and variability of the data.
All data sources should be documented.

» Assessments of chronic intake should be presented as means,
percentiles or distributions for the entire population studied and
for actual consumers of foods containing the food chemical of



interest. Assessments of chronic intake should be expressed as a
percentage of the ADI or PTWL

» Intake estimates represent the intake of the additive or contami-
nant from the total diet. They include both average and high in-
takes of the additive or contaminant.

* Food groups that account for a high proportion of the total esti-
mated mean intake of a food chemical by consumers should be
identified in the evaluation, where possible.

Variability and uncertainty

It is important to distinguish between the relative contributions of
variability and uncertainty to the accuracy and precision of intake
estimates (5). In evaluating intake estimates based on “poundage”
data, food balance sheet data, household economic surveys or retail
sales surveys, model diets or individual dietary records, it is important
to note that the data may not be strictly comparable even among
countries using any one approach to estimate intakes due to
differences in the following:

— duration of the survey;

— number of individuals surveyed;

— population groups selected, such as age/sex groupings;

— average body weights;

— definition of “high-intake consumers™;

— chemical levels (depending on whether the maximum levels
specified in the draft General Standard for Food Additives, the
draft General Standard for Contaminants and Toxins in Food, or
national food standards are used, or levels are measured); and

— assumptions made about how to assign foods reported on an “as
consumed” basis in the food classification systems used in the draft
General Standard for Food Additives, the draft General Standard
for Contaminants and Toxins in Food or national standards.

In addition, the use of certain methods of data collection, data sets
and assumptions in estimating consumption of food and/or food
chemicals may result in different estimates of the intake of additives
or contaminants. Potential sources of uncertainty and variability are
detailed in Table 2.

Recommendations

In making recommendations based on the evaluation of national
assessments of intake, it is essential that information on the reliability,
variability and uncertainty of data used in the assessments be
provided. In cases where data are insufficient for the purpose of the
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2.4

evaluation, recommendations will be made for the submission of
additional data.

Recommendations will be accompanied by relevant supporting infor-
mation that may be important for Codex committees when consider-
ing various options for risk management. For example, informa-
tion may be included on alternative food additives that serve the same
technological function. For contaminants, information may be
included on the feasibility of reducing contaminant levels in specific
foods, monitoring levels in foods and the availability of suitable
methods of analysis. '

Principles governing the establishment and revision of
specifications

2.4.1 Specifications and the ADI

For easy reference the Committee decided to indicate in all speci-
fications the status of the ADI of the substance.

2.4.2 Microbiological criteria in specifications monographs for food
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additives

In some instances, particularly for products of natural origin, the
Committee has included microbiological criteria in the specifications
monograph. At its present meeting, the Committee agreed on the
appropriateness of establishing a policy for setting microbiological
criteria. The Committee therefore established the following policy.

Policy on microbiological criteria

In general, manufacturers of food additives are expected to use good
manufacturing practices and to establish microbiological controls in
production processes as necessary. This is to ensure that food
additives are not contaminated with pathogenic or other undesirable
organisms or with microbial metabolites and that the food additive is
suitable for its intended use. Such a requirement will be included in
the specifications monograph when the Committee recognizes the
need for microbiological criteria for an individual substance.

The Committee will consider, on a case-by-case basis, the following
factors when developing microbiological criteria for food additives:

— the origin of the food additive (plant, animal or natural mineral
source or microbially derived via fermentation);

— evidence of a health hazard or potential health hazard based on
epidemiological data, hazard analysis or specific populations that
may be at risk;



— the nature of the natural and commonly acquired microorganisms
that contaminate the food additive and the ability of the food
additive to support their growth;

— the effect of further processing on the microorganisms that con-
taminate the food additive;

— the potential for microbial contamination and/or growth in a food
additive during its procurement, processing, handling, storage and
distribution;

— the state in which the food additive is packaged, stored and
distributed (e.g. frozen, refrigerated, heat-processed); and

— the potential for direct use by consumers.

Any one of these factors may signal the need to consider establishing
microbiological criteria for a food additive.

2.4.3 Specifications for flavouring agents

The Committee considered the specifications for 232 flavouring
agents at the present meeting. These included 224 substances that
were on the original agenda (nos 139 and 219-442) and a further
eight that were added to the agenda at the meeting (nos 443-448,
450 and 451). No information was provided on substance no. 436 (3-
(L-menthoxy)propane-1,2-diol), which was not considered further.
The specifications considered included a number of substances that
were previously described in separate monographs. The new
specifications replace these monographs for flavouring uses of the
substances.

Sixty-eight specifications were classified as tentative because not all
the necessary relevant information had been provided. Many of the
flavouring agents examined at the present meeting were more
complex than those considered previously, and the sponsors were
asked to examine specifications carefully in the future to ensure that
all relevant information is available and to correct any information
that does not accurately represent flavouring agents that are on the
market.

As at previous meetings, identification of most of the flavouring
agents was based on infrared spectra. However, this may not always
be the method of choice because the infrared spectra of closely re-
lated substances may be indistinguishable, even in the fingerprint
region. The Committee would welcome further comments on this
point, in particular on the possible merits of using more sophisti-
cated methods such as mass spectrometry and/or nuclear magnetic
resonance.

13



2.4.4 Specifications for vitamins and minerals

At its present meeting, the Committee was requested by FAO to
develop food-grade specifications for ferrous sulfate for use in food
fortification. Vitamins and minerals do not fall within the scope of
the Committee’s traditional definition of the term “food additive”;'
nonetheless, FAO receives repeated requests for food-grade speci-
fications for substances used in food fortification.

Although the Committee has prepared specifications for approxi-
mately 40 traditional food additives that also have incidental uses as
vitamins and minerals, more than 60 substances remain for which
internationally recognized food-grade specifications are lacking (7). It
was agreed that such substances would normally be on the agenda for
the development of specifications only. In certain cases, however, it
may be necessary to undertake toxicological evaluations as well, for
example when novel forms of nutrients are involved.”

2.4.5 Enzyme preparations derived from genetically modified
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microorganisms

At the thirty-seventh meeting of the Committee (Annex 1, reference
94), an addendum to the “General specifications for enzymes used in
food processing” (Annex 1, reference 96) was prepared. This add-
endum addressed issues relating to enzyme preparations derived from
genetically modified microorganisms. The text is published in
Appendix B (General considerations and specifications for enzymes
from genetically manipulated microorganisms) to Annex 1 (General
specifications for enzyme preparations used in food processing) of the
Compendium of food additive specifications (Annex 1, reference 96).

At its present meeting, the Committee concluded that the first part of
Appendix B (General considerations) should be revised as follows.

For the proper evaluation of enzyme preparations derived from
genetically modified microorganisms, information should be provided
on the host microorganism, the genetic material introduced into the

At its first meeting in 1956, the Committee defined the term food additives as “non-
nutritive substances added intentionally to food, generally in small quantities, to improve
its appearance, flavour, texture or storage properties” (Annex 1, reference 7). The
Committee later expanded its scope to include food contaminants as well as certain
nutritive substances consumed in high amounts (Annex 1, reference 76).

N

Such a case occurred at the forty-first meeting when the Committee evaluated the safety
of the use of sodium iron EDTA (ethylenediamine tetraacetate or edetate) in supervised
food fortification programmes in populations in which iron-deficiency anaemia is
endemic (Annex 1, reference 107). The Committee expressed concern about the
potential for over-fortification of food because of the enhanced bicavailability of iron in
this form.



host microorganism and the recombinant production microorganism.
Annex 1 of the Compendium of food additive specifications (Annex 1,
reference 96) addresses factors relevant to all microbial sources
(conventional and recombinant) used in the production of enzyme
preparations and to fermentation and recovery procedures. The
following points need emphasis when the production of enzyme
preparations derived from genetically modified microorganisms is
considered:

* The host microorganism should be taxonomically and genetically
characterized.

e Documentation demonstrating that the host microorganism is non-
pathogenic and non-toxicogenic should be provided.

e The genetic material (i.e. the expression vector or plasmid) in-
tended for introduction into the host microorganism should be
characterized and a description of its construction provided. As
appropriate, it should be demonstrated that the genetic material
does not contain genes coding for virulence factors, protein toxins
or enzymes that may be involved in the synthesis of mycotoxins or
any other toxic or undesirable substances. The source of the DNA
encoding the enzyme of interest should be identified where
possible.

¢ The production microorganism should be characterized with
respect to the introduced DNA, its genetic stability and its growth
properties.

» If the production microorganism is capable of producing proteins
that inactivate clinically useful antibiotics, documentation should
be provided that the finished enzyme preparation contains neither
antibiotic-inactivating proteins at concentrations that would inter-
fere with antibiotic treatment nor DNA that is capable of transfor-
ming microorganisms, which potentially could lead to the spread of
antibiotic resistance.

* All enzyme preparations should be evaluated for their potential to
elicit allergic reactions. As a general rule, if a food is known to
cause an allergic reaction in humans, its use as a source of DNA
encoding the enzyme of interest should be avoided. In exceptional
cases, where there is a demonstrated need to use an allergenic
source of DNA, documentation should be provided indicating that
the enzyme is not associated with the allergic reaction. Worldwide
the most common allergenic foods are fish, crustaceans, peanuts,
tree nuts, soybeans, milk, eggs and wheat.

15
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The above points cover the major issues pertinent to the development
of enzyme preparations derived from genetically modified microor-
ganisms. These points emphasize and supplement the issues that
must be considered in the safety evaluation of such enzyme pre-
parations which in general relate to the avoidance of undesirable
impurities.

The following properties might be useful in characterizing enzymes
from recombinant microorganisms: relative molecular mass, isoelec-
tric point, substrate specificity, reaction kinetics, activity as a
function of pH and temperature, amino acid composition, amino acid
sequence, a peptide map and the sequence of DNA bases coding for
the enzyme.

In revising the second part of Appendix B (Specifications for enzymes
from genetically manipulated microorganisms), the Committee re-
moved the tentative designation. The revised section on specifications
to be published in the specifications monograph focuses on the sec-
tion of the monographs that deals with the host microorganism for
enzymes from genetically modified microorganisms. It notes that any
microbial strain that meets the general considerations for enzymes
specified in Annex 1 of the Compendium of food additive specifica-
tions (Annex 1, reference 96) should be a safe and suitable host for
the introduced DNA. Citation of the genus and species of the host
and donor organisms is usually adequate for microorganisms that
have been determined to be safe and suitable. The citation of the
strain is appropriate where a non-pathogenic and non-toxicogenic
strain belongs to a species that also encompasses pathogenic and
toxicogenic strains. Citation of the specific expression plasmids is
generally unnecessary where the plasmid vector is well characterized
and documentation on the production microorganism, including the
introduced DNA, can be used to Verlfy the appropriateness of the
expression plasmid selected.

The Committee requested comments on the revised text of Appendix
B, which will be published as an Annex in the specifications
monograph.

The Committee also amended the “General notices applying to the
standards, tests and assays of the specifications prepared by the Joint
FAO/WHO Expert Committee on Food Additives” in the Compen-
dium of food additive specifications (Annex 1, reference 96) to align
the text on the source of enzyme preparations with the revision of
Appendix B to Annex 1, as described above.



2.4.6 Limit test for heavy metals

3.1
3.1.1

The Committee reaffirmed the decision taken at its forty-ninth meet-
ing (Annex 1, reference 131) to replace, as appropriate, the general
test for heavy metals in the specifications with tests for specific metals,
particularly for lead, cadmium, mercury and arsenic.

In order to confirm the limits for heavy metals, the Committee would
require confirmation of the actual levels determined in the food addi-
tives in question from sponsors.

The Committee will endeavour to establish guidelines for setting
limits for specific heavy metals. At its present meeting, the Committee
confirmed that it would aim to set limits that were as low as
practicable for those elements of concern.

The Committee adopted a general limit for lead of 2mg/kg. When
an additive was known to be used in substantial amounts, a limit of
1mg/kg was chosen. In a few cases where there was evidence that the
lead content of the product could not be reduced to these levels, a
limit of Smg/kg was specified.

Specific food additives

The Committee evaluated four food additives for the first time and
re-evaluated 12 food additives considered at previous meetings. In
addition, the Committee evaluated a large number of flavouring
agents using the Procedure for the Safety Assessment of Flavouring
Agents (see section 4). Information on the evaluations and on
specifications is summarized in Annex 2. Details of further
toxicological studies and other information required for certain
substances are given in Annex 3.

Enzyme preparations
o-Acetolactate decarboxylase

o-Acetolactate decarboxylase derived from a genetically modified
organism was previously reviewed by the Committee at its forty-
ninth meeting (Annex 1, reference 131), when a temporary ADI “not
specified” was established. The ADI was designated as “temporary”
because the specifications were tentative.

At its present meeting, the Committee prepared specifications that
are consistent with the specifications for the product that was tested
toxicologically. Therefore, the Committee removed the temporary
qualification and established an ADI “not specified”.

17



A toxicological monograph was not prepared. The existing specifi-
cations were revised in accordance with the revised Appendix B
(General considerations and specifications for enzymes from geneti-
cally manipulated microorganisms) to Annex 1 (General speci-
fications for enzyme preparations used in food processing) of the
Compendium of food additive specifications (Annex 1, reference 96) as
described in section 2.4.5 and the “tentative” designation was deleted.

3.1.2 Maltogenic amylase

3.2
3.2.1
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Maltogenic amylase derived from a genetically modified organism
was previously reviewed by the Committee at its forty-ninth meeting
(Annex 1, reference 137), when a temporary ADI “not specified” was
established. The ADI was designated as “temporary” because the
specifications were tentative.

At its present meeting, the Committee prepared specifications that
are consistent with the specifications for the product that was tested
toxicologically. Therefore, the Committee removed the temporary
qualification and established an ADI “not specified”.

A toxicological monograph was not prepared. The existing speci-
fications were revised in accordance with the revised Appendix B
(General considerations and specifications for enzymes from geneti-
cally manipulated microorganisms) to Annex 1 (General specifi-
cations for enzyme preparations used in food processing) of the
Compendium of food additive specifications (Annex 1, reference 96) as
described in section 2.4.5 and the “tentative” designation was deleted.

Flavouring agents
trans-Anethole

trans-Anethole was first evaluated by the Committee at its eleventh
meeting (Annex 1, reference /4) and re-evaluated at its twenty-third
meeting (Annex 1, reference 50), when a temporary ADI of 0-2.5mg/
kg of body weight was allocated. At the thirty-third meeting (Annex
1, reference 83), the temporary ADI was reduced to 0-1.2mg/kg of
body weight on account of the tumorigenic effects observed in the
liver of female rats in a 27-month study. At that time, the Committee
requested further details of the long-term study in rats and the results
of metabolic studies, and further noted that a long-term study in mice
and an epidemiological study might be required. At the thirty-seventh
meeting (Annex 1, reference 94), the temporary ADI for trans-
anethole was reduced to 0-0.6mg/kg of body weight after considera-
tion of the results of three independent reviews of the histological
changes in the liver of rats in the long-term study. At that time, a



recommendation was made for further metabolic and pharmaco-
kinetic studies, chromosomal aberration studies and in vitro tests for
gene mutations in mammalian cells. At its thirty-ninth and forty-ninth
meetings (Annex 1, references 101 and 137), the Committee further
extended the temporary ADI of 0-0.6mg/kg of body weight, pending
completion of the recommended studies.

At its present meeting, the Committee evaluated the results of new
90-day studies in rats and mice, together with those of studies on the
metabolism of frans-anethole in mice and rats, studies on the effects
on hepatic enzyme induction in these species of short-term
administration of frans-anethole in the diet, in vitro cytotoxicity and
genotoxicity studies and some epidemiological data which had
become available since the thirty-seventh meeting. These studies
provided information on the significance to humans of the results of
the long-term study in rats. In addition, studies on reproductive
toxicity and immunotoxicity were reviewed. A long-term study in
mice, which had been requested at the thirty-ninth meeting, was not
available.

The no-observed-effect level (NOEL) from the previously reviewed
long-term study in rats was 2.5 g/kg (0.25%) in the diet (equivalent to
125mg/kg of body weight per day), based on an increased incidence of
hepatic focal nodular hyperplasia in animals of both sexes at higher
doses. Administration of trans-anethole to 30 female CD-1 mice for
12 months at 4.6 g/kg (0.46%) in the diet (equivalent to 700mg/kg of
body weight per day) did not result in the induction of hepatomas in
any of the animals up to 18 months after the feeding of trans-anethole
had been initiated; the related alkenylbenzenes, safrole and estragole,
induced hepatomas in the same assay.

Most of the evidence on genotoxicity and DNA interactions of trans-
anethole reviewed at the present meeting suggested that it is not
genotoxic. Under standard assay conditions, rrans-anethole was not
mutagenic in Salmonella typhimurium, and negative results were
obtained in tests for induction of chromosomal aberrations in Chinese
hamster ovary cells in vitro, induction of micronuclei in mice in vivo
and unscheduled DNA synthesis in vitro and in vivo. The only posi-
tive results were obtained for mutation at the ¢tk locus in mouse
lymphoma cells in both studies performed and in three assays in S.
typhimurium when a microsomal activation system with enhanced
protein content or when the co-factor 3’-phosphoadenosine-5’-
phosphosulfate (PAPS) was added. The rate of formation of adducts
in hepatic DNA from adult and weanling mice exposed to trans-
anethole was very low in comparison with the rate after exposure to
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the hepatocarcinogenic alkylbenzenes, safrole, estragole and methyl-
eugenol.

The potential of metabolites of trans-anethole to induce unscheduled
DNA synthesis in rat hepatocytes in vifro was also investigated.
Neither the initial w-oxidation product, 3’-hydroxy anethole, nor the
epoxide products, anethole 1,2-oxide and its metabolite, anethole 1,2-
diol, induced unscheduled DNA synthesis. Anethole 1,2-oxide was
cytotoxic, while anethole 1,2-diol exhibited little cytotoxicity. Agents
that prevented further metabolism of the epoxide markedly enhanced
the cytotoxicity of trans-anethole.

The metabolism of frans-anethole proceeds via O-demethylation, side-
chain w-oxidation and epoxidation of the side chain. These pathways
of metabolism occur in rats, mice and humans, but the proportion
of the dose metabolized by different routes is species- and dose-
dependent. O-Demethylation and w-oxidation are the major path-
ways in rats and mice receiving single doses of 200-300mg/kg of
body weight (similar to those administered in the toxicity studies),
and also in humans receiving a single dose of 1mg (equivalent to
0.015mg/kg of body weight). The formation of the cytotoxic epoxide
metabolite has been deduced from the urinary excretion of the iso-
meric diols and of the N-acetylcysteine metabolite derived from con-
jugation with glutathione. The total amounts of these metabolites
excreted by rats (about 15-20%) were higher than those excreted by
mice (about 5-10%) or humans (about 3%). However, in this respect,
the human data have been described adequately for only two subjects
given ["*C] trans-anethole. The available data indicate that rats given
single doses of 200-300mg/kg of body weight metabolize propor-
tionally more trans-anethole to the cytotoxic metabolite than do
humans given a single dose of 1 mg. The metabolic data from humans
were considered by the Committee to be too limited to permit accu-
rate quantitative comparisons of formation of anethole epoxide in
rats and humans.

Recently conducted 90-day feeding studies in CD-1 mice and
Sprague-Dawley rats were reviewed, together with preliminary 28-
day range-finding studies. Most of the observed effects were related
to inanition resulting from decreased food consumption by the
treated animals. The effects of diet rejection were much more appar-
ent in mice and were reflected in the much lower dietary levels toler-
ated. In contrast, in studies in which single doses were given by
gavage, mice appeared to tolerate higher doses of trans-anethole than
did rats. The doses used in the 90-day studies were 30-240mg/kg of
body weight per day for mice and 150-900mg/kg of body weight per



day for rats. In both species, the major indications of inanition were
large decrements in body weight, depletion of hepatic glycogen and
decreased organ weights, while enlarged livers and hypertrophy of the
centrilobular hepatocytes were suggestive of hepatic enzyme induc-
tion. The NOEL in the study in mice was 120mg/kg of body weight
per day, based on decrements in body weight of greater than 10% in
males at the highest dose.

Toxicologically significant effects were apparent from the results of
the 28-day and 90-day studies in rats. In both male and female rats a
hepatotoxic effect of trans-anethole was suggested by elevated serum
activity of y-glutamyl transferase in the 90-day study at doses of 600 or
900mg/kg of body weight per day, and by a reduction of serum
protein and albumin concentrations at a dose of 900mg/kg of body
weight per day. However, no proliferative or other toxicologically
significant lesions were apparent on histopathological examination of
the livers. There was no evidence of a similar effect in mice over the
lower dose range necessitated by their lower tolerance to trans-
anethole in the diet. The NOEL was 300mg/kg of body weight per
day, based on the elevated y-glutamyl transferase activity in both male
and female rats and decrements in body weight exceeding 10% in the
males at higher doses.

Studies of reproductive toxicity in rats given frans-anethole were
conducted over one or four generations. In the 1-generation study,
litter effects (reduced viability of pups. pup survival and pup body
weights) were noted only at doses that were toxic to the dams. The
NOEL for maternal toxicity was 175mg/kg of body weight per day,
based on reduced food consumption and body-weight gain and
overall poor condition in the dams. In the 4-generation study, in
which treated groups received tfrans-anethole at a dose of 10g/kg
(1%) in the diet (equal to 700-1400mg/kg of body weight per day),
the only effect seen in the pups was a reduction in body-weight gain.
A cross-fostering experiment conducted as part of the 4-generation
dietary study indicated that the reduced body-weight gain observed in
pups in the treated groups was related to exposure during lactation,
rather than during the gestation period.

trans-Anethole was not immunotoxic when tested in the sheep eryth-
rocyte plaque-forming assay or a challenge assayv with Listeria mono-
cytogenes.

The data reviewed at the present meeting indicated that trans-
anethole and its metabolites are unlikely to be genotoxic in vivo and
suggested that a cytotoxic metabolite, anethole epoxide, is the pos-
sible causative agent of the hepatotoxic effects noted in the liver of
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rats. Since trans-anethole is metabolized along the same three major
pathways in mice, rats and humans, hepatotoxicity in rats was
considered an appropriate end-point on which to base the ADI.
Because the 90-day study in rats was well conducted by current
standards and the hepatic effects observed were consistent with the
hepatotoxicity observed in the long-term study, it was used to derive
the ADI. The NOEL was 300mg/kg of body weight per day on the
basis of alterations in serum parameters considered to be indicators of
hepatotoxicity. Because of the low tolerance of mice for trans-
anethole administered in the diet, they could not be fed doses com-
parable to those that were toxic to rats. It is therefore unlikely that
a new long-term study in mice could include sufficiently high doses
to induce effects in the liver uncomplicated by inanition.

Because of limitations in the long-term studies in rats and mice, the
Committee concluded that the recent 90-day study in rats provided
the most reliable data for the determination of the NOEL for adverse
effects in the liver. Application of the usual safety factor of 100 to the
NOEL from the 90-day study was considered inappropriate because
of the limitations in the long-term studies. An overall safety factor of
200 was considered adequate to allow for deficiencies in the long-term
studies and to provide a suitable safety margin for the maternal
toxicity observed in reproductive toxicity studies as well as for the
effects seen in the 90-day study in mice.

The Committee allocated an ADI of 0-2mg/kg of body weight on
the basis of the NOEL of 300mg/kg of body weight per day in the
90-day study in rats, to which a safety factor of 200 was applied. The
ADI was rounded to one significant figure, in accordance with usual
practice.

An addendum to the toxicological monograph was prepared. The
existing specifications included in the list of flavouring agents in the
Compendium of food additive specifications, addendum 5 (Annex 1,
reference 133) were maintained.

3.2.2 Furfural

22

Furfural was previously evaluated at the thirty-ninth meeting of
the Committee (Annex 1, reference 101). An ADI was not estab-
lished because of evidence available to the Committee regarding the
genotoxicity and carcinogenicity of furfural. At that time, the Com-
mittee considered that the direct addition of furfural as a flavour was
not appropriate, and that its use as a solvent should be restricted to
situations in which alternatives were not available. The Committee
also considered that transfer of furfural into food should be reduced



to the lowest extent technically feasible. At its present meeting, the
Committee considered furfural as a flavouring agent.

Furfural is used as a flavouring agent in a variety of food products and
alcoholic and non-alcoholic beverages. Furfural and many of its
derivatives occur widely as natural constituents of food.

Since the last evaluation additional data, including those from studies
of the metabolism of furfural, its potential genotoxicity and hepato-
toxicity, have become available.

In both humans and rodents, furfural is efficiently metabolized by
oxidation of the aldehyde functional group to furoic acid, most of
which is conjugated with glycine and excreted. A minor proportion
(<5%) of furoic acid is condensed with acetyl coenzyme A to form
2-furanacryloyl coenzyme A, which is conjugated with glycine and
excreted in the urine. About 5% of [“*COOHJfurfural is eliminated
by rats and mice as radiolabelled carbon dioxide. The metabolic
pathway, which could involve either direct decarboxylation or
epoxidation and opening of the carbon ring, has not been defined.

In short-term studies, furfural was clearly hepatotoxic at doses at and
above 90mg/kg of body weight per day and 150mg/kg of body weight
per day in male rats and male mice, respectively. Minor changes were
reported in the liver of male rats given furfural at lower doses in corn
oil by gavage for 13 weeks and were also present to a lesser extent in
controls given corn oil by gavage. In a study of developmental toxicity
furfural was not toxic in rats at doses of up to 150mg/kg of body
weight per day, the highest dose tolerated.

Furfural, like other aldehydes such as endogenous acetaldehyde, is
a reactive aldehyde; it is reported to bind to soluble proteins and
protein components of cell membranes. Various metabolic processes
(i.e. oxidation, conjugation and condensation) will effectively elimi-
nate the reactive aldehyde functional group when these metabolic
pathways are not saturated by high, non-physiological doses.

Furfural was not genotoxic in most tests in vitro. Positive results were
reported at relatively high concentrations in only three of 16 reverse
mutation assays in Salmonella typhimurium and in one of three rec
assays in Bacillus subtilis. A few chromosomal aberrations were seen
in Chinese hamster ovary cells exposed to relatively high concen-
trations. Sister chromatid exchanges and forward mutations were
induced in mouse lvmphoma cells. This weak activity of furfural in
vitro in some tests for genotoxicity might be explained by the
reactivity of its aldehyde group. Recent studies of unscheduled DNA
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synthesis in hepatocytes of rats treated in vivo and in human liver
treated in vitro gave negative results. Negative results were obtained
in tests for genotoxicity in vivo, except in Drosophila melanogaster
injected with furfural.

In a 2-year study of carcinogenicity in rats given furfural in corn oil by
gavage at doses of 30 or 60mg/kg of body weight per day, hyperplasia
of the bile duct and cholangiofibrosis were seen in essentially all rats
in all groups (treatment and control); the incidence was highest in the
control groups. Mild hepatocellular necrosis was seen in all groups;
however, the rates in males were higher in all treated groups.
Cholangiocarcinomas were observed in two of S0 males at the highest

dose, but the incidence was not statistically significant.

In mice, the combined incidence of adenomas and carcinomas of the
liver (64%) was significantly increased (p <0.01) in males given the
highest dose (175mg/kg of body weight per day), but not in females.
Hepatocellular adenomas and carcinomas also occurred in the
controls and in animals that received the lowest dose (50mg/kg of
body weight per day) and in those given the intermediate dose
(100mg/kg of body weight per day), at incidences of 34-44% in males
and 6-14% in females. The incidences in historical controls were
38% (14-50%) in males and 6.2% (0-30%) in females. Hepato-
toxicity, manifested by features such as focal and multifocal nec-
rosis and chronic inflammation, was seen in all groups, including the
controls, but was considerably more frequent in mice given the high-
est dose.

Studies of oncogene activation in samples of liver tumours in this
study revealed some differences in the pattern of mutations in the
oncogenes observed in treated mice and controls. As it was not
possible to identify the animals from which the tumours originated
and since hepatotoxicity was seen at the intermediate and highest
doses, it was not possible to determine whether a direct genotoxic
event or a secondary genotoxic pathway was involved.

Because of concern about the tumours observed in male mice given
furfural and the fact that no NOEL was identified for hepatotoxicity
in rats, the Committee was unable to allocate an ADI. Before
reviewing this substance again, the Committee would wish to review
the results of studies of DNA binding or adduct formation in vivo to
clarify whether furfural interacts with DNA in the liver of mice. The
Committee also requested the results of a 90-day study of toxicity in
rats to identify a NOEL for hepatotoxicity.

A toxicological monograph was prepared. The existing specifications
for furfural were revised and, as the only direct food-related use of



furfural is as a flavouring agent, they were transferred to the list of
flavouring agents in the specifications monograph.

3.2.3 Menthol

Menthol was first evaluated at the eleventh meeting of the Committee
(Annex 1, reference /4), when it was allocated an unconditional ADI
of 0-0.2mg/kg of body weight and a conditional ADI of 0.2-2mg/kg
of body weight. At the eighteenth meeting, an ADI of 0-0.2mg/kg of
body weight was established (Annex 1, reference 35). Menthol was
re-evaluated at the twentieth meeting of the Committee (Annex 1,
reference 41), when the previous ADI was maintained. At that
meeting, the Committee considered it desirable to evaluate the results
of long-term studies of toxicity and carcinogenicity in rats,
information on the average and likely maximum levels of intake of
menthol, clinical observations on subjects with a higher than average
intake of menthol and the results of studies on metabolism (Annex 1,
reference 42). Since that time, new studies have become available,
principally, 2-year studies of carcinogenicity in mice and rats.

Menthol exists as two optical isomers: (+)-menthol, (—)-menthol and
the racemic mixture ((+)-menthol). The (-)-and (£)-forms are used as
flavouring agents.

Menthol is readily absorbed. Up to 100% of an ingested dose appears
to be absorbed as measured by the elimination of menthol meta-
bolites in the faeces and urine. Absorbed menthol is known to be
eliminated largely as glucuronides; 70-80% of an oral dose is elimin-
ated in the urine and faeces within 48 hours of ingestion. Metabolic
studies indicate that oral doses of menthol are metabolized mainly
in the liver and excreted via the kidneys and in the bile. Men-
thol is efficiently metabolized by normal metabolic pathways. The
metabolites are simple glucuronic acid conjugates and oxidation
products. Mammals can efficiently metabolize menthol by pathways
that do not create hazardous metabolites.

In 13-week toxicity studies in which (£)-menthol was given in the diet,
the NOEL was 560mg/kg of body weight per day in mice and 750mg/
kg of body weight per day in rats on the basis of slightly increased
incidences of interstitial nephritis at higher doses.

In a 2-year study of toxicity and carcinogenicity in mice, (£)-menthol
was administered in the diet at levels equivalent to 300 or 600mg/kg
of body weight per day. The incidences of hepatocellular tumours in
males and lung tumours in females at the higher dose level were not
significantly different from those in concurrent or historical controls.
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The survival rate was decreased in female mice but remained within
the range of historical controls. The NOEL was 600mg/kg of body
weight per day. In a 2-year toxicity/carcinogenicity study in rats given
(£)-menthol in the diet at concentrations equivalent to 190 or 380mg/
kg of body weight per day, the NOEL was 380mg/kg of body weight
per day.

Neither menthol nor its metabolites were genotoxic in in vitro or in
vivo studies.

While no reproductive toxicity studies were available for (£)-
menthol, (-)-menthol was tested at doses of up to 190-430mg/kg of
body weight per day for teratogenicity in mice, rats, hamsters and
rabbits; no teratogenic effects were observed.

The limited data available on metabolism and toxicity provided no
indication of a difference in the toxicity of (-)-menthol and (%)-
menthol. Therefore, the Committee concluded that an ADI could be
established for the two optical isomers of menthol.

The Committee noted that the highest dose of (£)-menthol used in
the long-term studies in mice and rats caused no specific toxic effects.
As survival was reduced in mice given a dose of 600mg/kg of body
weight per day, the Committee allocated an ADI for menthol of 0—
4mg/kg of body weight, based on the NOEL of 380mg/kg of body
weight per day in the long-term study in rats and a safety factor of 100.
The ADI was rounded to one significant figure, in accordance with
usual practice.

A toxicological monograph was prepared. The existing specifications
for (+)-menthol and (-)-menthol were revised and replaced by a
single set of specifications for menthol, which was added to the list of
flavouring agents in the specifications monograph.

Food colours
Curcumin

Turmeric oleoresin and curcumin (the main colouring component of
turmeric oleoresin) were evaluated previously by the Committee at
its thirteenth, eighteenth, twenty-second, twenty-fourth, twenty-sixth,
thirtieth, thirty-fifth, thirty-ninth and forty-fourth meetings (Annex 1,
references 19, 35, 47, 53, 59, 73, 88, 101 and 116). At the eighteenth
meeting, a temporary ADI of 0-0.1mg/kg of body weight was
established for curcumin, based on the ADI for turmeric oleoresin
(0-2.5mg/kg of body weight per day) and an assumed average
concentration of 3% curcumin in turmeric. The temporary ADI for
curcumin was extended at the twenty-second, twenty-fourth, twenty-



sixth, thirtieth, thirty-fifth and thirty-ninth meetings. At the thirty-
ninth meeting, the Committee requested the results of carcinogenicity
studies in mice and rats fed turmeric oleoresin (which were known to
have been completed) and the results of a study of reproductive
toxicity and teratogenicity with curcumin.

At its forty-fourth meeting, the Committee evaluated the results of
the carcinogenicity studies on turmeric oleoresin in rats and mice,
together with new biochemical and genotoxicity data. The Committee
concluded that teratogenicity data on curcumin were no longer
required but reiterated the request for a reproductive toxicity study.
On the basis of a NOEL of 220mg/kg of body weight per day in the
carcinogenicity study in mice and a safety factor of 200, the Com-
mittee increased the temporary ADI to 0-1mg/kg of body weight and
extended it, pending the submission of the results of a reproductive
toxicity study with curcumin for review in 1998.

At its present meeting, the Committee evaluated the results of
fertility studies with turmeric oleoresin given in the diet at levels
equal to 0, 120, 650 or 3300mg/kg of body weight per day in female
rats; 0, 80, 430 or 2200mg/kg of body weight per day in male rats; 0,
220, 1100 or 5500mg/kg of body weight per day in female mice; and 0,
210, 1100 or 5500mg/kg of body weight per day in male mice. The
curcumin content of the turmeric oleoresin was 68-76.5%. In mice
low rates of survival of pups (44% or less) were seen in all treated
groups, the lowest rate occurring at the highest dose. The highest-
dose group also showed a decrease in mean litter size. In rats there
were no effects on the survival of parents or their F, offspring, but
pregnancy rates were decreased in all groups, and were lower in
treated than in control groups. Decreased body-weight gain of pups
was observed at the intermediate and highest doses on days 0-14
postpartum. Because of the low survival rate of pups in the study in
mice, and the low rates of pregnancy observed in rats, the Committee
was unable to evaluate with confidence the significance of the repro-
ductive effects observed in the two studies.

The Committee concluded that the studies of fertility in rats and mice
provided very limited data on the effects of curcumin on this end-
point and that these studies did not provide assurance that the
potential reproductive effects of curcumin have been adequately
investigated. The Committee again requested the results of a
reproductive toxicity study on a substance complying with the
specifications for curcumin.

The temporary ADI of 0-1mg/kg of body weight per day for
curcumin was extended until 2001, pending the submission of data
from a reproductive toxicity study.
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A toxicological monograph was not prepared. The existing speci-
fications were revised and designated as “tentative”, pending the receipt
of information on the need and technological justification for alterna-
tive solvents for use in the current manufacturing processes of curcumin,
which was required for evaluation in 2001.

3.3.2 Riboflavin from genetically modified Bacillus subtilis
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Riboflavin derived from a fermentation process using a genetically
modified strain of Bacillus subtilis has not been previously evaluated
by the Committee. Synthetic riboflavin was evaluated previously by
the Committee at its thirteenth meeting (Annex 1, reference 19),
when an ADI of 0-0.5mg/kg of body weight was allocated on the basis
of a limited database. It was re-evaluated at the twenty-fifth meeting
(Annex 1, reference 56), when a group ADI of 0-0.5mg/kg of body
weight was allocated to riboflavin and riboflavin-5’-phosphate,
expressed as riboflavin. The data reviewed at that time included
information on reproductive toxicity.

The strain of B. subtilis used in riboflavin production has been
genetically modified to overproduce riboflavin by amplification of the
chromosomal region of the riboflavin operon containing suitable
promoters and flanked by pUC19 and antibiotic resistance marker
genes. The lack of pathogenicity and toxicity of the strain of B. subtilis
from which the genetic information encoding riboflavin was cloned is
extensively and well documented, and the methods for genetic
modification have been well described. The production strain of B.
subtilis was shown to be genetically stable during fermentation. It
was convincingly established that the final product is riboflavin of
a purity comparable to, or greater than, that produced by conven-
tional methods and is free of DNA from the production organism.
Thus, antibiotic resistance marker genes are not present in the final
product.

In a 90-day study of toxicity, rats were fed diets containing either
98% pure food-grade riboflavin produced by fermentation from
genetically modified B. subtilis or 98% pure riboflavin derived by
chemical synthesis. The doses tested were 0, 20, 50 or 200mg/kg of
body weight per day. Some animals in the highest-dose groups had
reduced weight gain, but the reduction was generally less than 10%,
and the efficiency of food conversion was not affected. In the group
fed the highest dose of fermentation-derived riboflavin some minor
changes in red blood cell parameters were observed, but they were
not considered relevant. The NOEL for 98% pure riboflavin
produced by fermentation was 200mg/kg of body weight per day,
which was the same- as that for chemically synthesized riboflavin.
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Fermentation-derived riboflavin and the degradation product 8a-
hydroxyriboflavin did not induce gene mutations in bacteria in vitro in
either the presence or absence of metabolic activation.

The Committee concluded that the recombinant DNA techniques
used to derive the production strain of B. subtilis were well
characterized, providing assurance that no DNA is present in the end-
product. On the basis of molecular biological data and chemical
analytical research, it can be concluded that fermentation-derived
riboflavin from genetically modified B. subtilis is substantially
equivalent to synthetic riboflavin.

For 98% pure riboflavin produced by fermentation for use in food,
the NOEL in the 90-day toxicity study in rats was 200mg/kg of body
weight per day, the highest dose tested. Riboflavin produced by
fermentation was evaluated on the basis of its substantial equivalence
to synthetic riboflavin. Therefore, the Committee included riboflavin
derived from a production strain of genetically modified B. subtilis
with the previously established group ADI of 0-0.5mg/kg of body
weight for synthetic riboflavin and riboflavin-5’-phosphate.

A toxicological monograph and new specifications were prepared.

Glazing agents: mineral oils (medium- and low-viscosity)

Mineral oils' were previously considered by the Committee at its
thirty-seventh and forty-fourth meetings (Annex 1, references 94 and
116). At the latter meeting, the Committee allocated a temporary
group ADI of 0-0.01mg/kg of body weight to class II mineral oils
(including the medium-viscosity oils N70(H) and N70(A)) and to
class III mineral oils (including the low-viscosity oils P15(H), N15(H)
and N10(A)) and a temporary ADI of 0-1mg/kg of body weight
to class I mineral oils (including the medium-viscosity oil P70(H)),
based on the results of 90-day toxicity studies in Fischer 344 (F344)
rats.

At its forty-fourth meeting, the Committee requested more informa-
tion about the compositional factors in mineral oils that influence
their absorption and toxicity for review in 1998. It also requested a
study of at least 1 year’s duration of one of these materials in F344

' Oils may be obtained from crude oil sources of naphinenic (N) or paraffinic (P) origin
and by either the conventioral acic- (cieum) Treatment prosess {A) or the hydrogenation
or hydrotreatment process (H). Their viscosity rangss frcm 10 to 100 centistokes (¢cSt)
(10-100mm?s). Thus a P100{H} oil refers 10 & paraffinic oi! with a viscosity of 100 cSt
produced by the hydrogenation process and an N10(A) oil 1o & naphthenic oii with a
viscosity of 10 cSt produced by the acid-treatment process.
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rats, including an assessment of immune function at appropriate time
periods (with a reversal period of 1 year), and an investigation of the
kinetics of accumulation of the material, and particularly whether a
plateau is reached.

Only some of the requested information was available at the present
meeting. The new information indicated that Fischer rats are more
sensitive to mineral oils with respect to granuloma formation than
other strains and species. An adequate long-term bioassay in Fischer
rats given mineral oils at concentrations of 25 or 50 g/kg (2.5 or 5%) in
the diet (equal to 1000 or 2000mg/kg of body weight per day) did not
show any carcinogenic potential for the materials studied, which were
comparable to the medium-viscosity oils P70(H) and N70(H). The
Committee understood that research on the pharmacokinetics of
white mineral oils and their potential effects on immune function was
still in progress, and that the requested long-term feeding study with
a 1-year reversal period would not be available before January 2001.

The additional data did not provide a basis for changing the
previously established temporary ADIs, which were extended to
2002, pending the review of reports of the requested studies.

A toxicological monograph was not prepared. The existing speci-
fications were revised, with minor changes.

Preservatives: sulfur dioxide and sulfites

Sulfur dioxide and sulfites were evaluated at the sixth, eighth, ninth
and seventeenth meetings of the Committee (Annex 1, references 6,
8, 11 and 32). An ADI of 0-0.7mg/kg of body weight was allocated at
the seventeenth meeting to sulfur dioxide and to sulfur dioxide
equivalents arising from sodium and potassium metabisulfite, sodium
sulfite and sodium hydrogen sulfite. At subsequent meetings,
potassium and calcium hydrogen sulfite and sodium thiosulfate were
included in the group ADI (Annex 1, references 41, 47 and 62).

At its thirtieth meeting, the Committee retained the ADI of 0-0.7mg/
kg of body weight allocated to this group of compounds (Annex 1,
reference 73). The ADI was based on long-term studies in rats,
including a 3-generation study of reproductive toxicity, with a NOEL
of 2.5g/kg (0.25%) sodium metabisulfite in the diet (supplemented
with thiamine, as treatment of foods with sulfites reduces their
thiamine content), equivalent to 70mg/kg of body weight per day of
sulfur dioxide equivalents. At doses at or above 10g/kg (1%) in the
diet, local irritation of the stomach was observed, with inflammatory
changes and hyperplasia, and occult blood was detected in the facces.



The histopathological changes were limited to the stomach; the inci-
dence of neoplasms was not increased at any site or at any dose. A
safety factor of 100 was used. Similar local changes in the stomach
were observed in pigs fed thiamine-supplemented diets to which
sodium metabisulfite was added. The Committee also reviewed case
studies and challenge tests for idiosyncratic sensitivity to sulfiting
agents, and noted the life-threatening nature of the adverse effects
in some cases. It recommended that, where a suitable alternative
method of preservation exists, its use should be encouraged, particu-
larly in those applications in which the use of sulfites may lead to high
levels of acute intake. The Committee also reiterated the view
expressed at its twenty-seventh meeting (Annex 1, reference 62,
section 2.4) that appropriate labelling was the only feasible means of
protecting individuals who cannot tolerate certain food additives. At
its thirtieth meeting, the Committee recommended that the situation
with regard to the frequency of idiosyncratic adverse reactions and
the relative toxic effects of free and bound sulfur dioxide should be
kept under review. It also requested information on the chemical
forms of sulfur dioxide in food.

At its present meeting, the Committee identified two issues pertain-
ing to the toxicological evaluation of sulfites: general toxicity and
idiosyncratic intolerance. Idiosyncratic intolerance did not appear to
be related to deficiency of sulfite oxidase in humans. Since idiosyn-
cratic intolerance and general toxicity appeared to be unrelated they
were considered separately.

General toxicity

Studies performed since the thirtieth meeting of the Committee have
demonstrated the quantitative conversion of sulfite ions to sulfate
ions. The release of reduced glutathione by both isolated hepatocytes
and perfused liver is probably due to sulfitolysis of oxidized gluta-
thione by sulfite ions. The other product of sulfitolysis, glutathione -
sulfonate, was found to be a strong competitive inhibitor of both
microsomal and cytosolic glutathione S-transferase in rat lung and
liver cells and tumour cells from human lungs. These results suggested
that sulfite ions could interfere with the glutathione pathway through
their reaction with oxidized glutathione. In a study in rats, administra-
tion of 25g/kg (2.5%) metabisulfite in the diet for 5 weeks increased
the level of three disaccharidases involved in carbohydrate metabo-
lism and of alkaline phosphatase in the brush-border membrane of
cells of the small intestine.

The toxicity of bound and free forms of sulfite (acetaldehyde hy-
droxysulfonate and sodium metabisulfite, respectively) administered
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in drinking-water was assessed in normal rats and rats made deficient
in sulfite oxidase by administration of tungstate ions in drinking-water
for 8 weeks. The rats deficient in sulfite oxidase were considered to be
a better model for humans than the conventional rat model, which has
an estimated 10-20 times higher concentration of this enzyme in the
liver. Acetaldehyde hydroxysulfonate is a major bound form of sulfite
in wines and other fermented foods and beverages and is considered
to be a very stable form of bound sulfite. The doses of bound and free
sulfite chosen were calculated to deliver the same dose in terms of
sulfur dioxide equivalents (7, 70 or 350 mg/kg of body weight per day,
the highest dose being reduced to 175mg/kg of body weight per day
after 3 weeks). The effects on body weight, food consumption and
water intake were most marked in rats that received free rather than
bound sulfite and in enzyme-deficient rats as compared with normal
rats. The concentrations of sulfite and thiosulfate in urine and of
S-sulfonates in plasma were elevated in untreated rats deficient in
sulfite oxidase. Administration of bound sulfite to these rats resulted
in increased excretion of sulfite in the urine, while administration of
free sulfite was associated with increases in the concentrations of
urinary thiosulfate and plasma S-sulfonates. The measured concen-
trations were variable, and were not clearly related to the dose.
Histopathological lesions of the forestomach and glandular stomach
were detected in all groups of rats treated at the highest dose. The
severity and frequency of the gastric lesions were greater in the rats
deficient in sulfite oxidase. Hepatic lesions were observed in animals
receiving acetaldehyde hydroxysulfonate, and the NOEL was lower
in the rats deficient in sulfite oxidase than in normal rats (7mg and
70mg of sulfur dioxide equivalents’kg of body weight per day,
respectively). The effect may be due to the acetaldehyde that was
formed after dissociation. The results showed that the gastric toxicity
of bound sulfites, in the form of acetaldehyde hydroxysulfonate, was
equivalent to that of free sulfite. Although the enzyme-deficient rats
were more sensitive at doses above the NOEL, the NOEL was the
same as that in normal rats.

Three assays of in vitro genotoxicity were reviewed; the results con-
firmed the previously noted observation that sulfites are genotoxic in
vitro but not in vivo. This conclusion is consistent with the high
reactivity of sulfite and its rapid inactivation in mammals. Two studies
of teratogenicity in which sulfite was fed in the diet were available:
neither was conducted in a completely satisfactory manner, as treat-
ment did not cover the entire period of organogenesis. Maternal
toxicity was demonstrated in both studies at doses equivalent to
840mg of sulfur dioxide equivalents/kg of body weight per day and



above. No teratogenic effects were noted at intakes below this
concentration.

The results of a study of the effects of ingested sulfite on the rat
kidney demonstrated that administration of sodium metabisulfite by
gavage at a dose of Smg/kg of body weight per day (3.4mg of sulfur
dioxide equivalents/kg of body weight per day) for up to 2 weeks
reduced alkaline phosphatase activity in kidney tissue and con-
comitantly increased the concentrations of the enzyme in serum and
urine; these effects occurred after the first dose. The activity of lactate
dehydrogenase was likewise decreased in kidney tissue and increased
in urine but not in serum. Urinary excretion of protein was increased
10-fold by the end of 2 weeks. These effects appear not to be related
to treatment, as sulfite is quickly and quantitatively metabolized to
sulfate and no sulfite was detected in urine nor were lesions of the
kidney detected in normal rats after 8 weeks of treatment with a 20—
50 times higher dose of sulfite in drinking-water.

Thus, the previous NOEL in studies of animals that ingested sulfite
was confirmed in an 8-week study in rats in which the NOEL for
gastric lesions was 70mg of sulfur dioxide equivalents/kg of body
weight per day in both normal rats and those deficient in sulfite
oxidase, whether they were fed free sulfite or acetaldehyde hydroxy-
sulfonate, which is a stable and prevalent form of bound sulfite. These
gastric effects of sulfite, which were reported in rats and pigs, arise
from local irritant effects. These effects would therefore be de-
pendent on concentration rather than dose and a numerical ADI
might not be appropriate. The Committee considered that the role of
acetaldehyde in the reported effects of acetaldehyde hydroxy-
sulfonate on the liver needed to be resolved before a re-evaluation of
the safety of sulfur dioxide and sulfites could be completed. In view of
these reservations, the previously established ADI of 0-0.7mg/kg
of body weight was maintained.

Idiosyncratic reactions in humans

A number of case studies in humans were available in which sus-
pected hypersensitivity to sulfites based on adverse reactions to foods
was confirmed by administration of single- or double-blind oral
challenges with sulfites in solution or capsule form. While many of the
cases involved individuals with chronic asthma whose response was
primarily respiratory, a number of reports described adverse allergic-
type responses in people without asthma, which did not involve
respiratory symptoms. Some of these individuals had chronic allergic
conditions. These responses were consistent with self-reported
reactions documented by the Adverse Reaction Monitoring System
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of the United States Food and Drug Administration. Evidence for an
allergic basis for the adverse reactions to free and bound sulfites was
provided in a number of the case reports. In studies in which only
skin-prick testing had been attempted, allergy could not be ruled out,
as further testing had not been done. Challenges with various food
commodities containing sulfites also resulted in positive responses. In
a double-blind study, lettuce treated with sulfites elicited the most
consistent responses; sulfites in sulfite-treated lettuce are considered
to be present mostly as free sulfite. While the mechanism by which
sulfite ingestion precipitates idiosyncratic adverse reactions has not
been established, there was some evidence of a mechanism involving
the action of nitric oxide on parasympathetic receptors.

The prevalence of sulfite sensitivity was determined in groups of
asthmatic adults and children who were either dependent or not
dependent on steroids: In adults, the prevalence among those
dependent on steroids was 4-8% and appeared to be less than 1% in
those who were not dependent on steroids. The prevalence in the
total population of asthmatic adults has been estimated to be 4%. The
prevalence in asthmatic children was higher, approximately 20-30%,
following double-blind challenges to children who were either
dependent or not dependent on steroids.

The Committee reiterated the recommendation made at its thirtieth
meeting (Annex 1, reference 73) that, where a suitable alternative
method of preservation exists, its use should be encouraged,
particularly in those applications (e.g. control of enzymic browning in
fresh salad vegetables) in which the use of sulfites may lead to high
levels of acute intake and which have most commonly been associated
with life-threatening adverse reactions. The Committee considered
that appropriate labelling would help to alert individuals who cannot
tolerate sulfites.

The intake of sulfites is assessed in section 5.4.

An addendum to the toxicological monograph was prepared. The
existing specifications for potassium metabisulfite, potassium sulfite,
sodium hydrogen sulfite, sodium metabisulfite, sodium- sulfite and
sodium thiosulfate were revised and designated as. “tentative”,
pending the receipt of information regarding the test for selenium.
The existing specifications include a limit for selenium for which
the test method is no longer feasible because of a lack of availability
of the required reagents. The Committee also questioned the need for
a limit for selenium because new processes by which sulfur is pro-
duced as a by-product of the oil industry have replaced extraction
methods from sulfur mines. The Committee noted that the limit for
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selenium may no longer be necessary and requested information in
this regard.

The existing specifications for calcium hydrogen sulfite were main-
tained and designated as “tentative”. Information was requested
regarding a modified name for calcium hydrogen sulfite that would be
more reflective of its physical properties, the extent and functionality
of its use as a food additive, and the need for limits for selenium and
arsenic and associated analytical methods.

The existing specifications for sulfur dioxide were revised.

No information was made available to the Committee regarding
calcium metabisulfite, calcium sulfite and potassium hydrogen sulfite.
No specifications were prepared for these substances.

Sweetening agent: stevioside

Stevioside is a sweet glycoside of the diterpene derivative steviol (ent-
13-hydroxykaur-16-en-18-oic acid). It is a natural constituent of the
plant Stevia rebaudiana Bertoni, belonging to the Compositae family.
Stevioside has not been previously evaluated by the Committee.

After oral administration to rats, stevioside is not readily absorbed
from the upper small intestine but is hydrolysed to the aglycone,
steviol, before absorption from the gut. Steviol is completely
absorbed and is excreted in the bile as conjugates; only a very small
fraction is detectable in urine. After biliary excretion, the conjugates
are hydrolysed, and steviol undergoes enterohepatic circulation; its
elimination half-life is 24 hours. Steviol is the only faecal metabolite
of stevioside that has been identified, and excretion in the faeces is the
major route. After intravenous administration, stevioside is rapidly
distributed throughout the body, partially secreted by the renal
tubular epithelium, and excreted in the urine.

At high concentrations, stevioside affected a variety of biochemical
parameters in rat tissues in vitro. It weakly inhibited oxidative phos-
phorylation; steviol was about 30 times more potent in this respect.
The most likely mechanism for this effect is inhibition of the
mitochondrial translocation of adenine nucleotides. Steviol also
inhibited glucose absorption from rat gut by reducing the ATP
content of the intestinal mucosa. Stevioside may also act as a calcium
antagonist, showing a hypotensive effect and inducing diuresis,
natriuresis and a fall in reabsorption of glucose in the renal tubules.
Stevioside may not. however, be able to penetrate cell membranes.
Although most of these studies were performed after intravenous
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injection of stevioside, oral administration of extracts of S. rebaudiana
to rats caused similar effects (hypotension and diuresis).

Stevioside has very low acute oral toxicity. Oral administration of
stevioside at a concentration of 25g/kg (2.5%) in the diet to rats for 2
years, equal to 970 and 1100mg/kg of body weight per day in males
and females, respectively, had no significant effect. Reduced body-
weight gain and survival rate were observed at a level of 50g/kg (5%)
in the diet. There was no indication of carcinogenic potential in the
long-term study and no evidence of potential to promote tumours of
the urinary bladder in a separate bioassay.

In reproductive toxicity studies, administration of stevioside at doses
of up to 2500mg/kg of body weight per day to hamsters and 3000 mg/
kg of body weight per day torats had no effect. Although an aqueous
infusion of S. rebaudiana administered orally to female rats was
reported to cause a severe, long-lasting reduction in fertility, the
contraceptive effect was probably not due to stevioside. Neither
teratogenic nor embryotoxic effects were observed in rats given stevio-
side at doses of up to 1000mg/kg of body weight per day by gavage.

The results of genotoxicity tests with stevioside in various in vitro
systems were uniformly negative.

The aglycone, steviol, exhibited greater acute toxicity than stevioside
in hamsters but not in rats. Steviol was clearly genotoxic after
metabolic activation, inducing forward mutations in bacteria and
gene mutations and chromosomal aberrations in lung fibroblasts of
Chinese hamsters. Several mechanistic studies indicated that the
structural features necessary for the expression of mutagenic activity
include a hydroxyl group at position C13 and an unsaturated bond
joining the C16 and C17 carbon atoms of steviol. The fact that
stevioside is glycosylated at position C13 could explain the absence
of mutagenicity. The active metabolite of steviol responsible for its
mutagenic activity is not known. While some data suggest that
epoxidation may be involved in the metabolic activation of steviol,
other data indicate that the active metabolite is not an epoxide.
Preliminary data indicate that steviol may be activated to a mutagenic
metabolite by human liver microsomes.

The Committee noted a number of shortcomings in the informa-
tion available on stevioside. In several studies, the material tested
(stevioside or steviol) was poorly specified or of variable quality, and
no information was available on other constituents or contaminants.
Furthermore, no studies of metabolism of stevioside and steviol in
humans were available. In addition, data on long-term toxicity and
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carcinogenicity were available for stevioside in only one species. The
mutagenic potential of steviol has been tested sufficiently only in
vitro.

In view of the absence of information for the elaboration of specifi-
cations for stevioside and since the evaluation of the available toxico-
logical data revealed several limitations, the Committee was unable to
relate the results of the toxicological investigations to the commercial
product and could not allocate an ADI to stevioside.

Before reviewing stevioside again, the Committee considered that it
would be necessary to develop specifications to ensure that the
material tested was representative of the commercial product.
Further information on the nature of the substance that was tested,
data on the metabolism of stevioside in humans and the results
of suitable in vivo genotoxicity studies with steviol would also be
necessary.

A toxicological monograph was prepared. No specifications were
prepared as no information was forthcoming.

Thickening agents
Carrageenan

Carrageenan is a sulfated polygalactan with an average relative mo-
lecular mass well above 100000 derived from a number of sea-
weeds of the class Rhodophyceae. It has no nutritive value and is used
in food preparation for its gelling, thickening and emulsifying pro-
perties. Three main types of carrageenan, known as 1-, k- and A-car-
rageenan, are used commercially in the food industry. These names
do not reflect definitive chemical structures but only generalized
differences in the composition and degree of sulfation at specific
locations in the polymer.

Carrageenan was previously reviewed by the Committee at its
thirteenth, seventeenth and twenty-eighth meetings (Annex 1, refer-
ences 19, 32 and 66). At the twenty-eighth meeting, an ADI “not
specified” was allocated on the basis of the results of a number of
toxicological studies on carrageenans obtained from various species
of seaweed. The studies included a 3-generation study of reproductive
toxicity, short-term and long-term toxicity studies in rats at levels of
up to 50g/kg (5%) in the diet, and short- and long-term toxicity
studies in hamsters, guinea-pigs and monkeys. In general, the only
effect observed was soft stools or diarrhoea at high doses, except in
two studies in which material, identified as being i-carrageenan,
administered at 10g/1 (1%) in the drinking-water or 50g/kg (5%) in
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the diet, produced ulceration in the gastrointestinal tract of guinea-
pigs. Degraded carrageenans can produce this effect; they are not,
however, used as food additives. At its twenty-eighth meeting, the
Committee pointed out that degraded carrageenans and ‘“semi-
refined carrageenan” (or “processed Eucheuma seaweed”) were not
included in the specifications for the food-grade material. At its forty-
fourth meeting, in reviewing the data on processed Eucheuma
seaweed obtained from E. cottonii, the Committee concluded that a
complete review of data on carrageenan should be undertaken in
1998, particular attention being paid to the identity of the source
materials and to the specifications of the products that have been
tested (Annex 1, reference 110).

At its present meeting, the Committee considered studies published
since the review at the twenty-eighth meeting and, for earlier studies,
indicated the identity of the source material and the type of car-
rageenan, when these could be identified.

Most of the toxicological studies of the carrageenans in which an
identifiable type of carrageenan and an identifiable seaweed species
were used were undertaken with k- or ¥/A-carrageenan from Chon-
drus crispus. There have been a few parallel studies, the results of
which do not suggest that there are large differences between the
effects of various forms of carrageenan or between the effects of
carrageenans prepared from different species of seaweed.

The carrageenans are dietary fibres, generally of a high relative
molecular mass, which are not broken down to very small molecules
in the gastrointestinal tract. At high levels of intake, these properties
can cause adverse effects through their physical action on the
gastrointestinal tract. As mentioned above, ulceration has been
observed in the gastrointestinal tract of guinea-pigs given high
levels of 1-carrageenan. These effects were not observed in a recent
well conducted 90-day study in which rats were fed diets containing
50g/kg (5.0%) of conventionally processed ti-carrageenan from
E. spinosum or x-carrageenan from E. cottonii. The changes that
occurred during the study, most notably an increase in the relative
weight of the full and empty caecum, were considered to be the
consequence of the accumulation of poorly absorbed material in the
caecum and to be without toxicological significance. The partial
reversal of the caecal weight changes during the 28-day recovery
phase of the study and the absence of histopathological changes
support this conclusion.

Studies of the carcinogenicity of carrageenan in rats have failed to
demonstrate any effect. In addition, assays of the genotoxicity of



carrageenan have been negative. A proliferative response of the mu-
cosa of the gastrointestinal tract of rats fed two forms of carrageenan
at 26 g/kg (2.6%) or 50g/kg (5.0%) in the diet has been reported; the
response was reversible in the study in which carrageenan was given
at 50g/kg in the diet. This response might explain the promotion of
the action of known experimental colon carcinogens administered to
rats given carrageenans at 25g/kg (2.5%) or 60g/kg (6%) in the diet.
The Committee was aware of an abstract of a conference report which
indicated that tumour promotion does not occur in rats in which the
intestinal microflora are derived from human donors who have been
“adapted” to the presence of carrageenan in the gastrointestinal tract.
This would suggest that promotion of colon carcinogenesis in the rat
is dependent on the presence of the normal microflora of the gas-
trointestinal tract.

Early reports of the detection of carrageenan in parenteral tissues
after dietary intake are probably unreliable. The presence of
carrageenans in the macrophages found in the walls of the caecum
and colon may reflect the relative molecular mass distribution of the
preparation used in the study. Maintenance of a restriction on
the relative molecular mass distribution in the specifications for
carrageenan for food use provides protection against the adverse
effects of carageenans of low relative molecular mass.

Some data suggest that carrageenan affects the immune response of
the gastrointestinal tract; however, no validated tests for assessing the
nature and potential consequences of such an effect were available. A
short communication relating to an epidemiological study did not
indicate that carrageenan was immunotoxic in neonates receiving
milk preparations containing carrageenan. The Committee reiterated
its previous statement that the ADI should not be considered
applicable to neonates and young infants below the age of 12 weeks.

The Committee extended the previous ADI “not specified” for
carrageenan to include processed Eucheumna seaweed in a group ADI
“not specified”. It expressed concern about the potential promotion
of colon carcinogenesis by carrageenans and processed Eucheuma
scaweed and therefore made the group ADI “not specified”
temporary, pending clarification of the significance of the promotion
of colon cancer observed in studies in rats. The Committee requires
this information for evaluation in 2001.

An addendum to the toxicological monograph was prepared. The
existing specifications were revised in order to improve both the
description and the definition of the materials covered. The test
methods were modified by introduction of the methods initially
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prepared for processed Eucheuma seaweed. Microbiological criteria
were also added.

3.7.2 Processed Eucheuma seaweed

40

Processed Eucheuma seaweed was previously considered by the
Committee at its thirtieth, thirty-ninth, forty-first and forty-fourth
meetings (Annex 1, references 73, 101, 107 and 116). At its thirtieth
and thirty-ninth meetings, the Committee was unable to evaluate the
use of processed Eucheuma seaweed in food because no relevant
toxicological data were available. At its forty-first meeting, the
Committee considered a 90-day feeding study in rats, for which
complete details were not available, and a series of genotoxicity
studies on processed Eucheuma seaweed from E. cottonii. The Com-
mittee allocated a temporary ADI of 0-20mg/kg of body weight to
processed Eucheuma seaweed from E. cottonii, pending submission of
the complete details from the 90-day study, including histopatho-
logical data for individual animals. At its forty-fourth meeting, the
Committee reviewed these data and the results of new genotoxicity
and cytotoxicity assays. Because of the chemical relationship between
processed Fucheuma seaweed and traditionally refined carrageenan,
the Committee considered that toxicological data on the latter were
relevant to the safety assessment of the carrageenan polysaccharide
constituents of processed Eucheuma seaweed, but could not replace
adequate toxicological studies on processed Eucheuma seaweed
itself. Although the data for individual animals in the 90-day feeding
study in rats confirmed the accuracy of the summary data and the
conclusions derived from them, the Committee expressed reser-
vations about the design, conduct and documentation of the study.
Additionally, none of the available genotoxicity studies was con-
sidered to be adequate because of deficiencies in conduct or repor-
ting. The Committee therefore extended the temporary ADI,
pending submission of the results of a new 90-day feeding study in rats
and an appropriate battery of genotoxicity studies, all meeting
present-day standards, for processed Eucheuma seaweed derived
from E. cofttonii.

At the forty-fourth meeting, a request was made to amend the
specifications to include E. spinosum as a source material for
processed Eucheuma seaweed. In recognition of the fact that
ulcerative lesions in the caecum had been noted in toxicity studies in
guinea-pigs given t-carrageenan, the major component of E.
spinosum, the Committee concluded that a separate 90-day feeding
study in rodents and a separate battery of genotoxicity studies were
required for processed Eucheuma seaweed derived from E. spinosum,



if the specifications were to be expanded to include processed
Eucheuma seaweed derived from this species. The Committee also
concluded that a complete review of all data on carrageenan should
be undertaken in 1998, particular attention being paid to the identity
of the source materials and to the specifications of the products that
have been tested.

At its present meeting, the Committee reviewed the results of a new
90-day toxicity study in rats fed processed Eucheuma seaweed from
two sources, E. cottonii and E. spinosum, at concentrations of 0 g/kg,
5g/kg (0.5%), 15g/kg (1.5%) or 50g/kg (5%) in the diet, or conven-
tionally processed carrageenan from these two sources at 50g/kg in
the diet. At the highest concentrations, the intake of the processed
Eucheuma seaweeds was equal to 4300 and 5000mg/kg of body weight
per day, respectively, for male and female rats fed the material de-
rived from E. cottonii and to 4500 and 5100mg/kg of body weight per
day, respectively, for male and female rats fed the material from
E. spinosum. No adverse effects were noted in the study. The changes
observed in rats receiving the highest concentrations of processed
Eucheuma seaweed from these two sources, most notably an increase
in the relative weight of the full and empty caecum, were considered
to be the consequence of the accumulation of poorly absorbed
material in the caecum and to be without toxicological significance.
There was no indication that the effects of the processed Eucheuma
seaweeds differ from those of conventionally prepared carrageenans
from the same seaweed species.

Processed Eucheuma seaweed derived from either E. cottonii or
E. spinosum was not mutagenic in well conducted assays for reverse
mutation in Salmonella typhimurium strains. The Committee consi-
dered that no further studies of genotoxicity were required.

In view of the lack of toxicity of processed Eucheuma seaweeds
derived from either E. cottonii or E. spinosum, the Committee deter-
mined that both these species could be included in the specifica-
tions for processed Eucheuma seaweeds. Additionally, because of the
similarities in the nature of the processed Euchewma seaweeds and
the conventionally processed carrageenans and in the effects that
they caused in the recent 90-day toxicity study in rats, the Commit-
tee included carrageenans and processed Eucheuma seaweed in a
temporary group ADI “not specified”, to be reviewed in 2001 (see
section 3.7.1).

An addendum to the toxicological monograph was prepared. The
existing specifications were revised and E. spinosum was included as
a source material.
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3.7.3 Sodium carboxymethyl cellulose, enzymatically hydrolysed

42

Sodium carboxymethyl cellulose, enzymatically hydrolysed, is a
water-soluble dietary fibre with a relative molecular mass in the range
of about 800-10000. It acts mainly as a stabilizer with fat-extending
properties. It can be used in formulating low-fat and reduced-fat
foods and soft drinks.

Sodium carboxymethyl cellulose, enzymatically hydrolysed, is pre-
pared from regular, food-grade sodium carboxymethyl cellulose by
partial enzymatic hydrolysis under mildly acidic conditions using a
food-grade cellulase enzyme from Trichoderma longibrachiatum.

Sodium carboxymethyl cellulose was allocated an ADI “not
specified” at the thirty-fifth meeting of the Committee (Annex 1,
reference 88). The cellulase enzyme was allocated an ADI “not
specified” at the thirty-ninth meeting (Annex 1, reference 101).
Sodium carboxymethyl cellulose, enzymatically hydrolysed, has not
been previously evaluated by the Committee.

At its present meeting, the Committee reviewed two studies in which
the properties of carboxymethyl cellulose, enzymatically hydrolysed,
were compared with those of the parent material, carboxymethyl
cellulose. The first was a 90-day study of toxicity in which male and
female rats reccived diets containing 0g/kg, 25g/kg (2.5%), 50g/kg
(5.0%) or 100g/kg (10%) of either sodium carboxymethyl cellulose,
enzymatically hydrolysed, or sodium carboxymethyl cellulose. The
second was a comparative study of the absorption, distribution and
excretion of these two materials in rats.

In the 90-day study in rats receiving either sodium carboxymethyl
cellulose, enzymatically hydrolysed, or carboxymethyl cellulose
histopathological changes in the kidney and urinary bladder were
reported. These were associated with changes in kidney weight,
increased urine volume and increased excretion of some ionic
substances in the urine. Caecal enlargement was also reported. For
comparison, the Committee considered the toxicity studies on sodium
carboxymethyl cellulose that had been reviewed at its thirty-fifth
meeting (Annex 1, reference 88). It noted that, in early studies that
appeared to be comparable with regard to species, dietary concentra-
tion of sodium carboxymethyl cellulose and duration of exposure, no
changes of organ weight or histopathological appearance were found
that were comparable to those reported in the 90-day study reviewed
at the present meeting.

Since the morphological changes in the kidney occurred only in males

- receiving the highest dose of sodium carboxymethyl cellulose,

enzymatically hydrolysed, and the lowest dose of carboxymethyl



cellulose, the Committee was not convinced that the response was of
toxicological concern. The observed epithelial hyperplasia of the
urinary bladder was generally graded as slight or very slight and
occurred in male rats given either sodium carboxymethyl cellulose,
enzymatically hydrolysed, or carboxymethyl cellulose at 100g/kg
(10%) in the diet. The Committee considered that this represented a
response to a high intake of sodium ions by rats of the strain used in
the new study. Administration in the diet of additional sodium
(approximately four times that available in the diet of the control
group) could have led to the observed histopathological changes and
changes in urinary excretion. Also, the caecal enlargement, diarrhoea
and other secondary changes were considered to be the consequence
of the accumulation of poorly absorbed, water-soluble material in
the caecum and colon and to be without toxicological significance.
The NOELSs for sodium carboxymethyl cellulose, enzymatically hy-
drolysed, were equal to 6000 and 6600mg/kg of body weight per
day in male and female rats, respectively.

The metabolic study showed that passage of carboxymethyl cellulose
through the gastrointestinal tract results in partial breakdown of the
bonds between monomeric units to result in a material with a relative
molecular mass equivalent to that of carboxymethyl cellulose, enzy-
matically hydrolysed. The amounts of radioactivity excreted in the
faeces, urine and expired air after administration of radiolabelled
carboxymethyl cellulose and sodium carboxymethyl cellulose, enzy-
matically hydrolysed, were quantitatively almost identical, providing
additional evidence that in rats, the end-products of digestion of the
two products are similar.

The Committee concluded that these similarities are consistent with
the absence of any toxicologically significant difference between
carboxymethyl cellulose and carboxymethyl cellulose, enzymatically
hydrolysed. Therefore, the Committee included carboxymethyl cellu-
lose, enzymatically hydrolysed, in the group ADI “not specified” with
ethyl cellulose, ethyl hydroxyethyl cellulose. hydroxypropyl cellulose,
hydroxypropyl methyl cellulose, methyl cellulose, methyl ethyl cellu-
lose and sodium carboxyvmethyl cellulose.

A toxicological monograph was prepared. The existing tentative spe-
cifications were revised and the “tentative™ designation was deleted.

3.8 Miscellaneous substances
3.8.1 y-Cyclodextrin

v-Cyclodextrin is a ring-shaped molecule made up of eight glucose
units linked by o-1,4 bonds. It is produced by the action of the enzyme
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cyclomaltodextrin glucanotransferase (cyclodextrin-glycosyl transferase;
EC 2.4.1.19) on hydrolysed starch syrups. The circular structure of -
cyclodextrin provides a hydrophobic cavity that allows complexes to
be formed with a variety of organic molecules, while the hydrophilic
outer surface makes y-cyclodextrin water-soluble. Because of these
properties, y-cyclodextrin can be used in a variety of ways in food with
potential intakes of the order of grams per person per day.

v-Cyclodextrin has not been previously evaluated by the Committee;
however, the structurally related B-cyclodextrin (seven glucose units)
was evaluated at the forty-first and forty-fourth meetings of the
Committee (Annex 1, references 107 and 116). The Committee noted
that the close structural similarity between y-cyclodextrin and B-
cyclodextrin allows some comparisons to be made of the metabolism
and the toxicity of these two compounds.

The metabolism of y-cyclodextrin is different from that of B-cyclo-
dextrin, as demonstrated in both in vitro and in vivo studies. In in vivo
studies in rats, y-cyclodextrin (at single doses of up to 1000mg/kg of
body weight) was rapidly metabolized to glucose, presumably by the
luminal and/or epithelial enzymes of the gastrointestinal tract. In
contrast to the metabolism of B-cyclodextrin, there was little involve-
ment of the gastrointestinal microflora. Similarly, in contrast to B-
cyclodextrin, much less y-cyclodextrin was absorbed and only very low
levels could be detected in the urine. After intravenous injection, y-
cyclodextrin (at single doses of up to 600mg/kg of body weight) was
rapidly cleared from the blood and was excreted, largely unchanged,
in the urine. Although no studies of metabolism in humans in vivo

“were available, y-cyclodextrin, unlike B-cyclodextrin, can be readily

hydrolysed by human salivary and pancreatic amylases in vitro.

Short-term (28- and 90-day) toxicity studies indicate that y-cyclo-
dextrin has little toxicity when given intravenously or orally to rats or
orally to dogs. After administration of a very high concentration
(200g/kg or 20%) in the diet, caecal enlargement and associated
changes were seen in both species. This effect is likely to result from
the presence of a high concentration of an osmotically active sub-
stance in the large intestine. This result suggests that the metabolism
of y-cyclodextrin is less efficient at doses higher than those used in the

“studies of metabolism. The results of the studies in rats treated intra-

venously indicate that y-cyclodextrin is well tolerated when given
systemically, and may be less toxic than B-cyclodextrin.

Studies conducted in rats and rabbits with y-cyclodextrin at doses of
up to 200g/kg (20%) in the diet did not indicate any teratogenic
effects. Similarly, the results of a battery of genotoxicity studies were



negative. No long-term studies of toxicity, carcinogenicity or repro-
ductive toxicity have been conducted, but, given the rapid metabolism
of y-cyclodextrin to glucose and its lack of genotoxicity, the Commit-
tee concluded that such studies were not required for an evaluation of
this substance.

In in vitro studies, y-cyclodextrin, like B-cyclodextrin, sequestered
components of the membranes of erythrocytes, causing haemolysis.
The threshold concentration for this effect was, however, higher than
that of B-cyclodextrin. Furthermore, y-cyclodextrin was not detected
in blood after dietary administration of high doses to animals.

It was considered unlikely that interaction of y-cyclodextrin with
lipophilic vitamins would impair their bioavailability because of the
rapid metabolism of y-cyclodextrin in vivo. Also, there was no
evidence that vitamin deficiency was induced in experimental animals
given high doses of y-cyclodextrin.

The Committee considered studies on the short-term toxicity and
genotoxicity of the enzyme, cyclomaltodextrin glucanotransferase,
used in the production of cyclodextrins, and of the complexant, y-
cyclohexadecen-1-one, used to optimize formation of y-cyclodextrin.
The toxicological data indicated that these substances are unlikely to
be of toxicological concern in the final preparation of y-cyclodextrin
complying with the specifications. The Committee also reviewed
information on the genetic modification of the organism used to
produce the enzyme, which did not raise any concerns.

Although no study of human tolerance to Yy-cyclodextrin was
submitted before the meeting, the Committee was aware that such a
study was available. Although it was unable to review the data, the
Committee noted that the toxicity of this compound is relatively low
in animals and that it is less toxic than B-cvclodextrin, for which
studies of human tolerance were available. Also, its rapid metabolism
to maltose, maltotriose and glucose in vitro by human salivary and
pancreatic amylases supports the conclusion that, as in laboratory
animals, it would be metabolized to innocuous metabolites before
absorption.

The Committee concluded that there were sufficient data to allocate
a temporary ADI “not specified”, but that the study of human
tolerance known to have been conducted should be reviewed in order
to confirm the absence of adverse effects on the gastrointestinal tract
at normal levels of intake. These data should be submitted for
consideration by the Committee by 1999.

A toxicological monograph and new specifications for y-cyclodextrin
were prepared.
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3.8.2 Glucono-5-lactone, and the calcium, magnesium, potassium and
sodium salts of gluconic acid

Glucono-d-lactone was previously evaluated by the Committee at its
tenth, eighteenth and thirtieth meetings (Annex 1, references 13, 35
and 73). At its eighteenth meeting, the Committee established an
ADI of 0-50mg/kg of body weight for glucono-8-lactone. At the
thirtieth meeting, the Committee changed the ADI for glucono-3-
lactone to an ADI “not specified” on the basis of biochemical and
metabolic data on glucono-8-lactone and gluconic acid, noting that in
an aqueous medium glucono-d-lactone exists in equilibrium with b-
gluconic acid. These compounds are intermediates in the oxidation of
glucose through the pentose phosphate cycle. Data from studies that
were evaluated previously by the Committee showed no evidence of
carcinogenicity, teratogenicity or genotoxicity caused by glucono-6-

lactone.

Since the last toxicological evaluation of glucono-8-lactone, a new
acute toxicity study and two new 28-day oral toxicity studies on
sodium gluconate in rats have become available. These studies were
evaluated in order to determine whether the current ADI “not
specified” for glucono-d-lactone could be extended to a group ADI
“not specified” for glucono-8-lactone and the calcium, magnesium,

potassium and sodium salts of gluconic acid.

Calcium, magnesium, potassium and sodium gluconate were pre-
viously evaluated by the Committee as individual compounds or in
other group categories as inorganic salts and salts of organic acids
(Annex 1, references 32, 50 and 70). The Committee concluded that
they were freely ionizable and that it was appropriate to allocate
ADIs on the basis of data on their corresponding anion (gluconic

acid).

The results of the new acute toxicity study showed no evidence of
toxicity in rats that were given single doses of 500, 1000 or 2000mg of

sodium gluconate/kg of body weight by gavage.

In the two new 28-day studies in rats, sodium gluconate was adminis-
tered orally either by gavage at doses of 0, 500, 1000 or 2000 mg/kg of
‘body weight per day or in the feed at doses of Og/kg, 12.5g/kg
(1.25%), 25g/kg (2.5%) or 50g/kg (5.0%) (equal to 0, 1000, 2000 and
4100mg/kg of body weight per day, respectively). A control group
received sodium chloride at 13.5g/kg (1.35%) in the feed (equal to
1100mg/kg of body weight per day), which was equivalent to the
concentration of sodium in the sodium gluconate given to the highest-

dose group.
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In the gavage study, there was a significant increase in the relative
weight of the kidneys (unilateral) in the males that received 1000
and 2000mg of sodium gluconate/kg of body weight per day. No
treatment-related or dose-related effects were observed on any of the
other parameters examined in this study.

The effects observed in the feeding study, i.e. increased water intake,
prothrombin time and relative kidney weights, were not dose-related.

Qualitative analysis of urine revealed effects in both 28-day studies
that were considered by the Committee to be related to the high
sodium intake arising from the sodium gluconate.

On the basis of a re-evaluation of the data previously considered by
the Committee and the new short-term toxicity data on sodium
gluconate, the Committee extended the previous ADI “not specified”
for glucono-d-lactone to a group ADI for glucono-d-lactone and the
calcium, magnesium, potassium and sodium salts of gluconic acid.

An addendum to the toxicological monograph was prepared. The
existing specifications for glucono-6-lactone, calcium gluconate,
potassium gluconate and sodium gluconate were revised. The
specifications for magnesium gluconate were revised and designated
as “tentative”, with a request for information on the need for
maintaining the microbiological criteria included in the specifications,
and for introducing maximum limits for sulfate and chloride.

3.8.3 Polyglycitol syrup

Polyglycitol syrup has not previously been evaluated by the Commit-
tee. Since its components are the same as those of maltitol syrup,
differing only in the relative proportions of sorbitol, maltitol and
higher-order polyols, the evaluation conducted for maltitol syrup at
the forty-ninth meeting (Annex 1. reference /3/) in order to accom-
modate a wide range of starch hydrogenation products would also
apply to polyglycitol syrup.

At the forty-ninth meeting, toxicological data in support of new
specifications for maltitol syrup were reviewed. Since an ADI “not
specified” had been established for both sorbitol and maltitol, the
toxicological review concentrated only on the consequences of the
higher-order hvdrogenated saccharides. The Committee concluded at
its forty-sixth meeting (Annex 1, reference 722, section 2.2.4) that the
occurrence of proliferative lesions of the adrenal medulla in rats fed
polyols (including sorbitol and maltitol) and lactose was a species-
specific response and was not relevant to the toxicological evaluation
of these substances for humans. Several short-term studies in which
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rats and dogs were given materials with a higher-order polyol content
exceeding 80% of the syrup were reviewed at the forty-ninth meeting,
as were data on the metabolic fate of higher-order polyols.

At its present meeting, the Committee reviewed new data relating to
digestibility in vitro, a short-term toxicity study in rats given material
with a higher-order polyol content of 78%, and a study on the effects
of hydrogenated starch hydrolysates on the glycaemic response in
diabetic and non-diabetic individuals.

Hydrolysis of a polyglycitol syrup composed of 14% sorbitol, 8%
maltitol and 78% higher-order polyols resulted in the production of
more glucose and less sorbitol than did hydrolysis of products
conforming to the specifications for maltitol syrup. This is consistent
with the relative proportion of glucose released on hydrolysis of
each component. The greater digestibility of the hydrogenated starch
hydrolysates with the highest content of highly polymerized sac-
charides was considered to be the consequence of a greater activity of
digestive enzymes or a higher affinity for glucose—glucose bonds than
for glucose—sorbitol bonds. Data on the disposition of maltitol syrup
reviewed at the forty-ninth meeting indicated that the higher-order
polyols would be completely hydrolysed to glucose and maltitol, with
a considerable portion undergoing fermentation in the lower gut.
Bacterial fermentation was demonstrated by detection of an in-
creased amount of hydrogen in the air expired by human subjects in
studies reviewed at the present meeting.

Inclusion of a polyglycitol syrup (composed of 14% sorbitol, 8%
maltitol and 78% higher-order polyols) and two maltitol syrups (one
containing 7% sorbitol, 60% maltitol and 33% higher-order polyols
and the other 7% sorbitol, 52% maltitol and 41% higher-order
polyols) in the diet of rats at doses of up to 200g/kg (20%), equal to
13 g/kg of body weight per day, for 13 weeks, was not associated with
adverse effects. The only effects observed — increased weight of the
empty caecum and increased excretion of calcium in the urine in the
absence of elevated levels of serum calcium — were considered to be
the consequence of the accumulation of poorly absorbed material in
the caecum and were without toxicological significance.

In studies of diabetic and non-diabetic human subjects, ingestion of
maltitol syrup resulted in a lower glycaemic response than with
polyglycitol syrup, which in turn was lower than the response ob-
served with glucose. These results reflect the relative proportion of
glucose released following hydrolysis of each material.

On the basis of the data on hydrogenated oligo- and polysaccharides
reviewed at the forty-ninth meeting and the present one, the



Committee allocated a group ADI “not specified” to materials con-
forming to the specifications for polyglycitol syrup and maltitol syrup.

A toxicological monograph and new specifications were prepared.

Substances evaluated using the Procedure
for the Safety Evaluation of Flavouring Agents

Seven groups of flavouring agents were evaluated using the Proce-
dure for the Safety Evaluation of Flavouring Agents as outlined in
Fig. 1 (see section 2.2.1; Annex 1, references 116, 122 and 131 ).

The Committee noted that in applying the Procedure, the substance
is first assigned to a structural class as identified at the forty-sixth
meeting of the Committee (Annex 1, reference 122). The structural
classes are as follows:

* Class I. Substances that have simple chemical structures and
efficient modes of metabolism which would suggest a low order of
oral toxicity.

* Class II. Substances that have structural features that are less
innocuous than those of substances in Class I, but are not suggestive
of toxicity. Substances in this class may contain reactive functional
groups.

* Class IIT. Substances that have structural features that permit no
strong initial presumption of safety, or may even suggest significant
toxicity.

A key element of the Procedure involves determining whether a
flavouring agent and the product(s) of its metabolism are innocuous
and/or endogenous substances. For the purpose of the evaluations,
the Committee used the following definitions, adapted from the
report of its forty-sixth meeting:

Innocuous metabolic products are defined as products that are known
or readily predicted to be harmless to humans at the estimated intake
of the flavouring agent.

Endogenous substances are intermediary metabolites normally
present in human tissues and fluids, whether free or conjugated:
hormones and other substances with biochemical or physiological
regulatory functions are not included. The estimated intake of a
flavouring agent that is, or is metabolized to, an endogenous
substance should be judged not to give rise to perturbations outside
the physiological range.
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Intake data ,

Intake estimates were derived from surveys in Europe and the USA.
Estimates of the intake of flavouring agents by populations typically
involve the acquisition of data on the amounts used in food. In the
USA, a series of surveys was conducted between 1970 and 1987 by the
National Academy of Sciences National Research Council (under
contract to the Food and Drug Administration) in which information
was obtained from ingredient manufacturers and food processors on
the amount of each substance destined for addition to the food supply
and on the usual and maximal levels at which each substance was
added in a number of broad food categories. In Europe, a survey was
conducted in 1995 by the International Organization of the Flavour
Industry, in which flavour manufacturers reported the total amount of
each flavouring agent incorporated into food sold in the European
Union during the previous year. Manufacturers were requested to
exclude use of flavouring agents in pharmaceutical, tobacco or
cosmetic products.

In using these survey data to estimate intakes of flavouring agents, it
was assumed that only 60% of the total amount used is reported and
that the total amount used in food is consumed by only 10% of the
population.

Intake Annual volume of production (kg) x 10° (ng/kg)

(ug/person per day) Population of consumers x 0.6 x 365 days

The population of consumers was assumed to be 32 X 10° in Europe
and 24 x 10° in the USA.

General aspects of metabolism

The flavouring agents evaluated at the present meeting share a num-
ber of functional groups, e.g. linear, branched, alicyclic and unsatur-
ated alkyl chains, and alcohol, ester and ketone groups. Therefore,
they have a number of common and interrelated metabolic features,
and data on one or more members of a group under evaluation could
be used to predict the metabolic fate of analogues for which there
were no data. Metabolic pathways common to the groups of
flavouring agents evaluated at the present meeting are:

— hydrolysis of esters;

— oxidation of alcohols and aldehydes;
— conjugation of alcohols;

— reduction of ketones;

— reduction of double bonds;

— oxidation of side-chains;



— oxidation of alicyclics; and
— conjugation with glutathione.

4.1.1 Hydrolysis of esters

The hydrolysis of ethyl, isoamyl and allyl esters was considered at the
forty-sixth meeting of the Committee (Annex 1, reference 122). Most
esters are hydrolysed rapidly by enzymes present in the gut lumen,
intestinal wall and liver to yield the corresponding acids and alcohols.

A wide range of enzymes (carboxyesterases and carboxylic acid
hydrolases) is capable of hydrolysing esters into their constituent
alcohols and acids. Carboxyesterases are found in many tissues, and
there is high esterase activity in the intestinal tract, blood, liver,
kidney, lung, brain and pancreas. The multiplicity of esterases and
their wide distribution in the tissues result in the rapid hydrolysis of
esters in vivo. This extensive metabolic activity is the basis for the
development by the pharmaceutical industry of prodrugs, which are
carboxylic acid esters of therapeutically active agents. The esters
considered at the present meeting contain larger and more com-
plex alkyl constituents in both the alcohol and acid moieties, and
there were only limited data on their in vitro hydrolysis, but the data
were comparable to those considered at the forty-sixth meeting
of the Committee. Isopropyl phenylacetate and isopropyl butyrate
(isopropyl butanoate) underwent 40% hydrolysis after 2 hours’
incubation with pancreatin, a value similar to that for some of
the esters considered at the forty-sixth meeting. Essentially com-
plete hydrolysis of isopropyl palmitate (isopropyl hexadecanoate),
isopropyl oleate or isopropyl stearate (isopropyl octadecanoate)
radiolabelled in the fatty acid moiety was demonstrated in vivo in rats
by the detection of over 95% of the radioactivity in the triglyceride
fraction of blood. n-Octyl esters would be expected to undergo very
rapid hydrolysis on the basis of the relationship between an increase
in chain length (in the range C1-C8) and an increase in V,, (maxi-
mal rate of reaction) and a decrease in K,, (Michaelis constant), as
discussed at the forty-sixth meeting. The hydrolysis of branched-
chain octyl esters and esters of longer chain length would probably
be slower than that of the corresponding rn-alkyl analogues, and
absorption of the intact ester is possible.

The hydrolysis of esters with larger alcohol substituents, such as are
present in the linalyl, terpinyl, carvyl and menthyl esters evaluated
at the present meeting, has been the subject of only limited study.
Linalyl acetate was hydrolysed rapidly in water and in artificial gastric
and pancreatic fluids, and the mean half-lives for hydrolysis were
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5.5 minutes in artificial gastric fluid and 52.5 minutes in artificial
pancreatic fluid, values comparable to those considered at the forty-
sixth meeting. Allyl tiglate and benzyl tiglate were not hydrolysed
by artificial gastric or pancreatic fluid, but were hydrolysed exten-
sively on incubation with intestinal tissue and would be predicted
to be completely hydrolysed by the liver, both in vitro and in vivo.
(-)-Menthol ethylene glycol carbonate and (-)-menthol propylene
glycol carbonate were hydrolysed slowly on incubation with rat
liver homogenate for 4 hours, with 85% hydrolysis to menthol for
(-)-menthol ethylene glycol carbonate and 75% for (-)-menthol
propylene glycol carbonate. The structurally related flavouring agent
bornyl acetate was excreted largely as the glucuronic acid conjugate
of borneol after oral administration to rabbits, which is consistent
with extensive hydrolysis in vivo. More than 80% of radiolabelled
cyclandelate, a trimethyl cyclohexyl ester, was hydrolysed after 20
minutes of incubation with rat hepatic microsomes. In an in vivo
study in which methyl cinnamate was administered orally to rats, it
was hydrolysed only slowly in the intestinal lumen, but underwent
essentially complete first-pass hydrolysis, because none of the parent
compound could be detected in the systemic circulation. In contrast,
propyl anthranilate was not completely hydrolysed during absorption,
and the intact ester was detected in the peripheral blood and urine.
These findings are similar to the hydrolysis data considered at the
forty-sixth meeting.

These results indicate that hydrolysis would be the major pathway for
all of the esters evaluated at the present meeting; however, first-pass
metabolism may be incomplete for a few of the esters in some groups.
In general, esters that reach the systemic circulation intact would be
expected to be hydrolysed extensively by tissue esterases into their
constituent acids and alcohols.

4.1.2 Oxidation of alcohols and aldehydes
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Primary alcohols and aldehydes

Primary aliphatic alcohols (attached to linear, branched or
unsaturated alkyl chains) and their corresponding aldehydes are
efficiently oxidized to the corresponding carboxylic acids by high-
capacity enzyme pathways. NAD/NADH-dependent alcobol dehy-
drogenase catalyses the oxidation of primary aliphatic saturated and
unsaturated alcohols to their corresponding aldehydes. A comparison
of the alcohol structure with the enzyme-binding affinity of alcohol
dehydrogenase indicates that increased binding (lower K,,) occurs
with increasing chain length (C1-C6) of the substrate and the
presence of unsaturation. Maximum rates of oxidation were



essentially constant regardless of the alcohol structure, suggesting
that alcohol-enzyme binding is not the rate-limiting step for oxida-
tion; the activity of the enzyme appears to be dependent on
the lipophilic character of the alcohol substrate. The three classes of
alcohol dehydrogenase present in human liver show a decrease in K,
with an increase in chain length from C2 to C8; the alcohol groups of
12-hydroxydodecanoic acid and 16-hydroxyhexadecanoic acid show
K., values similar to that of hexanol, indicating rapid oxidation of
alcohols arising from w-oxidation reactions (see p. 57, section 4.1.6).

Similarly, aldehyde dehydrogenase, which is present predominantly
in liver cytosol, has a broad substrate specificity for the oxidation
of aldehydes to carboxylic acids. Aldehyde dehydrogenase is more
active for aldehydes of high relative molecular mass. Three iso-
enzymes of aldehyde dehydrogenase, with overlapping substrate
specificities, are present in human liver. They oxidize a range
of naturally occurring aldehydes, such as vy-butyraldehyde, 3.4-
dihydroxyphenylacetaldehyde, S-hydroxyindoleacetaldehyde and
acrolein. Alkyl aldehydes (C1-C6) have K, values which are similar
to those for these naturally occurring aldehydes, and the K, decreases
with an increase in chain length. Xanthine oxidase and alde-
hyde oxidase also catalyse oxidation of a wide range of aldehydes to
their corresponding unsaturated acids. Before oxidation to the corre-
sponding acid, the aldehyde may be conjugated with sulfhydryl
groups such as glutathione to yield thiohemiacetals. Oxidation of
aldehydes with low relative molecular masses requires glutathione,
which implies that the substrate for aldehvde dehydrogenase-
mediated oxidation may be the thiohemiacetal.

Branched-chain aliphatic primary alcohols and aldehydes are sub-
strates for alcohol dehydrogenase and aldehyde dehydrogenase, al-
though the rates of oxidation are lower than those for linear primary
alcohols and aldehydes. Unsaturated, linear and branched-chain pri-
mary alcohols are better substrates than the saturated analogues, but
the reverse is true of aldehydes. Citral, a mixture of two unsaturated
branched-chain aldehydes (neral and geranial), was not oxidized to
the corresponding acid by aldehyde dehydrogenase in rat liver prepa-
rations in vitro but was reduced by alcohol dehydrogenase in the
presence of NADH; oxidation is a major metabolic pathway in vivo,
producing acid metabolites.

Secondary and tertiary alcohols
Secondary alcohol groups (such as those present in carveol and -
ionol) undergo reversible oxidation to the corresponding ketone (see
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section 4.1.4); the alcohol is the more important form in vivo because
of its removal from the equilibrium by conjugation with glucuronic
acid. Tertiary alcohol groups (such as those present in linalool and
terpineol) do not undergo oxidative metabolism, and tertiary alcohols
are eliminated by conjugation.

4.1.3 Conjugation of alcohols

Conjugation represents the major pathway of metabolism for both
secondary and tertiary alcohols. Secondary and tertiary alcohols are
metabolized extensively by conjugation with glucuronic acid followed
by excretion primarily in the urine or the bile, depending on the
relative molecular mass and the animal species. Both the liver and the
intestinal wall have a high capacity for glucuronic acid conjugation
with a wide range of substrates. Sulfate conjugation of alcohols occurs
in many tissues, especially the liver, and results in the formation of
highly polar, water-soluble excretory products. The urine is the main
route of elimination of sulfate conjugates of alcohols resulting from
the metabolism of the flavouring agents evaluated at the present
meeting.

Conjugation with glucuronic acid followed by excretion in the urine
and facces represents the primary route of elimination of linalool.
Conjugation with glucuronic acid represents the major pathway of
metabolism of menthol. In rodents, the glucuronic acid conjugates
of linalool and menthol are excreted primarily via the bile into the
intestine, where they may be hydrolysed to yield the free alcohol,
which undergoes reabsorption and subsequent oxidative metabolism.
The metabolites of menthol are eliminated in the urine and faeces
either unchanged or conjugated with glucuronic acid. Bicyclic tertiary
alcohols are relatively stable in vivo, and in rabbits thujyl alcohol and
B-santenol (2,3,7-trimethyl bicyclo[2.2.1]-heptan-2-ol) are extensively
conjugated with glucuronic acid.

4.1.4 Reduction of ketones

54

Aliphatic ketones are metabolized primarily via reduction to the
corresponding secondary alcohol. The reduction of aliphatic ket-
ones is mediated by alcohol dehydrogenases and NADH/NADPH-
dependent cytosolic carbonyl reductases. The reaction catalysed by
carbonyl reductase is stereoselective and favours formation of the
S-enantiomer of the alcohol. The reaction is reversible under
physiological conditions, and oxidation of the secondary alcohol may
lead to the formation of the corresponding ketone in vivo. Ketones
have been shown to undergo reduction to alcohols in human hepatic



microsomes. Three reductases have been purified from human
liver cytosol: two aldehyde reductases, which can reduce aliphatic
aldehydes, alicyclic ketones and o-diketones, and a carbonyl reduc-
tase that is active with a broad range of aldehyde and ketone sub-
strates. The activity of carbonyl reductase in human liver showed
limited variability between individuals, and the enzyme reduced both
4-nitrobenzaldehyde and 4-nitroacetophenone.

Alicyclic monoketones, such as cyclohexanone, are reduced to their
corresponding alcohols or undergo a-hydroxylation and reduction to
yield diols, which are excreted as the glucuronic acid conjugates.

Unsaturated ketones, such as menthone, dihydrocarvone and
carvone, undergo extensive reduction of the ketone functional
group to yield the corresponding secondary alcohols (pulegone,
dihydrocarveol and carveol), which are conjugated mainly with
glucuronic acid and then excreted in the urine or bile. In rodents, but
probably not in humans, the conjugate is excreted primarily in the
bile, following which it may be hydrolysed to yield the free alcohol,
which may then undergo enterohepatic recirculation and finally
be excreted by the kidney. Conjugates with relative molecular
masses below about 500, such as the glucuronides of menthan-2-ol,
dihydrocarveol and carveol, would be eliminated by humans in the
urine; the absence of significant biliary excretion would reduce the
extent of secondary oxidative metabolism.

In general, alicyclic a-diketones are metabolized via the reduction
pathway. Methyl-substituted diketones may be reduced to the
corresponding hydroxyketones and diols, which are excreted in the
urine as glucuronic acid conjugates. a-Hydroxyketones or their diol
metabolites may be excreted as glucuronic acid conjugates. Excretion
as glucuronic acid conjugates is favoured at elevated concentrations
of a-hydroxyketones and diols in vivo, especially for ketones of long
chain length. If the carbonyl functional group is located elsewhere on
the chain, reduction is the predominant pathway of detoxification.

4.1.5 Reduction of double bonds

Reduction of endocyclic and exocyclic double bonds occurs with
some of the flavouring agents evaluated at the present meeting. For
example, the endocyclic double bond of carvone is reduced to form
dihydrocarvone and dihydrocarveol and the exocyclic double bond in
B-ionone is reduced to give dihvdro-B-ionol. The enzymes involved
in these reactions have not been characterized, and the intestinal
microflora may be involved either prior to absorption or following
biliary excretion. -
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4.1.6 Oxidation of side-chains
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The position and size of substituents in carboxylic acids influences the
route of metabolism. As chain length and lipophilicity increase, ®-
oxidation becomes more important than p-oxidative cleavage.

B-Oxidation

Linear and branched-chain saturated carboxylic acids are substrates
for B-oxidative cleavage to yield acetyl coenzyme A (acetyl CoA)
and a new CoA thioester of the carboxylic acid, which has been
reduced by two carbon atoms. This process continues to give com-
plete oxidation or until a branch point is reached. Acids with an even
number of carbon atoms continue to be cleaved to yield acetyl CoA,
while acids with an odd number of carbon atoms yield acetyl CoA
and propionyl CoA. Acetyl CoA enters the citric acid cycle directly,
whereas propionyl CoA is transformed into succinyl CoA which then
enters the citric acid cycle. Acids with a methyl substituent located
at an even-numbered carbon (e.g. 2-methylpentanoic acid and 4-
methyldecanoic acid) are metabolized to carbon dioxide via B-
oxidative cleavage in the fatty acid pathway. If the methyl group is
located at the C3 position, B-oxidation is inhibited and w-oxidation
predominates, leading primarily to polar diacid metabolites that are
excreted in the urine. Ethyl or propyl substituents located at the a- or
B-position in relation to the carboxylic acid group inhibit metabolism
to carbon dioxide, in which case there is direct conjugation of the acid
with glucuronic acid or w-oxidation followed by conjugation.

Linear unsaturated carboxylic acids participate in normal fatty acid
metabolism. In this pathway, the saturated fatty acid is condensed
with CoA, which then undergoes catalytic dehydrogenation mediated
by acyl-CoA dehydrogenase. The resulting trans-2,3-unsaturated
ester (trans-A>-enoyl CoA) is converted to the 3-ketothioester, which
undergoes B-oxidative cleavage to yield an acetyl CoA fragment and
a new thioester reduced by two carbons. Cleavage of acetyl CoA units
continues along the carbon chain until the position of unsaturation is
reached. If unsaturation begins at an even-numbered carbon,
fragmentation of acetyl CoA units yields a A*-enoyl CoA product
which is a substrate for further fatty acid oxidation. If unsaturation
begins at an odd-numbered carbon, fragmentation of acetyl CoA
units will eventually yield A’-enoyl CoA, which cannot enter the fatty
acid cycle until it is isomerized to the frans-A’-enoyl CoA by enoyl
CoA isomerase. If the stereochemistry of the double bond is cis, it is
isomerized to the trans double bond by the action of 3-hydroxyacyl
CoA epimerase before entering the fatty acid oxidation path-
way. Short-chain acids containing terminal unsaturation may be



metabolized via desaturation to yield a substrate which may par-
ticipate in the fatty acid pathway. For example, 4-pentenoic acid is
converted into the CoA thioester, which is dehydrogenated to yield
trans-2,4-pentadienoyl CoA, which undergoes NADPH-dependent
enzyme-catalysed reduction of the A’alkene to trans-2-pentenoic
acid, which then participates in normal fatty acid oxidation. A second
but minor pathway involves -oxidation to yield 3-keto-4-pentenoyl
CoA.

w-Oxidation and (w-1)-oxidation

®-Oxidation and (®-1)-oxidation are important in the elimination of
compounds with long and/or complex alkyl chains, because they
eventually yield polar acid metabolites that are eliminated in the
urine. w-Oxidation results in the formation of a primary alcohol,
which may undergo further oxidation to the corresponding carboxylic
acid, which may then be excreted in the urine. For example, linalool
undergoes cytochrome P450-mediated oxidation to form 8-
hydroxylinalool and 8-carboxylinalool, whereas geraniol is oxidized
to 8-hydroxygeraniol, 8-carboxygeraniol and the dibasic acid,
Hilderandt’s acid (3,7-dimethyl-2,6-octadienedioic acid). Citral, the
aldehyde analogue of geraniol, undergoes oxidation of the aldehyde
group in vivo followed by w-oxidation to yield a mixture of diacids
and hydroxy acids. Menthol undergoes w-oxidation of the side-chain
substituents to yield various polyols and hydroxyacids; the (-)-isomer
undergoes more extensive oxidation than the (+)-isomer.

Short-chain (containing four or fewer carbon atoms) ketones that con-
tain a carbonyl functional group at the C2-position (e.g. butanone)
and o-diketones, such as acetoin, may undergo w-oxidation of the
terminal methyl group to give a diketocarboxvlic acid, which would
undergo decarboxylation to vield an o-ketocarboxylic acid. As inter-
mediary metabolites, o-ketoacids undergo oxidative decarboxylation
to yield carbon dioxide and a simple aliphatic carboxylic acid, which
may be completely metabolized via the fatty acid pathway and citric
acid cycle. Almost one-half of a dose of radiolabelled acetoin, admin-
istered by intravenous injection to rats, was eliminated as carbon
dioxide in the expired air and about 20% was eliminated as un-
identified urinary metabolites. rans-Methyl styryl ketone undergoes
essentially complete metabolism of the methyl group after oral ad-
ministration to rats; the glvcine conjugates of phenylacetic and ben-
zoic acid were the major metabolites in the urine.

o-Oxidation of ketones yields hydroxyketones that may be further
reduced to diols and excreted in the urine as glucuronic acid
conjugates. Participation in these pathways depends on chain length,
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the position of the carbonyl functional group, and the dose. Longer-
chain aliphatic ketones (containing five or more carbon atoms) are
metabolized primarily via reduction, but ®-oxidation and/or (®-1)-
oxidation are competing pathways at high aliphatic ketone con-
centrations, which yield ketoacids and diketones, respectively.

A number of the flavouring agents evaluated at the present meeting
are alicyclic ketones containing an alkyl or alkenyl side-chain; these
undergo oxidation of the side-chain (probably by cytochrome P450)
to form polar metabolites that are excreted as the glucuronic acid or
sulfate conjugates in the urine and, to a lesser extent, in the faeces.

Oxidation of double bonds

Oxidation of double bonds, via an epoxide intermediate, to form diols
is probably only a minor pathway of metabolism for the flavouring
agents considered at the present meeting. For example, o-terpineol is
oxidized by cytochrome P450 in rats, via an epoxide intermediate, to
a 1,2-dihydroxy metabolite; this diol metabolite has been detected in
humans following ingestion of o-terpineol.

4.1.7 Oxidation of alicyclics

Cyclohexane and cyclohexene rings, which are present in the carvone
and ionone groups of flavouring agents considered at the present
meeting, are rapidly oxidized in vivo by ring hydroxylation, even
when other pathways of elimination are present. For example, the
main pathways of elimination of cyclohexane are in the expired air (as
the unchanged substance) and in the urine as glucuronic acid
conjugates of cyclohexanol and cyclohexane-1,2-diol. Cyclohexyl-
amine is highly water-soluble, and is excreted in the urine as both the
parent compound and as the glucuronic acid conjugates formed via
ring hydroxylation, together with small amounts of cyclohexane-1,2-
diol formed via deamination and ring hydroxylation. Ring oxidation,
which is catalysed by cytochrome P450 (isoenzyme CYP3A4), is a
major pathway of metabolism for the substituted cyclohexene ring
moieties that are present in vitamin A and its metabolites such as
13-cis- and all-trans-retinoic acid, as well as the ionone group of
flavouring agents. Oxidation of the substituted cyclohexene rings
present in retinoids and ionones occurs on the carbon atoms adjacent
to the double bond.

4.1.8 Conjugation with glutathione

The vast majority of the flavouring agents evaluated at the present
meeting are metabolized by the pathways described in sections 4.1.1-
4.1.7. The possible exceptions are carvone, carveol (and its esters) and
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4.2

some members of the ionone group in which a ketone group, or a
precursor secondary alcohol group, are adjacent to a double bond or
conjugated double bonds (o.B-unsaturated ketone). Glutathione
conjugation is an important pathway for detoxification, especially for
reactive compounds. The products of conjugation with glutathione
are usually eliminated in the bile as the glutathione conjugate per se,
and in the urine as the N-acetylcysteine metabolite produced from the
glutathione conjugate. Glutathione conjugates may also be split by
C-S (carbon-sulfur) lyases (B-lyases) in the kidney and intestinal
microflora to give a thiol compound: this reaction represents a
bioactivation process for some chemicals. Only limited data on me-
tabolism were available on the ionone group of flavouring agents, and
glutathione conjugation products have not been reported as urinary
metabolites of ionones or of carvone. Oral administration of carvone
by gavage in corn oil to mice at a dose of 20mg per animal for 3
successive days caused a reduction in the concentration of glutathione
in the liver, and an increase in glutathione transferase activity. How-
ever, these effects may not have been due to the o,B-unsaturated
ketone moiety, because the decrease in glutathione was not found
with o,B-unsaturated carvone analogues lacking the exocyclic allyl
group, while the increase in glutathione transferase was detected with
compounds such as p-menthan-2-one, which contain neither an o,f3-
unsaturated ketone moiety nor an exocyclic allyl group.

The potential for non-enzymatic interaction with glutathione has
been shown by in vitro studies. The greatest reactivity with
glutathione was found with the simplest o,B-unsaturated ketone
(butenone), which showed a rate of reaction about 1000 times that of
oct-2-ene-4-one. Damascenone, the 1,3-endocyclic diene analogue
of damascone and carvone, which were evaluated at the present
meeting, showed rates of reaction that were 17000, 11000 and 320000
times slower than butenone, which indicates a low reactivity.

Overall, the flavouring agents with an o.,-unsaturated ketone moiety
which were evaluated at the present meeting showed a low reactivity,
and conjugation with glutathione would not be a major route of
metabolism. The low reactivity predicted is supported by the
toxicological data on the ionones and carvone.

Saturated aliphatic acyclic secondary alcohols, ketones and
related saturated and unsaturated esters

The Committee evaluated 39 saturated aliphatic acyclic secondary
alcohols, ketones and related saturated and unsaturated esters (Table
3) using the Procedure for the Safety Evaluation of Flavouring
Agents (Fig. 1).
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The Committee had evaluated five members of this group previ-
ously. Acetone (propan-2-one) was evaluated as an extraction solvent
at the fourteenth meeting (Annex 1, reference 22), when the
Committee considered that, with good manufacturing practice, the
residues in food would be toxicologically insignificant. The evalua-
tion was tentative owing to a lack of relevant data. Isopropyl alcohol
(2-propanol) was evaluated at the fourteenth and twenty-fifth meet-
ings (Annex 1, references 22 and 56); an ADI was not allocated
because of a lack of data. Isopropyl acetate was evaluated at the
twenty-third meeting (Annex 1, reference 50); the Committee was
unable to establish an ADI because of a lack of data on hydrolysis
and other toxicological end-points. Isopropyl myristate (isopropyl
tetradecanoate), evaluated at the twenty-third meeting (Annex
1, reference 50), was not allocated an ADI owing to a lack of
data. 2-Butanone (ethyl methyl ketone) was evaluated at the twenty-
third and twenty-fifth meetings (Annex 1, references 50 and 56),
when the Committee concluded that the data available were not
sufficient for evaluation of the substance, and no ADI was
allocated.

Estimated daily per capita intake

The total annual volume of production of the 39 saturated aliphatic
acyclic secondary alcohols, ketones and related esters in this group is
approximately 750 tonnes in Europe and 240 tonnes in the USA. In
Europe, 92% of the total annual volume is accounted for by isopropyl
alcohol (no. 277) alone. In the USA, 98% of the total annual volume
is accounted for by acetone (no. 139) and isopropyl alcohol. On the
basis of the reported annual volumes of production, the estimated
daily per capita intake of acetone resulting from its use as a flavouring
agent is approximately 7.1mg in Europe and 36mg in the USA.
Similarly, the total estimated daily per capita intake of isopropyl
alcohol and its nine esters in this group (nos 304-312) resulting from
their use as flavouring agents is about 99mg in Europe and 10mg in
the USA.

Saturated aliphatic acyclic secondary alcohols, ketones and related
esters are the main flavouring components of alcoholic beverages and
occur naturally in a wide variety of fruits. Quantitative data on natural
occurrence have been reported for 22 of the 39 substances in this
group. In the USA, the intake of 20 of these 22 substances from
natural sources exceeds the intake from their use as flavouring agents;
for the two remaining substances, acetone (no. 139) and 3-octanol
(no. 291), the intake from their use as flavouring agents exceeds that
from natural sources.
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Absorption, metabolism and elimination

In general, saturated aliphatic acyclic secondary alcohols and ketones
are absorbed through the gastrointestinal tract. The esters in this
group of flavouring agents are anticipated to be hydrolysed to their
component secondary alcohols and aliphatic, saturated and
unsaturated carboxylic acids, which are also readily absorbed.

Three of the esters in this group (3-octyl acetate (no. 313), 1-
ethylhexyl tiglate (octen-3-yl 2-methyl-2-butenoate; no. 448) and
isopropyl tiglate (isopropyl 2-methyl-2-butenoate; no. 312)) may not
be completely hydrolysed in the gastrointestinal tract, but these esters
and other esters in this group of flavouring agents that reach the
general circulation intact would be expected to be hydrolysed by
tissue esterases to their component alcohols and carboxylic acids. The
metabolism of these flavouring agents is primarily by oxidation,
reduction and/or conjugation (see section 4.1).

Two of the substances in this group, 3-heptanone (no. 285) and 3-
heptanol (no. 286) meet the special structural requirements for pos-
sible oxidation to form neurotoxic y-diketone metabolites.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents (Fig. 1) to the above-mentioned saturated
aliphatic acyclic secondary alcohols, ketones and related esters, the
Committee assigned 28 of the 39 substances to structural class I. The
remaining 11 substances, which included acyclic aliphatic 2-alkanones
(nos 283, 288, 292, 296, 298, 299 and 301), 3-alkanones (nos 285, 290
and 294) and a 4-alkanone (no. 302) with four or more carbons on
either side of the keto group, were assigned to structural class II.

Step 2. The available data indicated that 26 of the 28 saturated
aliphatic acyclic secondary alcohols and ketones would be predicted
to be metabolized to or are innocuous substances. The 11 esters in this
group are anticipated to be hydrolysed to their component secondary
alcohols (isopropyl alcohol or 3-octanol) and carboxylic acids
(aliphatic saturated acids or the unsaturated tiglic acid). These
hydrolysis products are either endogenous compounds or can be
predicted to be metabolized to innocuous substances. At current
levels of per capita intake, 37 of the 39 flavouring agents in this group
would not be expected to saturate the metabolic pathways and were
considered to be metabolized to innocuous products. The evaluation
of these substances therefore proceeded via the left-hand side of the
decision-tree. The remaining two substances, 3-heptanone (no. 285)
and 3-heptanol (no. 286), may undergo oxidation to neurotoxic Y-



diketones. The evaluation of these substances therefore proceeded
via the right-hand side of the decision-tree.

Step A3. The estimated daily per capita intakes of 26 of the 28 sub-
stances in class I were below the threshold for class I (1800ug),
indicating that they pose no safety concern when used at current
levels of estimated intake as flavouring agents. Only acetone (no. 139)
and isopropyl alcohol (no. 277) had estimated intakes greater than the
threshold for class I. The evaluation of these two substances therefore
proceeded to step A4.

The total estimated daily per capita intake of isopropyl alcohol
(no. 277) and its nine esters from their use as flavouring agents (99mg
in Europe and 10mg in the USA) is greater than the threshold for
human intake for class I. The intake of three additional esters of
isopropyl alcohol (isopropyl benzoate, isopropyl cinnamate and
isopropyl phenylacetate), which were not evaluated as part of this
group, would contribute approximately an additional 15ug per day in
Europe and 5ug per day in the USA to the total intake of isopropyl
alcohol. This potential additional intake is relatively minor and would
not alter the safety evaluation.

The estimated daily per capita intakes of all 11 substances in class II
were below the threshold for class II (540ug), indicating that they
pose no safety concern when used at current levels of estimated
intake as flavouring agents.

Step A4. Acetone (no. 139) and isopropyl alcohol (no. 277) are both
endogenous components of fatty acid and carbohydrate metabolism
and have been detected in the blood. Therefore, these substances
were determined to be of no safety concern when used at current
levels of intake as flavouring agents.

Step B3. The estimated daily per capita intakes of 3-heptanol
(no. 286) and 3-heptanone (no. 285) were below the threshold for
structural classes I and II, respectively. Accordingly, the evaluation of
these substances proceeded to step B4.

Step B4. On the basis of neurotoxic effects seen in a limited study in
which 3-heptanone (no. 285) was administered orally to male rats, the
NOEL was 1000mg/kg of bodv weight per dayv. This NOEL provides
a large safety margin (>1000000 for 3-heptanone and even higher for
3-heptanol (no. 286)) when compared with the current levels of
estimated intake of 3-heptanone and 3-heptanol (which might be
metabolized to 3-heptanone). Therefore, these substances were
determined to be of no safety concern when used at current levels of
intake as flavouring agents.
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Table 3 summarizes the stepwise evaluations of the 39 saturated
aliphatic acyclic secondary alcohols, ketones and related esters used
as flavouring agents.

Consideration of combined intakes

In the unlikely event that all foods containing all 28 saturated ali-
phatic acyclic secondary alcohols, ketones and related esters of satu-
rated and unsaturated carboxylic acids in structural class I were
consumed concomitantly on a daily basis, the estimated total daily per
capita intake of these substances in Europe and the USA would
exceed the threshold for class I.

In the unlikely event that all foods containing all 11 saturated ali-
phatic acyclic secondary ketones in structural class IT were consumed
concomitantly on a daily basis, the estimated total daily per capita
intake of these substances in Europe and the USA would exceed the
threshold for class II.

Of the 39 substances, 37 are expected to be metabolized via well-
known biochemical pathways to innocuous metabolic and/or
endogenous substances; in the opinion of the Committee, the
endogenous levels of these metabolites would not give rise to
perturbations outside the physiological range. Accordingly, even a
combined theoretical intake would be of no safety concern. For the
remaining two substances that could potentially form y-diketones, the
combined intake would also be of no safety concern.

Conclusion ,
The Committee concluded that the substances in this group would not
present safety concerns at the current levels of estimated intake.

No toxicity data were required for application of the Procedure to 37 of
the 39 substances in this group. However, the Committee noted that
where toxicity data were available, they were consistent with the results
of the Procedure. For the remaining two substances, 3-heptanone (no.
285) and 3-heptanol (no. 286), the toxicity data were also consistent
with the results of the safety evaluation using the Procedure.

A monograph summarizing the safety data on this group of flavouring
agents was prepared.

Linear and branched-chain aliphatic unsaturated, unconju-
gated alcohols, aldehydes, acids and related esters

The Committee evaluated a group of 42 flavouring agents that in-
cluded linear and branched-chain aliphatic unsaturated, unconju-
gated alcohols, aldehydes, acids and related esters (Table 4) using the
Procedure for the Safety Evaluation of Flavouring Agents (Fig. 1).



The Committee had evaluated one member of the group, oleic acid,
previously. At its twenty-ninth meeting (Annex 1, reference 70), the
Committee noted that the safety evaluation of fatty acids, including
oleic acid, is based on knowledge of their metabolism and excretion
and on their occurrence in edible fats and oils that have a long history
of use as foods or food components. At the thirty-third meeting, ADIs
“not specified” were allocated to the calcium, potassium and sodium
salts of oleic acid (Annex 1, reference 83).

Estimated daily per capita intake

The total annual volume of production of the 42 linear and branched-
chain aliphatic unsaturated, unconjugated alcohols, aldehydes,
carboxylic acids and related esters is approximately 39 tonnes in
Europe and 13 tonnes in the USA. Three substances in the group, cis-
3-hexen-1-ol (no. 315), linoleic acid (no. 332) and oleic acid (no. 333)
account for about 96% of the total annual volume in Europe. Four
substances in the group, cis-3-hexen-1-ol, oleic acid, 2,6-dimethyl-5-
heptenal (no. 349) and a mixture of hexyl 2-methyl-3-pentenoate and
hexyl 2-methyl-4-pentenoate (no. 352) account for about 91% of the
total annual volume in the USA. On the basis of the reported annual
volumes of production, the estimated daily per capita intake of cis-3-
hexen-1-ol, linoleic acid and oleic acid from their use as flavouring
agents is approximately 4300ng (72ug/kg of body weight per day),
130pg (2ug/kg of body weight per day) and 970ug (16 ug/kg of body
weight per day), respectively, in Europe. Similarly, the estimated
daily per capita intake of cis-3-hexen-1-ol, oleic acid, 2,6-dimethyl-5-
heptenal and the mixture of hexyl 2-methyl-3-pentenoate and hexyl
2-methyl-4-pentenoate from their use as flavouring agents is approxi-
mately 1100 g (18 ug/kg of body weight per day), 440ug (7 pg/kg of
body weight per day), 250pug (4ug/kg of body weight per day) and
530ug (9ug/kg of body weight per day), respectively, in the USA.
Of the 42 aliphatic unsaturated primary alcohols and unconjugated
aldehydes, acids and related esters in this group, 27 are reported
to occur naturally in a wide variety of foods, including fruits and
vegetables, dairy products, fish and alcoholic beverages. Oleic and
linoleic acids (nos 333 and 332) are some of the most common
unsaturated fatty acids found in vegetable oils and animal fats, often
constituting more than 50% of the total concentration of fatty acids.

Absorption, metabolism and elimination

The metabolism of flavouring agents in this group involves common
pathways of intermediary metabolism which are discussed in section
4.1.
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Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the above-mentioned linear and branched-
chain aliphatic unsaturated, unconjugated alcohols, aldehydes, acids
and related esters, the Committee assigned all 42 substances to struc-
tural class I.

Step 2. The metabolic fates of the linear and branched-chain aliphatic
unsaturated, unconjugated alcohols, aldehydes, carboxylic acids and
related esters in this group of flavouring agents can (with the excep-
tion of ethyl 2-methyl-3,4-pentadienoate (no. 353)) be predicted
readily because of their close structural relationship to endogenous
substrates and the broad substrate specificity of the relevant enzymes.
The prediction that the metabolites would be innocuous was sup-
ported by available toxicity data on members of this group. The
Committee considered that the available data were inadequate to
predict the metabolism of ethyl 2-methyl-3,4-pentadienoate because
of its terminal diene structure.

At current levels of intake, the remaining 41 substances in this group
would not be expected to saturate the metabolic pathways, and all of
them are predicted to be metabolized to innocuous products (see
section 4.1). The evaluation of these substances therefore proceeded
via the left-hand side of the decision-tree.

Since it could not be predicted to be metabolized to innocuous prod-
ucts, the evaluation of ethyl 2-methyl-3,4-pentadienoate proceeded
via the right-hand side of the decision-tree.

Step A3. The current levels of intake of 40 of the 41 substances
were below the threshold for class I (1800ug per day). These 40
substances were considered to be of no safety concern at this step
on the basis of their structural class and low levels of estimated
intake. For the remaining substance, cis-3-hexen-1-ol (no. 315), the
estimated daily per capita intake in Europe exceeded the threshold
for class I. The evaluation of this substance therefore proceeded to
step A4.

Step A4. The substance cis-3-hexen-1-ol (no. 315) is not endogenous
in humans. Accordingly, its evaluation proceeded to step A5 of the
Procedure.

Step A5. A NOEL of 120-150mg/kg of body weight per day was
reported for cis-3-hexen-1-ol (no. 315) in a 98-day study in rats. This
NOEL provides a safety margin of >1000 when compared with the
daily per capita intakes of this substance from its use as a flavouring
agent in Europe and the USA. Therefore, this substance would not be
expected to be of safety concern.
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Step B3. The estimated daily per capita intake of ethyl 2-methyl-3,4-
pentadienoate (no. 353) in Europe and the USA did not exceed the
threshold for class I. The evaluation of this substance therefore pro-
ceeded to step B4.

Step B4. Adequate data to determine a NOEL for ethyl 2-methyl-3.4-
pentadienoate (no. 353) were not available. The Committee was
aware of a study in rats given ethyl 2-methyl-3,4-pentadienoate in the
diet at a concentration equivalent to a daily intake of 1.0mg/kg of
body weight for 90 days; however, a full report of the study was not
available. The Committee therefore postponed the evaluation of this
substance, pending the review of the 90-day toxicity study.

Table 4 summarizes the stepwise evaluations of the linear and
branched-chain aliphatic unsaturated alcohols and unconjugated
aldehydes, acids and related esters in this group of flavouring agents.

Consideration of combined intakes

In the unlikely event that all foods containing all 41 linear and
branched-chain aliphatic unsaturated alcohols and unconjugated
aldehydes, acids and related esters in this group were consumed
concomitantly on a daily basis, the estimated combined intake would
exceed the threshold for class 1. However, all 41 substances are
expected to be efficiently metabolized and would not saturate the
metabolic pathways. On the basis of the evaluation of the collective
data, the combined intake was judged by the Committee not to raise
safety concerns. The consideration of the combined intakes excludes
the intake of ethyl 2-methyl-3,4-pentadienoate (no. 353) because the
evaluation of this substance was deferred, pending the review of a
90-day toxicity study not available to the Committee at its present
meeting.

Conclusions

The Committee concluded that 41 of the 42 linear and branched-chain
aliphatic unsaturated, unconjugated alcohols, aldehydes, acids and
related esters in this group would not present safety concerns when
used at current levels of intake as flavouring agents. Data on the
toxicity of cis-3-hexen-1-ol (no. 315) were required for the application
of the Procedure. The Committee noted that these data and
the available toxicity data on other substances in the group were
consistent with the results of the Procedure. The evaluation of ethyl
2-methyl-3,4-pentadienoate (no. 353) was deferred, pending the
evaluation of a 90-day study in rats that was not available to the

Committee at its present meeting. The ADI “not specified” for

the calcium, potassiim and sodium salts of oleic acid established at
the thirty-third meeting was maintained.



4.4

A monograph summarizing the safety data available on this group of
flavouring agents was prepared.

Aliphatic acyclic and alicyclic terpenoid tertiary alcohols
and structurally related substances

The Committee evaluated a group of 23 flavouring agents that in-
cluded selected tertiary alcohols and related esters (Table 5) using the
Procedure for the Safety Evaluation of Flavouring Agents (Fig. 1).

Two members of the group, linalool and linalyl acetate, were previ-
ously evaluated as part of a group of other terpenoid flavouring
substances that included citral, citronellol and geranyl acetate at
the eleventh meeting (Annex 1, reference 74). At that meeting, the
Committee recommended that at least one member of the group
be studied for the effects of long-term exposure. Linalool and linalyl
acetate were re-evaluated at the twenty-third meeting (Annex 1, re-
ference 50). A group ADI of 0-0.5mg/kg of body weight was estab-
lished, based on the clearly defined metabolism of these substances,
their rapid excretion and their low toxicity in short-term studies.

At its forty-ninth meeting (Annex 1, reference /37), the Committee
evaluated a group of 26 geranyl, neryl, citronellyl and rhodinyl
esters formed from branched-chain terpenoid primary alcohols and
aliphatic acyclic linear and branched-chain carboxylic acids using the
Procedure for the Safety Evaluation of Flavouring Agents. The
Committee concluded that these substances pose no safety concerns,
based on knowledge of their metabolism and low levels of intake.

Estimated daily per capita intake

The total annual volume of production of the 23 tertiary alcohols and
related esters is approximately 58 tonnes in Europe and 15 tonnes in
the USA. Four substances in the group, linalool (no. 356), linalyl
acetate (no. 359), o-terpineol (no. 366) and terpinyl acetate (no. 368)
account for approximately 96% of the total annual volume in Europe
and the USA. On the basis of the reported annual volumes of produc-
tion, the total estimated daily per capita intake of linalool
from use of linalool and eight of its esters as flavouring agents
is approximately 4800png (80ug/kg of body weight) in Europe and
1300pg (22pg/kg of body weight) in the USA. Similarly, the total
estimated daily per capita intake of o-terpineol from use of a-terpin-
eol and six of its esters as flavouring agents is approximately 3200 ug
(53pg/kg of body weight) in Europe and 1400ug (23ug/kg of body
weight) in the USA.

Tertiary alcohols and related esters occur naturally in a wide variety
of foods, including fruits, spices and tea. Thirteen of the substances in
this group have been reported to occur naturally in foods.
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Absorption, metabolism and elimination

It is anticipated that the esters in this group would be readily
hydrolysed to their component alcohols and carboxylic acids. The
products of hydrolysis would be detoxified primarily by conjugation
with glucuronic acid and excreted in the urine. Alternatively, the allyl
side-chain of unsaturated alcohols may undergo w-oxidization to
yield polar metabolites, which may be conjugated and excreted.
Metabolites of acyclic alcohols may be further oxidized to eventually
yield carbon dioxide. Hydrolysis of esters and metabolism of the
products of hydrolysis are further discussed in section 4.1.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the above-mentioned aliphatic acyclic and
alicyclic terpenoid tertiary alcohols and structurally related sub-
stances, the Committee assigned all but one of the 23 substances to
structural class I. The remaining substance, 2-ethyl-1,3,3-trimethyl-2-
norbornanol (no. 440), is a non-terpene bicyclic tertiary alcohol and
was therefore assigned to structural class II.

Step 2. Adequate metabolism data were available on both linalool
(no. 356) and o-terpineol (no. 366) to allow prediction of the likely
pathways of metabolism of all the related compounds in the group.
Although the site of oxidative metabolism would differ between
compounds, the structures of linalool and a-terpineol would cover all
of the functional groups present in the other members of the group
of flavouring agents. On the basis of the information available on
linalool and o-terpineol, the Committee concluded that, with one
exception, the metabolism of compounds in this group could be
predicted to give innocuous products.

Methyl 1-acetoxycyclohexylketone (no. 442) contains a sterically
hindered ketone group and could not be considered a priori to share
metabolic or toxicological similarities with other members of the
group.

At their current levels of intake, 22 of the substances in this group
(21 in class I and one in class II) would not be expected to saturate
metabolic pathways and are predicted to be metabolized to innocuous
products. The evaluation of these substances therefore proceeded via
the left-hand side of the decision-tree. Methyl 1-acetoxycyclohexyl-
ketone (class I) is not predicted to be metabolized to innocuous
products; its evaluation therefore proceeded via the right-hand side of
the decision-tree.

Step A3. The intakes of 22 substances were evaluated at this step. Of
these, 18 of the 21 substances in this group that were assigned to class
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I have daily per capita intakes in Europe and the USA that are below
the threshold for class 1 (1800ug). Therefore, these 18 substances
were considered to pose no safety concern when used as flavouring
agents at their current levels of estimated intake. The daily per capita
intakes of the three remaining substances, linalool (no. 356), linalyl
acetate (no. 359) and o-terpineol (no. 366), exceed the threshold for
class I in Europe. The evaluation of these substances therefore
proceeded to step A4.

The total daily per capita intakes of linalool and its esters (nos 358
365) and o-terpineol and its esters (nos 367-372) in Europe from their
use as flavouring agents is above the threshold for class I. The total
daily per capita intake of linalool and its esters is 48001g in Europe
and 1300ug in the USA. The total daily per capita intake of
a-terpineol and its esters is 3200 g in Europe and 1400 ug in the USA.

The total daily per capita intake of the class II substance, 2-ethyl-
1,3,3-trimethyl-2-norbornanol (no. 440), is below the threshold for
class II (540pg), indicating that this substance does not pose a safety
concern when used at current levels of estimated intake as a flavour-
ing agent.

Step A4. Linalool (no. 356), linalyl acetate (no. 359) and o-terpineol
(no. 366) are not endogenous in humans and they are not predicted
to be metabolized to endogenous products. The evaluation of these
substances therefore proceeded to step AS.

Step A5. NOELs of 50mg/kg of body weight per day and 24 mg/kg
of body weight per day have been reported for linalool (no. 356) and
linalyl acetate (no. 359), respectively, in 90-day studies in rats. These
NOEL: provide a margin of safety of >1000 for linalool and >500 for
linalyl acetate and for linalool and its esters when compared with the
daily per capita intakes of these substances in Europe and the USA.
A NOEL of 500mg/kg of body weight per day has been reported for
terpinyl acetate in a 20-week study in rats. This NOEL provides a
margin of safety of approximately 10000 for o-terpineol and for
a-terpineol and its esters when compared with the daily per capita
intakes of these substances in Europe and the USA. A carcinogenicity
bioassay in rats was conducted using a mixture of the terpenoid esters
geranyl acetate and citronellyl acetate, which together with linalool
and linalyl acetate, were reviewed at the twenty-third meeting of the
Committee (Annex 1, reference 50). The NOEL of 1000mg/kg of
body weight per day (710mg/kg of body weight per day for geranyl
acetate and 290 mg/kg of body weight per day for citronellyl acetate)
in this study provides a margin of safety of >10000 for linalool and its
esters and for o-terpineol and its esters.



Step B3. The daily per capita intake of methyl 1-acetoxycyclohexyl-
ketone (no. 442) in the USA is below the threshold for class I
(1800pg). No intake data were reported for Europe. The evaluation
of this substance therefore proceeded to step B4.

Step B4. Adequate data to determine a NOEL for methyl 1-acetoxy-
cyclohexylketone (no. 442) or structurally related substances were
not available. The evaluation of this substance therefore proceeded
to step BS.

Step B5. The conditions of use of methyl 1-acetoxycyclohexylketone
(no. 442) result in an intake greater than 1.5ug per day. Accordingly,
additional data on this substance were required for its evaluation.

Table 5 summarizes the evaluation of the 23 aliphatic acyclic and
alicyclic terpenoid tertiary alcohols and structurally related sub-
stances used as flavouring agents.

Consideration of combined intakes

The data were adequate to complete an evaluation of 22 of the 23
tertiary alcohols and related esters in this group. In the unlikely event
that all foods containing all 22 of these substances were consumed
simultaneously on a daily basis, the estimated combined intake would
exceed the threshold for human intake for class I. However, these 22
substances are expected to be efficiently metabolized and would
not saturate metabolic pathways. In considering combined intake,
the Committee excluded intake of methyl 1-acetoxycyclohexylketone
(no. 442) because additional data on toxicity were required to
evaluate its safety.

Consumption of foods containing four additional esters of linalool
(linalyl anthranilate, linalyl benzoate, linalyl cinnamate and linalyl
phenylacetate) that were not evaluated as part of this group, would
contribute an extra 10ig or 0.2 ug to the total daily per capita intake
of linalool (no. 356) in Europe and the USA, respectively. Similarly,
intake of foods containing an additional ester of a-terpineol (terpinyl
cinnamate) would contribute an extra 0.008ug or 0.5ug to the total
daily per capita intake of o-terpineol (no. 366) in Europe and the
USA, respectively. The potential consumption of linalool and o-
terpineol from these additional esters is minor and would not be
expected to lead to saturation of metabolic pathways or alter the
outcome of the safety evaluation using the Procedure.

Conclusions
The Committee concluded that 22 of the 23 terpenoid tertiary
alcohols and related substances in this group would not present safety
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concerns when used at current levels of intake as flavouring agents.
Knowledge of the pathways of metabolism of these flavouring agents
and toxicity data on three substances (linalool, linalyl acetate and o
terpineol (nos 356, 359 and 366)) were required for application of the
Procedure. The Committee noted that these data and the available
toxicity data on other structurally related substances were consistent
with the results of the safety evaluation using the Procedure. For one
substance, methyl 1-acetoxycyclohexylketone (no. 442), the available
metabolic data were inadequate to predict that the substance would
be metabolized to innocuous products, a relevant NOEL was lacking,
and intake exceeded 1.5ug per day. According to the Procedure,
the Committee concluded that additional data were required for
the evaluation of methyl 1-acetoxycyclohexylketone. The group
ADI established previously for linalool, linalyl acetate, citral, citro-
nellol and geranyl acetate was maintained.

A monograph summarizing the safety data on this group of flavouring
agents was prepared.

Carvone and structurally related substances

The Committee evaluated carvone and eight related substances
(Table 6) using the Procedure for the Safety Evaluation of Flavouring
Agents (Fig. 1). The substances in this group are terpenoid ketones,
secondary alcohols and related esters containing a 2-menthyl carbon
skeleton.

The Committee had previously evaluated carvone on several
occasions. A conditional ADI of 0-1.25mg/kg of body weight for the
(+)- and (—)-isomers was established at the eleventh meeting (Annex
1, reference 14). A temporary ADI of 0-1mg/kg of body weight was
established for (+)- and (—)-carvone at the twenty-third meeting
(Annex 1, reference 50), which was extended at the twenty-fifth,
twenty-seventh, thirtieth and thirty-third meetings (Annex 1, refer-
ences 56, 62, 73 and 83). At its thirty-seventh meeting, the Committee
determined that the (+)- and (-)-enantiomers should be evaluated
separately. Owing to a lack of data on (—)-carvone per se, the tempo-
rary ADI for (-)-carvone was not extended. In its review
of (+)-carvone, the Committee considered a long-term toxicity/carci-
nogenicity study in mice, short-term toxicity studies in mice and rats
and in vitro tests for mutagenicity. On the basis of a NOEL of 93mg/
kg of body weight per day in a 3-month toxicity study in rats, the
Committee established an ADI for (+)-carvone of 0-1mg/kg of body
weight per day. :
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Estimated daily per capita intake

The estimated total daily per capita intake of carvone (no. 380) and
related substances from their use as flavouring agents is 2.8mg
in Europe and 10mg in the USA. In Europe, carvone accounts for
approximately 99% of the total annual per capita intake of this group
of substances from their use as flavouring agents. In the USA, carvone
accounts for approximately 96% of the total annual per capita intake
of this group of substances from their use as flavouring agents.

Seven of the substances in this group have been reported to occur
naturally in foods, including fruits, spices and berries. (—)-Carvone
has been reported to occur in the oils of Mentha spicata (spearmint).
(+)-Carvone has been reported in Carum carvi (caraway) and
Anethum graveolens (dill). Quantitative data on the natural occur-
rence and consumption ratios' have been reported for five of these
substances (nos 377, 379-382), which indicate that they are con-
sumed predominantly in traditional foods (i.e. consumption
ratio >1).

Absorption, metabolism and elimination

This group consists of three ketones (nos 375, 377, 380), three
secondary alcohols (nos 376, 378, 381) and three esters (nos 379, 382,
383). The metabolism of these substances is discussed in general
terms in section 4.1.

Terpenoid esters. The three esters would be expected to be hydro-
lysed to their corresponding alcohol and carboxylic acid by
carboxylesterases, which occur predominantly in hepatocytes. Esters
of carveol (no. 381) and dihydrocarveol (no. 378) would be expected
to be hydrolysed to yield carveol and dihydrocarveol, respectively,
and the corresponding saturated aliphatic carboxylic acids.

Terpenoid alcohols and ketones. The terpenoid alcohols result-
ing from hydrolysis of esters and their corresponding ketones are
metabolized in the same pathways as other alicyclic terpenoid ke-
tones and secondary alcohols. Five detoxification pathways have been
identified:

— reduction of the ketone, followed by conjugation of the resulting
alcohol with glucuronic acid;

' Defined as the ratio of the per cap’tz intaks resuzing frem e naiural occurrence of a
flavouring agent in fooa 10 the per capita ‘ntake of the “lavouring agent from its
intentional addition to food. Thus, a large consumption ratio signifies that the human
intake from natural occurrence of the compound ir: fcod is much greater than the intake
that results from its intentional addition to food. A consumption ratio of zero indicaies
that the compound does not occur naturally ‘n food as ‘ar as is presently known.
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— oxidation of the side-chains, yielding polar metabolites, which
may be conjugated and excreted;

— conjugation of ketones with glutathione, followed by excretion;

— hydrogenation of the endocyclic double bond of carveol;

— excretion of the unchanged parent compound.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to carvone and the above-mentioned related
substances, the Committee assigned six of the nine substances (p-
menthan-2-ol, dihydrocarveol, dihydrocarvyl acetate, carveol, carvyl
acetate and carvyl propionate (nos 376, 378, 379, 381-383)) to
structural class I. The remaining three substances ( p-menthan-2-one,
dihydrocarvone and carvone (nos 375, 377 and 380)) were assigned to
structural class II as they contain an o.3-unsaturated ketone.

Step 2. Sufficient data were available on carvone to define the major
pathways of metabolism, and this compound contained all of the
key structural elements and potential sites of metabolism of all other
members in the group. Better data on metabolism were available
on isophorone (3,4,5-trimethyl-cyclohex-2-en-1-one), which is not a
member of this group of flavouring agents, but which shows close
structural similarities to carvone and shares the same routes of
metabolism (reduction of the carbonyl group, conjugation of the
resulting alcohol with glucuronic acid, and side-chain oxidation). It is
predicted that carvone and other o,B-unsaturated ketones in the
group might undergo conjugation with glutathione, but this would
be expected to be a minor route of metabolism because of the low
reactivity in vitro, a conclusion supported by the toxicological data.

For the three terpenoid esters (nos 379, 382 and 383) in class 1,
the most likely route of metabolism is hydrolysis to carveol or
dihydrocarveol. For the three terpenoid alcohols (nos 376, 378 and
381) which are also in class I, the available data indicated that the
most likely route of metabolism is conjugation with glucuronic acid,
followed by excretion; however, other routes of metabolism such as
side-chain oxidation followed by conjugation and excretion may also
be possible. In each case, metabolism yields innocuous metabolites.
The evaluation of these substances therefore proceeded via the left-
hand side of the decision-tree.

For the three terpenoid ketones (nos 375, 377 and 380) in class II, the
available data indicated that the most likely route of metabolism
is reduction of the ketone to the corresponding alcohol, followed
by conjugation with glutathione and excretion. Other routes of
metabolism are also possible, such as side-chain oxidation followed by



conjugation, and direct conjugation of the ketone with glutathione. In
all cases, metabolism yields innocuous metabolites. Accordingly, the
evaluation of these substances also proceeded via the left-hand side of
the decision-tree.

Step A3. The estimated daily per capita intakes of the six terpenoid
esters and alcohols in class I are below the threshold of concern for
this class (1800ug per day), and they would not be expected to be of
safety concern. The intakes of two of the three terpenoid ketones in
class II, p-menthan-2-one (no. 375) and dihydrocarvone (no. 377) are
below the threshold of concern for this class (540ug per day), and
these would not be expected to be of safety concern. For the
remaining substance, carvone (no. 380), the intakes in both Europe
and the USA are above the threshold of concern. The evaluation of
this substance therefore proceeded to step A4.

Step A4. Carvone (no. 380) is not endogenous in humans. The
evaluation of this substance therefore proceeded to step AS.

Step A5. A NOEL of 93mg/kg of body weight per day was identified
for (+)-carvone in a 3-month study in rats at the thirty-seventh
meeting of the Committee (Annex 1, reference 94). If it is assumed
that all the carvone consumed was (+)-carvone, a margin of safety
of >500 exists between this NOEL and the daily per capita intake for
the (+)-isomer of carvone. Therefore this substance would not be
expected to be of safety concern. The (—)-isomer of carvone would be
expected to share a common metabolic pathway with (+)-carvone. A
NOEL of 125 mg/kg of body weight per day was identified for carvone
(isomer unspecified) at the eleventh meeting (Annex 1, reference 74).
The only material that was commercially available at that time was
(-)-carvone. This NOEL was considered to apply to (—)-carvone and,
if it is assumed that all the carvone intake was (—)-carvone, a margin
of safety of >750 exists between this NOEL and the daily per capita
intake for (—)-carvone. Accordingly, this substance would not be ex-
pected to be of safety concern.

Table 6 summarizes the evaluations of the nine substances in this
group.

Consideration of combined intakes

In the unlikely event that all foods containing all six terpenoid
alcohols and esters in structural class I were consumed concomitantly
on a daily basis, the estimated total dailv per capita intake of these
substances in Europe and the USA would be below the threshold for
class 1.
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In the unlikely event that all foods containing all three terpenoid
ketones in structural class II were consumed concomitantly on a daily
basis, the estimated daily per capita intake of these substances in
Europe and the USA would exceed the threshold for class II.

However, all nine substances in this group are expected to be
efficiently metabolized to innocuous products and would not give rise
to perturbations outside the physiological range.

Conclusions

The results of the evaluations of carvone (no. 380) and related
substances (nos 375-379 and 381-383) indicated that these substances
would not present safety concerns at the estimated current levels of
intake. In using the Procedure, the Committee noted that all of the
available data on toxicity were consistent with the results of the safety
evaluation. The ADI established previously for (+)-carvone was
maintained.

A monograph summarizing the safety data available on this group of
flavouring agents was prepared.

lonones and structurally related substances

The Committee evaluated a group of 21 flavouring agents that in-
cluded o~ and B-ionone and structurally related substances (Table 7)

- using the Procedure for the Safety Evaluation of Flavouring Agents

(Fig. 1).

Each of these substances has a cyclohexene ring with an allyl or alkyl
side-chain containing a ketone or secondary alcohol functional group.
With one exception, namely, 1,4-dimethyl-4-acetyl-1-cyclohexene,
each contains a 2,6,6-trimethylcyclohexyl carbon skeleton, and an
alkyl side-chain of 4-7 carbon atoms located at the C1 position.
With the exception of y-ionone, each of these substances has at
least one endocyclic double bond. In the ionones, the carbonyl
or hydroxyl group is located in the y-position in relation to the ring,
while in the damascones the carbonyl group is located in the o-
position.

The Committee had previously evaluated three members of the
group. o-lonone and B-ionone were both evaluated at the twenty-
eighth meeting (Annex 1, reference 66), when a group ADI of 0-
0.1 mg/kg of body weight was established for these flavouring agents,
individually or in combination. Allyl-a-ionone was evaluated at the
twenty-fourth meeting (Annex 1, reference 53), when the Committee
concluded that the data were inadequate for setting an ADIL.
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Estimated daily per capita intake

The estimated total daily per capita intake of all 21 ionones and
related substances from their use as flavouring agents is 0.76mg
in Europe and 0.33mg in the USA. In Europe, four substances,
damascenone (no. 387), a-ionone (no. 388), B-ionone (no. 389) and
methyl-o-ionone (no. 398), account for approximately 85% of the
total annual per capita intake of this group of substances from their
use as flavouring agents. In the USA, three substances, a-ionone, -
ionone and allyl-a-ionone (no. 401), account for approximately 85%
of the total annual per capita intake of this group of substances from
their use as flavouring agents.

Eleven of the substances in this group have been reported to occur
naturally in foods, including raspberries, carrots, roasted almonds and
herbs. Quantitative data on natural occurrence and consumption ra-
tios have been reported for seven substances (nos 388-394), which
indicate that they are consumed predominantly in traditional foods
(i.e. consumption ratio >1).

Absorption, melabolism and elimination

The available data on metabolism of substances in this group are
derived largely from studies on -ionone and indicate that at least two
detoxification pathways are possible (see section 4.1):

— hydroxylation of the cyclohexene ring at the C3 position followed
by oxidation of the hydroxyl group to the 3-oxo derivative; and

— reduction of the ketone on the allyl side-chain to the
corresponding secondary alcohol.

A combination of these reactions results in the formation of polar
metabolites, which are excreted in the urine unchanged or conjugated
with glucuronic acid. B-Ionone can also be excreted unchanged in the
urine.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
1,4-Dimethyl-4-acetyl-1-cyclohexene (no. 402) was not considered to
have sufficient structural similarities to the ionones to be included in
this group and therefore the safety of this compound was not
evaluated. - -

Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the remaining 20 ionones and related sub-
stances, the Committee assigned all of the substances to structural
class L. :

Step 2. Data were available for B-ionone (no. 389), which showed that
it was metabolized by reduction of the carbonyl group and hydroxy-



lation of the alicyclic ring and by conjugation of metabolites contain-
ing alcohol groups with glucuronic acid. Only limited data were avail-
able on the fate of other compounds in the group of a- and B-ionone
and related flavouring agents. Other members of this group had struc-
tural characteristics similar to B-ionone, but there were differences in
the number and positions of the alicyclic double bonds and the posi-
tion of the carbonyl group within the side-chain and its relationship to
endocyclic and exocyclic double bonds. On the basis of the similarities
of the functional groups present in the flavouring agents in this group
it was considered that o- and B-ionone (nos 388 and 389), their alcohol
analogues, analogues with a single endocyclic double bond, and ana-
logues with saturated side-chains or longer side-chains would be
eliminated from the body by common metabolic processes, which
would lead to innocuous products.

Members of the group with two endocyclic double bonds, or with the
carboxyl group adjacent to the cyclohexene ring, or with an allyl
double bond attached to the cyclohexene ring, might show reduced
rates of elimination which might affect their toxicological potency.
The Procedure takes this possibility into account to some extent since
compounds that are sterically hindered are assigned to structural class
II, rather than class I. However, the Committee was not able to
conclude a priori that the products of metabolism of such compounds
would be innocuous.

Substances that could be predicted to be metabolized to innocuous
products fall into the following two groups:

Group 1. o-Ionone, o-ionol, dihydro-o-ionone, methyl-o-ionone,
methyl-6-ionone, o-irone, 2-iso-methylionone and allyl-o-ionone (nos
388, 391, 393, 398, 400, 403, 404 and 401, respectively). These sub-
stances were considered likely to share a common metabolic pathway
with a-ionone, although the rate of metabolism for some of these
substances may be slower than for o-ionone.

Group 2: B-Ionol, dihydro-B-ionone, dihydro-f-ionol, methyl-f3-
ionone and methyl-&-ionone (nos 392, 394, 395, 399 and 400, res-
pectively). These substances were considered likely to share
common metabolic pathways with B-ionone, although the rate of
metabolism for some of these substances may be slower than for B-
ionone.

The evaluation of the substances in groups 1 and 2 proceeded via the
left-hand side of the decision-tree.

The substances that could not be predicted to be metabolized to
innocuous products are -damascone, o-damascone, d-damascone,
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damascenone, y-ionone, dehydrodihydroionone and dehydrodihydro-
ionol (nos 384-387, 390, 396 and 397, respectively). The evaluation of
these substances proceeded via the right-hand side of the decision-
tree.

Step A3. The daily per capita intakes in Europe and the USA of all 13
substances in groups 1 and 2 are below the threshold for human
intake for class I (1800 ug per day). Therefore, these substances would
not be expected to be of safety concern.

Step B3. For B-damascone, a-damascone, 6-damascone, damascen-
one, y-ionone, dehydrodihydroionone and dehydrodihydroionol (nos
384-387,390, 396 and 397, respectively), the daily per capita intakes in
Europe and the USA are below the threshold for class 1. Accordingly,
the evaluation of these substances proceeded to step B4.

Step B4. Information on each of the compounds considered at this
step is given below.

The NOEL for B-damascone (no. 384) is 2mg/kg of body weight
per day, based on a 90-day study in rats. The margin of safety between
this NOEL and the daily per capita intake under the conditions of
intended use is >2000.

o-Damascone, 8-damascone and damascenone (nos 385-387) were
considered likely to share common metabolic pathways with [-
damascone (no. 384), although the rate of metabolism may be
slower. The margins of safety between the NOEL for 3-damascone
and the daily per capita intakes of a-damascone, d-damascone and
damascenone are >10000, 200000 and >1000, respectively.

v-Ionone (no. 390) was considered likely to share a common meta-
bolic pathway with o-ionone (no. 388) and B-ionone (no. 389), for
which the NOEL was 10mg/kg of body weight per day, based on a 90-
day study in rats. The margin of safety between this NOEL and the
daily per capita intake of y-ionone is 40000. It was also considered
likely to share a common metabolic pathway with carvone (no. 380),
for which the NOEL was 93mg/kg of body weight per day, based on
a 3-month study in rats. In this case the margin of safety between this
NOEL and the daily per capita intake of y-ionone is 370 000.

Dehydrodihydroionone (no. 396) and dehydrodihydroionol (no. 397)
were considered to share common metabolic pathways with a-ionone
and B-ionone, for which the NOEL was 10mg/kg of body weight per
day. The margins of safety between this NOEL and the daily per
capita intakes of dehydrodihydroionone and dehydrodihydroionol
are 6 x 10° and 80000, respectively.
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Therefore, the seven substances considered at this step would not be
expected to be of safety concern.

Table 7 summarizes the evaluations of the 21 o- and B-ionones and
related substances used as flavouring agents.

Consideration of combined intakes

All of the 20 ionones and structurally related substances considered
in this evaluation would be expected to share common metabolic
pathways. In the unlikely event that all foods containing all 20
substances were consumed simultaneously on a daily basis, the
estimated daily per capita consumption in Europe and the USA
would not exceed the threshold for human intake for substances in
class 1.

Conclusions

The Committee concluded that use of any of the 20 ionones and
related substances as flavouring agents would not present safety
concerns at the estimated current levels of intake.

In using the Procedure, the Committee noted that all of the avail-
able data on toxicity were consistent with the results of the safety
evaluation.

The ADIs previously established for a-ionone and B-ionone were
maintained.

A monograph summarizing the safety data available on this group of
flavouring agents was prepared.

Aliphatic acyclic and alicyclic o-diketones and related
o-hydroxyketones

The Committee evaluated a group of 22 flavouring agents that in-
cluded aliphatic acyclic and alicyclic o-diketones and related o-
hydroxyketones (Table 8) using the Procedure for the Safety
Evaluation of Flavouring Agents (Fig. 1). One member of the group,
diacetyl (2,3-butanedione), was previously evaluated at the eleventh
meeting of the Committee (Annex 1, reference /4). However, no
ADI was allocated at that time because of a lack of data.

Estimated daily per capita intake

In the USA. aliphatic acyclic and alicyclic o-diketones and o-
hydroxyketones are generally used as flavouring agents up to average
maximum levels of 200mg/kg. The total annual volume of production
of the 22 substances in this group is approximately 44 tonnes in
Europe and 56 tonnes in the USA. In both Europe and the USA,
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more than 95% of the total annual volume is accounted for by three
substances: acetoin (3-hydroxy-2-butanone; no. 405; 19 tonnes/year in
Europe and 9.2 tonnes/year in the USA), diacetyl (no. 408; 18 tonnes/
year in Europe and 42 tonnes/year in the USA) and methylcyclo-
pentenolone (no. 418; 4.7 tonnes/year in Europe and 3.7 tonnes/year
in the USA). Two of these substances (acetoin and diacetyl) account
for more than 90% of the total annual volume in the USA.

Nineteen of the 22 aliphatic acyclic and alicyclic o-diketones and o-
hydroxyketones have been identified as natural components of a
variety of foods, including fruits, vegetables, cocoa and coffee.
Quantitative data on natural occurrence have been reported for six of
these substances. On the basis of the information available, the levels
of intake of these substances as natural components of food would
appear to be greater than those from their use as flavouring agents,
with one exception (diacetyl).

Absorption, metabolism and elimination

In rats and mice, orally administered aliphatic o-diketones are rapidly
absorbed from the gastrointestinal tract. It is anticipated that at low
levels of intake, humans will metabolize aliphatic acyclic a-diketones
principally by o-hydroxylation and subsequent oxidation of the
terminal methyl group to yield the corresponding ketocarboxylic acid.
The acid may undergo oxidative decarboxylation to yield carbon
dioxide and a simple aliphatic carboxylic acid, which may be
completely metabolized in the fatty acid pathway and citric acid cycle.
At high levels of intake, aliphatic acyclic «-diketones may be
metabolized by reduction to the diol and subsequent conjugation
with glucuronic acid. Acyclic o-diketones and a-hydroxyketones
without a terminal methyl group and alicvclic o-diketones and o-
hydroxyketones are mainly metabolized by reduction to the
corresponding diol followed by conjugation with glucuronic acid and
excretion (see section 4.1).

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the above-mentioned aliphatic acyclic and
alicyclic a-diketones and related o-hydroxyketones, the Committee
assigned all 22 substances to structural class II.

Step 2. In vitro and in vivo data demonstrated two major routes of
metabolism for diacetyl (no. 408) and acetoin (no. 405) involving
complete oxidation to carbon dioxide and reduction to a diol, but data
were not available on the longer-chain linear homologues or cyclic
analogues. Alcohol dehydrogenases, aldehyde reductase and
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carbonyl reductase are widely distributed enzymes, with broad
substrate specificities, and in vitro data show that 1,2-cyclohexane-
dione is a better substrate than diacetyl for aldehyde reductase and
carbonyl reductase. In consequence, it was considered that the data
on the extensive reduction of acetoin can be extrapolated to other
members of the group. The a-diketone group is polar, and it would be
expected that all members of the group evaluated would be metabo-
lized by a combination of oxidation (when the carbonyl group is
adjacent to a methyl group), reduction of the carbonyl group and
excretion of the parent compound and metabolites in urine. The

_products of these metabolic pathways do not raise toxicological con-

cerns. This conclusion is supported by the toxicological data available
on some members of the group.

Step A3. For 19 of the substances, the daily per capita intakes in
Europe and the USA are below the threshold for human intake for
substances in class IT (540pug per day), indicating that they pose no
safety concern when used at current levels of estimated intake as
flavouring agents. Only acetoin (no. 405), diacetyl (no. 408) and
methylcyclopentenolone (no. 418) have intakes greater than 540ug
per day in Europe and the USA.

Step A4. Acetoin (no. 405) and diacetyl (no. 408) are endogenous in
humans, but methylcyclopentenolone (no. 418) is not. The evaluation
of this substance therefore proceeded to step AS.

Step A5. A NOEL of 500mg/kg of body weight per day was reported
for methylcyclopentenolone (no. 418) in a 6-month toxicity study in
rats. A safety margin of >30000 exists between this NOEL and the
estimated daily per capita intake of methylcyclopentenolone. In
addition, the results of genotoxicity tests (Ames test and test for
unscheduled DNA synthesis) of methylcyclopentenolone were
negative. This information indicates that methylcyclopentenolone
would not be expected to be of safety concern.

The stepwise evaluations of the 22 aliphatic acyclic and alicyclic o-
diketones and related a-hydroxyketones used as flavouring agents are
summarized in Table 8.

Consideration of combined intakes

In the unlikely event that all foods containing all of the 22 aliphatic
acyclic and alicyclic o-diketones and related o-hydroxyketones evalu-
ated as flavouring agents were consumed simultaneously on a daily
basis, the estimated total daily per capita intake of these substances in
Europe and the USA would exceed the threshold for human intake
for substances in class II. However, all of the flavouring agents in this
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group are expected to be efficiently metabolized and excreted and
would not saturate detoxification pathways. On the basis of the evalu-
ation of the collective data, the Committee concluded that combined
intake of these substances would not be expected to be of safety
concern.

Conclusion

The Committee concluded that the 22 aliphatic acyclic and alicyclic o~
diketones and related o-hydroxyketones evaluated do not pose a
safety concern when used at current levels of intake as flavouring
agents. No toxicity data were required for application of the
Procedure to 21 of the 22 substances evaluated. However, the
Committee noted that where toxicity data were available, they were
consistent with the results of the Procedure. For the remaining
substance, methylcyclopentenolone (no. 418), the toxicity data
indicated that it would not be expected to be of safety concern.

A monograph summarizing the safety data on this group of flavouring
agents was prepared.

Substances structurally related to menthol

The Committee evaluated 13 substances structurally related to men-
thol (Table 9) using the Procedure for the Safety Evaluation of
Flavouring Agents (Fig. 1). Menthol was evaluated separately (see
section 3.2.3). However, it is included here because information on
this substance is integral to the evaluation of its structurally related
substances.

Menthol was previously evaluated at the eleventh, eighteenth and
twentieth meetings of the Committee (Annex 1, references 14, 35 and
41). At its present meeting, the Committee allocated an ADI of 0-
4mg/kg of body weight to menthol (section 3.2.3).

Estimated daily per capita intake

The total annual volume of production of menthol and the 13
structurally related substances from their use as flavouring agents is
approximately 140 tonnes in Europe and 79 tonnes in the USA.
Menthol (no. 427) and menthone (no. 429) account for 97% of the
total annual volume in Europe and 85% of the total annual volume in
the USA.

Menthol and some structurally related substances occur naturally
in a wide variety of foods, including spearmint oil, cornmint oil,
peppermint oil, raspberries, rum, nutmeg and cocoa. Menthol and
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menthone are the principal constituents of peppermint oil, accounting
for 10-70% and 7-40%, respectively. Eight of the substances in
this group have been reported to occur naturally in foods (nos 427~
432, 434 and 435); six of the remaining substances are esters of
menthol (nos 433, 443, 444 and 447) or ketals of menthone (nos 445
and 446). Quantitative data on natural occurrence and consumption
ratios have been reported for five of these substances, which are
consumed predominantly in traditional foods (i.e. consumption
ratio >1).

Absorption, metabolism and elimination

The esters in this group (nos 431-433 and 447) would be expected to
be readily hydrolysed to menthol and their respective carboxylic
acids; the latter are endogenous in humans. The carbonate esters of
(-)-menthol (nos 443 and 444) can be expected to be hydrolysed to
menthol and carbonate and either ethylene glycol or propylene
glycol. The ketals (nos 445 and 446) are hydrolysed in vitro to yield
(-)- or (+)-menthone and simple glycols. The ketones (nos 429, 430
and 435) in this group would be reduced to their corresponding
secondary alcohols which, like menthol, are conjugated with

~ glucuronic acid and then excreted in the urine (see section 4.1).

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. Menthol (no. 427) belongs to structural class 1. In applying
the Procedure for the Safety Evaluation of Flavouring Agents to the
above-mentioned substances structurally related to menthol, the
Committee assigned eight of the 13 substances ((+)-neo-menthol,
menthyl acetate, menthyl isovalerate, (—)-menthyl lactate, p-menth-1-
en-3-ol, (-)-menthol ethylene glycol carbonate, the mixture of (-)-
menthol 1- and 2-propylene glycol carbonate and mono-menthyl
succinate (nos 428, 431-434, 443, 444 and 447, respectively)) to
structural class I. The remaining five substances (menthone, (%)-
isomenthone, piperitone, (—)-menthone 1,2-glycerol ketal and (%)-
menthone 1,2-glycerol ketal (nos 429, 430, 435, 445 and 446,
respectively)) were assigned to structural class II.

Step 2. At current levels of intake, the 14 substances would not be
expected to saturate the metabolic pathways, and they are all
predicted to be metabolized to innocuous products (see section 2.3.1).
Consideration of this group of flavouring agents was dependent on
data on the metabolic fate of menthol (no. 427) and menthone (no.
429), which are metabolized by a combination of oxidation and
conjugation. The extensive conjugation of menthol with glucuronic
acid and its rapid elimination in urine and bile, combined with its
simple chemical structure, provided assurance that the products of



metabolism are innocuous. The metabolites of piperitone (an o,p-
unsaturated ketone) were considered to be innocuous by comparison
with menthone and its metabolites (saturated) and carvone (o,B-
unsaturated).

Step A3. The daily per capita intakes of all of the substances in this
group in structural class I, with the exception of menthol (no. 427), are
below the threshold for human intake for class I (1800ug) in both
Europe and the USA, indicating that they pose no safety concerns
when used at the current levels of estimated intake as flavouring
agents. The intake of menthol in Europe and the USA is above the
threshold for human intake for substances in class I.

The total intake of menthol in Europe and the USA from its use and
use of its esters (nos 431433, 443, 444 and 447) as flavouring agents is
above the threshold for human intake for class 1. The total daily per
capita intake of menthol and its esters is 19000ug in Europe and
12000 g in the USA.

The daily per capita intakes of all the substances in structural class II,
with the exception of menthone (no. 429), are below the threshold for
class I (540pg per day) in both Europe and the USA. The daily per
capita intake of menthone in Europe and the USA is above the
threshold for human intake for class I1.

The total intake of menthone in Europe and the USA from its use and
use of its ketals (nos 445 and 446) as flavouring agents is above the
threshold for human exposure for class II. The total daily per capita
intake of menthone and its ketals is 1000 g in Europe and 2900 g in
the USA.

Step A4. Menthol (no. 427) and menthone (no. 429) are not
endogenous in humans. The evaluation of these substances therefore
proceeded to step AS.

Step A5. An ADI of 04mg/kg of body weight was allocated to
menthol (no. 427) at the present meeting (see section 3.2.3). For
menthone (no. 429), a NOEL of 400 mg/kg of body weight per day has
been reported in a 28-day toxicity study in rats. A safety margin of
approximately 10000 exists between this NOEL and the daily per
capita intake of menthone (42 pug/kg of body weight per day in Europe
and 17ug/kg of body weight per day in the USA) or the total daily
per capita intake of menthone and its derivatives (46 and 17 ug/kg of
body weight per day, respectively). This information indicates that
neither menthol nor menthone would be expected to be of safety
concern.

Table 9 summarizes the evaluation of menthol and the 13 structurally
related substances using the Procedure.
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Consideration of combined intakes

In the unlikely event that all foods containing menthol (no. 427) and
the eight structurally related substances in class I were consumed
concomitantly on a daily basis, the estimated total daily per capita
intake in Europe and the USA would exceed the threshold for human
intake for class L.

In the unlikely event that all foods containing menthone (no. 429) and
the four structurally related substances in class I were consumed
concomitantly on a daily basis, the estimated total daily per capita
intake in Europe and the USA would exceed the threshold for human
intake for class II.

All 14 substances are, however, expected to be efficiently metabolized
and would not saturate metabolic pathways. On the basis of the
evaluation of the collective data, the combined intake was judged by
the Committee not to raise safety concerns.

Conclusions

The Committee concluded that the use of menthol and the 13
structurally related substances evaluated as flavouring agents would
not pose a safety concern at the current estimated levels of intake.
The Committee noted that where toxicity data were available, they
were consistent with the results of the safety evaluation using the
Procedure.

A monograph summarizing the safety data on the 13 substances
structurally related to menthol was prepared.

Intake assessments of specific food additives

In response to a request of the Twenty-Ninth Session of the Codex
Committee on Food Additives and Contaminants (8), the Expert
Committee assessed the intake of five food additives. In this section of
the report, the Expert Committee recommends the review of levels of
food additives in certain categories of the draft General Standard on
Food Additives that is being developed by the Codex Committee.
These categories are reproduced in Annex 4 for ease of reference.

Benzoates

The Committee assessed the intake of benzoates, a class of food
additives generally used as preservatives. Maximum limits for ben-
zoates have been proposed in a wide range of foods (solids and
liquids) in the draft General Standard for Food Additives. A group
ADI of 0-5mg/kg of body weight, expressed as benzoic acid



equivalents, was allocated to benzyl acetate, benzyl alcohol, ben-
zaldehyde and benzoic acid and its salts at the forty-sixth meeting of
the Committee (Annex 1, reference 122).

Information on benzoates was provided by nine Member States (Aus-
tralia, China, Finland, France, Japan, New Zealand, Spain, the United
Kingdom and the USA). A combined assessment was provided by
Australia and New Zealand. The assessments submitted were based
on the budget method, “poundage” data, household economic sur-
veys, model diets and individual dietary records (section 2.3). Most
Member States provided assessments based on more than one
method. Japan submitted assessments based on actual measured con-
centrations of benzoates in foods. The other assessments were based
on benzoate levels assumed to be at the maximum limits specified in
the draft General Standard for Food Additives, the maximum limits
specified in national food standards or the maximum limits specified
by the European Union.

Screening of benzoates using the budget method

The Committee used the budget method based on national calcu-
lations as a screening tool to identify if detailed intake assessments
were required. The screening of food additives by the Codex
Committee using the budget method had identified the benzoates as
requiring further assessment. The inclusion of national estimates of
the proportion of the food supply that may contain benzoates in the
calculations made using the budget method resulted in the same
conclusion.

Intake assessments

All the national assessments of intake evaluated by the Committee,
except that from Japan, were based on the use of food additives at the
maximum limits specified in the draft General Standard for Food
Additives, the maximum limits specified by the European Union or
the maximum limits specified in national food standards. The intake
assessment from Japan was based on an analysis that combined mea-
sured levels of additives with data on food consumption to estimate
the food additive intake.

Intake estimates based on “poundage” data and household economic
surveys. Estimates of daily per capita intake of benzoates based on
“poundage” data ranged from 0.7 to 1.4mg/kg of body weight. These
intakes were less than the ADI. The intake estimates based on house-
hold economic surveys were also less than the ADI when the maxi-
mum limits for benzoic acid specified by the European Union or in
national food standards were used. The estimated daily per capita
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intakes ranged from 0.4 to 0.6 mg/kg of body weight, but it should be
noted that the levels that were assumed to be present in foods were
lower than the maximum limits in the draft General Standard for
Food Additives.

Intake estimates based on model diets. Estimates based on model diets
were provided by five Member States. A number of assumptions were
included in these assessments. In Japan, the intake estimates were
based on levels of residues determined in a market basket survey;
these estimates were substantially lower than the maximum limits in
the draft General Standard for Food Additives. For example, the
average benzoate concentration in non-alcoholic beverages was
190mg/kg as compared with the maximum limit in the draft General
Standard for Food Additives of 1000mg/kg in soft drinks and
2000mg/kg in fruit juice. The estimated daily per capita intake of
benzoates in Japan was 0.18mg/kg of body weight. In all other
national assessments of intake, the maximum limits specified in
national standards or the draft General Standard for Food Additives
were assumed. The resulting daily per capita intakes ranged from
2.3mg/kg of body weight (for consumers with mean intakes, based on
the maximum limits in the USA) to 35mg/kg of body weight (for
consumers in the 90th percentile, based on the maximum limits in the
draft General Standard for Food Additives). Intake estimates based
on model diets were generally greater than the ADI, particularly
when it was assumed that the benzoate levels were those proposed in
the draft General Standard for Food Additives.

Intake estimates based on individual dietary records. Estimates of
the intake of benzoates based on individual dietary records were
submitted by four Member States. Only one assessment, the com-
bined assessment provided by Australia and New Zealand, was based
on the maximum limits and the range of foods specified in the draft
General Standard for Food Additives and individual dietary records.
In that assessment, the estimated intakes exceeded the ADI for
consumers with mean intakes, as well as for those in the 95th
percentile. The mean intake was 20mg/kg of body weight per day
(400% of the ADI) and the intake of consumers in the 95th percentile
was 36mg/kg of body weight per day (720% of the ADI).

The intakes estimated for benzoates based on individual dietary
records and maximum limits specified in national food standards were
lower than the ADI for consumers with mean intakes as well as for
those with high intakes (in the 95th or 97.5th percentiles) in all four
Member States for which assessments were submitted (Australia and
New Zealand (combined), France and the United Kingdom).



Conclusions

National intake estimates based on maximum limits in the draft
General Standard for Food Additives. National estimates of intake of
benzoates for consumers with mean intakes and those in the 95th
percentile based on individual dietary records were below the ADI in
all Member States when they were calculated using the maximum
limits specified in national food standards, but above the ADI when
the maximum limits and range of uses specified in the draft General
Standard for Food Additives were used. This reflects the fact that the
maximum limits specified in the General Standard for Food Additives
represent the highest maximum limits submitted by any Member
State or international nongovernmental organization.

The available data were insufficient to estimate the number of con-
sumers who may exceed the ADI or to determine the magnitude and
duration of intake above the ADI.

Because diets differ among countries, the foods contributing most
to benzoate intake would be expected to vary. When foods were
categorized according to the draft General Standard for Food
Additives, the food category that contributed most to benzoate in-
take was carbonated water-based flavoured drinks (i.e. soft drinks)
(category 14.1.4.1) in Australia and New Zealand (combined),
France, the United Kingdom and the USA. Soy sauce was the major
contributor to benzoate intake in China and the second most
important contributor in Japan.

Typically, estimates of individual dietary intakes rely on short-term
(1- to 7-day) surveys of food consumption, which was the case with
the benzoates. Generally, estimates of long-term consumption of
single foods are lower than estimates from short-term surveys.
However, in the case of benzoates, the soft drinks that contribute
most to intake are likely to be consumed on a regular basis. Because
many consumers are likely to be regular consumers of a certain brand
of soft drink, estimates of intake may reflect the levels of benzoates
used in specific brands. A consumer who consumes a single bottle
(0.51) of soft drink per day would ingest 8.3mg of benzoates/kg body
weight per day (170% of the ADI) if it contains the maximum limit
specified in the draft General Standard for Food Additives. Thus, the
estimated intake of benzoates would not be likely to be substantially
lower if intake data based on a longer-term survey were available.
This conclusion assumes that the levels remaining in the foods at the
time of consumption are at the maximum limits. If the levels required
to meet technological needs were below the maximum limits specified
in the draft General Standard for Food Additives, intakes would be
correspondingly lower. The data submitted by Japan from a market
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basket survey suggest that this might be the case. However, further
data would be required to determine the levels that are required to
achieve the technological effect. In addition, benzoates are not likely
to be used in all foods for which their use is permitted. Information on
these aspects could be used to revise both the intake assessment and
the maximum limits specified in the draft General Standard for Food
Additives.

The Committee concluded that because of the potentially significant
intake of benzoates based on the maximum limits specified in the
draft General Standard for Food Additives, factors contributing to
intakes in excess of the ADI should be further evaluated. Further
information on levels in food at the time of consumption is needed.

National intake estimates based on maximum limits specified in na-
tional food standards or by the European Union. The best estimates of
national mean intakes for consumers of benzoates were below the
ADI (ranging from 0.18mg/kg of body weight per day in Japan to
2.3mg/kg of body weight per day in the USA). These estimates were
based on analyses that used either model diets or individual dietary
records together with maximum limits specified in national food
standards or by the European Union. Intake estimates for consumers
with high intakes of benzoates based on maximum limits specified in
national standards were above the ADI in some cases (14mg/kg of
body weight per day in China and 7.3 mg/kg of body weight per day in
the USA).

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Committee noted that the proposed draft General Standard for
Food Additives contains several categories in which the proposed
levels of use of benzoates submitted by a single country are sub-

stantially higher than those in the same or similar foods in other

countries. These include the following categories (see Annex 4):
ripened cheese (1.6.2), processed cheese (1.6.4), cheese analogues
(1.6.5), vegetables in vinegar, oil or brine (4.2.2.3), cooked molluscs,
crustaceans and echinoderms (9.2.4.2), semi-preserved fish and fish
products, including molluscs, crustaceans and echinoderms (9.3), and
liquid egg products (10.2.1). The Codex Committee may wish to
review the appropriate levels for these foods.

Levels of benzoates in carbonated drinks (category 14.1.4.1) that
ranged from 350 to 1000mg/kg were proposed by several countries
and by one nongovernmental organization. Since soft drinks were an
important contributor to the estimated intakes of benzoates for all
the Member States that submitted data for this assessment (with the
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exception of China), the Codex Committee may wish to further con-
sider an appropriate level for this category.

The Committee noted that intake estimates based on maximum limits
specified in national standards were below the ADI for benzoates.
However, when the intake estimates are based on the maximum limits
and the range of uses specified in the draft General Standard for Food
Additives, the ADI is exceeded. The differences arise because the
range of foods specified in the draft General Standard for Food
Additives is wider and the proposed levels of use in specific food
categories are generally higher than those specified in national
standards.

Butylated hydroxyanisole (BHA)

The Committee assessed the intake of butylated hydroxyanisole
(BHA), for which maximum limits have been proposed in a wide
range of solid foods and water-based flavoured non-alcoholic drinks
in the draft General Standard for Food Additives being developed
by the Codex Committee on Food Additives and Contaminants. An
ADI of 0-0.5mg/kg of body weight was allocated to BHA at the
thirty-third meeting of the Expert Committee (Annex 1, reference
83).

BHA is a food additive that is generally used as an antioxidant in
products containing fats or oils and can be used in conjunction with
butylated hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ)
and propyl gallate, providing a synergistic combination of antioxidants.

Information was provided by ten Member States (Australia, Brazil,
China, Finland, France, Japan, New Zealand, Spain, the United
Kingdom and the USA). A combined assessment was provided by
Australia and New Zealand. The intake assessments submitted were
based on “poundage” data, household economic surveys or retail
sales surveys, model diets, and/or individual dietary records (see

section 2.3).

Screening of BHA using the budget method

The Committee used the budget method based on national calcu-
lations as a screening tool to identify if detailed intake assessments
were required. The screening of food additives by the Codex
Committee using the budget method had identified BHA as a food
additive requiring detailed assessment. The inclusion of the
proportions of the national solid food or beverage supply that may
contain BHA in the calculations using the budget method did not
change the conclusion that the theoretical maximum levels of use of
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BHA in food and beverages were lower than both the national maxi-
mum permitted levels in the five Member States that submitted such
calculations and the maximum limits specified in the draft General
Standard for Food Additives.

Intake assessments

All the national assessments of intake of BHA evaluated by the
Committee, except that from Japan, were based on the use of food
additives at the maximum limits specified in the draft General
Standard for Food Additives, maximum limits specified by the
European Union, or maximum limits specified in national food
standards.

Intake estimates based on “poundage” data and household economic
surveys or retail sales surveys. Intake estimates based on “poundage”
data and on household economic surveys or retail sales surveys would
generally be expected to be lower than those based on actual con-
sumption of the additive, such as estimates based on model diets or
individual dietary records. This was found to be the case for BHA.

Estimates of daily per capita intake based on “poundage” data
submitted by five Member States ranged from 0.005mg/kg of body
weight in China to 0.48mg/kg of body weight in Spain. Data from
household economic surveys or retail sales surveys submitted by three
Member States gave estimates of daily per capita intake which ranged
from 0.02mg/kg of body weight in France to 0.25mg/kg of body
weight in Spain.

Intake estimates based on model diets or individual dietary records.
The national mean daily per capita intakes of BHA based on the best
estimates of additive consumption (from model diets or individual
dietary records) from countries that submitted data ranged from
0.003mg/kg of body weight in Japan (market basket survey) to
0.39mg/kg of body weight in Australia and New Zealand (based on
individual dietary records using maximum levels specified in national
food standards). The low estimate of intake for Japan was due to the
use of analysed BHA levels in the foods “as consumed”. All other
Member States used maximum permitted levels of food additives
derived from national standards.

Intake estimates based on maximum limits specified in the draft
General Standard for Food Additives. Intake estimates based on
maximum limits and the range of foods specified in the draft General
Standard for Food Additives will grossly overestimate the actual
intakes in any one country. This is because the maximum limits
specified in the draft General Standard for Food Additives are
generally compiled by adopting the highest level of use for any one



food category submitted by Member States or nongovernmental or-
ganizations. The range of uses specified in the draft General Standard
for Food Additives is also usually much wider than in national stan-
dards. National estimates of mean daily per capita intake of BHA
based on maximum limits and the range of foods specified in the draft
General Standard for Food Additives ranged from 0.91 to 0.94mg/kg
of body weight.

Conclusions

National intake estimates based on maximum limits specified in the draft
General Standard for Food Additives. National estimates of mean
intake of BHA based on maximum limits and the range of foods
specified in the draft General Standard for Food Additives were
available from only three Member States. The estimates of mean intake
exceeded the ADI in these countries (180% of the ADI for Australia
and New Zealand (combined), 190% of the ADI for the USA).

National intake estimates based on maximum limits specified in na-
tional food standards or by the European Union. All national esti-
mates of mean intake for consumers of BHA were below the ADI
(ranging from 1% of the ADI for Japan to 80% of the ADI for
Australia and New Zealand (combined) and the USA). These
estimates were based either on model diets or on individual dietary
records submitted by seven Member States (Australia and New
Zealand (combined), China, France, Japan, the United Kingdom and
the USA). Intake estimates for consumers with high intakes of BHA
based on maximum levels of food additives specified in national
standards exceeded the ADI in some cases (ranging from 30% of the
ADI for France to 260% of the ADI for Australia and New Zealand
(combined)). However, the available data were insufficient to allow
an estimate of the number of consumers with a high intake of BHA or
the magnitude and duration of intake above the ADI.

All intake estimates, with the exception of that from Japan, assumed
that BHA is the only antioxidant in foods where its use is permitted
and that all such foods contain the additive at the maximum permitted
levels, thus tending to overestimate the actual intake. Actual intakes
of BHA will depend on the relative proportions of BHA, BHT,
TBHQ and other antioxidants used in foods, on the actual levels of
use according to good manufacturing practice and on the proportion
of foods in any one category that contain the additive.

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Committee identified foods or food groups in the draft General
Standard for Food Additives that could potentially contribute to a
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high intake of BHA. These include the following categories: fats and
oils and fat emulsions (type water-in-oil) (2); dried vegetables
(4.2.2.2); cocoa and chocolate products other than 5.1.1, 5.1.2 and
5.1.4 (cocoa mixes (powders and syrups), cocoa-based spreads, in-
cluding fillings and imitation chocolate and chocolate substitute prod-
ucts) (5.1.3); non-heat-treated processed comminuted meat, poultry
and game products (8.3.1); frozen fish, fish fillets and fish products,
including molluscs, crustaceans and echinoderms (9.2.1); ready-to-eat
soup and broths, including canned, bottled and frozen (12.5.1); and
food supplements (13.6). The Codex Committee may wish to review
the appropriate levels for these foods.

The Committee noted that intake estimates for BHA based on na-
tional maximum permitted levels of use were below the ADI, but
exceeded the ADI when they were based on the maximum limits and
range of foods specified in the draft General Standard for Food
Additives. The differences arise because the range of foods specified
in the General Standard for Food Additives is wider and the proposed
levels of use in specific food categories are generally higher than those
specified in national standards.

Butylated hydroxytoluene (BHT)

The Committee assessed the intake of butylated hydroxytoluene
(BHT), for which maximum limits have been proposed in a wide
range of solid foods in the draft General Standard for Food Additives
being developed by the Codex Committee on Food Additives and
Contaminants. An ADI of 0-0.3mg/kg of body weight was allocated
to BHT at the forty-fourth meeting of the Expert Committee (Annex
1, reference 116).

BHT is generally used as an antioxidant in products containing fats or
oils. BHT can be used in conjunction with BHA, TBHQ and propyl
gallate, providing a synergistic combination of antioxidants.

Information was provided by 10 Member States (Australia, Brazil,
China, Finland, France, Japan, New Zealand, Spain, the United
Kingdom and the USA). A combined assessment was provided by

" Australia and New Zealand. The intake assessments submitted were

based on “poundage” data, household economic surveys or retail
sales surveys, model diets, or individual dietary records (see section
2.3).

Screening of BHT using the budget method

The Committee used the budget method based on national calcula-
tions as a screening tool to identify if detailed intake assessments were
required. The screening of food additives by the Codex Committee



using the budget method had identified BHT as a food additive re-
quiring further assessment. The inclusion of the proportions of the
national food supply that may contain BHT in the calculations
made using the budget method did not change the conclusion that
the theoretical maximum levels of use of BHT in solid foods were
lower than both the national maximum permitted levels and the
maximum limits specified in the draft General Standard for Food
Additives.

Intake assessments

Intake estimates based on maximum limits specified in the draft
General Standard for Food Additives. Intake estimates derived using
the maximum limits specified in the draft General Standard for Food
Additives will grossly overestimate the actual intakes in any country
because the General Standard is generally compiled by adopting the
highest level of use submitted by a Member State for any use of the
food additive in a given food category. The range of uses specified in
the draft General Standard for Food Additives is also much wider
than in national standards. National estimates of daily per capita
intake of BHT based on the maximum limits specified in the draft
General Standard for Food Additives ranged from 0.70 to 0.99 mg/kg
of body weight for consumers with mean intakes and from 2.0 to
6.0mg/kg of body weight per day for consumers with high intakes.

Intake estimates based on maximum limits specified in national food
standards. Intakes estimated using different methods based on
national maximum permitted levels of use showed results that were
relatively consistent. Estimates of daily per capita intake ranged from
0.003 to 0.11mg/kg of body weight based on “poundage” data, from
0.052 to 0.1mg/kg of body weight based on household economic
surveys or retail sales surveys, from 0.02 to 0.09 mg/kg of body weight
(except for the USA) based on model diets (for consumers with
average intakes), and from 0.02 to 0.1 mg/kg of body weight based on
individual dietary records.

Two exceptions were noted by the Committee. The first was that the
estimates of daily per capita intake based on a model diet and the
maximum permitted level of use of BHT in the USA were 0.39 and
0.78 mg/kg of body weight for mean and high levels of consumption,
respectively. This result can be explained by the high maximum
permitted level of use of BHT in the USA. The second exception was
a study from Japan, which was based on analytical results for BHT
from a market basket survey. The estimate of daily per capita intake
(0.000 85mg/kg of body weight) was lower than all the other intake
estimates submitted.
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Conclusions

The Committee concluded that BHT intake probably does not
exceed the ADI, based on the estimated national intakes of BHT in
the 10 Member States for which data were available. However, it may
be possible to exceed the ADI if the proposed maximum limits
specified in the draft General Standard for Food Additives are
assumed.

The Committee recognized that BHT is likely to be used in con-
junction with other antioxidants, such as TBHQ and BHA, which are
synergistic with BHT. Consequently, the amount of BHT used in
practice would be lower and it would be used in fewer foods than
assumed in the estimates. All intake estimates, with the exception of
that from Japan, assumed that BHT is the only antioxidant in foods
where its use is permitted and that all such foods contain the additive
at the maximum permitted levels. Actual intakes of BHT would
depend on the relative proportions of antioxidants used in foods and
on the proportion of foods in any one category that contain the
additive.

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Expert Committee identified food groups in the draft General
Standard for Food Additives that could potentially contribute to a
high intake of BHT. These include the following categories: fats and
oils and fat emulsions (type water-in-oil) (2); chewing gum (5.3); and
processed fish and fish products, including molluscs, crustaceans and
echinoderms (9.2). The Codex Committee may wish to review the
appropriate levels of BHT for these foods.

The Committee noted that intake estimates based on national maxi-
mum permitted levels of use for BHT were below the ADI, but
exceeded the ADI when they were based on the maximum limits and
range of foods specified in the draft General Standard for Food
Additives. The differences arise because the range of foods specified
in the General Standard for Food Additives is wider and the proposed
levels of use in specific food categories are generally higher than those
specified in national standards. - :

Sulfites

The Committee assessed the intake of sulfur dioxide and related
compounds, including the following: calcium, potassium and sodium
hydrogen sulfite; calcium, potassium and sodium metabisulfite; cal-
cium, potassium and sodium sulfite; and sodium thiosulfate. These
substances are used as preservatives. Maximum limits for these



substances have been proposed in a wide variety of solid foods and
beverages in the draft General Standard for Food Additives being
developed by the Codex Committee on Food Additives and Contami-
nants. A group ADI of 0-0.7mg/kg of body weight was allocated to
sulfur dioxide and this group of related compounds at the present
meeting (see section 3.5).

The sulfites are in some ways unique additives, in that the level of use
typically does not reflect the level remaining in a food at the time of
ingestion. This is due to losses during the processing and storage of
treated foods. For example, dried vegetables, which may contain up
to 5000mg of sulfites/’kg according to the draft General Standard for
Food Additives, are usually rehydrated and cooked prior to ingestion,
resulting in much lower levels of residual sulfite being present in the
food at the time of its consumption.

Information on sulfite intake was provided by 10 Member States
(Australia, China, Finland, France, India, Japan, New Zealand, Spain,
the United Kingdom and the USA). A joint assessment was made by
Australia and New Zealand. The intake assessments were based on
“poundage” data, household economic surveys or retail sales surveys,
model diets, or individual dietary records (see section 2.3).

Screening of sulfites using the budget method

Screening of sulfur dioxide and sulfites by the budget method pointed
to the need for detailed assessments of their intake in solid foods and
beverages.

Intake assessments

All of the national intake assessments evaluated by the Committee,
except those from Japan and the USA, were based on the assumption
that sulfites were used at the maximum limits specified in the draft
General Standard for Food Additives, maximum levels of use
specified by the European Union, or maximum limits specified in
national food standards. The intake assessments from Japan and the
USA were based on methods that incorporated measured levels of
sulfite residues in food.

Intake estimates based on “poundage” data. The estimates of daily
per capita intake of sulfites based on “poundage” data ranged from
0.07 to 1.6mg/kg of body weight. Estimates based on “poundage”
data are likely to overstate the actual per capita consumption of
sulfites because of unaccounted losses during processing and storage,
or household wastage of foods containing sulfites.

Intake estimates based on household economic surveys or food balance
sheets. Information from household economic surveys and food
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balance sheets gave estimates of daily per capita intake that ranged
from 0.3 to 3mg/kg of body weight. Since these estimates are not
based on the residual levels of sulfites in foods “as consumed”, they
are likely to be overestimates.

Intake estimates based on model diets. Data from model diets yielded

~ estimates of daily per capita intake that ranged from 0.03 to 30mg/kg

of body weight. The highest intake estimates, which were based on
the maximum limits specified in the draft General Standard for Food
Additives, were exceedingly high, but should not be considered
realistic estimates of likely intake because of the losses that can be
expected to occur during processing and storage of treated foods.
Estimates based on national maximum permitted levels of use or
measured levels of use, such as those from Japan and the USA,
resulted in a much more reasonable measure of actual sulfite intake in
a population.

Intakes based on individual dietary records. The data from individual
dietary records produced estimates of daily per capita intake ranging
from 0.3 to 15mg/kg of body weight per day. The method, which uses
national maximum permitted levels of use and the range of permitted
uses, also provided the best estimates from Australia and New
Zealand (combined), France and the United Kingdom.

Conclusions and recommendations to the Codex Committee on Food
Additives and Contaminants

The Committee noted that all intake estimates based on national
maximum levels of use for sulfites were below the ADI. However,
estimates exceeded the ADI when they were based on the maximum
limits and the range of foods specified in the draft General Standard
for Food Additives. The differences in intake assessments arise
because the range of foods specified in the draft General Standard is
wider than that in which the use of sulfites is authorized on a national
basis and the proposed levels of use in specific food categories are
generally higher than national maximum permitted levels.

- The evaluation of the proposed maximum limits for sulfites in the draft

General Standard for Food Additives, in conjunction with
the data on food intake supplied by national governments, leads to the
conclusion that certain foods can be identified as major contributors to
overall sulfite intake. Ingestion of a 100-g portion of any food contain-
ing sulfite at a concentration of 400mg/kg or above would result in an
intake of sulfite equal to .or above the ADI. The consumption of
certain solid foods and some beverages can commonly lead to intakes
above the ADI when the residual level of sulfites in the food ap-
proaches the maximum limit for these foods specified in the draft



General Standard for Food Additives. Such foods and beverages are
included in the following categories: dried fruit (4.1.2.2); jams, jellies
and marmalades (4.1.2.5); fruit preparations, including pulp and fruit
toppings (4.1.2.8); dried vegetables (4.2.2.2); vegetable, nut and seed
purees and spreads (4.2.2.5); white and semi-white sugar (sucrose or
saccharose), fructose, glucose (dextrose), xylose, sugar solutions and
syrups, and (partially) inverted sugars, including molasses, treacle and
sugar toppings (11.1); concentrates (liquid or solid) for fruit juice
(14.1.2.3); wines (14.2.3); and fruit wine (14.2.4).

Some of the high maximum limits specified in the draft General
Standard for Food Additives have been incorporated as a con-
sequence of the food groupings in which one type of food in the group
requiring a high level of sulfites results in the level of sulfites in the
group as a whole being unrealistically high. For example, sucrose,
which is included under white and semi-white sugar, requires a maxi-
mum limit of only 70mg/kg, but the group maximum limit is taken
from the maximum limit for molasses of 500mg/kg. The group maxi-
mum limit for jams, jellies and marmalades of 3000 mg/kg arises from
a request for use in imitation fruit, but where all of the remaining
levels requested are at or below 500mg/kg. The maximum limit for
concentrates (liquid or solid) for fruit juice of 2000mg/kg comes from
arequest for use in grape juice concentrate for wine-making, whereas
all of the other levels requested for fruit juice concentrates for direct
use by consumers are at or below 350mg/kg. Estimates of sulfite
intake by consumers of food in this group may not have taken into
account either the loss in processing or dilution of the concentrates
before consumption. The Codex Committee could consider separat-
ing the specific foods that require higher levels of use of sulfites in
these categories in order to better differentiate specific products,
resulting in lower maximum limits; this would have the potential
consequence of lowering the estimated intake of sulfites.

The maximum limit specified in the draft General Standard for Food
Additives for fruit preparations, including pulp and fruit toppings, of
3000mg/kg is the result of a request by only one Member State.
Products of this type may not be produced using sulfites in other
Member States and sulfites may not be needed. The Codex
Committee could consider further examination of the need for sulfites
in this type of product in order to determine an appropriate level
based on good manufacturing practice, if appropriate. The above
recommendations are intended to aid the Codex Committee in
establishing maximum limits in the General Standard for Food Addi-
tives such that the potential for risk to consumers with a high intake
of sulfites might be limited.
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If intake is estimated using residual sulfite levels measured in foods at

~ the time of consumption, as was done for the estimates from Japan
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and the USA, the resulting estimates would be insignificantly lower
than those presented by the remaining Member States, which used
various maximum permitted levels of use. The mean intakes of
sulfites estimated from model diets in France, Japan and the USA
based on national levels of use, as well as mean intakes from analysis
of individual dietary records in the United Kingdom, suggest that the
current mean intakes of sulfites worldwide are below the ADI estab-
lished by the Expert Committee. Although some methods for estimat-
ing intake, notably those based on the maximum limits and the range
of foods specified in the draft General Standard for Food Additives,
showed that consumers with high intakes of sulfites may exceed the
ADI, the data submitted were insufficient to estimate the number of
such consumers or the magnitude and duration of intake above the
ADL

tert-Butylhydroquinone (TBHQ)

The Committee assessed the intake of fert-butylhydroquinone
(TBHQ), for which maximum limits have been proposed in a wide
range of food products in the draft General Standard for Food
Additives being developed by the Codex Committee on Food
Additives and Contaminants. The highest level of use of TBHQ
specified in the draft General Standard for Food Additives is 1000mg/
kg for frozen fish, fish fillets and fish products, including molluscs,
crustaceans and echinoderms (category 9.2.1). An ADI of 0-0.7mg/
kg of body weight was allocated to TBHQ at the forty-ninth meeting
of the Expert Committee (Annex 1, reference 131).

TBHQ is generally used as an antioxidant in animal-derived food
products and in fats and oils. It is often used in conjunction with BHA,
BHT and propyl gallate to provide a synergistic antioxidant effect.

Information was provided by six Member States (Australia, Brazil,
China, New Zealand, the United Kingdom  and the USA). A
combined assessment was provided by Australia and New Zealand.
The intake assessments submitted were based on “poundage” data,
household economic surveys or retail sales surveys, model diets, and/
or individual dietary records (see section 2.3).

Screening of TBHQ using the budget method

The Committee used the budget method based on national
calculations as a screening tool to identify if detailed intake
assessments for TBHQ were required. The screening of food
additives by the Codex Committee using the budget method had



identified TBHQ as an additive requiring further assessment. The
theoretical maximum level of use of TBHQ in food was less than the
national maximum permitted level of use in all of the four Member
States that submitted such calculations and was also less than the
highest level of use specified in the draft General Standard for Food
Additives (1000mg/kg).

Intake assessments

All the national assessments of intake of TBHQ evaluated by the
Committee were based on the maximum limits specified in the draft
General Standard for Food Additives, maximum limits specified by
the European Union, or maximum limits specified in national food
standards.

Intake estimates based on “poundage” data and household economic
surveys or retail sales surveys. Estimates of per capita intake of TBHQ
based on “poundage” data and household economic surveys or retail
sales surveys would be expected to be lower than estimates based on
actual consumption of the additive, obtained using model diets or
individual dietary records. This was found to be the case for TBHQ.
Estimates of daily per capita intake based on “poundage” data were
available from two Member States and ranged from 0.004mg/kg
of body weight in China to 0.14mg/kg of body weight in the
USA. The estimates of daily per capita intake based on two house-
hold economic surveys in Brazil were 0.08 and 0.13mg/kg of body
weight.

Intake estimates based on model diets or individual dietary records.
National estimates of mean intakes of TBHQ from four Member
States based on model diets or individual dietary records ranged from
0.37mg/kg of body weight in the USA to 0.69mg/kg of body weight in
China.

Intake estimates based on maximum limits specified in the draft Gen-
eral Standard for Food Additives. Intakes calculated using the maxi-
mum limits and the range of foods specified in the draft General
Standard for Food Additives will generally be gross overestimates of
the actual intakes in any one country. This is because the General
Standard for Food Additives is generally compiled by adopting the
highest level of use of TBHQ for any food category submitted
by Member States and nongovernmental organizations. The range
of uses specified in the draft General Standard for Food Additives is
also usually much wider than in national standards. The national daily
per capita mean intake of TBHQ based on the maximum limits and
range of foods specified in the draft General Standard for Food Addi-
tives was 1.2mg/kg of body weight in Australia and New Zealand
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(combined) and 0.62mg/kg of body weight in the USA. However, for
consumers with high intakes of TBHQ the estimates were 3.5mg/kg
of body weight per day in Australia and New Zealand (combined)
and 1.2mg/kg of body weight per day in the USA.

Conclusions

National intake estimates based on maximum limits specified in the
draft General Standard for Food Additives. National estimates of
intake based on the maximum limits and the range of foods specified
in the draft General Standard for Food Additives were available for
only five Member States. The estimates of mean intake were near to
or exceeded the ADI for TBHQ (ranging from 90% of the ADI for
the USA to 180% of the ADI for Australia and New Zealand (com-
bined)).

National intake estimates based on model diets or individual dietary
records. All the best estimates of national mean intake of TBHQ were
at or below the ADI (ranging from 50% of the ADI for the USA to
100% of the ADI for China), based on data obtained using model
diets or individual dietary records.

National intake estimates based on maximum limits specified by the
European Union or in national food standards. Intake estimates for
consumers with high intakes of TBHQ based on maximum limits
specified in national food standards exceeded the ADI in some cases
(e.g. 300% for Australia and New Zealand (combined)). However,
the data submitted were insufficient to estimate the number of such
consumers or the magnitude and duration of intake above the ADL

All intake estimates assume that TBHQ is the only antioxidant
present in foods in which its use is permitted and that all such foods
contain the additive at maximum levels, thus tending to overestimate
actual intake. The actual intakes of TBHQ will depend on the relative
proportions of BHA, BHT, TBHQ and other antioxidants used in
foods, on national levels of use according to good manufacturing
practice, and on the proportion of foods in any one category that
contain the additive.

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Expert Committee identified foods or food groups that
potentially contribute to the high intake of TBHQ. These included
the following categories: fats and oils and fat emulsions (type water-
in-oil) (2); processed fish and fish products, including molluscs, crus-
taceans and echinoderms (9.2); and carbonated drinks (14.1.4.1). On
the basis of the assessment, the Codex Committee may wish to review



the appropriate levels of TBHQ for these categories specified in the
draft General Standard for Food Additives.

The Committee noted that all national estimates of intake based on
national maximum permitted levels of use for TBHQ were below the
ADI. However, estimates exceeded the ADI when they were based
on the maximum limits and the range of foods specified in the draft
General Standard for Food Additives. The differences in intake as-
sessments arise because the range of foods specified in the General
Standard for Food Additives is wider than the range of foods in which
TBHQ is authorized for use at the national level and the proposed
levels of use in specific food categories are generally higher than
national maximum permitted levels of use.

Revision of certain specifications

A total of 40 food additives were examined for specifications only
(Annex 2). In general, all specifications monographs were revised in
line with current policy on heavy metal contaminants (see section
2.4.6).

The existing specifications for calcium propionate were maintained.

The specifications for canthaxanthin, carnauba wax, cochineal
extract, ethyl p-hydroxybenzoate, methyl p-hydroxybenzoate, propyl
p-hydroxybenzoate, 4-hexylresorcinol, sorbitan monolaurate, potas-
sium sorbate, calcium sorbate, polydextroses, aluminium powder,
microcrystalline cellulose and sucrose esters of fatty acids were re-
vised, with minor changes.

The specifications for ferrous gluconate were revised and designated
as “tentative”, with a request for information on the need for
maintaining the limit test for oxalic acid and maximum limit for
mercury, as well as the procedure for mercury analysis, if applicable,
and for introducing maximum limits for sulfate and chloride. This
information was required by 30 November 1998.

At its forty-ninth meeting (Annex 1, reference 137), the Committee
developed revised specifications for “diacetyltartaric and fatty acid
esters of glycerol (DATEM)” and “tartaric, acetic and fatty acid
esters of glycerol, mixed” but found it difficult to distinguish between
the two substances. At that meeting, the Committee requested data
that would allow these two substances to be distinguished, and stated
that unless such data were provided by 31 March 1998, it would
consider combining the specifications for the two substances. Since no
such data were received, the Committee, at its present meeting,
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decided to combine the specifications for the two substances under
the name “diacetyltartaric and fatty acid esters of glycerol”.

The existing monograph containing specifications for gum arabic was
revised in order to distinguish clearly between gum arabic obtained
from Acacia senegal and gum arabic obtained from Acacia seyal.
Gums from other Acacia species are excluded from the revised mono-
graph.

The existing specifications for carotenes (algae) and carotenes (veg-
etable) were revised in order to avoid the use of chloroform in the
tests.

The existing specifications for carthamus yellow were revised to in-
clude the structural formulae of the main components, and the
method of assay was improved.

The existing specifications for carob bean gum and guar gum were
revised to include microbiological criteria.

The existing specifications for xanthan gum were revised in order to
introduce the modified test methods for microbiological criteria in
gums.

The existing specifications for nitrogen were revised and the criteria
for hydrogen, carbon dioxide and moisture were deleted.

The existing specifications for talc were revised and the identification
test for magnesium was replaced by a test for infrared absorption.

The existing tentative specifications for carthamus red, dichloro-
methane, propionic acid and petroleum jelly were revised and the
“tentative” qualification was deleted.

The existing tentative specifications for shellac were revised and the
“tentative” qualification was deleted. Furthermore, the title of the
specifications monograph was changed to “shellac, bleached” in order
to reflect better the products currently on the market for food use.

The existing tentative specifications for hexane were revised and the
“tentative” designation was deleted. In order to reflect that the prod-
uct defined by the monograph is a mixture of hexanes, the title was
changed to “hexanes”.

The existing specifications for thaumatin were revised and designated
as “tentative”. The Committee requested information on a specific
identification test by 30 November 1998.

The existing specifications for citric acid were revised and designated
as “tentative”. The Committee requested information on the need for the
test for oxalate and a suitable limit for this impurity by 30 March 1999.



New specifications for ferrous sulfate were prepared and designated
as “tentative”. The Committee requested information on the limit
and an analytical method for mercury, and the need for a limit on
water content. This information was required by 30 March 1999.

No specifications were prepared for sodium sorbate as no information
on any commercial production was available.

The existing specifications for acetone, propan-2-ol and isobutyl alco-
hol (isobutanol) were revised. As these substances are used both as
solvents and as flavouring agents, specifications were prepared for
incorporation in the table of flavouring agents in the specifications
monograph.

Future work

1. The two substances “diacetyltartaric and fatty acid esters of glyc-
erol” and “tartaric, acetic and fatty acid esters of glycerol, mixed”
were toxicologically evaluated at the seventeenth meeting (Annex
1, reference 32) and were assigned different ADIs. Since the two
substances are now covered by one set of specifications (see sec-
tion 6), the Committee recommended that the material defined in
these specifications be evaluated toxicologically.

2. The safety aspects of dietary supplementation with high levels of
nutrients should be evaluated at a future meeting, preferably at the
same meeting that specifications are being developed for novel
forms of such nutrients.

3. Because of the increasing use of gene technology, general guide-
lines for food additives derived from genetically modified organ-
isms should be developed.

4. The Committee recognized that some specifications established
previously may not be adequate in the light of recently improved
analytical procedures and the use of new techniques for the
production of food additives. The Committee therefore endorsed
the recommendation made at the forty-sixth meeting (Annex 1,
reference /22) concerning the need for the periodic updating of
the Compendium of food additive specifications (Annex 1, refer-
ence 96) and the Guide to specifications (Annex 1, reference 100).

Recommendations

1. In view of the large number of food additives and contaminants
requiring evaluation or re-evaluation. the important role that the
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recommendations of the Committee play in the development of
international food standards and of regulations in many countries,
and the need for maintaining consistency and continuity within the
Committee, it is strongly recommended that meetings of the Joint
FAO/WHO Expert Committee on Food Additives continue to be
held at least once yearly to evaluate these substances.

. The Committee recognized the importance of risk analysis for

ensuring consistency and a sound scientific basis for food stand-
ards. It therefore recommended that FAO and WHO work with
the Codex Committee on Food Additives and Contaminants, the
Codex Committee on Residues of Veterinary Drugs in Foods and
the Codex Committee on Pesticide Residues, together with the
Joint FAO/WHO Expert Committee on Food Additives and the
Joint FAO/WHO Meeting on Pesticide Residues, to develop ap-
propriate principles and procedures for risk assessment.

. The Committee recommended that whenever chemical substances

undergo toxicological evaluation, assessments of intake should be
undertaken so that the risk can be characterized. When substances
are referred to the Expert Committee by the Codex Committee on
Food Additives and Contaminants for intake assessment, the Ex-
pert Committee should determine whether a toxicological evalua-
tion is required.

. To ensure timely notification of the important issues agreed upon

at each meeting, the Committee recommended that draft report
items dealing with issues of a general nature be included in the
“Summary and conclusions” published shortly after each meeting.
When a policy is developed that affects the nature of submissions
for the next meeting, the Secretariat should request such informa-
tion in the “Call for data” for the meeting.

. The Committee recommended that the opinions of the Codex

Committee on Nutrition and Foods for Special Uses and the
Codex Committee on Food Additives and Contaminants should be
sought on the need to develop specifications for vitamins and
minerals for which no internationally recognized food-grade
specifications exist and on priorities for the development of such
specifications. '

. The Committee recognized that a number of preparations from

natural sources have not yet been reviewed, although their main
active components have been evaluated as food additives. The
Committee recommended that such preparations that are being
marketed for use in foods be evaluated.
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Annex 2

Acceptable Daily Intakes, other toxicological
information, and information on specifications

Substance No. Specifications® Acceptable Daily Intakes
(ADI) in mg/kg of body
weight and other
toxicological
recommendations

Enzyme preparations

a-Acetolactate - R Not specified®

dehydrogenase

Maltogenic amylase — R Not specified®

Flavouring agents

tfrans-Anethole 0217 S 0-2

Furfural 0450 R No ADI allocated

because insufficient
data were available

Menthol 0427 R 0-4

Food colours

Curcumin — R, T 0-1 (temporary)®

Riboflavin from — N 0-0.5 (group ADI with

genetically modified synthetic riboflavin
Bacillus subtilis and riboflavin-5'-
phosphate)

Glazing agents

Mineral oils (medium- and R

low-viscosity)

Class I — 0-1 (temporary)©

Class II° and Class il — 0-0.01 (group ADI)
(temporary)®

Preservatives

Calcium hydrogen sulfite — S, T°

Calcium metabisulfite — O

Calcium sulfite — O

Potassium hydrogen sulfite — (@]

Potassium metabisulfite — R, T®

Potassium suifite — R, T° 0-0.7¢

Sodium hydrogen sulfite — R, T¢

Sodium metabisulfite — R, T°

Sodium sulfite — R, T°

Sodium thiosulfate — R, T°

Sulfur dioxide — R

Sweetening agent

Stevioside — 0 No ADI allocated®"

147



Substance No. Specifications® Acceptable Daily Intakes
(ADI) in mg/kg of body
weight and other
toxicological
recommendations

Thickening agents

Carrageenan — R
Not specified (group
Processed Eucheuma — R ADI) (temporary)°®*
seaweed
Sodium carboxymethyl — R Not specified (group
cellulose, enzymatically ADI)®
hydrolysed :

Miscellaneous substances

v-Cyclodextrin — N Not specified
(temporary)®®

Glucono-d-lactone — R

Calcium gluconate — R .

Magnesium gluconate —— R, T° Not spbemﬂed (group
, . ADI)

Potassium gluconate — R

Sodium gluconate — R

Polyglycitol syrup — N Not specified (group

ADI)!

@ N, New specifications prepared; O, no specifications prepared; R, existing specifications
revised; S, specifications exist, revision not considered or not requested; T, the existing, new
or revised specifications are tentative and comments are invited.
ADI “not specified” is used to refer to a food substance of very low toxicity which, on the basis
of the available data (chemical, biochemical, toxicological and other) and the total dietary
intake of the substance arising from its use at the levels necessary to achieve the desired
effect and from its acceptable background levels in food, does not, in the opinion of the
Committee, represent a hazard to health. For that reason, and for reasons stated in individual
evaluations, the establishment of an ADI expressed in numerical form is not deemed
necessary. An additive meeting this criterion must be used within the bounds of good
manufacturing practice, i.e. it should be technologically efficacious and should be used at the
lowest level necessary to achieve this effect, it should not conceal food of inferior quality or
adulterated food, and it should not create a nutritional imbalance.
See Annex 3.
including P70(H) oil.
Including N70(H) and N70(A) oils.
Including P15(H), N15(H) and N10(A) oils.
The Committee reiterated its recommendation made at its thirtieth meeting (WHO Technical
Report Series, No. 751, 1987) that, where a suitable alternative method of preservation exists,
its use should be encouraged, particularly in those applications (e.g. control of enzymatic
browning in fresh salad vegetables) in which the use of sulfites may lead to high levels of |
acute intake and which have been most commoniy associated with life-threatening adverse
reactions. Appropriate labelling would help to alert individuals who cannot tolerate sulfites.
No ADI was allocated because insufficient data were available and specifications were not
prepared.
' Included in the group ADI with ethyl cellulose, ethyl hydroxyethy! cellulose, hydroxypropyl
cellulose, hydroxypropyl methyl cellulose, methyl cellulose, methyl ethyl cellulose and sodium
~ carboxymethyl cellulose.
I Group ADI for materials conforming to the specifications for polyglycitol syrup and maltitol

syrup.

o

@ - o o o
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Flavouring agents

The substances listed here were evaluated using the Procedure for the

Safety Evaluation of Flavouring Agents. For further details, see section

2.2.1 of the main report.

Substance?®

No.

Specifications®

Conclusion based

on current intake

Saturated aliphatic acyclic secondary alcohols, ketones and related saturated

and unsaturated esters

Structural class |

Acetone (propan-2-one)

Isopropy! alcohol (2-propanol)

2-Butanone (ethyl methyl ketone)

2-Pentanone

2-Pentanol

3-Hexanone

3-Hexanol

2-Heptanol

3-Heptanol

4-Heptanone

2-Octanol

3-Octanol

2-Nonanol

3-Decanol

2-Undecanol

3-Methyl-2-butanol

2,6-Dimethyl-4-heptanol

Isopropy! formate

Isopropy! acetate

Isopropy! propionate

Isopropyl butyrate (isopropyl butanoate)

Isopropy! hexanoate

[sopropyl isobutyrate (isopropyl 2-
methylpropanoate)

Isopropyl isovalerate (isopropyl 3-
methylbutanoate)

Isopropyl myristate (isopropy!
tetradecancate)

Isopropyl tiglate (isopropy! 2-methyl-2-
butenoate)

3-Octyl acetate

1-Ethylhexy! tiglate (octen-3-yl 2-
methyl-2-butenoate)

Structural class Il
2-Heptanone
3-Heptanone
2-Octanone
3-Octanone
2-Nonanone
3-Nonanone

0139
0277
0278
0279
0280
0281
0282
0284
0286
0287
0289
0291
0293
0295
0297
0300
0303
0304
0305
0306
0307
0308
0309

0310

0311

0312

0313
0448

C283
€285
288
0290
0292
0294

2222222222222 2ZD

->Z
_|

N, T

N
N
N
N

No safety
concern

No safety
concern
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Substance®

No.

Specifications®

Conclusion based
on current intake

Saturated aliphatic acyclic secondary alcohols, ketones and related saturated

and unsaturated esters (continued)

Structural class Il (continued)

2-Undecanone
2-Tridecanone
2-Pentadecanone
4-Methyl-2-pentanone
2,6-Dimethyl-4-heptanone

0296
0298
0299
0301
0302

T

ZZ'ZZZ

No safety
concern

Linear and branched-chain aliphatic unsaturated, unconjugated alcohols,

aldehydes, acids and related esters

4-Pentenoic acid

cis-3-Hexen-1-0l

cis-3-Hexenal

3-Hexenoic acid

4-Hexen-1-ol

cis-4-Hexenal

4-Heptenal

cis-3-Octen-1-0l

cis-5-Octen-1-ol

cis-5-Octenal

cis-6-Nonen-1-ol

cis-6-Nonenal

4-Decenal

Mixture of 5- and 6-decenoic acid

9-Decenoic acid

9-Undecenal

10-Undecenal

10-Undecenoic acid

Linoleic acid

Oleic acid’

Methyl 3-hexenoate

Ethyl 3-hexenoate

cis-3-Hexenyl cis-3-hexenoate

Methyl cis-4-octenoate

Ethyl cis-4-octenoate

Ethyl cis-4,7-octadienoate

Methyl 3-nonenoate

Ethyl trans-4-decenoate

Methyl 9-undecenoate

Ethyl 10-undecenoate

Butyl 10-undecenoate

Ethyl oleate

Mixture of methyl linoleate and methyl
linolenate

2-Methyl-3-pentenoic acid

2,6-Dimethyl-6-hepten-1-ol

2,6-Dimethyl-5-heptenal

Ethyl 2-methyl-3-pentenocate

150

0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346

0347
0348
0349
0350

z_zz
Tz 5zz
—“4 T A

Z2Z2Z2ZZ2Z2Z2

=z
z_z
—4 7~

zz%%zzz
—

Z2Z S Z,ZZ22Z22~7
— = I e

z
—

No safety
concern



Substance® No.  Specifications® Conclusion based
on current intake

Linear and branched-chain aliphatic unsaturated, unconjugated alcohols,
aldehydes, acids and related esters (continueq)

Ethyl 2-methyl-4-pentenocate 0351 N No safety
Mixture of hexyl 2-methyl-3- and concern
hexyl 2-methyl-4-pentenoate 0352 N, T
Ethyl 2-methyl-3,4-pentadienocate 0353 N, T Evaluation
deferred®
Methyl 3,7-dimethyl-6-octenoate 0354 N ] No safety
2-Methyl-4-pentenoic acid 0355 N concern

Aliphatic acyclic and alicyclic terpenoid tertiary alcohols and structurally related
substances

Structural class |

Linalool® 0356 R

Tetrahydrolinalool 0357 N

Linaly! formate 0358 N

Linalyl acetate® 0359 R

Linaly! propionate 0360 N

Linalyl butyrate 0361 N

Linalyl isobutyrate 0362 N

Linalyl isovalerate 0363 N

Linalyl hexanoate 0364 N

Linalyl octanoate 0365 N, T No safety

o-Terpineol 0366 N concern

Terpinyl formate 0367 N

Terpiny! acetate 0368 N

Terpinyl propionate 0369 N

Terpinyl butyrate 0370 N, T

Terpinyl isobutyrate 0371 N, T

Terpinyl isovalerate 0372 N, T

p-Menth-3-en-1-o0l 0373 N, T

4-Carvomenthenol 0439 N

p-Menth-8-en-1-ol (B-terpineol) 0374 N, T

4-Thujanol 0441 N, T

Methyl 1-acetoxycyclohexylketone 0442 N, T Not
evaluated'

Structural class I

2-Ethyl-1,3,3-trimethyl-2-norbananol 0440 N, T No safety
concern

Carvone and structurally related substances

Structural class |

p-Menthan-2-ol 0376 N, T

Dihydrocarveol 0378 N

Dihydrocarvyl acetate 3379 N No safety

Carveol 0381 N concern

Carvy!l acetate 382 N

Carvyl propionate ’ 03583 N T

151



Substance®

No.

Specifications®

Conclusion based
on current intake

Carvone and structurally related substances (continued)

Structural class Il

p-Menthan-2-one
Dihydrocarvone
(+)-Carvone®
(-)-Carvone

0375
0377
0380a
0380b

lonones and structurally related substances

B-Damascone
a-Damascone
8-Damascone
Damascenone
a-lonone”

B-lonone”

v-lonone

o-lonol

B-lonol
Dihydro-o-ionone
Dihydro-B-ionone
Dihydro-B-ionol
Dehydrodihydroionone
Dehydrodihydroionol
Methyl-a-ionone
Methyl-B-ionone
Methyl-8-ionone
Allyl-a-ionone
1,4-Dimethyl-4-acetyl-1-cyclohexene
a-lrone
a-lso-methylionone

0384
0385
0386
0387
0388
0389
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0403
0404

N, T

No safety
concemn

No safety
concern

Not evaluated'
No safety
concern

Aliphatic acyclic and alicyclic o-diketones and related o-hydroxyketones

Acetoin (3-hydroxy-2-butanone)
2-Acetoxy-3-butanone
Butan-3-one-2-yl butanoate
Diacetyl (2,3-butanedione)
3-Hydroxy-2-pentanone
2,3-Pentanedione
4-Methyl-2,3-pentanedione

2 3-Hexanedione

3,4-Hexanedione
5-Methyl-2,3-hexanedione
2,3-Heptanedione ‘
5-Hydroxy-4-octanone
2,3-Undecadione
Methylcyclopentenolone
Ethylcyclopentenolone
3,4-Dimethyl-1,2-cyclopentanedione
3,5-Dimethyl-1,2-cyclopentanedione
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0405
0406
0407
0408
0409
0410
0411
0412
0413
0414
0415
0416
0417
0418
0419
0420
0421

N

zz
— -

N

)

Z
—

N, T

pd
z “ZZ'ZZZ

ZZ
— -

N, T

No safety
concern




Substance® No.  Specifications® Conclusion based
on current intake

Aliphatic acyclic and alicyclic o-diketones and related a-
hydroxyketones (continued)

3-Ethyl-2-hydroxy-4-methylcyclopent-2- 0422 N

en-1-one
5-Ethyl-2-hydroxy-3-methylcyclopent-2- 0423 N

en-1-one No safety
2-Hydroxy-2-cyclohexen-1-one 0424 N, T concern
1-Methyl-2,3-cyclohexadione 0425 N
2-Hydroxy-3,5,5-trimethyi-2- 0426 N

cyclohexen-1-one

Menthol and structurally related substances
Structural class |

Menthol 0427 R
(+)-neo-Menthol 0428 N, T
Menthyl acetate 0431 N
Menthyl isovalerate 0432 N
(=)-Menthyl lactate 0433 N No safety
p-Menth-1-en-3-ol 0434 N, T concern
(—)-Menthol ethylene glycol carbonate 0443 N
Mixture of (-)-menthol 1- and 2- 0444 N
propylene glycol carbonate
mono-Menthy! succinate 0447 N
Structural class Il
Menthone 0429 N
(£)-Isomenthone 0430 N No safety
Piperitone 0435 N
(-)-Menthone 1,2-glycerone ketal 0445 N concern
(£)-Menthone 1,2-glycerol ketal 0446 N

® The substance names are given as they appear in the specifications monograph (FAO Food

and Nutrition Paper, No. 52, Add. 6, 1998). In cases where substances were evaluated under

their trivial name, the systematic name is given in parentheses.

N, new specifications prepared; R, existing specifications revised; T, the existing, new or

revised specifications are tentative and comments are invited.

The ADI “not specified” for the calcium, potassium and sodium salts of oleic acid established at the

thirty-third meeting of the Committee (WHO Technical Report Series, No. 776, 1989) was maintained.

The evaluation of this substance was deferred, pending review of a 90-day toxicity study that

was not available at the meeting.

¢ The group AD! of 0-0.5 mg/kg of body weight established at the twenty-third meeting (WHO
Technical Report Series, No. 648, 1980) for citral, geranyl acetate, citronellol, linalool and
linalyl acetate, expressed as citral, was maintained.

" Methyl 1-acetoxycyclohexylketone was not evaluated because a NOEL for this or a related
substance was not available and the per capita intake exceeds 1.5ug per day.

¢ The ADI of 0-1mg/kg of body weight established at the thirty-seventh meeting of the
Committee (WHO Technical Report Series. No. 806, 1991, and corrigenda), was maintained.

" The group ADI of 0-0.1 mg/kg of body weight established at the wenty-eighth meeting of the
Committee (WHO Technica: Report Series, No. 710. 1984) for a-1onone and B-ionone, was
maintained.

' 1-4-Dimethyl-4-acetyl-1-cyclohexane was not considered to have suficient structural similarities
to the ionones to be included in this group. Accordingly, the saiety evaluation of this com-
pound was not considered at the present meeting.

' An ADI of 0-4mg/kg of body weight was established for menthol at the present meeting (see
section 3.2.3).
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Substance?® (considered for specifications only)

No.

Specifications®

Flavouring agents

Saturated aliphatic acyclic branched-chain primary alcohols, aldehydes and

acids®

Isobutyl alcohol (2-methyl-1-propanol)
Isobutyraldehyde (2-methylpropanal)
Isobutyric acid (2-methylpropanoic acid)
2-Methylbutyraldehyde (2-methylbutanal)
2-Methylbutyric acid (2-methylbutanoic acid)
2-Ethylbutyraldehyde (2-ethylbutanal)
2-Ethylbutyric acid (2-ethylbutanoic acid)
3-Methylbutyraldehyde (3-methylbutanal)
Isovaleric acid (3-methylbutanoic acid)
2-Methylpentanal

2-Methylvaleric acid (2-methylpentanoic acid)
3-Methylpentanoic acid
3-Methyl-1-pentano!

4-Methylpentanoic acid
2-Methylhexanoic acid

5-Methylhexanoic acid

2-Ethyl-1-hexanol
3,5,5-Trimethyl-1-hexanol
3,5,5-Trimethylhexanal

2-Methyloctanal

4-Methyloctanoic acid
3,7-Dimethyl-1-octanol
2,6-Dimethyloctanal

4-Methylnonanoic acid
2-Methylundecanal

Aliphatic lactones’

4-Hydroxybutyric acid lactone (y-butyrolactone)
v-Valerolactone

4-Hydroxy-3-pentenoic acid lactone
5-Ethyl-3-hydroxy-4-methyl-2(5H)-furanone
v-Hexalactone

8-Hexalactone

v-Heptalactone

v-Octalactone

6-Hydroxy-3,7-dimethyloctanoic acid lactone
§-Tetradecalactone

w-Pentadecalactone

w-6-Hexadecenlactone

e-Decalactone

e-Dodecalactone

4, 5-Dimethyl-3-hydroxy-2,5-dihydrofuran-2-one
3-Heptyldihydro-5-methyl-2(3H)-furanone
5-Hydroxy-2,4-decadienoic acid 8-lactone
4,4-Dibutyl-y-butyrolactone

8-Octalactone
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0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275

0219
0220
0221
0222
0223
0224
0225
0226
0237
0238
0239
0240
0241
0242
0243
0244
0245
0227
0228
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Substance® (considered for specifications only)

No.

Specifications®

Flavouring agents (continued)

Aliphatic lactones® (continued)

vy-Nonalactone

Hydroxynonanoic acid §-lactone

y-Decalactone

§-Decalactone

y-Undecalactone

5-Hydroxyundecanoic acid §-lactone

y-Dodecalactone

8-Dodecalactone

5-Hydroxy-2-decenoic acid §-lactone

5-Hydroxy-7-decenoic acid 8-lactone

5-Hydroxy-8-undecenoic acid 3-lactone

cis-4-Hydroxy-6-dodecenoic acid lactone (1,4-
dodec-6-enolactone)

v-Methyldecalactone

Mixture of 5-Hydroxy-2-decenoic acid §-lactone, 5-

hydroxy-2-dodecenoic acid 8-lactone and 5-

hydroxy-2-tetradecenoic acid 8-lactone
4-Hydroxy-3-methyloctanoic acid y-lactone
5-Hydroxy-2-dodecenoic acid §-lactone

Food additives

Acetone (extraction solvent)

Aluminium powder

Calcium propionate

Calcium sorbate

Canthaxanthin

Carnauba wax

Carob bean gum

Carotenes (algae)

Carotenes (vegetable)

Carthamus red

Carthamus yellow

Citric acid

Cochineal extract

Diacetyltartaric and fatty acid esters of glycerol
(DATEM)

Dichloromethane

Ethyl p-hydroxybenzoate

Ferrous gluconate

Ferrous sulfate

Furfuryl alcohol (flavouring agent)

Guar gum

Gum arabic

Hexanes

4-Hexylresorcinol

Isobuty! alcehol (isobutanol) (extraction sclvent)

Methyl p-hydroxybenzoate

0229
0230
0231
0232
0233
0234
0235
0236
0246
0247
0248
0249
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0276

0437
0438
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Substance?® (considered for specifications only) No. Specifications®

Food additives (continued)

Microcrystalline cellulose —
Nitrogen —
Petroleum jelly —
Polydextroses —
Potassium sorbate —
Propan-2-ol —
Propionic acid —
Propyl p-hydroxybenzoate —
Shellac, bleached —
Sodium sorbate —
Sorbitan monolaurate —
Sucrose esters of fatty acids —
Talc —
Tartaric, acetic and fatty acid esters of glycerol, mixed — —
Thaumatin —
Xanthan gum —

ST TOTITDIDIDIID

By
2, ¥
Q

o

The substance names are given as they appear in the specifications monograph (FAO Food
and Nutrition Paper, No. 52, Add. 6, 1998). In cases where substances were evaluated under
their trivial name, the systematic name is given in parentheses. ’

N, new specifications prepared; O, no specifications prepared; R, existing specifications
revised; S, specifications exist, revision not considered or not required; T, the existing, new or
revised specifications are tentative and comments are invited; W, existing specifications
withdrawn.

These substances were evaluated at the forty-ninth meeting of the Committee (WHO Technical
Report Series, No. 884, 1998).

See Annex 3.

At its forty-ninth meeting (WHO Technical Report Series, No. 884, 1998), the Committee
developed revised specifications for “diacetyltartaric and fatty acid esters of glycerol” and
“tartaric, acetic and fatty acid esters of glycerol, mixed” but found it difficult to distinguish
between the two substances. At that meeting, the Committee requested data that would allow
these two substances to be distinguished, and stated that unless such data were provided by
31 March 1998, it would consider combining the specifications for the two substances. Since
no data were received, the Committee, at its present meeting, decided to combine the
specifications for the two substances under the name “diacetyltartaric and fatty acid esters of
glycerol”. '
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Annex 3

Further toxicological studies and other information
required or desired

Flavouring agent

Furfural

Before reviewing this substance again, the Committee would wish to
have the following:

1. The results of studies of DNA binding or adduct formation in vivo
to clarify whether furfural interacts with DNA in the liver of mice.

2. The results of a 90-day study of toxicity in rats to identify a NOEL
for hepatotoxicity.

Food colour

Curcumin

The results of a reproductive toxicity study on a substance complying
with the specifications for curcumin and information on the need
and technological justification for alternative solvents for use in the
current manufacturing processes of curcumin are required for
evaluation in 2001.

Glazing agents

Mineral oils (medium- and low-viscosity)

Information requested at the forty-fourth meeting of the Committee
is required for evaluation in 2002. This includes information about the
compositional factors in mineral oils that influence their absorption
and toxicity and a study of at least 1 year’s duration of one of these
materials in F344 rats, including an assessment of immune function at
appropriate time periods (with a reversal period of 1 year) and an
investigation of the kinetics of accumulation of the material, and
particularly whether a plateau is reached. In addition, research on the
pharmacokinetics of white mineral oils and their potential effects on
immune function known to be in progress should be submitted for
review at that time. '

Preservatives

160

Calcium hydrogen sulfite

Information is required on a modified name for the compound that
would be more reflective of its physical properties, the extent and
functionality of its use as a food additive, and the need for limits for



selenium and arsenic and associated analytical methods. The informa-
tion is required by 30 November 1998.

Potassium metabisulfite, potassium sulfite, sodium hydrogen

sulfite and sodium metabisulfite

Information on iron and selenium in commercial products and on the
test method for selenium is required by 30 November 1998. The
existing specifications include a limit for selenium, for which the test
method is no longer feasible because of a lack of availability of
required reagents. The Committee also questioned the need for a
limit for selenium because new processes by which sulfur is produced
as a by-product of the oil industry have replaced extraction methods
from sulfur mines. The Committee noted that the limit for selenium
may no longer be necessary and requested information on this point.

Sodium sulfite

Information on the sources of raw materials, on the commercial use of
sodium sulfite heptahydrate in food, on iron and selenium levels in
commercial products, and on test methods for selenium is required by
30 November 1998.

Sodium thiosulfate

Information on iron and selenium levels in commercial products and
on test methods for lead and selenium is required by 30 November
1998.

Sweetening agents
Stevioside

Before reviewing this substance again, the Committee considered
that it would be necessary to develop specifications to ensure that the
material tested was representative of the commercial product. Fur-
ther information on the nature of the substance that was tested, data
on the metabolism of stevioside in humans and the results of suitable
in vivo genotoxicity studies with steviol would also be necessary.

Thaumatin
Information on a specific identification test is required by 30 Novem-
ber 1998.

Thickening agents
Carrageenan and processed Eucheuma seaweed

Information to permit clarification of the significance of the promo-
tion of colon cancer observed in studies in rats is required for evalu-
ation in 2001.
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Miscellaneous substances

162

Citric acid

Information on the need for a test for oxalate and a suitable limit is
required by 30 March 1999. Comments are also invited on the new
test for sulfate. If no information is forthcoming, the Committee
will consider retaining the specifications as they appear in the specifi-
cations monograph.

¥Cyclodextrin

The study of human tolerance known to have been conducted should
be reviewed in order to confirm the absence of adverse effects on the
gastrointestinal tract at normal levels of intake. These data should be
submitted for consideration by the Committee by 1999.

Ferrous gluconate

Information on the need for maintaining the limit test for oxalic acid
and the maximum limit for mercury, as well as the procedure for
mercury analysis, if applicable, and for introducing maximum limits
for sulfate and chloride is required by 30 November 1998.

Ferrous sulfate

Information on the limit and an analytical method for mercury and
the need for a limit on water content is required by 30 November
1998.

Magnesium gluconate .

Information on the need for maintaining the microbiological criteria
included in the specifications, and for introducing maximum limits for
sulfate and chloride is required by 30 November 1998.



Annex 4
Food categorization system for the General
Standard for Food Additives'

1 Dairy products, excluding products of category 2

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

Milk and dairy-based drinks
1.1.1 Milk and buttermilk
1.1.1.1 Milk, including sterilized and UHT goats’ milk
1.1.1.2 Buttermilk (plain)
1.1.2 Dairy-based drinks, flavoured and/or fermented (e.g. chocolate
milk, cocoa, egg-nog)
Fermented and renneted milk products (plain), excluding drinks
1.2.1 Fermented milks (plain)
1.2.1.1 Fermented milks (plain), not heat-treated after
fermentation
1.2.1.2 Fermented milks (plain), heat-treated after fermentation
1.2.2 Renneted milk
Condensed milk (plain) and analogues
1.3.1 Condensed milk (plain)
1.3.2 Beverage whiteners
Cream (plain) and similar products
1.4.1 Pasteurized cream
1.4.2 Sterilized, UHT, whipping or whipped and reduced-fat creams
1.4.3 Clotted cream
1.4.4 Cream analogues
Milk and cream powders (plain)
1.5.1 Milk and cream powders
1.5.2 Milk and cream powder analogues
Cheese
1.6.1 Unripened chesse
1.6.2 Ripened cheese
1.6.2.1 Total ripened cheese, including rind
1.8.2.2 Rind of ripened cheese
1.6.2.3 Cheese powder (for reconstitution, e.g. for cheese
sauces)
1.6.3 Whey cheese
1.6.4 Processed cheese
1.6.5 Cheese analogues
Dairy-based desserts (e.g. ice cream, ice milk, pudding, fruit or
flavoured yoghurt)
Whey and whey products, excluding whey cheese

2 Fats and oils and fat emuisions (type water-in-oil)

2.1

Fats and oils essentially free from water
2.1.1 Butter oil, anhydrous milk fat, ghee
2.1.2 Vegetable oils and fais

! Reproduced, with minor editorial corrections, from Draft Codex General Standard for Food
Additives (Rome, Food and Agriculture Organization of the United Nations, 1999; unpublished
document FX/FAC 99/6) by perrrissicn of the publisher.
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2.1.3 Lard, tallow, fish oil and other animal fats
22 Fat emulsions mainly of type water-in-oil
221 Emulsions containing at least 80% fat

22141
2212

Butter and concentrated butter
Margarine and similar products (e.g. butter-margarine
blends)

2.2.2 Emulsions containing less than 80% fat (e.g. minarine)
53 Fat emulsions other than 2.2, including mixed and/or flavoured
products based on fat emulsions
24 Fat-based desserts (excluding dairy-based desserts)

Edible ices, including sherbet and sorbet

Fruits and vegetables (including mushrooms and fungi, roots and tubers,
pulses and legumes) and nuts and seeds

41  Fruit

4.1.1 Fresh fruit

4111
4112
4113

Untreated fruit
Surface-treated fruit
Peeled or cut fruit

4.1.2 Processed fruit

41.21
4122
4123
41.2.4
4125
41.2.6
4127
41.2.8
4129

4.1.210
41.2.11
4.1.212

Frozen fruit

Dried fruit

Fruit in vinegar, ail or brine

Canned or bottled (pasteurized) fruit

Jams, jellies and marmalades

Fruit-based spreads other than 4.1.2.5 (e.g. chutney)
Candied fruit '

Fruit preparations, including pulp and fruit toppings

Fruit-based desserts, including fruit-flavoured water-
based desserts

Fermented fruit products

Fruit fillings for pastries

Cooked or fried fruit

42 Vegetables (including mushrooms and fungi, roots and tubers,
pulses and legumes) and nuts and seeds
421 Fresh vegetables

4211
4212
4.21.3

Untreated vegetables
Surface-treated vegetables
Peeled or cut vegetables

4.2.2 Processed vegetables and nuts and seeds

4.2.2.1
4222
4223
4224
4225

4226

4227
4228

Frozen vegetables

Dried vegetables

Vegetables in vinegar, oil or brine

Canned or bottled (pasteurized) vegetables
Vegetable, nut and seed purees and spreads (e.q.
peanut butter)

Vegetable, nut and seed pulps and preparations other
than 4.2.2.5

Fermented vegetable products
Cooked or fried vegetables



5 Confectionery

5.1

5.2

5.3
54

Cocoa products and chocolate products, including imitations and

chocolate substitutes

5.1.1 Cocoa mixes (powders and syrups)

5.1.2 Cocoa-based spreads, including fillings

5.1.3 Cocoa and chocolate products other than 5.1.1,51.2and 5.1.4
(e.g. milk chocolate bars, chocolate flakes, white chocolate)

5.1.4 Imitation chocolate and chocolate substitute products

Sugar-based confectionery other than 5.1, 5.3 and 5.4, including

hard and soft candy and nougats

Chewing gum

Decorations (e.g. for fine bakery wares), toppings (non-fruit) and

sweet sauces

6 Cereals and cereal products, including flours and starches from roots and
tubers, and pulses and legumes, excluding bakery wares

6.1
6.2
6.3
6.4
6.5

6.6

Whole, broken or flaked grain, including rice

Flours and starches

Breakfast cereals, including rolled oats

Pastas and noodles

Cereal and starch-based desserts (e.g. rice pudding, tapioca
pudding)

Batters (e.g. for fish or poultry)

7 Bakery wares

7.1

7.2

Bread and ordinary bakery wares

7.1.1 Breads and rolls

7.1.2 Crackers, excluding sweet crackers

7.1.3 Other ordinary bakery products (e.g. bagels, pitta, English
muffins)

7.1.4 Bread-type products, including bread stuffing and breadcrumbs

Fine bakery wares

7.2.1 Cakes, cookies and pies (e.g. fruit-filed or custard types)

7.2.2 Other fine bakery products (e.g. doughnuts, sweet rolls,
scones and muffins)

7.2.3 Mixes for fine bakery wares (e.g. cakes, pancakes)

8 Meat and meat products, including poultry and game

8.1

8.2

Fresh meat, poultry and game
8.1.1 Fresh meat, poultry and game, whole pieces or cuts
8.1.2 Fresh meat, poultry and game, comminuted
Processed meat, poultry and game products in whole pieces or cuts
8.2.1 Non-heat-treated processed meat, poultry and game products
in whole pieces or cuts
8.2.1.1 Cured (including salted) non-heat-treated processed
meat, poultry and game products in whole pieces or cuts
8.2.1.2 Cured (including salted) and dried non-heat-treated
processed meat, poultry and game products in whole
pieces or cuts
8.2.1.3 Fermented non-heat-treated processed meat, poultry and
game products in whole pieces or cuts
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8.3

8.4

8.2.2 Heat-treated processed meat, poultry and game products in
whole pieces or cuts
8.2.3 Frozen processed meat, poultry and game products in whole
pieces or cuts
Processed comminuted meat, poultry and game products
8.3.1 Non-heat-treated processed comminuted meat, poultry and
game products
8.3.1.1 Cured (including salted) non-heat-treated processed
comminuted meat, poultry and game products
8.3.1.2 Cured (including salted) and dried non-heat-treated
processed comminuted meat, poultry and game products
8.3.1.3 Fermented non-heat-treated processed comminuted
meat, poultry and game products
8.3.2 Heat-treated processed comminuted meat, poultry and game
products
8.3.3 Frozen processed comminuted meat, poultry and game products
Edible casings (e.g. sausage casings) '

9 Fish and fish products, including molluscs, crustaceans and echinoderms

9.1

9.2

9.3

9.4

Fresh fish and fish products, including molluscs, crustaceans and

echinoderms:

9.1.1 Fresh fish

9.1.2 Fresh molluscs, crustaceans and echinoderms

Processed fish and fish products, including molluscs, crustaceans

and echinoderms

9.2.1 Frozen fish, fish fillets and fish products, including molluscs,
crustaceans and echinoderms

9.2.2 Frozen battered fish, fish fillets and fish products, including
molluscs, crustaceans and echinoderms

9.2.3 Frozen minced and creamed fish products, including molluscs,
crustaceans and echinoderms

9.2.4 Cooked andjor fried fish and fish products, including molluscs,
crustaceans and echinoderms
9.2.4.1 Cooked fish
0.2.4.2 Cooked molluscs, crustaceans and echinoderms
9.2.4.3 Fried fish and fish products, including molluscs,

crustaceans and echinoderms

9.25 Smoked, dried, fermented and/or salted fish and fish products,
including molluscs, crustaceans and echinoderms

Semi-preserved fish and fish products, including motluscs,

crustaceans and echinoderms

9.3.1 Fish and fish products, including molluscs, crustaceans and
echinoderms, marinated and/or in jelly

9.3.2 Fish and fish products, including molluscs, crustaceans and
echinoderms, pickled and/or in brine

9.3.3 Salmon substitutes, caviar and other fish roe products

9.3.4 Semi-preserved fish and fish products, including molluscs,
crustaceans and echinoderms other than 9.3.1-9.3.3

Fully preserved (including canned or fermented) fish and fish

products, including molluscs, crustaceans and echinoderms

10 Eggs and egg products

10.1

Fresh eggs



11

12

13

14

10.2 Egg products

10.2.1 Liguid egg products

10.2.2 Frozen egg products

10.2.3 Dried and/or heat-coagulated egg products
10.3 Preserved eggs, including alkaline, salted and canned eggs
10.4 Egg-based desserts (e.g. custard)

Sweeteners, including honey

11.1 White and semi-white sugar (sucrose or saccharose), fructose,
glucose (dextrose), xylose, sugar solutions and syrups, and (partially)
inverted sugars, including molasses, treacle and sugar toppings

11.2 Other sugars and syrups (e.g. brown sugar, maple syrup)

11.3 Honey

11.4  Table-top sweeteners, including those containing high-intensity
sweeteners, other than 11.1-11.3

Salts, spices, soups, sauces, salads, protein products, etc.
12,1 Salt
12.2 Herbs, spices, seasonings (including sait substitutes) and
condiments
12.3 Vinegars
12.4 Mustards
12.5 Soups and broths
12.5.1 Ready-to-eat soups and broths, including canned, bottled and
frozen
12.5.2 Mixes for soups and broths
12.6  Sauces and similar products
12.6.1 Emulsified sauces (e.g. mayonnaise, salad dressing)
12.6.2 Non-emulsified sauces (e.g. ketchup, cheese sauce, cream
sauce, brown gravy)
12.6.3 Mixes for sauces and gravies
12,7 Salads (e.g. macaroni salad, potato salad) and sandwich spreads
(excluding cocoa- and nut-based spreads)
12.8 Yeast
12.9 Protein products

Foodstuffs intended for particular nutritional uses

13.1 Infant formulae and foliow-on formulae

13.2  Foods for young childrer (weaning foods)

13.3 Dietetic foods intended for special medical purposes

13.4 Dietetic formulae for slimming purposes and weight reduction
13.5 Dietetic foods other than 13.1-13.4

13.6  Food supplements

Beverages, excluding dairy products
141 Non-alcoholic (“soft”) beverages
14.1.1 Waters
14.1.1.1 Natural mineral waters and source waters
14.1.1.2 Table waters and scda waters
14.1.2 Fruit and vegetable iuices
14.1.2.1 Canned or bottled (pasteurized) fruit juice
14.1.2.2 Canned or botiled (pasteurized) vegetable juice
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14.2

14.1.2.3 Concentrates (liquid or solid) for fruit juice
14.1.2.4 Concentrates (liquid or solid) for vegetable juice
14.1.3 Fruit and vegetable nectars
14.1.3.1 Canned or bottled (pasteurized) fruit nectar
14.1.3.2 Canned or bottled (pasteurized) vegetable nectar
14.1.3.3 Concentrates (liquid or solid) for fruit nectar
14.1.3.4 Concentrates (liquid or solid) for vegetable nectar
14.1.4 Water-based flavoured drinks, including “sport” or “electrolyte
drinks
14.1.4.1 Carbonated drinks
14.1.4.2 Non-carbonated drinks, including punches and ades
14.1.4.3 Concentrates (liquid or solid) for drinks
14.15 Coffee, coffee substitutes, tea, herbal infusions and other hot
cereal beverages, excluding cocoa
Alcoholic beverages, including alcohol-free and low-alcoholic
counterparts
14.2.1 Beer and malt beverages
14.2.2 Cider and perry
14.2.3 Wines
14.2.3.1 Still wine
14.2.3.2 Sparkling and semi-sparkling wines
14.2.3.3 Fortified wine and liquor wine
14.2.3.4 Aromatized wine
14.2.4 Fruit wine
14.25 Mead
14.2.6 Spirituous beverages
14.2.6.1 Spirituous beverages containing at least 15% alcohol
14.2.4.2 Spirituous beverages containing less than 15% alcohol

15 Ready-to-eat savouries

15.1

Snacks, potato-, cereal-, flour- or starch-based (from roots and
tubers, pulses and legumes)

152 Processed nuts, including coated nuts and nut mixtures (with e.g.

dried fruit) ‘

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

168



WHO Technical Report Series |

1020

Evaluation of
certain food additives

Eighty-seventh report of the Joint
FAO/WHO Expert Committee on
Food Additives

Food and Agriculture 5 Y
% Organization of the %@& \(I)Vorld .Heta.lth
United Nations ‘\‘QJ rganization




The World Health Organization (WHO) was established in 1948 as a
specialized agency of the United Nations serving as the directing and
coordinating authority for international health matters and public
health. One of WHO's constitutional functions is to provide objective
and reliable information and advice in the field of human health, a
responsibility that it fulfils in part through its extensive programme of
publications. The Organization seeks through its publications to support
national health strategies and address the most pressing public health
concerns of populations around the world. To respond to the needs of
Member States at all levels of development, WHO publishes practical
manuals, handbooks and training material for specific categories of
health workers; internationally applicable guidelines and standards;
reviews and analyses of health policies, programmes and research;
and state-of-the-art consensus reports that offer technical advice
and recommendations for decision-makers. These books are closely
tied to the Organization's priority activities, encompassing disease
prevention and control, the development of equitable health systems
based on primary health care, and health promotion for individuals
and communities. Progress towards better health for all also demands
the global dissemination and exchange of information that draws on
the knowledge and experience of all WHO Member States and the
collaboration of world leaders in public health and the biomedical
sciences. To ensure the widest possible availability of authoritative
information and guidance on health matters, WHO secures the broad
international distribution of its publications and encourages their
translation and adaptation. By helping to promote and protect health
and prevent and control disease throughout the world, WHO’s books
contribute to achieving the Organization’s principal objective - the
attainment by all people of the highest possible level of health.

The WHO Technical Report Series makes available the findings of
various international groups of experts that provide WHO with the
latest scientific and technical advice on a broad range of medical and
public health subjects. Members of such expert groups serve without
remuneration in their personal capacities rather than as representatives
of governments or other bodies; their views do not necessarily reflect
the decisions or the stated policy of WHO.

To purchase WHO publications, please contact: WHO Press, World
Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland
(tel. +41 22 791 3264; fax: +41 22 791 4857; email: bookorders@who.int;
http://www.who.int/bookorders).


http://www.who.int/bookorders

WHO Technical Report Series
1020

Evaluation of
certain food additives

Eighty-seventh report of the Joint
FAO/WHO Expert Committee on
Food Additives

S

v Food and Agriculture J) N\

\\/ and (72X, World Health
fthe Y9 Hea

Qﬁ Organization of the - \'gUlY Organization

United Nations S =g



Evaluation of certain food additives: eighty-seventh report of the Joint FAO/WHO Expert Committee on Food
Additives

(WHO technical report series; no. 1020)

ISBN 978-92-4-121029-4 (WHO)
ISBN 978-92-5-132116-4 (FAO)
ISSN 0512-3054

© World Health Organization and Food and Agriculture Organization of the United Nations, 2019

Some rights reserved. This work is available under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 IGO
licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo/).

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial purposes, provided
the work is appropriately cited, as indicated below. In any use of this work, there should be no suggestion that the World
Health Organization (WHO) or the Food and Agriculture Organization of the United Nations (FAO) endorse any specific
organization, products or services. The use of the WHO or FAQ logo is not permitted. If you adapt the work, then you must
license your work under the same or equivalent Creative Commons licence. If you create a translation of this work, you
should add the following disclaimer along with the suggested citation: “This translation was not created by the World
Health Organization (WHO) or the Food and Agriculture Organization of the United Nations (FAO). WHO and FAQ are not
responsible for the content or accuracy of this translation. The original English edition shall be the binding and authentic
edition”.

Any mediation relating to disputes arising under the licence shall be conducted in accordance with the mediation rules of
the World Intellectual Property Organization http://www.wipo.int/amc/en/mediation/rules.

Suggested citation. Evaluation of certain food additives: eighty-seventh report of the Joint FAO/WHO Expert Committee
on Food Additives. Geneva: World Health Organization and Food and Agriculture Organization of the United Nations; 2019
(WHO technical report series; no. 1020). Licence: CC BY-NC-SA 3.0 IGO.

Cataloguing-in-Publication (CIP) data. CIP data are available at http://apps.who.int/iris.

Sales, rights and licensing. To purchase WHO publications, see http://apps.who.int/bookorders. To submit requests for
commercial use and queries on rights and licensing, see http://www.who.int/about/licensing.

Third-party materials. If you wish to reuse material from this work that is attributed to a third party, such as tables, figures
orimages, it is your responsibility to determine whether permission is needed for that reuse and to obtain permission from
the copyright holder. The risk of claims resulting from infringement of any third-party-owned component in the work rests
solely with the user.

The designations employed and the presentation of the material in this publication do not imply the expression of any
opinion whatsoever on the part of WHO or FAO concerning the legal or development status of any country, territory, city
or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent
approximate border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’products, whether or not these have been patented, does
not imply that they are endorsed or recommended by WHO or FAO in preference to others of a similar nature that are not
mentioned. Errors and omissions excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by WHO and FAO to verify the information contained in this publication.
However, the published material is being distributed without warranty of any kind, either expressed or implied. The
responsibility for the interpretation and use of the material lies with the reader. In no event shall WHO and FAO be liable
for damages arising from its use.

This publication contains the collective views of an international group of experts and does not necessarily represent the
decisions or the policies of WHO or FAO.

Design: Rania Spatha (http://www.raniaspatha.com)

Printed in Malta.


https://creativecommons.org/licenses/by-nc-sa/3.0/igo/
http://www.wipo.int/amc/en/mediation/rules
http://apps.who.int/iris
http://apps.who.int/bookorders
http://www.who.int/about/licensing

Contents

List of participants v
List of abbreviations viii
1. Introduction 1

1.1 Declarations of interests 1

—_

1.2 Modification of the agenda

2. General considerations 3
2.1 Report from the Fifty-first Session of the Codex Committee on Food Additives (CCFA) 3
2.2 Principles governing the toxicological evaluation of compounds on the agenda 4

2.2.1 Application of group ADlIs 4
2.2.2 Clarification of ADI“not specified” 6
2.2.3 Update of guidance on evaluation of enzyme preparations (EHC 240) 7
2.2.4 Update of guidance on evaluation of genotoxicity of chemical substances in food
(section 4.5 of EHC 240) 7
2.2.5 Update of guidance on dose—response assessment and derivation of health-based
guidance values (Chapter 5 of EHC 240) 8
2.2.6 Update of guidance on assessing dietary exposure to chemical substances in food
(Chapter 6 of EHC 240) 9
2.2.7 Dietary exposure assessment reporting 9
2.2.8 Framework for developing specifications for steviol glycosides by method of
production 10
2.3 Food additive specifications and analytical methods 12
2.3.1 Unsulfonated primary aromatic amines in food colours 12
2.3.2 Analytical method for the determination of anthraquinones in cassia gum 12
2.3.3 Update on the review of analytical methods for food additives 12
2.4 Other matters of interest to the Committee 14
2.4.1 Update on FAO/WHO Global Individual Food consumption data Tool (GIFT) 14
2.4.2 Risk assessments of combined exposure to multiple chemicals 15

3. Specific food additives (other than flavouring agents) 17

3.1 Safety evaluations 17
3.1.1 Black carrot extract 17
3.1.2 Brilliant Black PN 26
3.1.3 Carotenoids (provitamin A) 32
3.1.4 Gellan gum’ 47
3.1.5 Potassium polyaspartate 58
3.1.6 Rosemary extract 66

3.2 Revision of specifications and analytical methods 72
3.2.1 Citric and fatty acid esters of glycerol 72
3.2.2 Metatartaric acid 73
3.2.3 Mannoproteins from yeast cell walls 73

' Forusein formulas for special medical purposes intended for infants.



4. Flavouring agents

4.1 Specifications of identity and purity of flavouring agents
4.1.1 Revised specifications

5. Future work and recommendations
Acknowledgements

Corrigenda

References

Annex 1
Reports and other documents resulting from previous meetings of the Joint FAO/WHO
Expert Committee on Food Additives

Annex 2
Toxicological and dietary exposure information and information on specifications

Annex 3
Secondary components of flavouring agents with revised specifications with
minimum assay values of less than 95%

Annex 4
Meeting agenda

75

75
75

77

79

81

83

85

99

105

107



List of participants

Eighty-seventh meeting of the Joint FAO/WHO Expert Committee
on Food Additives
Rome, 4-13 June 2019

Members
Dr S. Barlow, Brighton, East Sussex, United Kingdom

Dr JN. Barrows, Office of Cosmetics and Colors, Center for Food Safety and Applied
Nutrition, United States Food and Drug Administration, College Park, Maryland,
United States of America (USA)

Dr J. Bend, Department of Pathology and Laboratory Medicine, Schulich Medicine &
Dentistry, Western University, London, Ontario, Canada

Dr D. Benford, Cheddington, United Kingdom

Dr PE. Boon, Department for Food Safety, Centre for Nutrition, Prevention and Health
Services, National Institute for Public Health and the Environment (RIVM), Bilthoven,
the Netherlands

Dr R. Cantrill, Halifax, Nova Scotia, Canada (Chairperson)

Professor M.B. de Abreu Gloria, Laboratério de Bioquimica de Alimentos, Faculdade de
Farmacia, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil

Dr E. Dessipri, Department of Biological Standardisation, OMCL Network & HealthCare,
European Directorate for the Quality of Medicines & HealthCare, Council of Europe,
Strasbourg, France

Dr D.E. Folmer, Office of Food Additive Safety, Center for Food Safety and Applied
Nutrition, United States Food and Drug Administration, College Park, Maryland, USA
(Joint Rapporteur)

Dr M.J. Frutos-Fernandez, Universidad Miguel Hernandez, Orihuela, Alicante, Spain

Ms Tracy Hambridge, Food Standards Australia New Zealand, Majura Park, Australian
Capital Territory, Australia

Dr K. Laurvick, Food Standards, United States Pharmacopeia, Rockville, Maryland, USA
Dr Madduri Veerabhadra Rao, Whitefields, Kondapur, Hyderabad, Telangana State, India

Dr A. Mattia, Office of Food Additive Safety, Center for Food Safety and Applied Nutrition,
United States Food and Drug Administration, College Park, Maryland, USA (Vice-
Chairperson)

<



vi

Dr U. Mueller, Yarralumla, Australian Capital Territory, Australia (Joint Rapporteur)

Professor O.E. Orisakwe, University of Port Harcourt, Choba, Port Harcourt, Rivers State,
Nigeria

Dr J. Schlatter, Zurich, Switzerland

Dr J. Smith, Bio|Food|Tech, Charlottetown, Prince Edward Island, Canada

Dr JR. Srinivasan, Office of Food Additive Safety, Center for Food Safety and Applied
Nutrition, United States Food and Drug Administration, College Park, Maryland, USA

DrN. Sugimoto, Division of Food Additives, National Institute of Health Sciences, Kawasaki-
ku, Kawasaki-shi, Kanagawa, Japan

Dr S.G. Walch, Chemisches und Veterindruntersuchungsamt, Karlsruhe, Germany

Secretariat

Dr M. Choi, Joint FAO/WHO Food Standards Programme, Food and Agriculture
Organization of the United Nations, Rome, Italy (Codex Secretariat)

Dr M. DiNovi, Office of Food Additive Safety, Center for Food Safety and Applied Nutrition,
United States Food and Drug Administration, College Park, Maryland, USA (WHO
Temporary Adviser)

Professor Y. Fan, China National Center for Food Safety Risk Assessment, Beijing, China
(Chairperson of the Codex Committee on Food Additives)

Dr Nick Fletcher, Food Standards Australia New Zealand, Kingston, Australian Capital
Territory, Australia (WHO Temporary Adviser)

Dr R. Girtler, Food Toxicology Unit, Department of Food Safety, Federal Institute for Risk
Assessment (BfR), Berlin, Germany (WHO Temporary Adviser)

Ms F. Hill, Food Standards Agency, London, United Kingdom (WHO Temporary Adviser)

Dr SME Jeurissen, Department for Food Safety, Centre for Nutrition, Prevention and
Health Services, National Institute for Public Health and the Environment (RIVM),
Bilthoven, the Netherlands (WHO Temporary Adviser)

Dr J.C. Leblanc, Laboratory for Food Safety, Agence nationale de sécurité sanitaire
de l'alimentation, de l'environnement et du travail, Maisons-Alfort, France (WHO
Temporary Adviser)

Dr M. Lipp, Agriculture and Consumer Protection Department, Food and Agriculture
Organization of the United Nations, Rome, Italy (FAO Joint Secretary)

Professor P. Mosesso, Department of Ecological and Biological Sciences, Universita degli
Studi della Tuscia, Viterbo, Italy (WHO Temporary Adviser)



Professor F.J.R. Paumgartten, National School of Public Health, Oswaldo Cruz Foundation,
Rio de Janeiro, Brazil (WHO Temporary Adviser)

Mr K. Petersen, Department of Food Safety and Zoonoses, World Health Organization,
Geneva, Switzerland (WHO Joint Secretary)

Dr J. Rotstein, Pre-Market Toxicology Assessment Section, Chemical Health Hazard
Assessment Division, Bureau of Chemical Safety, Food Directorate, Health Products
and Food Branch, Health Canada, Ottawa, Ontario, Canada (WHO Temporary Adviser)

Ms M. Sheffer, Orleans, Ontario, Canada (WHO Technical Editor)

Dr S. Takasu, Division of Pathology, Biological Safety Research Center, National Institute

of Health Sciences, Kawasaki-ku, Kawasaki-shi, Kanagawa, Japan (WHO Temporary
Adviser)

Professor T. Umemura, Yamazaki University of Animal Health Technology, Hachioji, Tokyo,
Japan (WHO Temporary Adviser)

Ms L. Zhang, Joint FAO/WHO Food Standards Programme, Food and Agriculture
Organization of the United Nations, Rome, Italy (Codex Secretariat)

vii



viii

List of abbreviations

ADI
ADME
AL-HMF
ALT
AST
ATBC
AUC,
BMD
bw
CARET
CAS
CCFA
CCFA51
Cl
CIFOCOss

CITREM
Cmax
DNA
EFSA
EHC 240
F1

FAIM
FAO
FSMP

GEMS/Food

GIFT
GMP
GSFA
HMF
HPLC
hPXR
INS
U
JECFA
JMPR
LD

50

LOAEL

acceptable daily intake

absorption, distribution, metabolism and excretion

acidified liquid human milk fortification

alanine aminotransferase

aspartate aminotransferase

Alpha-Tocopherol, Beta Carotene Cancer Prevention

area under the concentration-time curve from time 0 to infinity
benchmark dose

body weight

Beta-Carotene and Retinol Efficacy Trial

Chemical Abstracts Service

Codex Committee on Food Additives

Fifty-first Session of the Codex Committee on Food Additives
confidence interval

FAO/WHO Chronic Individual Food Consumption database -
summary statistics

citric and fatty acid esters of glycerol

maximum concentration

deoxyribonucleic acid

European Food Safety Authority

Environmental Health Criteria, No. 240

first filial generation

Food Additive Intake Model

Food and Agriculture Organization of the United Nations
formulas for special medical purposes for infants

Global Environment Monitoring System - Food Contamination
Monitoring and Assessment Programme

Global Individual Food consumption data Tool

Good Manufacturing Practice

(Codex) General Standard for Food Additives

human milk fortification

high-performance liquid chromatography

human pregnane X receptor

International Numbering System for Food Additives
International Units

Joint FAO/WHO Expert Committee on Food Additives

Joint FAO/WHO Meeting on Pesticide Residues

median lethal dose

lowest-observed-adverse-effect level



MOE
mPXR
NAL-HMF
NHANES
NOAEL
OECD
PTWI
RIVM
rPXR

RR

T

3

Ta
TSH
USA
WHO

margin of exposure

mouse pregnane X receptor

non-acidified liquid human milk fortification

National Health and Nutrition Examination Survey (USA)
no-observed-adverse-effect level

Organisation for Economic Co-operation and Development
provisional tolerable weekly intake

Dutch National Institute for Public Health and the Environment
rat pregnane X receptor

relative risk

triiodothyronine

thyroxine

time to reach the maximum concentration

thyroid stimulating hormone

United States of America

World Health Organization



B x

Monographs containing summaries of relevant data and toxicological and dietary
exposure evaluations are available from WHO under the title:

Safety evaluation of certain food additives. WHO Food Additives Series, No. 78, 2019.
Specifications are issued separately by FAO under the title:

Compendium of food additive specifications. FAO JECFA Monographs 23, 2019.



Dedication

Ms Inge Meyland
Institute of Food Safety and Nutrition, Denmark (retired)

It was with great sadness that the Committee noted the passing of Ms Inge
Meyland. Inge was an active member of JECFA until 2016 and played a
vital role in shaping the approaches to the development of specifications for
food additives. She was instrumental in developing the collection of JECFA
specifications published in Monograph 1, Combined Compendium of Food
Additive Specifications, reproducing for the first time all the specifications
monographs from the 1st to the 65th meeting (1956-2005) of JECFA. She
continued to serve as an expert and chaired many meetings with an unwavering
dedication to scientific excellence and collegiality. Inge was a cornerstone of
JECFA over many years, and her deep knowledge of the subject matter and
long-standing experience made her famous for her “institutional memory”.
Her warm personality, bright mind and great sense of humour will always be
remembered.

Inge will be thoroughly missed by her peers and friends in the scientific
community. In recognition of her service, the Committee dedicates this report
to the memory of Ms Inge Meyland.

Xi



xii



1. Introduction

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) met in
Rome from 4 to 13 June 2019. The meeting was opened on behalf of the Directors-
General of the Food and Agriculture Organization of the United Nations (FAO)
and the World Health Organization (WHO) by Dr Markus Lipp, Head of Food
Safety and Quality, Agriculture and Consumer Protection Department, FAO.

Dr Lipp preceded his opening remarks by welcoming Dr Yongxiang
Fan, Chairperson of the Codex Committee on Food Additives (CCFA), and all
other meeting participants. Dr Lipp highlighted the roles and responsibilities
that JECFA has in the framework of the international food safety standard
development work of the Codex Alimentarius Commission. He reminded the
JECFA experts about their responsibility to elaborate the most unbiased and best
scientific advice possible.

Dr Lipp emphasized that participants had been invited not as
representatives of their employer or country, but to serve solely in their capacity as
scientific experts to provide sound and independent scientific advice to generate
food standards designed to be protective of health for all consumers and trade-
inclusive for all regions and countries. He finished by urging the attendees to be
as open and transparent as possible and emphasizing that scientific excellence
will require the input from all and the courage to ask critical questions.

1.1 Declarations of interests

The Joint Secretariat informed the Committee that all experts participating in the
eighty-seventh meeting had completed declaration of interest forms. No conflicts
of interest were identified.

12 Modification of the agenda

No data were submitted on B-apo-8'-carotenoic acid methyl and ethyl esters,
and these were removed from the evaluation of carotenoids (see agenda item
7.1 in Annex 4). The Committee also renamed the remaining carotenoids on the
agenda (P-carotene, B-carotene from Blakeslea trispora and B-apo-8'-carotenal)
as carotenoids (provitamin A). B-Carotene-rich extract from Dunaliella salina
was included in the group of carotenoids (provitamin A).

Citric and fatty acid esters of glycerol (CITREM) was added to agenda
item 7.3 for revision of specifications.






2. General considerations

As a result of the recommendations of the first Joint FAO/WHO Conference on

Food Additives, held in September 1955 (1), there have been 86 previous meetings

of the Committee (Annex 1). The present meeting was convened on the basis of

a recommendation made at the eighty-sixth meeting (Annex 1, reference 241).
The tasks before the Committee were to:

elaborate further principles for evaluating the safety of food additives
(section 2);

review and prepare specifications for certain food additives (including
flavouring agents) (sections 3 and 4 and Annex 2);

undertake safety evaluations of certain food additives (section 3 and
Annex 2).

21 Report from the Fifty-first Session of the Codex Committee on
Food Additives (CCFA)

Dr Yongxiang Fan, Chairperson of CCFA, supported by the Codex Secretariat,
provided the Committee with an update on the work of CCFA since the eighty-
sixth meeting of JECFA (Annex 1, reference 241).

The Fifty-first Session of CCFA (CCFA51) noted the conclusions
of the eighty-sixth meeting of JECFA on the safety of nine substances and 69
flavourings (2). CCFA51 agreed to include basic methacrylate copolymer
(International Numbering System for Food Additives [INS] 1205), lutein from
Tagetes erecta (INS 161b(i)) and zeaxanthin (synthetic) (INS 161h(i)) in Table 3
(Additives Permitted for Use in Food in General, Unless otherwise Specified, in
Accordance with GMP [Good Manufacturing Practice]) of the Codex General
Standard for Food Additives (GSFA) (CODEX STAN 192-1995) (3). CCFA51
solicited members to provide more information or data to JECFA to allow the
Committee to complete its evaluations of anionic methacrylate copolymer (INS
1207), neutral methacrylate copolymer (INS 1206) and spirulina extract (INS
134) and noted that no action was necessary for other substances.

CCFA51 forwarded specifications for the identity and purity of six food
additives (one new specification and five revised specifications) and 27 flavouring
agents (20 new specifications and seven revised specifications) prepared by the
eighty-sixth meeting of JECFA and recommended them to the Forty-second
Session of the Codex Alimentarius Commission for adoption. CCFA51 agreed
on a revised priority list of substances for evaluation (or re-evaluation) by JECFA,
which included 24 food additives (10 food additives were ranked as the highest



priority), 76 flavouring agents and 29 processing aids. CCFA51 agreed to amend
the circular letter on the priority list for the purpose of clarification.

CCFA51 also made recommendations on 155 provisions already in
the Codex step procedure and/or already adopted and discussed 102 proposed
new and/or revised provisions of the GSFA. CCFA51 made major progress on
replacing Note 161 by developing alternative wording for Note 161 relating to the
use of sweeteners. CCFA51 agreed to establish both ingoing and residue levels for
nitrates and nitrites in the GSFA.

CCFA51 agreed to delete red 2G (INS 128) and distarch glycerol (INS
1411) from the Class Names and the International Numbering System for Food
Additives (CXG 36-1989) (4). The name of INS 160a(iv) was changed from
“Carotenes, beta-, algae” to “B-carotene-rich extract from Dunaliella salina’.
CCFA51 also completed the work on the alignment of the food additive provisions
related to 23 commodity standards (13 standards for milk and milk products, two
standards for sugars, two standards for natural mineral waters, three standards
for cereals, pulses and legumes, three standards for vegetable proteins).

CCFA51 considered the issue of group food additives. It was understood
that JECFA was going to re-evaluate two groups of food additives (carotenoids
and 2-phenylphenols or ortho-phenylphenols) and had a general discussion on
the use of the terms “group ADI [acceptable daily intake]” and “group PTWI
[provisional tolerable weekly intake]” as well as how JECFA assigns group ADIs.
The outputs of JECFA will guide the future considerations of CCFA in this regard.

The Fifty-second Session of CCFA will continue its routine work,
including the development of the GSFA, alignments of food additive provisions in
the Codex commodity standards with the corresponding provisions of the GSFA
(3) and revisions to the Class Names and the International Numbering System for
Food Additives (CXG 36-1989) (4).

22 Principles governing the toxicological evaluation of compounds
on the agenda

In making recommendations on the safety of food additives, the Committee took
into consideration the principles established and contained in the publication
Principles and methods for the risk assessment of chemicals in food (Environmental
Health Criteria, No. 240 [EHC 240]), published in 2009 (5).

2.2.1 Application of group ADIs

At the Fiftieth Session of CCFA, the Codex Secretariat noted that some food
additives — such as provitamin A carotenoids (i.e. synthetic B-carotenes,
B-carotene from Blakeslea trispora, f-apo-8'-carotenal and methyl and ethyl esters
of B-apo-8'-carotenoic acid); chlorophylls and chlorophyllins, copper complexes;



and polyoxyethylene sorbitan esters (i.e. polyoxyethylene (20) sorbitan esters of
lauric, stearic, palmitic and oleic acids and triesters of stearic acid) — were listed
under the same food additive heading in the GSFA, despite not being included
in a group ADI. The Codex Secretariat sought clarification from the present
Committee on the application of group ADIs.

In making recommendations on the safety of food additives, the
Committee takes into consideration the principles regarding group ADIs
contained in EHC 240 (5).

The Committee noted that most of the food additives about which CCFA
had sought advice had been last considered as groups at several meetings up to
and including the twenty-third meeting in 1980 and that the Committee did not
explicitly use the term group ADI at those early meetings. Of these food additives,
the Committee was able to confirm that group ADIs should have been established
for the chlorophylls and chlorophyllins (copper complexes), polyoxyethylene
sorbitan esters (polysorbates), ascorbyl esters, ethylenediaminetetraacetates,
thiodipropionates, ferrocyanides, tartrates, stearoyl lactylates and iron oxide
food additives.

For nitrates and nitrites, the respective ADIs are expressed as the
ions and therefore encompass the different salts. The group ADI for steviol
glycosides, expressed as steviol, includes the whole family of steviol glycosides.
The Committee was also able to confirm that the PTWI of 2 mg/kg body weight
(bw) for aluminium and its salts, when expressed as aluminium, refers to all
aluminium salts used in food additives, as well as other sources of aluminium.

An “unconditional” ADI of 0-0.2 mg/kg bw for 2-phenylphenol was
first established by JECFA at its eighth meeting in 1964. According to FAO
documents, 2-phenylphenol and sodium o-phenylphenate were first evaluated by
the 1962 JECFA for their use as a post-harvest treatment of fruits and vegetables
to protect against microbial damage during storage and distribution. The
current FAO specifications still refer to this use. In 1999, the Joint FAO/WHO
Meeting on Pesticide Residues (JMPR) established an ADI of 0-0.4 mg/kg bw
for 2-phenylphenol; an ADI was not established for the sodium salt because it
rapidly dissociates to 2-phenylphenol (6). 2-Phenylphenol has a minor use as a
flavouring agent, and, during its evaluation at the fifty-fifth meeting of JECFA, the
Committee cited the most recent ADI established by JMPR for its risk assessment
(Annex 1, reference 149). In view of its major use as a post-harvest treatment of
fruits and vegetables, the Committee is seeking advice from Codex on its current
usage as a food additive.

The Committee noted that provitamin A carotenoids were evaluated at
the current meeting (see section 3.1.3).



2.2.2 Clarification of ADI“not specified”

Codex requested clarification of the use of the term “ADI ‘not specified” by
JECFA, particularly with respect to addition of food additives to Table 3 of
the GSFA (Additives Permitted for Use in Food in General, Unless otherwise
Specified, in Accordance with GMP).

The Committee confirmed its definition of “ADI ‘not specified” (5):

A term applicable to a food substance of very low toxicity that, on the basis of the
available chemical, biochemical and toxicological data as well as the total dietary intake
of the substance (from its use at the levels necessary to achieve the desired effect and
from its acceptable background in food), does not, in the opinion of the Joint FAO/
WHO Expert Committee on Food Additives, represent a hazard to health. For that
reason, and for reasons stated in individual evaluations, the establishment of an ADI
expressed in numerical form is not deemed necessary. An additive meeting this criterion
must be used within the bounds of Good Manufacturing Practice: that is, it should be
technologically efficacious and should be used at the lowest level necessary to achieve
this effect, it should not conceal inferior food quality or adulteration, and it should not

create a nutritional imbalance.

Thus, the definition is based upon information on both toxicity and
dietary exposure (intake). A conclusion that a substance is of very low toxicity
could be based, for example, upon evidence that the substance did not show
adverse effects at the highest doses tested in relevant toxicological studies, is
poorly absorbed and does not bioaccumulate, and does not contain toxicologically
relevant impurities. The estimate of total dietary exposure (intake) is based upon
the uses proposed at the time of the evaluation.

The Committee noted that Guideline 2 (Food Additives with an ADI of
“Not Specified”) of the GSFA (CODEX STAN 192-1995) (3) specifies:

When an additive has been allocated an ADI “not specified” it could in principle, be
allowed for use in foods in general with no limitation other than in accordance with
Good Manufacturing Practices (GMP). It should, however, be born [sic] in mind that
ADI not specified does not mean that unlimited intake is acceptable. The term is used
by JECFA in case [sic] where “on the basis of the available data (chemical, biochemical,
toxicological, and other) the total daily intake of the substance arising from its use at the
levels necessary to achieve the desired effect and from its acceptable background in food
does not, in the opinion of the Committee, represent a hazard to health” If, therefore,
a substance is used in larger amounts and/or in a wider range of foods than originally
envisaged by JECFA it may be necessary to consult JECFA to ensure that the new uses fall

within the evaluation. For example a substance may have been evaluated as a humectant



without including a later use as a bulk sweetener, which could give considerable [sic]

higher intake.

The Committee endorses Guideline 2 of the GSFA and recommends that
it be applied by addition of appropriate qualifications in Table 3 of the GSFA.

2.23 Update of guidance on evaluation of enzyme preparations (EHC 240)

The Committee was informed about activities of an expert working group
established in 2018 to discuss available information on the safety of enzymes
used in food and current practices of the food enzyme industry. This activity
is being undertaken within the context of a joint FAO/WHO project to update
various chapters of Principles and methods for the risk assessment of chemicals in
food (EHC 240) (5).

The starting point of the discussion was a background document prepared
from a review of the current literature and conversations with representatives of
the food enzyme industry and their technical experts.

It was noted that the current JECFA guidance on the evaluation of
enzyme preparations was designed to address the potential toxicity of secondary
metabolites generated by some enzyme sources (e.g. Aspergillus species) under
certain growth conditions. The guidance includes a requirement to conduct
genotoxicity tests as well as 90-day oral toxicity tests in animals.

After nearly 15 years of using this guidance to assess the safety of
enzyme preparations, JECFA has not identified any that were toxic. The expert
working group proposed that the safety of enzyme preparations could be assessed
with methodologies using fewer animals (e.g. metabolic profiling of microbial
fermentation products, genomic DNA sequencing identifying mycotoxin
synthesis genes). The expert working group focused on enzymes from genetically
modified microorganisms and the information requirements for their safety
evaluation.

The expert working group will propose changes to the relevant sections of
EHC 240 and produce a checklist of information required in enzyme submissions
for future JECFA evaluations.

The Committee urges the expert working group to finalize its work and
make the output available for public comment in time for the JECFA meeting in
2020.

2.24 Update of guidance on evaluation of genotoxicity of chemical substances in
food (section 4.5 of EHC 240)

The Committee was informed about activities of an FAO/WHO expert working
group established in 2018 to update and extend the guidance on evaluation of
genotoxicity of chemical substances in food. This activity is being undertaken



within the context of a joint FAO/WHO project to update various chapters of
Principles and methods for the risk assessment of chemicals in food (EHC 240) (5).
The aim of the expert working group is to provide guidance on interpretation
of test results, in addition to general descriptions of genotoxicity tests, special
considerations for data-poor substances, and considerations for chemically
related substances and mixtures. The expert working group will also address
recent developments and future directions.

This work is ongoing. A public consultation is intended before finalization.

2.2.5 Update of guidance on dose-response assessment and derivation of
health-based guidance values (Chapter 5 of EHC 240)

At the eighty-third meeting of the Committee (in 2016), some general
considerations regarding dose-response modelling were discussed. The
Committee recommended that an expert working group be established to
develop detailed guidance for the application of the methods most suitable to its
work, in particular for the use of the benchmark dose (BMD) approach (Annex
1, reference 233). The Committee asked that the expert working group address
several aspects, including the use of constraints when fitting models, the use of
model averaging, the use of non-parametric methods as alternatives for dose—
response risk assessment, the use of biological information for selection of models
and transparent presentation of modelling outcomes in JECFA publications.

The Committee was informed that the recommended expert working
group was established in 2017 to update and extend the guidance on dose-
response assessment and derivation of health-based guidance values. This activity
is being undertaken within the context of a joint FAO/WHO project to update
various chapters of Principles and methods for the risk assessment of chemicals in
food (EHC 240) (5).

The work was undertaken electronically and culminated in a meeting
of experts in March 2019 in Geneva to revise and update Chapter 5 of EHC 240,
including the preparation of more detailed advice on the BMD approach. The
draft revised chapter will include guidance on the use of the freely available BMD
software (both the United States Environmental Protection Agency Benchmark
Dose Software suite of models and PROAST, which was developed by the Dutch
National Institute for Public Health and the Environment [RIVM], now available
through the European Food Safety Authority [EFSA] as a web tool). The draft
guidance will encourage the use of the BMD approach wherever possible and
appropriate, but will acknowledge that in some situations, use of the no-observed-
adverse-effect level (NOAEL)/lowest-observed-adverse-effect level (LOAEL)
approach may still be appropriate. The draft guidance will include a decision-tree
to aid decision-making about which approach should be followed.



It is anticipated that a revised draft of Chapter 5 of EHC 240 will be ready
in June 2019, to be reviewed by the expert working group. The draft will then
go out for public consultation, will be revised if necessary and will be published
online as a standalone chapter.

2.2.6 Update of guidance on assessing dietary exposure to chemical substances
in food (Chapter 6 of EHC 240)

The Committee was informed about activities of an FAO/WHO expert working
group established in 2018 to update and extend the guidance on assessing dietary
exposure to chemical substances in food. This activity is being undertaken within
the context of a joint FAO/WHO project to update various chapters of Principles
and methods for the risk assessment of chemicals in food (EHC 240) (5).

A revision of the chapter was required to incorporate technological and
methodological changes in dietary exposure assessment, including progress in
the use of exposure models and more recently available data and databases.

WHO undertook an initial scoping exercise that identified areas of the
current chapter that needed to be reviewed and new areas of work to be included
and prepared a first draft of an updated chapter. The draft chapter will be reviewed
by a number of dietary exposure experts at a consultation in September 2019. A
final draft will be prepared and then released for public comment.

227 Dietary exposure assessment reporting

In 1996, WHO held an expert consultation that introduced dietary exposure
assessment in JECFA's risk assessments for food additives and contaminants. At
a 2005 expert consultation to prepare a dietary exposure assessment chapter for
what would become Principles and methods for the risk assessment of chemicals in
food (EHC 240) (5), a tiered process for systematically preparing dietary exposure
assessments was elucidated. This process includes 1) a budget or other screening
method, 2) international and national dietary exposure assessments based on
summary food consumption data (e.g. Global Environment Monitoring System
- Food Contamination Monitoring and Assessment Programme [GEMS/Food]
cluster diets, FAO/WHO Chronic Individual Food Consumption database —
summary statistics [CIFOCOss], national/regional surveys, published exposure
assessments) and 3) refined dietary exposure assessment using food consumption
data derived from individual consumers. In this last step, deterministic and
probabilistic assessments could be completed as needed and appropriate.
Guidance to JECFA monographers was prepared from these consultations.

At the current meeting, the Committee determined that not all steps
of the tiered approach are needed in every case to complete the Committee’s
evaluations. When preparing monographs, JECFA experts comment on each of
the steps as appropriate, but in the report of the meeting, only those assessments



where sufficient data were available to produce reliable estimates of dietary
exposure are described and used in the safety assessment. The Committee noted
that lack of discussion of any of the steps in report items does not reflect a lack of
consideration during the overall evaluation.

2.2.8 Framework for developing specifications for steviol glycosides by method
of production

Steviol glycosides are constituents of the leaves of the plant Stevia rebaudiana
Bertoni and have a sweet taste. The functional use of steviol glycosides in food is
as a sweetener. They are approximately 100-300 times sweeter than sucrose.

The major glycosides present in the extract of the leaves from the Stevia
rebaudiana Bertoni plant are stevioside and rebaudioside A. The minor glycosides
include rebaudioside M and rebaudioside D and about 40 other steviol glycosides
that have been identified to date. Several minor glycosides have more favourable
sensory characteristics than the major glycosides, prompting development of
technologies that enhance the proportion of minor glycosides to modify the sensory
profile of the articles of commerce. These technologies include the following:

a. Extraction: a process of hot water extraction from the leaves of Stevia
rebaudiana Bertoni.

b. Fermentation: a process in which a genetically modified
microorganism is used to produce specific steviol glycosides.

c. Enzymatic modification: a process in which steviol glycosides that
have been extracted from the leaves of Stevia rebaudiana Bertoni
undergo enzymatic conversion of major steviol glycosides to minor
ones.

d. Enzymatic glucosylation: a process in which steviol glycosides that
have been extracted from the leaves of Stevia rebaudiana Bertoni
undergo enzyme-catalysed reactions to add glucose units to the
steviol glycosides via a-(1-4) linkages.

The microorganisms used in the fermentation or in the production of
enzymes used to modify steviol glycosides are of safe lineage. The inserted genes
are isolated from non-toxigenic and non-pathogenic sources. Residues from
manufacturing processes do not pose any concerns with respect to toxicity or
allergenicity.

Steviol glycosides consist of a mixture of compounds containing a
steviol backbone conjugated to any number or combination of the principal
sugar moieties (e.g. glucose, rhamnose, xylose, fructose, arabinose, galactose,
deoxyglucose). Existing specifications for steviol glycosides require that the
product consists of 295% steviol glycosides on the dried basis.



At the present meeting, the Committee reviewed data on the methods
of manufacture, identity and purity of steviol glycosides. The Committee noted
that the reviewed products consist of 295% steviol glycosides on the dried basis;
the remaining 5% or less consists of residues of starting material and food-grade
processing aids, depending on the method of production.

A framework was adopted for developing specifications for steviol
glycosides by four different methods of production. Specifications for steviol
glycosides produced by different production methods were included as annexes,
as below:

Annex 1: Steviol Glycosides from Stevia rebaudiana Bertoni (revised
from the specifications monograph for Steviol glycosides from Stevia
rebaudiana Bertoni [INS 960a] prepared at the eighty-fourth meeting
of JECFA [Annex 1, reference 236]).

Annex 2: Steviol Glycosides from Fermentation (specifications for
Rebaudioside A from multiple gene donors expressed in Yarrowia
lipolytica [INS 960b(i)] prepared at the eighty-second meeting of
JECFA [Annex 1, reference 231] were revised to include other steviol
glycosides from Saccharomyces cerevisiae and Yarrowia lipolytica).

Annex 3: Enzyme Modified Steviol Glycosides (new specifications).

Annex 4: Enzyme Modified Glucosylated Steviol Glycosides (new
specifications, tentative pending further information concerning the
analytical methods).

At the present meeting, the Committee determined that no safety issues
exist for steviol glycosides produced by any one of these methods resulting
in products with >95% steviol glycosides as per existing specifications. The
Committee indicated that the ADI of 0-4 mg/kg bw established at the sixty-ninth
meeting of JECFA for steviol glycosides (expressed as steviol) (Annex 1, reference
190) applies to steviol glycosides produced by the four methods indicated in the
annexes of the specifications monograph produced at the current meeting.

The Committee recognized that steviol glycosides could be produced
via a new method or the modification or combination of the methods currently
described in the annexes of the specifications monograph. If the final product
meets the current specification of 295% steviol glycosides, the Committee will
evaluate possible impurities from the method of manufacture. When appropriate,
the modifications will be introduced into the relevant annex; alternatively, a new
annex would be added.



23 Food additive specifications and analytical methods
2.3.1 Unsulfonated primary aromatic amines in food colours

At the present meeting, the Committee noted that the analytical method for
determining unsulfonated primary aromatic amines in certain synthetic food
colours (i.e. Allura Red AC, Amaranth, Azorubine, Brilliant Black PN, Brilliant
Blue FCE Brown HT, Fast Green FCF, Fast Red E, Green S, Indigotine, Lithol
Rubine BK, Patent Blue V, Ponceau 4R, Quinoline Yellow, Sunset Yellow FCF and
Tartrazine) described in Volume 4 of the Combined compendium of food additive
specifications (Annex 1, reference 180) is not sufficiently sensitive for determining
the impurities at low levels (milligrams per kilogram or below). The Committee
also noted that the specification for unsulfonated primary aromatic amines
(not more than 0.01%, calculated as aniline) is approximately 100 times higher
than equivalent specifications for food colours established by other regulatory
authorities. The Committee also noted that more sensitive analytical methods,
capable of determining unsulfonated primary aromatic amines at levels of less
than 1 mg/kg, had been developed since the publication of Volume 4.

The Committee requests analytical data on unsulfonated primary
aromatic amines in the above food colours, along with the analytical methods
used, in order to update specifications.

2.3.2 Analytical method for the determination of anthraquinones in cassia gum

At its eighty-second meeting, the Committee made the specifications for cassia
gum tentative and requested information on the analytical method for the
determination of anthraquinones, including the efficiency of extraction steps
and recovery of analytes (Annex 1, reference 230). At the eighty-sixth meeting,
the Committee evaluated the high-performance liquid chromatography (HPLC)
method submitted, updated the specifications by including the method received,
and removed the tentative status for the specifications of cassia gum (Annex 1,
reference 241). Based on comments received about the method performance,
the Committee, at its current meeting, reviewed the method again and noted
that additional investigations were required. Therefore, the Committee decided
to make the specifications tentative until a suitable analytical method has been
identified.

2.33 Update on the review of analytical methods for food additives

The Committee was informed of the ongoing FAO initiative to review analytical
methods for food additives. The review was initiated to ensure that the analytical
methods referenced in the specifications monographs for food additives
are fit-for-purpose and up-to-date. Combined compendium of food additive
specifications, Volume 4, Analytical methods, test procedures and laboratory



solutions used by and referenced in the food additive specifications (FAO JECFA
Monographs 1) was published in 2006. Subsequently, several analytical methods
associated with the specifications monographs were either included in individual
monographs or published separately. The Committee, at previous meetings,
noted that advancements in instrumentation technologies since the publication
of Volume 4 necessitate a review of analytical methods in individual specifications
monographs as well as in Volume 4.

In total, 470 specifications monographs (excluding enzymes) were
reviewed, together with different subsections of Volume 4. The initial findings
were as follows:

General:

Approximately 170 specifications monographs are more than 30
years old. Approximately 70 out of 170 specifications monographs
were developed between the third and twentieth meetings of JECFA
and contain some outdated methods.

Three specifications monographs include the functional use of
fungicidal agents; these products are unlikely to be used as food
additives.

Some functional uses detailed in monographs are not consistent with
the functional classes listed in the INS (e.g. yeast food).

Analytical methods:

Approximately 30 monographs still use obsolete packed column gas
chromatographic methods.

Some analytical techniques (e.g. titrimetric, spectrophotometric,
thin-layer chromatographic/paper chromatographic identification
techniques) are still in use, although they may no longer be fit-for-
purpose and have been superseded by newer approaches.

Certain limit tests (e.g. nickel, fluoride, iron) still exist, although
quantitative analytical methods are available.

Volume 4 requires considerable updating and inclusion of
sophisticated analytical methods and confirmatory methods, such as
liquid chromatography with tandem mass spectrometry, inductively
coupled plasma mass spectrometry, X-ray fluorescence, etc.

Many standard and test solutions given in Volume 4 are currently not
in use and need thorough revision.

Potential compatibility issues for monographs were found in
some updates for Volume 4 (e.g. replacing packed column gas



chromatographic methods, use of chloroform, replacing methods
for subsidiary dyes and organic compounds other than colouring
matters, etc.).

In view of above findings, the Committee recommended that:

A summary of the major findings be compiled for presentation to
CCFA.

A priority list of updates be constructed based on initial findings,
paying particular attention to relevance of the proposed update, impact
on Volume 4, potential for creating further disconnects between the
monographs and Volume 4, and the number of monographs affected.
The list should be presented to JECFA and CCFA at a future meeting.

An outline of the future activities be created, including:

A decision on the future role of Volume 4 and its contents (e.g.
reproducing technical background about analytical methods).

A mechanism for the separate evaluation of enzyme monographs
and connected analytical methods, once the process and
requirements for enzyme evaluations are concluded.

A decision on presentation of the analytical methods in
specifications monographs (e.g. full methods, active links, relevant
technical details, a database of methods).

A decision on the policy to reference other publications by FAO
and other standards development organizations.

2.4 Other matters of interest to the Committee
2.4.1 Update on FAO/WHO Global Individual Food consumption data Tool (GIFT)

The FAO/WHO Global Individual Food consumption data Tool (GIFT) is an
open-access online platform, hosted by FAO and supported by WHO, providing
access to harmonized individual quantitative food consumption data, especially
in low- and middle-income countries. The platform is a growing data repository;
in 2018, FAO/WHO GIFT received a 4-year grant from the Bill & Melinda Gates
Foundation to transform the platform into a robust global tool that will contain
at least 50 datasets in 2022.

FAO/WHO GIFT provides sex- and age-disaggregated microdata, which
are needed in the field of nutrition and dietary exposure. To facilitate the use
of these data by policy-makers, ready-to-use food-based indicators are provided
under the form of infographics for a user-friendly overview of key information by
population segments and by food groups. The synergy between the FAO/WHO
GIFT platform and the dashboards of FAO/WHO FOSCOLLAB (Global platform
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for food safety data and information) hosted by WHO has great potential. In fact,
in order to enhance the consistency and reliability of nutrient intake and dietary
exposure assessments, all datasets available as microdata in FAO/WHO GIFT
are harmonized with the food classification and description system FoodEx2.
FoodEx2 is also the system used to map all food chemical occurrence microdata
available on FAO/WHO FOSCOLLAB. The combination of the two platforms
will make it much easier to perform refined dietary exposure assessments for a
large variety of food chemicals in all regions of the world. Moreover, all datasets
available as microdata in FAO/WHO GIFT are also being made available as
summary statistics on FAO/WHO FOSCOLLAB.

For datasets that are not yet available as microdata in FAO/WHO GIFT,
the platform provides an up-to-date inventory of individual quantitative food
consumption surveys conducted and ongoing in low- and middle-income
countries, with detailed survey information on identified studies.

The FAO/WHO GIFT platform is available at http://www.fao.org/gift-
individual-food-consumption/en/. The dashboards of FAO/WHO FOSCOLLAB
are available at http://apps.who.int/foscollab.

24.2 Risk assessments of combined dietary exposure to multiple chemicals

The need to integrate exposure to mixtures of chemicals in the risk assessment
framework has long been recognized by FAO/WHO. This work is part of a project
entitled “EuroMix” funded by the European Commission, under the Horizon
2020 research programme. In this context, WHO and FAO convened an expert
consultation® in April 2019 to develop appropriate guidance for risk assessment
of combined dietary exposures to multiple chemicals.

The Committee was informed on the key deliberations of the consultation.
In particular, it was noted that if a substance under evaluation by JECFA/JMPR
has sufficient similarity to an established chemical group previously considered
in a risk assessment of combined dietary exposure to multiple chemicals (e.g.
organophosphates), the substance should be considered for assessment as part
of that group. If a substance under consideration is not part of an established
chemical group previously considered, JECFA/JMPR should then determine
whether there is a need to include it in a risk assessment of combined dietary
exposure to multiple chemicals.

For chemicals that are not part of a previously established group, if the
estimated dietary exposure for a single compound under evaluation is more
than 10% of the relevant health-based guidance value or the calculated margin
of exposure (MOE) is less than 10 times the MOE considered adequate for such
a compound for at least one population, the need to include the compound in a

2 https://www.who.int/foodsafety/areas_work/chemical-risks/Euromix_Report.pdf?ua=1
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risk assessment of combined dietary exposure to multiple chemicals should be
considered.

The following questions must be answered to determine which
substances should be included: Is there toxicological evidence for combined effects
(using weight of evidence analysis, expert judgement on structural similarities,
toxicological profiles, modes of action, etc.) and Is there potential for co-exposure
(from co-occurrence or internal exposure) (using trial data, monitoring data, use
levels in foods, toxicokinetic data, etc.).

For risk characterization, suitable procedures using dose addition can
be applied to identify key risk drivers using either deterministic or probabilistic
approaches, including the key chemicals contributing to total dietary exposure
and/or foods contributing to exposure from each chemical.

The consultation noted that for DNA-reactive mutagens, special
consideration will be needed, and they were not included in the approach
proposed by the consultation. Furthermore, synergistic interactions between
chemicals may need to be considered separately on a case-by-case basis.



3. Specific food additives (other than flavouring agents)

The Committee evaluated two food additives for the first time and re-evaluated
three others. In addition, the Committee evaluated the safety of one previously
evaluated food additive for use in formula for special medical purposes intended
for infants. Four food additives (including one group of food additives) were
considered for revision of specifications only. Information on the safety
evaluations and specifications is summarized in Annex 2. Details of further
toxicological studies and other information required for certain substances are
summarized in section 5.

3.1 Safety evaluations?
3.1.1 Black carrot extract
Explanation

Black carrot extract (INS 163(vi)) is an anthocyanin-containing food colour
obtained by acidic aqueous extraction from the root of black, purple or red carrot.
The main colouring components are five cyanidin-based anthocyanins.

Black carrot extract has not been evaluated previously by the Committee.
The Committee previously evaluated anthocyanins, including the anthocyanin-
containing food colour grape skin extract (INS 163(ii)), at its twenty-sixth meeting
(Annex 1, reference 59). At that meeting, the Committee established an ADI for
anthocyanins in grape skin extract of 0-2.5 mg/kg bw, based on a NOAEL of 225
mg/kg bw per day expressed as anthocyanins from a two-generation reproductive
toxicity study in rats [1].

Black carrot extract was placed on the agenda of the present meeting for
assessment of its safety, dietary exposure and specifications, at the request of the
Fiftieth Session of CCFA [2]. In response to the call for data, a submission was
received, which included studies identified from the publicly available literature
and information on specifications and dietary exposure. A comprehensive
literature search retrieved a number of additional studies, primarily on human
pharmacokinetics and absorption, distribution, metabolism and excretion
(ADME), and one additional genotoxicity study.

Given the similar aglycone structures of anthocyanins, the large number
of studies on anthocyanins from various sources published since the previous
assessment of grape skin extract and the lack of toxicity data on black carrot
extract itself (only one genotoxicity study was submitted), the Committee
decided to review the available data on anthocyanins as a whole. The studies
described below therefore include previously evaluated studies on grape skin

> Numbered references cited in the subsections of section 3.1 are provided at the end of each subsection.



extract (published prior to 1982) as well as new studies on materials containing
anthocyanins from a range of sources.

Chemical and technical considerations

Anthocyanins are a large group of related compounds consisting of aglycones
such as cyanidin or pelargonidin (Fig. 1) combined with sugars such as galactose
or glucose and acylating agents such as caffeic acid or p-coumaric acid [3].

Fig. 1
General anthocyanin aglycone structure indicating substitution positions
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Petunidin® -OH -OH -0-CH,
Malvidin*® -0-CH, -OH -0-CH,

2 Found in black carrot extract.
® Found in grape skin extract.
“ The five main anthocyanins in black carrot extract are formed from this aglycone.

Black carrot extract contains five main anthocyanins formed from the
aglycone cyanidin substituted at the central hydroxyl position with a sugar moiety
consisting of galactose, glucose and/or xylose. Three of the five anthocyanins
are acylated with p-coumaric, ferulic or sinapinic acid [4]. One of the five main
anthocyanins in black carrot extract is shown in Fig. 2. Anthocyanins in black
carrot extract are also formed from other aglycones (malvidin, pelargonidin
and peonidin; Fig. 1), which are present in minor amounts along with other
polyphenols. Other components include proteins, carbohydrates, lipids, fibres,



minerals and water. In contrast to black carrot extract, the predominant aglycone
found in anthocyanins in grape skin extract is malvidin [5].

Fig.2
Cyanidin 3-p-coumaroylxylosylglucosylgalactoside, one of the five main anthocyanins in
black carrot extract

Black carrot extract is produced by aqueous acidic extraction of the
crushed, ground or milled roots of black, purple or red carrot (Daucus carota L.,
ssp. sativus) followed by fermentation to decrease sugars. Methanol or ethanol
may be produced during the fermentation step. The anthocyanins may be
concentrated by ultrafiltration, reverse osmosis or adsorption onto a polymeric
resin followed by desorption with ethanol, isopropyl alcohol and/or water. The
commercial product may be a liquid or spray-dried powder.

Black carrot extract is intended for use in colouring dairy-based desserts,
processed fruit products, processed vegetable products, confectionery, chewing
gum, cereals, pastas and noodles, cereal/starch-based desserts, processed rice
and soy products, cakes, cookies, pies, preserved egg products, condiments
(vinegar, mustard), sauces and gravies, dietetic foods and dietary supplements,
non-alcoholic beverages and alcoholic beverages.

Biochemical aspects

The previous Committee, in its evaluation of grape skin extract, concluded
that anthocyanins are not absorbed by humans to any great extent (<2%) and
pass through the body unchanged (Annex 1, reference 59). More recent studies
have shown anthocyanins to be absorbed up to about 12% [e.g. 6-8]; therefore,
previously evaluated studies on the ADME of anthocyanins have not been
included below.

A number of studies have been carried out in humans to investigate the
ADME ofanthocyanins. Anthocyanins can be absorbed intact or hydrolysed to the



aglycone and then absorbed. They may also be degraded to phenolic compounds
by the gut microbiota before absorption. The primary route of metabolism by
the microbiota appears to be cleavage of the heterocyclic flavylium ring followed
by dihydroxylation or decarboxylation [9, 10]. The rate and extent of absorption
are dependent on the size of the molecule, the type of sugar moiety, the degree of
acylation and the matrix in which the anthocyanin mixture is consumed [9]. The
gut microbiome is likely to be an important site of metabolism of anthocyanins,
and changes in the microbiome may have a significant effect on the metabolic
products produced following the consumption of anthocyanins [11].

In recent studies in human volunteers using stable *C-labelled cyanidin-
3-O-glucoside, an anthocyanin found in grape skin extract and purple corn
colour, bioavailability of about 12% (5% in urine and 7% in breath) was reported.
Several metabolites were identified, including carbon dioxide in breath and
anthocyanin conjugates along with vanillic acid, ferulic acid, hippuric acid and
4-hydroxybenzaldehyde in urine [6, 12].

Toxicological studies

A number of acute and short-term toxicity studies were identified using
anthocyanins from a range of sources, including dried fruits and vegetables and
extracts of these. In many cases, the anthocyanins in the test material were not
identified or quantified [13-17].

In the acute toxicity studies, no effects were observed at oral test substance
doses up to 25 000 mg/kg bw [13-17].

No short-term studies were carried out using black carrot extract. A
number of short-term studies in a range of species using test substances containing
anthocyanins were identified. No treatment-related effects were observed in a 28-
day mouse study using dried red cabbage powder [16], two 90-day studies in rats
given grape seed extract [14, 18], one 90-day study in rats given an anthocyanin
extract [13], one 90-day study in rats given grape skin extract [18] and two 90-
day studies in dogs, one using grape colour powder and one grape skin extract
[19, 20]. In addition, no effects were observed in a 15-day study in guinea-pigs
given anthocyanins in the diet [13].

In a study in rats fed a diet supplemented with grape skin extract at 0,
2000, 10 000 or 50 000 mg/kg feed (equal to 0, 100, 600 and 3300 mg/kg bw per
day for males and 0, 100, 700 and 3600 mg/kg bw per day for females, respectively)
for 90 days, the anthocyanin content was not characterized, but the test material
was said to contain approximately 2% anthocyanins (anthocyanin doses were
therefore 0, 2, 12 and 66 mg/kg bw per day for males and 0, 2, 14 and 72 mg/kg
bw per day for females, respectively). In this study, calcification of the proximal
tubules of the kidney was identified in females in all dose groups, including
controls, but the severity was significantly higher in the group receiving 50 000
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mg/kg in the diet. A NOAEL of 14 mg/kg bw per day expressed as anthocyanin
(10 000 mg/kg feed expressed as grape skin extract, equal to 700 mg/kg bw per
day) was identified [21].

In a study by Nabae et al. [22], in which rats were administered purple
corn colour (containing 26.4% cyanidin-3-O-glucoside) in the diet at 0, 5000,
15 000 or 50 000 mg/kg feed (equal to cyanidin-3-O-glucoside doses of 0, 84,
249 and 935 mg/kg bw per day for males and 0, 89, 272 and 1016 mg/kg bw per
day for females, respectively) for 90 days, a number of statistically significant
findings were observed at the top dose, including effects on haematological and
clinical chemistry parameters and relative organ weights. Although the authors
concluded that the NOAEL was the highest dose tested, the Committee was of
the opinion that the effects observed at 50 000 mg/kg feed were toxicologically
relevant and identified a NOAEL of 15 000 mg/kg feed (equal to 249 mg/kg bw
per day).

No long-term toxicity or carcinogenicity studies are available.

Eight in vitro and seven in vivo genotoxicity studies are available, but
only one assay (an in vitro comet assay in human colon cancer cells) used black
carrot extract as the test material [23]. This study showed positive results only at
cytotoxic concentrations. No findings were observed for any of the anthocyanin-
containing test materials that would raise concerns for genotoxicity [14, 17, 23-
29].

Two multigeneration reproductive toxicity studies are available. One of
these used grape colour powder administered to rats in the diet at 0, 7500 or
15 000 mg/kg bw per day, but the anthocyanins in the test material were not
quantified. There were no treatment-related findings [20]. In a second study,
using a grape skin extract preparation (containing 3% anthocyanins; composition
of anthocyanins not given) administered to rats in the diet at a concentration of
0, 75 000 or 150 000 mg/kg feed (equivalent to 0, 7500 and 15 000 mg/kg bw per
day, respectively, estimated to be 0, 225 and 450 mg/kg bw per day expressed as
anthocyanins), decreases in liver, adrenal and thyroid weights were observed in
the top-dose group of the first filial (F,) generation. The NOAEL for this grape
skin extract preparation identified by the previous Committee was 75 000 mg/
kg feed (equivalent to 7500 mg/kg bw per day and estimated to be 225 mg/kg bw
per day expressed as anthocyanins) [1]. The ADI for anthocyanins from grape
skin extract established by the previous Committee was based on this study, with
application of an uncertainty factor of 100 to the NOAEL and rounding.

The anthocyanin glycosides (an extract from currants, blueberries and
elderberries) were reported not to be teratogenic in rats, mice or rabbits when
given at a dose of 1500, 3000 or 9000 mg/kg bw per day over three successive
generations [13].
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Observations in humans

A number of studies have been carried out in humans to identify biological
effects of anthocyanins. Although no toxicity issues have been identified from
these studies, the study designs limit their suitability for deriving safe levels of
anthocyanins.

Assessment of dietary exposure

In the submission to the Committee, the sponsors proposed the use of black
carrot extract as a food colour at typical and maximum use levels (expressed
as total anthocyanins in milligrams per kilogram) in 77 food categories and
subcategories as specified in the Codex GSFA. The anthocyanin content in black
carrot extracts reported by the sponsors ranges from 0.8% to 14.5%, with a
standardized content of 9%.

The Committee considered the European estimates of dietary exposure
to anthocyanins, provided by the sponsors, as being the most representative of
actual exposure. The Committee noted that the mean estimated dietary exposures
to total anthocyanins ranged from less than 0.1 mg/kg bw per day for the elderly
population up to 1.3 mg/kg bw per day for toddlers. The 95th percentile exposure
for consumers only ranged from 0.1 mg/kg bw per day for the elderly population
up to 6.9 mg/kg bw per day for toddlers in the brand-loyal scenario, whereas the
95th percentile exposure ranged from less than 0.1 mg/kg bw per day for toddlers
and children up to 2.4 mg/kg bw per day for toddlers in the non-brand-loyal
scenario. The main foods contributing to the overall exposure to anthocyanins
were non-alcoholic beverages, flavoured fermented desserts and cider.

The Committee also considered typical exposure to anthocyanins
from natural sources. Anthocyanins are naturally present in foods such as
fruits, vegetables, nuts, chocolate, tea and wine. The mean dietary exposure to
anthocyanins in the USA using National Health and Nutrition Examination
Survey (NHANES) 2001-2002 data [30] was 0.2 mg/kg bw per day for a 60
kg adult. In Europe, the mean dietary exposure to anthocyanins using the
Comprehensive European Food Consumption Database [31] ranged from 0.05
mg/kg bw per day for adolescents to 1.6 mg/kg bw per day for adults and up to 4
mg/kg bw per day for toddlers.

The Committee noted that the European dietary exposures to
anthocyanins from natural sources as described in the current evaluation are
higher than the mean dietary exposure of 0.3 mg/kg bw per day that was reported
for Europe by EFSA [32], which at that time was based on one national dietary
survey from Europe.

With regard to use levels evaluated at this meeting, the Committee
noted differences between the sponsors’ reported current and proposed use
levels of black carrot extract expressed as total anthocyanins and those that were
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considered in the EFSA [32] evaluation. The main difference was for the food
category processed meat, which is not proposed as a food to which anthocyanins
could be added. In the EFSA [32] evaluation, processed meat was the main food
contributing to overall exposure to total anthocyanins, contributing up to 30—
50% of the average dietary exposures across Europe (0.5-2.4 mg/kg bw per day).

Evaluation

There are no data on the toxicity of black carrot extract, with the exception of
one genotoxicity test. Nevertheless, the Committee noted the large number of
studies on other sources of anthocyanins published since anthocyanins were last
evaluated by JECFA in 1982, including toxicity studies in animals and ADME
studies in humans.

The Committee concluded that the effects observed with oneanthocyanin-
containing test material cannot be extrapolated to another anthocyanin-
containing test material based on the available information. This is because the
test articles in the metabolism and toxicity studies evaluated at this meeting were
very heterogeneous and often not fully described and/or the anthocyanin content
of the test material was too low and variable. This agrees with the conclusion of
the previous Committee (Annex 1, reference 59).

Owing to the lack of toxicological data on black carrot extract, the
Committee was not able to draw conclusions on its safety. To proceed with the
assessment of black carrot extract, at least a 90-day toxicological study on a
well-characterized extract representative of the material of commerce would be
required.

The Committee concluded that the total mean dietary exposure to
anthocyanins from naturally occurring sources and added black carrot extract
using the non-brand-loyal scenario ranges from 0.1 to 1.9 mg/kg bw per day for
the adult population (18+ years old) and from 0.1 to 5.3 mg/kg bw per day for
children (<18 years old).

In these estimates, the Committee noted that the use of black carrot
extract itself as proposed by the sponsors contributes as much as 25% to the total
mean dietary exposure to anthocyanins, including from naturally occurring
sources. The Committee noted that the ADI for grape skin extract established by
the previous Committee in 1982 was not reconsidered as part of this assessment
and remains unchanged.

A consolidated toxicological and dietary exposure monograph was
prepared.

At the present meeting, new specifications for the spray-dried powder
form of black carrot extract were prepared. The specifications were made tentative
pending the submission of further information on the material of commerce (see
Recommendations below).
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A Chemical and Technical Assessment was prepared.

Recommendations

To proceed with the assessment of black carrot extract, at least a 90-day
toxicological study on a well-characterized extract representative of the material
of commerce would be required.

The specifications were made tentative pending the submission of further
information on the material of commerce, including a full characterization of the
proteins, carbohydrates, lipids, fibre, minerals and non-anthocyanin polyphenol
components in five lots each of the liquid and powder forms of black carrot
extract.
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3.1.2 Brilliant Black PN
Explanation

Brilliant Black PN (INS 151; Chemical Abstracts Service [CAS] No. 2519-
30-4) is a synthetic disazo dye used as a food colouring agent. JECFA first
evaluated Brilliant Black PN at its eighteenth meeting (Annex 1, reference 35)
and established a temporary ADI of 0-2.5 mg/kg bw, based on a NOAEL of 500
mg/kg bw per day obtained from a chronic rat study. An additional uncertainty
factor of 2 was applied because the ADI was temporary, pending the submission
of metabolic, reproductive and embryotoxicity studies.

At the twenty-second meeting of JECFA (Annex 1, reference 47),
the requested metabolic, reproductive and embryotoxicity studies were not
submitted. In addition, the Committee indicated that the etiology and pathology
of ileal cysts observed in a 90-day toxicity study in pigs submitted at that meeting
should be determined. The Committee maintained the temporary ADI.

At the twenty-fifth meeting of JECFA (Annex 1, reference 56),
multigeneration reproductive toxicity and teratogenicity studies were submitted,
both showing no toxicologically relevant effects. A metabolic study was also
submitted. No further information on the ileal cysts in pigs was available.
Therefore, the Committee established a new ADI of 0-1 mg/kg bw on the basis of
the no-effect level of 100 mg/kg bw per day in the pig study.

Brilliant Black PN was placed on the agenda of the present meeting for
re-evaluation of its safety, evaluation of its dietary exposure and revision of its
specifications, at the request of the Forty-ninth Session of CCFA [1].

Studies on the effects of Brilliant Black PN on enzymes and other
biochemical parameters, genotoxicity studies, studies on the toxicity of
metabolites and a study on non-allergic hypersensitivity in children were
submitted. Additional literature searches in Medline, Toxline, Scopus and
SciFinder using the keywords Brilliant Black, clinical, toxicology, genotoxicity,
metabolism, absorption, excretion and ADME did not identify any additional
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relevant publications. The sponsor submitted use levels of Brilliant Black PN in
three main food categories as well as dietary exposure estimates reported in the
literature.

Chemical and technical considerations

Brilliant Black PN is intended for use in colouring confectionery, decorations and
coatings, desserts including flavoured milk products, edible cheese rind, edible
ices, fine bakery wares, fish and fish products, non-alcoholic flavoured drinks,
non-dairy beverages, sauces and seasonings, and savoury snacks.

Brilliant Black PN consists mainly of tetrasodium 4-(acetylamino)-5-
hydroxy-6-[2-[7-sulfo-4-[2-(4-sulfophenyl)diazenyl]-1-naphthalenyl]diazenyl]-
1,7-naphthalenedisulfonate and subsidiary colouring matters. Sodium chloride
and/or sodium sulfate are the principal uncoloured components. Brilliant Black
PN is manufactured by diazotizing 4-aminobenzenesulfonic acid (sulfanilic
acid), coupling with 8-aminonaphthalene-2-sulfonic acid (1,7-Cleve’s acid),
diazotizing the product and coupling with 4-(acetylamino)-5-hydroxy-
1,7-naphthalenedisulfonic acid (N-acetyl K acid). The dye is isolated as the
tetrasodium salt. Impurities include unreacted starting materials and reaction
by-products (<0.8%), subsidiary colouring matters (<4%), unsulfonated primary
aromatic amines (<0.01% calculated as aniline) and lead (<2 mg/kg).

Biochemical aspects

In rats, Brilliant Black PN is poorly absorbed, with 94-98% of administered doses
up to 10 mg/kg bw excreted in the faeces within 40 hours and less than 5% detected
in the urine within 40 hours [2]. Differences in metabolism following oral and
intraperitoneal administration indicate that metabolism by intestinal flora leads
to complete azo reduction (cleavage of both azo sites), whereas azoreductases
in liver preferentially cleave the azo site between the two naphthalene rings,
resulting in sulfonated aromatic amines [3].

In humans, sulfanilic acid was the only metabolite identified in urine
following oral administration of a 240 mg dose of Brilliant Black PN, and the
amount of metabolite was similar to that observed in rats [3].

In vitro, Brilliant Black PN was shown to induce a dose-dependent
decrease in the uptake of radiolabelled o-iodohippurate and iodipamide in rat
renal cortex slices, which was interpreted as inhibition of the hippurate and liver-
like anion transport systems [4].

Brilliant Black PN was identified as a novel allosteric modulator of
adenosine receptors using Chinese hamster ovary cells stably transfected with
either A, or A, human receptors [5]. The Committee noted that the effects on
adenosine receptors were observed only at high (500 umol/L) concentrations
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of Brilliant Black PN. In view of the poor absorption of Brilliant Black PN, the
Committee did not consider this study relevant to the evaluation.

Toxicological studies

In previously evaluated studies, Brilliant Black PN was not acutely toxic by the
oral route in mice or rats (median lethal dose [LD, ] > 5000 mg/kg bw) 6, 7] and
showed no signs of toxicity in mice in a long-term study at doses up to 1300 mg/
kg bw per day [8] or in rats in short-term studies with dietary concentrations
up to 30 000 mg/kg feed (equivalent to 3000 mg/kg bw per day) and long-term
studies with dietary concentrations up to 10 000 mg/kg feed (equal to 360 mg/kg
bw per day) [7, 9] and no evidence of carcinogenicity in mice or rats [8, 9]. In rats,
there was no reproductive toxicity or teratogenicity at dietary concentrations
up to 30 000 mg/kg feed (equivalent to 1500 mg/kg bw per day) [10] and no
teratogenicity at doses up to 2500 mg/kg bw per day [11].

The only adverse findings reported previously were cysts containing
mucus and fibrin in the ileal mucosa of pigs administered Brilliant Black PN
at 300 mg/kg bw per day (one of six pigs) or 900 mg/kg bw per day (four of six
pigs) for 90 days. The NOAEL in this study was 100 mg/kg bw per day [12]. The
Committee at the twenty-fifth meeting (Annex 1, reference 56) established an
ADI based on this NOAEL. In the current submission, the sponsor reiterated
the authors’ argument that the cysts might have been due to an irritant effect of
local high concentrations of Brilliant Black PN related to the way in which the
substance was administered as a bolus in a small amount of feed. The present
Committee considered that this explanation lacked plausibility, as the upper
parts of the gastrointestinal tract were not affected, as would be anticipated for
an irritant effect.

Several new in vitro genotoxicity studies [13-15] and one new in vivo
genotoxicity study [13] were available to the Committee and were generally
negative. The gene mutation assay in mammalian cells [15] was equivocal in the
presence of metabolic activation, which normally would require follow-up, and
aneugenicity was not tested for. The positive findings obtained in the in vitro
micronucleus test and comet assay are considered to be unreliable due to major
shortcomings in study design. Read-across from a structurally related food colour
(Allura Red AC) [16] and the lack of genotoxicity of other sulfonated aromatic
amines such as those generated by the azoreduction of sulfonated azo dyes [17]
were taken into consideration. The Committee concluded that, overall, the data
did not indicate concern with respect to the genotoxicity of Brilliant Black PN.

The metabolite sulfanilic acid (the only metabolite found in human
urine) did not show genotoxic activity or adverse effects in a 4-week study or
in an Organisation for Economic Co-operation and Development (OECD)-
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Specific food additives (other than flavouring agents)

Table 1
Dietary exposure to Brilliant Black PN

Dietary exposure (mg/kg bw per day)

Country/region Mean High
Australia®
Mean 0.00-0.001 0.00-0.002°
Maximum 0.00-0.004 0.003-0.01°
Europe® 0.01-0.17 0.02-0.30°
Kuwait® 0.000 2-0.000 3 -

2 Exposure only for consumers of foods containing Brilliant Black PN based on mean and maximum analytical concentrations.
b Ninetieth percentile of exposure.

¢ Non-brand-loyal scenario based on mean use levels and analytical concentrations.

4 Ninety-fifth percentile of exposure.

¢ Children; based on analytical concentrations.

Sources: Australia: [22, 23]; Europe: [24]; Kuwait: [25]

compliant reproductive and developmental toxicity study in rats administered
doses up to 1000 mg/kg bw per day [18, 19].

Observations in humans

A study in six young patients with moderate to severe chronic urticaria found
that one child exhibited immunoglobulin E-independent responses to all tested
azo dyes, including Brilliant Black PN [20]. The Committee noted that this study
is not informative for the present evaluation.

Assessment of dietary exposure

Brilliant Black PN is proposed by the sponsor for use in 16 food subcategories
belonging to three main food categories of the Codex GSFA: “5. Confectionery’,
“9. Fish and fish products, including mollusks, crustaceans, and echinoderms”
and “14. Beverages, excluding dairy products”. The typical use levels range from
10 to 300 mg/kg, and the maximum use levels from 10 to 500 mg/kg. Currently,
Brilliant Black PN is authorized for use only in food category “01.1.4 Flavoured
fluid milk drinks”, excluding chocolate milk, at a maximum permitted level of
150 mg/L, as specified in the GSFA [21].

The Committee used only those dietary exposure estimates that were
considered to be most representative of actual exposure. These estimates were
based on use levels and/or analytical concentrations combined with food
consumption data from Australia [22, 23], Europe [24] and Kuwait [25] and are
listed in Table 1.

The dietary exposures to Brilliant Black PN in Australia and Kuwait were
estimated using analytical concentrations measured in relevant foods, which
resulted in low exposure estimates, as Brilliant Black PN was present in only
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a limited number of food groups at low levels [22, 23, 25]. The high exposure
(90th percentile) to Brilliant Black PN was maximally 0.01 mg/kg bw per day for
children up to 16 years of age in Australia, based on the highest levels analysed
per food group [23]. This dietary exposure estimate refers to the exposure in
persons who had consumed at least one of the foods that contained Brilliant
Black PN (consumers only).

For Europe, the dietary exposure was estimated for different age groups
using food consumption data from several European countries combined
with maximum permitted levels, use levels and/or analytical concentrations,
according to three exposure scenarios [24]. Given that the dietary exposure
estimates for Australia and Kuwait were so low, the Committee considered the
non-brand-loyal scenario to best reflect the dietary exposure to Brilliant Black
PN. In this scenario, it is assumed that persons are exposed to a food additive at
the typical (mean) reported use level or mean of the analytical concentrations for
all relevant food categories and that all foods belonging to an authorized food
category contain the food additive at that level. The mean dietary exposure to
Brilliant Black PN ranged from 0.01 mg/kg bw per day for adolescents, adults
18-64 years of age and adults 65+ years of age to 0.17 mg/kg bw per day for
toddlers in this scenario. The high dietary exposure (95th percentile) ranged
from 0.02 mg/kg bw per day for adults 65+ years of age to 0.30 mg/kg bw per
day for toddlers. The food categories included in this scenario overlapped largely
with those for which use levels are proposed by the sponsor, in addition to other
food categories for which no use levels were proposed, such as “Edible ices”, “Fine
bakery wares”, “Seasonings and condiments”, “Soup and broths”, “Mustard” and
“Potato-, cereal-, flour- and starch-based snacks” The Committee noted that the
food category “Fine bakery wares” was the most important contributor to the
dietary exposure to Brilliant Black PN across all age groups in Europe.

The Committee concluded that the high dietary exposure to Brilliant
Black PN of 0.3 mg/kg bw per day, based on European data, is appropriate for use
in a risk assessment.

Evaluation

The Committee concluded that the newly available information does not give
reason to revise the previously established ADI of 0-1 mg/kg bw based on the
short-term toxicity study in pigs. The Committee therefore retained the ADI for
Brilliant Black PN.

The Committee noted that the range of estimated dietary exposures
for Brilliant Black PN was below the upper end of the ADI and concluded that
dietary exposure to Brilliant Black PN does not present a safety concern.

A consolidated toxicological and dietary exposure monograph was
prepared.
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At the present meeting, the specifications for Brilliant Black PN were
revised. Analytical methods for determining subsidiary colouring matters and
organic compounds other than colouring matters were replaced with more
specific and sensitive HPLC methods. The existing titrimetric method for the
assay of Brilliant Black PN was replaced with a visible spectrophotometric
method.

A Chemical and Technical Assessment was prepared.
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3.1.3 Carotenoids (provitamin A)
Explanation

B-Carotene (CAS No. 7235-40-7) and p-apo-8'-carotenal (CAS No. 1107-26-2)
are provitamin A carotenoids that are used as colours in a wide range of foods
and beverages. Currently, both food additives are authorized for use in 79 food
categories at maximum permitted levels ranging from 50 mg/kg up to 1200 mg/
kg as specified in the Codex GSFA [1].

A group ADI of 0-5 mg/kg bw for pB-carotene, B-apo-8'-carotenal and
B-apo-8'-carotenoic acid methyl and ethyl esters was first established at the
tenth JECFA meeting (Annex 1, reference 13). At its eighteenth meeting, the
Committee considered additional data and reaffirmed the decision of the tenth
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meeting (Annex 1, reference 35). The group ADI was derived using a four-
generation study in rats with a NOAEL for -carotene of 50 mg/kg bw per day
and application of an uncertainty factor of 10 because of the natural occurrence
of provitamin A carotenoids in the human diet and the low toxicity observed in
animal studies.

B-Carotenes from natural sources were reviewed at the thirty-first, thirty-
fifth and forty-first meetings of the Committee (Annex 1, references 77, 88 and
107). At the thirty-first meeting, the Committee concluded that the group ADI
of 0-5 mg/kg bw established for the sum of the synthetic carotenoids p-carotene,
B-apo-8'-carotenal and (-apo-8'-carotenoic acid methyl and ethyl esters by the
eighteenth Committee was not applicable to natural carotenes as they did not
comply with the specifications for B-carotene. At the thirty-fifth and forty-first
meetings, the Committee considered the available data inadequate to establish an
ADI for the dehydrated algal carotene preparations or for the vegetable oil extract
of Dunaliella salina.

At the fifty-seventh meeting (Annex 1, reference 154), the Committee
undertook a re-evaluation of p-carotene for use as a food colour, but focused
its assessment on the production and analytical characteristics of B-carotene
produced from Blakeslea trispora. The Committee considered that the source
organisms, the production process and the composition of p-carotene from B.
trispora do not raise specific concerns and that the material should be considered
toxicologically equivalent to chemically synthesized p-carotene, for which an
ADI of 0-5 mg/kg bw was established by the Committee at its tenth meeting.
Therefore, the Committee established a group ADI of 0-5 mg/kg bw for synthetic
B-carotene and B-carotene derived from B. trispora.*

B-Carotene-rich extract from D. salina was evaluated at the eighty-fourth
meeting (Annex 1, reference 234). The Committee observed that data that had
become available since the previous evaluation showed differences in absorption of
B-carotene between rodent species and humans. The Committee considered that
rodents were inappropriate animal models for establishing an ADI for -carotene
because of the virtual absence of systemic absorption of B-carotene in rodents,
but that the non-p-carotene components of D. salina d-limonene extract could
be evaluated using the results of rodent studies. The Committee recommended
that the group ADI for the sum of carotenoids, including -carotene, p-apo-8'-
carotenal and B-apo-8'-carotenoic acid methyl and ethyl esters, be re-evaluated
in light of evidence that shows very low absorption of B-carotene in rodents and
rabbits in contrast to humans.

4 The present Committee was aware that two group ADIs for carotenoids had been established at previous
meetings and that synthetic f-carotene had been included in both group ADIs. The Committee specu-
lated that the Committee at the fifty-seventh meeting did not recognize that synthetic -carotene was
already part of a group ADI and included it in a new group ADI.
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B-Carotene, [-apo-8'-carotenal, [-carotene from B. trispora and
B-apo-8'-carotenoic acid methyl and ethyl esters were placed on the agenda
of the present meeting for an assessment of their safety, dietary exposure and
specifications in response to the recommendation of the eighty-fourth meeting of
the Committee. The present Committee considered a submission that comprised
a review of information on synthetic f-carotene and -apo-8'-carotenal that had
become available since the eighteenth meeting. A targeted literature search was
additionally carried out.

The Committee noted that no data were submitted on B-apo-8'-carotenoic
acid methyl and ethyl esters. These food colours were therefore removed from the
agenda.

Chemical and technical considerations

Provitamin A and xanthophyll carotenoids are natural pigments that are
synthesized by plants and are responsible for the bright colours of various fruits
and vegetables. Many different carotenoids are present in foods, and most have
antioxidant activity. The most abundant carotenoid, -carotene, consists of a
highly branched, unsaturated chain with identical substituted ring structures at
each end. f-Carotene and B-apo-8'-carotenal are provitamin A carotenoids.

B-Carotene, synthetic

Commercially available B-carotene, synthetic (INS 160a(i)) may be synthesized
via a double Wittig condensation process or Grignard synthesis with enol
ether condensations using a range of vitamin A precursors, including their
phosphonium salts. The products of commerce may exist in multiple formulations,
including water-dispersible forms, those that are water soluble and microcrystals
prepared by spray drying and bound to food-grade carriers and antioxidants.
Solvents used in manufacture may include dichloromethane, hexane, methanol,
methylcyclohexane, toluene, acetone, ethanol, ethyl acetate, heptane, isobutyl
alcohol and isopropyl alcohol [2]. The colouring principle of p-carotene, synthetic
consists predominantly of all-trans-p-carotene (E-isomer) together with minor
amounts of other carotenoids. The total colouring matters content is not less than
96% (expressed as B-carotene).

B-Carotene from Blakeslea trispora

B-Carotene from Blakeslea trispora (INS 160a(iii)) is obtained by co-fermentation
using a mixed culture of the two sexual mating types (+) and (-) of natural
strains of the fungus that are non-pathogenic and non-toxigenic. The compound
is isolated from the fungal biomass by solvent extraction and crystallized. The
main articles of commerce are suspensions in food-grade vegetable or plant oil
and water-dispersible powders. These formulations are made for ease of use and
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in order to improve stability, as carotenes easily oxidize. p-Carotene from B.
trispora may also contain other carotenoids, of which A-carotene accounts for the
major part, at concentrations up to 3%. As in synthetically produced -carotene,
the colouring principle of B-carotene from B. trispora consists predominantly
of all-trans-B-carotene. The total colouring matters content is not less than 96%
(expressed as B-carotene).

B-Apo-8'-carotenal

B-Apo-8'-carotenal (INS 160a(vi)) occurs naturally in various plant materials
as an aldehydic carotenoid. The product of commerce is synthetically produced
using multiple mechanisms that may include the use of vitamin A precursor
molecules and Wittig-type condensation reactions. Sequential chemical reactions
are carried out to produce the final material, which exists predominantly as the
all-trans (E) isomer. The articles of commerce may be diluted and stabilized as
suspensions in edible fats or oils, emulsions and water-dispersible powders. The
total colouring matters content is not less than 96%.

B-Carotene-rich extract from Dunaliella salina

B-Carotene-rich extract from Dunaliella salina is produced from D. salina, an
extremely halotolerant alga that inhabits natural and human-made salt lakes and
ponds. The carotene-rich alga is harvested and concentrated, and the carotenoids
are extracted using an essential oil rich in d-limonene. The resulting extract is
saponified, purified, centrifuged, evaporated and finally mixed with a vegetable
oil to obtain a commercial product with a carotene content of about 30% by
weight. f-Carotene accounts for more than 95% of the carotene content of the
extracted material as a mixture of trans and cis isomers in a ratio of approximately
2:1 by weight. The remainder of the carotene content includes a-carotene, lutein,
zeaxanthin and cryptoxanthin. In addition to the colour pigments and vegetable
oil used for standardization, d-limonene extracts of D. salina contain lipids and
other fat-soluble components naturally occurring in the source material, such
as fatty acids, long-chain alcohols, alkenes and waxes. The composition of these
fat-soluble components is primarily a mixture of fatty acids common to vegetable
oils used in foods.

Biochemical aspects
B-Carotene

B-Carotene is absorbed into enterocytes and centrally cleaved to give two retinal
molecules. Retinal is reduced to retinol by the enzyme retinaldehyde reductase
and then esterified to form retinyl esters by lecithin:retinol acyltransferase and
packaged with chylomicrons. Chylomicrons containing retinyl esters are released
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into the lymph and then the bloodstream and rapidly taken up into the liver
[reviewed in 3, 4]. Although the mechanism of intestinal B-carotene absorption
and metabolism appears to be comparable in animal models and humans,
marked differences in cleavage rates and consequently bioavailability between
species have been shown [5-10].

In a short-term toxicity study in rats administered P-carotene at a
dose of 0, 250, 500 or 1000 mg/kg bw per day for 13 weeks, plasma B-carotene
concentrations ranged from 0.4 to 0.9 ug/mL [11]. In other studies in rats
administered p-carotene at doses up to 1000 mg/kg bw per day for up to 21
weeks, plasma [-carotene concentrations ranged from below the limit of
detection to about 0.2 pg/mL [12-14]. More than 95% of radioactivity in plasma
and approximately 88-94% of radioactivity in liver were identified as retinol in
rats administered 0.5 mg (0.74 MBq) radiolabelled B-carotene. 3-Carotene was
not detected in plasma [15].

In human subjects, the absorption of B-carotene has been estimated to be
in the range of 40-65% [16-18]. In human subjects administered radiolabelled
B-carotene, radioactivity in lymph was mainly associated with chylomicrons as
retinyl esters, with approximately 20-30% of the absorbed radioactivity recovered
as B-carotene [19, 20]. Following the administration of *C-labelled f-carotene to
humans, most of the absorbed dose was converted to vitamin A [21]. Excretion
of radioactivity occurred mainly via the faeces, with smaller amounts in the urine
[16-18].

A number of studies in human subjects also investigated plasma levels
of B-carotene following dosing for up to 12 years with pharmacological amounts
of B-carotene. The most informative of these were a number of randomized
controlled trials. Mean or median plasma {-carotene levels increased from 0.3
to 1.2 pg/mL in subjects administered 50 mg P-carotene every second day [22];
from 0.17 to 3.0 pg/mL in subjects administered 20 mg B-carotene per day [23];
and from 0.15 to 2.1 pg/mL in subjects administered 30 mg B-carotene per day
with 25 000 IU vitamin A [24, 25].

Based on the observed differences in cleavage rates and bioavailability of
B-carotene between rats and humans, the Committee reaffirmed the conclusion
of the eighty-fourth meeting that this species is not suitable for the evaluation of
B-carotene in humans. Absorption and tissue disposition studies with p-carotene
in mice or dogs were not available to the Committee.

B-Apo-8'-carotenal

Radiolabelled -apo-8'-carotenal and its metabolites were at least 25% absorbed
from the gastrointestinal tract of rats. Total radioactivity in plasma reached a
peak concentration after 10 hours and was eliminated with a half-life of 21 hours.
B-Apo-8'-carotenal and its metabolites B-apo-8'-carotenol, 3-apo-8'-carotenoic

36



acid and fatty acid conjugates were identified in the plasma. Radioactivity was
recovered in the liver as retinol and fatty acid conjugates of retinol, demonstrating
conversion of B-apo-8'-carotenal to vitamin A. Elimination of radioactivity
occurred mainly via faeces, with smaller amounts excreted in the urine [26].

A clear sex-related difference was seen in a 13-week toxicity study in
which female rats showed higher concentrations of B-apo-8'-carotenal and/or its
metabolites in the plasma and liver compared with males [27].

B-Apo-8'-carotenal did not appear in plasma in significant amounts in
human male volunteers given a single oral dose of 41 mg B-apo-8'-carotenal.
B-Apo-8'-carotenol and B-apo-8'-carotenyl palmitate were identified as the two
major metabolites in the plasma and reached their maximum concentrations of
0.29 and 0.23 pmol/L at 11 and 6 hours, respectively. 3-Apo-8'-carotenoic acid
was also detected in serum, but the concentrations were not determined [28].

Toxicological studies
B-Carotene

B-Carotene has low acute oral toxicity in rats and dogs [29-32].

No target organ toxicity was observed in short- or long-term studies in
rats or dogs administered -carotene [11, 33-37].

B-Carotene was not carcinogenic in mice or rats [33, 35].

B-Carotene was not genotoxic in vitro or in vivo [32, 38-40].

There was no evidence of reproductive or developmental toxicity in
studies in rats or rabbits [41-43].

B-Apo-8'-carotenal
B-Apo-8'-carotenal has low acute oral toxicity in mice [44] and rats [45, 46].

Two new short-term studies in rats were available to the Committee. In
a 28-day study, rats were given P-apo-8'-carotenal in the feed at a target dose
of 0, 20, 100 or 500 mg/kg bw per day. A NOAEL of 100 mg/kg bw per day was
established on the basis of reduced body weight and body weight gain in rats at
500 mg/kg bw per day [47]. The Committee noted the presence of eosinophilic
droplets mainly in the kidneys of female rats, but did not consider the finding to
be adverse on the basis that the droplets were not linked to other lesions or any
other signs of nephropathy.

In a follow-up 90-day study, male and female rats were administered
B-apo-8'-carotenal in the feed at a target dose of 0, 10, 30 or 100 mg/kg bw per
day. Liver weight and serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were significantly increased in female rats at the
high dose relative to controls. Upon histopathological examination, a significant
increase in the incidence of inflammatory cell foci was seen in the liver of female
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ratsat 100 mg/kg bw per day. In the kidney, an increase in the incidence of minimal
eosinophilic droplets was observed in females at all doses, increasing in severity
in high-dose females, but there was no evidence of necrosis or single-cell death
at any dose. Findings of tubular injury were generally limited to the occasional
tubular epithelial cell containing eosinophilic material appearing to be detached
from the tubule and the presence of mitotic figures in the cortex in males and
females at 100 mg/kg bw per day [27]. The Committee identified a NOAEL of 30
mg/kg bw per day, on the basis of increased liver weight, serum ALT and AST
activities and incidence of inflammatory cell foci in the liver of high-dose female
rats and evidence of tubular injury in the kidney of high-dose males and females.
The Committee noted that higher plasma and liver concentrations of p-apo-8'-
carotenal or its metabolites were achieved in female rats compared with males
and considered this to be consistent with the toxicological findings of this study.

No new long-term toxicity or carcinogenicity studies were available to
the Committee. In an early study, rats were administered B-apo-8'-carotenal in
the diet at 1000 mg/kg feed to (1) a first generation of rats for 2 years, (2) their
oftspring for 2 years and (3) a third generation of rats for 1 year. The average
dose over the course of the study was reported to be 40 mg/kg bw per day.
Histopathological examination of the liver and kidneys of treated animals did
not identify any adverse effects [48].

B-Apo-8'-carotenal was not mutagenic in Salmonella typhimurium
strain TA98, TA100, TA102, TA1535 or TA1537 at concentrations of 8.7-
277.9 ug/plate, with or without metabolic activation [49]. In an earlier study,
conducted with B-apo-8'-carotenal of low purity (69.2%), a concentration-
related increase in the number of revertants was observed only in strain TA100,
in the absence and presence of metabolic activation. The study authors noted
that this result could be associated with impurities in the test material [50]. In
an in vitro mammalian chromosomal aberration test, an increased frequency of
chromosomal aberrations was observed in the absence and presence of metabolic
activation at concentrations associated with approximately 50% cytotoxicity or
greater, but not at lower concentrations, where moderate to low cytotoxicity
was observed. The study authors noted that these increases were of questionable
biological relevance given that they were observed only at doses associated with
significant cytotoxicity [51]. In an in vivo mammalian erythrocyte micronucleus
test, treatment with P-apo-8'-carotenal did not induce statistically significant
increases in the frequency of micronucleated erythrocytes compared with the
concurrent controls at doses up to 800 mg/kg bw per day [52]. The Committee
concluded that the weight of evidence suggests that there is no concern for
genotoxicity of 3-apo-8'-carotenal.

No reproductive toxicity studies were available to the Committee. In a
good laboratory practice- and guideline-compliant developmental toxicity study,
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rats were administered B-apo-8'-carotenal in the feed from gestation days 6 to 20
at a dose of 0, 20, 100 or 495 mg/kg bw per day. No maternal or developmental
toxicity was observed. The NOAEL for maternal toxicity and for embryo and fetal
toxicity was 495 mg/kg bw per day, the highest dose tested [53].

Observations in humans

The association between P-carotene intake and cancer risk has been evaluated
in a number of observational studies and extensively reviewed [9, 54-56]. It was
concluded that intake of B-carotene and fruits and vegetables appears to confer
protection against cancers at different sites, with the most consistent effect
being a protective effect against lung cancer. Consequently, a number of large,
high-quality randomized controlled trials have investigated whether -carotene
supplementation at doses of 20-50 mg/day for durations of up to 12 years reduces
cancer risk in human populations.

In the Alpha-Tocopherol, Beta Carotene Cancer Prevention (ATBC)
Study, a higher incidence of lung cancer (relative risk [RR] 1.18; 95% confidence
interval [CI] 1.03-1.36) and total mortality (RR 1.08; 95% CI 1.01-1.16) was
observed among the men who received P-carotene at doses of 20 mg/day for
between 5 and 8 years. The elevated risk was related to those who smoked at
least one pack of cigarettes per day and was not seen in subjects who smoked less
[9, 23]. In the Beta-Carotene and Retinol Efficacy Trial (CARET), participants
who were smokers or ex-smokers, or were exposed to asbestos, were given daily
doses of 30 mg P-carotene and 25 000 IU vitamin A as retinyl palmitate for 5
years. Lung cancer incidence and total mortality were increased by 28% (RR 1.28;
95% CI 1.04-1.57) and 17% (RR 1.17; 95% CI 1.03-1.33), respectively, in the
supplemented group [24, 25].

The Committee noted that the effects observed in heavy smokers and
asbestos workers in the ATBC and CARET studies were not seen in population
subgroups that were not at increased risk of lung cancer. In the Physicians’
Health Study, -carotene administered to subjects at 50 mg every second day for
a period of 12 years did not affect the number of cases of lung cancer, mortality
from cancer, all-cause mortality, cardiovascular disease, myocardial infarction
or stroke [22]. No effects on cancer incidence or total mortality were seen in a
number of other smaller randomized controlled trials in which -carotene was
administered at doses of up to 50 mg/day for durations of up to approximately 9
years [57-62].

Assessment of dietary exposure

B-Carotene and p-apo-8'-carotenal are proposed by the sponsor for use at typical
and maximum use levels in 33 and 12 food categories of the Codex GSFA,
respectively. For -carotene, the typical (mean) and maximum use levels ranged
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Table 2
Overview of dietary exposure estimates for B-carotene and B-apo-8'-carotenal from their
use as food additives in the European population

Dietary exposure (mg/kg bw per day)

B-Carotene B-Apo-8'-carotenal
Source Mean High Mean High
EFSA® 0.03-0.22 0.09-0.43" 0.01-0.25 0.04-0.49°
EFSA FAIM? 0.02-0.19 0.03-0.28 - -
France, Germany, United Kingdome' 0.009 0.03° - -

bw: body weight; EFSA: European Food Safety Authority; FAIM: Food Additive Intake Model

2 All age groups; maximum use levels.

b High exposure: 95th or 97.5th percentile.

¢ High exposure: 95th percentile.

4 All age groups; typical (mean) use levels.

¢ Adults; typical (mean) use levels.

" Exposure estimated by the present Committee using a 60 kg adult body weight.

9 High exposure: 97.5th percentile.

Sources: EFSA: [2, 63]; EFSA FAIM (sponsor submission); France, Germany, United Kingdom: [64]

from 1 to 20 mg/kg and from 2 to 70 mg/kg, respectively. Corresponding ranges
for B-apo-8'-carotenal were 0.4-50 mg/kg and 0.4-260 mg/kg. Currently, both
food additives are authorized for use in 79 food categories at maximum permitted
levels ranging from 50 mg/kg up to 1200 mg/kg, as specified in the GSFA [1].

The Committee used the exposure estimates submitted by the sponsor,
which more closely represent actual exposure. These estimates were based on use
levels combined with food consumption data from Europe [2, 63] and on a study
on dietary exposure to -carotene based on food consumption data from France,
Germany and the United Kingdom [64]. Furthermore, the sponsor also reported
on the exposure to P-carotene calculated with the EFSA Food Additive Intake
Model (FAIM). The dietary exposure estimates are listed in Table 2.

The Committee concluded that the exposure to B-carotene from its
use as a food additive at typical (mean) use levels estimated with EFSA FAIM
is appropriate for use in risk assessment. The upper level of 0.28 mg/kg bw per
day refers to the exposure in children aged 1-9 years. For adults aged 18 and
above, the upper level of exposure to B-carotene equals about 0.1 mg/kg bw
per day. The Committee acknowledged that these dietary exposure estimates
were overestimations due to the assumption that -carotene is used in all foods
belonging to the relevant food categories.

The Committee considered that the high daily exposure estimate for
B-apo-8'-carotenal of 0.49 mg/kg bw per day overestimates the exposure to this
additive, owing to the assumption that all foods contained the food additive at
the maximum use level. The Committee therefore concluded that the high daily
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dietary exposure to B-carotene of 0.28 mg/kg bw per day may also be used for risk
assessment of B-apo-8'-carotenal.

Evaluation

The Committee reaffirmed the conclusion from the eighty-fourth meeting that
rats are not an appropriate model for deriving an ADI for B-carotene due to
the relatively low bioavailability of B-carotene in rats compared with humans.
Therefore, the Committee withdrew the two group ADIs of 0-5 mg/kg bw for
(1) the sum of the synthetic carotenoids p-carotene, B-apo-8'-carotenal and
B-apo-8'-carotenoic acid methyl and ethyl esters and (2) synthetic B-carotene
and P-carotene derived from Blakeslea trispora, which were based on a NOAEL
from a rat study.

The Committee considered that no adverse health effects were observed
in the general population in large, well-conducted human intervention studies in
which healthy participants were administered between 20 and 50 mg -carotene
per day for up to 12 years, in addition to the background exposure from the diet.

An additional elevated risk of lung cancer and total mortality was seen in
heavy smokers (at least one pack per day) and asbestos workers in intervention
studies in which participants were administered 20 mg B-carotene per day for
5-8 years or 30 mg P-carotene per day and 25 000 IU vitamin A for 5 years.
The Committee noted that a generally accepted explanation for the cause of
these effects has not been identified. The Committee was unable to reach any
conclusion about risk from p-carotene exposure in heavy smokers.

For the remainder of the general population, the Committee concluded
that the estimated high exposure to B-carotene at 9 mg/day for a 30 kg child and
6 mg/day for a 60 kg adult from its current uses as a food additive, in addition
to background exposure from the diet, would not be expected to be a safety
concern. This conclusion includes synthetic 3-carotene, B-carotene derived from
B. trispora and -carotene-rich extract from Dunaliella salina.

The Committee was unable to establish a group ADI for synthetic
B-carotene, P-carotene derived from B. trispora, Pp-carotene-rich extract from
D. salina, and B-apo-8'-carotenoic acid methyl and ethyl esters because a group
ADI is applicable to the general population, which includes heavy smokers. The
Committee noted that it is very unlikely that it will ever be possible to establish
a group ADI because further data from the heavy smoker population cannot be
gathered ethically.

Because -apo-8'-carotenoic acid methyl and ethyl esters were previously
evaluated on the basis of f-carotene and because no new data were submitted, the
Committee was unable to complete an evaluation on p-apo-8'-carotenoic acid
methyl and ethyl esters.
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The present Committee established an ADI of 0-0.3 mg/kg bw for 3-apo-
8'-carotenal on the basis of a NOAEL of 30 mg/kg bw per day in a 13-week study
in rats and application of an uncertainty factor of 100. An additional uncertainty
factor to take into account the short duration of the study was not considered
necessary because renal injury and hepatic lesions observed in the 13-week study
at 100 mg/kg bw per day were not observed in the 2-year study at 40 mg/kg bw
per day, the single dose tested.

Estimated dietary exposure to P-apo-8'-carotenal of 0.28 mg/kg bw
per day was at the upper end of the ADI established by the Committee (i.e.
0-0.3 mg/kg bw). The Committee noted that the estimated dietary exposure is
overestimated and concluded that the current use of 3-apo-8'-carotenal as a food
additive will not pose a safety concern.

A toxicological and dietary exposure monograph was prepared.

The specifications for P-carotene, synthetic, [B-carotene from B.
trispora and P-apo-8'-carotenal were revised to replace an identification test for
carotenoids with additional spectrophotometric requirements.

B-Carotene-rich extract from D. salina was on the agenda of the
current meeting at the request of the Fiftieth Session of CCFA [65] to revise the
maximum limit on arsenic. The Committee received sufficient analytical data.
Based on the arsenic levels from several batches of the product of commerce, the
existing specifications were revised from 1 mg/kg to 3 mg/kg. The Chemical and
Technical Assessment was revised.

Recommendations

The Committee noted that the use levels of B-carotene and p-apo-8'-carotenal
provided by the sponsor were much lower than the corresponding maximum
permitted levels as specified in the GSFA, and that the sponsor indicated that the
majority of the maximum permitted levels are not justifiable from a technological
point of view. Also, use levels were not provided for all authorized food categories.
The Committee recommended that the Codex Alimentarius Commission should
review current uses of B-carotene (synthetic p-carotene, B-carotene from B.
trispora and [B-carotene-rich extract from D. salina) and B-apo-8'-carotenal in
the GSFA, including the maximum permitted levels and the food categories in
which these food additives may be used.
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3.1.4 Gellan gum
Explanation

Gellan gum (INS 418; CAS No. 71010-52-1) is used as a gelling agent, stabilizer
and thickener in a wide range of foods and beverages listed in the Codex GSFA,
under the conditions of good manufacturing practice. It is commercially available
in three different forms — namely, high-acyl, low-acyl and low-acyl clarified.

Gellan gum was previously evaluated by the Committee at its thirty-
seventh meeting, at which an ADI “not specified” was established (Annex I,
reference 95). This ADI “not specified” was based on the absence of adverse effects
in toxicological studies in mice, rats, dogs and prepubertal rhesus monkeys and
in a limited study on tolerance of gellan gum in humans. The Committee pointed
out that the potential laxative effect of gellan gum at high dietary exposures
should be taken into account when gellan gum is used as a food additive (Annex
1, reference 95).

Gellan gum was evaluated by the Committee at its forty-ninth and
seventy-ninth meetings for revision of specifications only (Annex 1, references
124 and 222). At the seventy-ninth meeting, the Committee evaluated a request
to include ethanol as an additional extraction solvent during the processing of
gellan gum. The Committee at that meeting included ethanol in the specifications
monograph and established a numerical limit of 50 mg/kg for residual ethanol
(Annex 1, reference 222).

At the present meeting, the Committee evaluated gellan gum for use in
formulas for special medical purposes for infants (GSFA food category 13.1.3;
referred to as “FSMPs” below) and re-evaluated the limit for residual ethanol in
the specifications of gellan gum, at the request of the Fiftieth Session of CCFA [1].
Although the request from CCFA included the use of gellan gum in infant formula
(GSFA food category 13.1.1) and follow-up formula (GSFA food category 13.1.2),
only data supporting the use of gellan gum in FSMPs were received. Therefore,
the Committee did not evaluate the use of gellan gum in infant formula or follow-
up formula.
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The low-acyl clarified form of gellan gum would be added directly to
ready-to-feed FSMPs or would be used as a component of concentrated liquid
fortification products® formulated with hydrolysed protein and/or amino acids
(for addition to human milk or infant formula). According to the sponsor, these
liquid fortification products also belong to food category 13.1.3. Gellan gum
would be used to increase thickness and maintain homogeneity for better delivery
of nutrients to the infant. It would also be used as a component of a stabilizer
system, which contains octenyl succinic anhydride-modified corn starch (starch
sodium octenyl succinate) (INS 1450). The target gellan gum concentration
in the fed products (FSMPs, fortified human milk or fortified infant formula)
is approximately 40 mg/L. Owing to manufacturing variability, the maximum
gellan gum concentration requested is 50 mg/L.

At the present meeting, the Committee considered the submitted data,
including new unpublished and published studies. A comprehensive literature
search on gellan gum in PubMed did not identify any additional relevant
published studies on biochemical or toxicological aspects. Studies from the
previously published monograph, new studies that had become available since
the thirty-seventh meeting and older studies not previously reviewed by the
Committee are described below.

Chemical and technical considerations

Gellan gum is a high-molecular-weight (>500 000 Da) anionic polysaccharide
that is produced by a controlled pure culture fermentation of the non-pathogenic
Gram-negative bacterium Pseudomonas elodea (reclassified as Sphingomonas
elodea) in the presence of a carbon source, a nitrogen source and inorganic salts.
The fermentation broth is pasteurized to kill viable cells, and the gellan gum is
recovered via precipitation with food-grade isopropanol or ethanol to obtain the
high-acyl form (native gellan gum). Controlled treatment with hot alkali prior to
alcohol precipitation results in deacylation and yields gellan gum with varying
degrees of acylation, including the low-acyl form. Low-acyl gellan gum can be
further filtered to obtain low-acyl clarified gellan gum. The gelling properties of
the articles of commerce are controlled by the addition of metal ions such as
sodium, potassium and calcium to neutralize the glucuronic acid. By-products
of fermentation include polyhydroxybutyrate, enzymes and viable cells of the
production organism, which are removed and/or inactivated during processing.
The resulting gellan gum is separated, dried and milled.

In its native form, gellan gum is linear; it is composed of (-D-
glucopyranosyl, B-D-glucuronopyranosyl and L-rhamnopyranosyl units in molar

> Nutritional supplements designed to increase the total energy, protein and micronutrient delivery to
preterm infants [2].
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Specific food additives (other than flavouring agents)

Fig. 3
Chemical structure of gellan gum backbone
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ratios of 2:1:1 (Fig. 3). Native gellan gum also contains an acetyl and a glyceryl
group bound to the glucose adjacent to the glucuronic acid residues.

Different types of gellan gum were used in the toxicological studies
evaluated at the thirty-seventh meeting (Annex 1, reference 95) and in the new
studies available for the current meeting. The gellan gum used in the acute
toxicity studies [3, 4], the 13-week oral rat study [5] and the genotoxicity studies
by Robertson and coworkers [6-9] was the low-acyl form, with greater than 95%
polysaccharide content. The gellan gum samples used in the 52-week study in
dogs [10], the long-term studies in mice and rats [11, 12], the genotoxicity study
by Ivett [13], the special studies by Gordon [14, 15] and the studies in human
adults [16, 17] were a blend of five products containing 58.5% polysaccharide
(no further information available) with varying degrees of acylation. Low-acyl
clarified gellan gum was used in the study in neonatal pigs [18], the clinical trials
in infants [19-22] and the commercial products on which the post-marketing
surveillance data were available [23-25]. The specific purity of the batches used
was not provided. Based on the certificates of analyses of three representative
batches submitted, these products are expected to contain greater than 94%
polysaccharide. Characterization information on the gellan gum used in the
other studies described below was not available.

Biochemical aspects

At its thirty-seventh meeting (Annex 1, reference 95), the Committee concluded,
on the basis of rat studies with radiolabelled gellan gum, that gellan gum is poorly
absorbed and primarily excreted in the faeces following oral administration [26].

For the present meeting, data from short-term studies in rats and human
volunteer studies were submitted. A study in human volunteers provided no
evidence of gellan gum absorption [27]. No statistically significant increases in
short-chain fatty acid production were reported in animals or humans following
gellan gum exposure, suggesting limited microbial degradation of gellan gum in
the gastrointestinal tract. Increases were observed in faecal weights and water
content, indicating that gellan gum may be a faecal bulking agent [16, 27-30].
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In rats, reduced gastrointestinal transit times were reported after exposure to
gellan gum [29-31], whereas in a study in human volunteers, variable effects on
gastrointestinal transit times were observed [27].

Toxicological studies

At the thirty-seventh meeting (Annex 1, reference 95), the Committee noted that
gellan gum exhibited low acute oral toxicity, with an LD,  value greater than 5000
mg/kg bw in rats [4]. Gellan gum did not cause adverse effects in a 90-day study
in rats at doses up to 60 000 mg/kg feed (equivalent to 6000 mg/kg bw per day),
a 52-week study in dogs at doses up to 60 000 mg/kg feed (equivalent to 1500
mg/kg bw per day assuming dry laboratory chow diet) and a 28-day study in
prepubertal rhesus monkeys at doses up to 3000 mg/kg bw per day via gavage [5,
10, 32].

For the current meeting, an additional series of short-term studies in
rats was available, focusing mainly on the gastrointestinal system [28-31, 33]. In
all these studies, the animals were given gellan gum at a dietary concentration
equivalent to 5000 mg/kg bw per day for 4 weeks. In the study by Tetsuguchi et
al. [29], slight morphological changes in the intestinal mucosa were observed
microscopically. The variations in the gastrointestinal mucosa were considered
by the authors to be related to the gellan gum-induced increase in the viscosity
of the intestinal contents, rather than a direct effect of gellan gum, and were not
considered to be adverse, and the Committee agreed with this conclusion.

In summary, no adverse effects were reported in any of the short-term
studies.

Two additional studies were conducted to specifically assess the potential
effects of gellan gum on the gut epithelium and on mineral retention, respectively,
using dietary concentrations equivalent to up to 5000 mg/kg bw per day [14, 15].
No adverse effects on intestinal morphology were reported after exposure of rats
for 25 days [14]. Gellan gum did not affect growth or mineral retention after
exposure of rats for 8 weeks [15].

Both available long-term toxicity and carcinogenicity studies were
previously reviewed by the Committee at its thirty-seventh meeting (Annex 1,
reference 95). No treatment-related adverse effects or histopathological changes
were reported following administration of gellan gum at dietary concentrations
up to 30 000 mg/kg feed (equivalent to 4500 mg/kg bw per day) in mice for up to
98 weeks or 50 000 mg/kg feed (equivalent to 2500 mg/kg bw per day) in rats for
104 weeks [11, 12].

The Committee previously evaluated three in vitro genotoxicity studies
on gellan gum, including a bacterial reverse mutation assay, a DNA repair assay
(unscheduled DNA synthesis assay) and a gene mutation assay [6, 7, 9]. These
studies all showed no evidence of genotoxicity.
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Two additional genotoxicity studies were available for the present
evaluation. In an alkaline elution assay, gellan gum was found to react with
diaminobenzoic acid, forming a fluorescent product that interfered with DNA
measurements. The authors therefore concluded that the assay was not valid [8],
and the Committee agreed with this conclusion. Gellan gum gave negative results
in an in vivo micronucleus assay [13]. However, the Committee noted that this
result is not unexpected, given the poor absorption of gellan gum.

Considering the results of all available genotoxicity studies as well as
the chemical structure of gellan gum, the Committee concluded that there is no
concern for genotoxicity.

No adverse effects were reported in the reproductive and developmental
toxicity studies in rats that were evaluated at the previous meeting [34, 35].

For the current meeting, the results of the in utero phase [36] of
the long-term toxicity and carcinogenicity study in rats [12] were available.
Treatment of the animals with gellan gum started 63 days prior to mating and was
continued throughout mating, gestation and lactation. The NOAEL for parental,
reproductive and offspring toxicity was 50 000 mg/kg feed (equal to 3520 mg/kg
bw per day), the highest dose tested.

Special study in neonatal pigs

To assess the safety of gellan gum specifically as a component of infant formula, a
study in neonatal pigs was submitted [18]. These pigs were fed milk replacer with
gellan gum (low-acyl clarified product) at a concentration of 0, 41 or 205 mg/L
(equal to 0, 19 and 100 mg/kg bw per day for males and 0, 20 and 100 mg/kg bw
per day for females, respectively). The neonatal pigs were fed the gellan gum-
containing milk replacer during the first 3 weeks of life (starting 2 days after birth)
as the sole source of nutrition to model the 0- to 12-week period of development
in human infants in which infant formula or (fortified) human milk may be
provided as the sole source of nutrition. The aim of this study was to investigate
potential effects of gellan gum on growth and development, with emphasis on
the gastrointestinal tract and immune system. No gross or microscopic changes
were reported in the small or large intestine of the neonatal pigs. The incidence of
pelvic dilatation in the kidneys (hydronephrosis) was higher than the background
incidence in historical controls. However, as the severity was mild and there
were no microscopic correlates, the Committee considered these findings in the
kidney to be of no toxicological relevance. Histopathological examination of the
non-glandular stomach revealed variable acute inflammation, hyperkeratosis
and/or erosion in all groups of animals, including concurrent controls. The
author considered the non-glandular stomach lesions likely to be incidental, as
no dose-response relationship was observed and as the stomach lesions reported
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were recognized as common observations in pigs. The Committee agreed with
this conclusion.

The NOAEL for gellan gum was 205 mg/L (equal to 100 mg/kg bw per
day), the highest dose tested [18].

Observations in humans

Results from a previously evaluated, limited study on tolerance of gellan gum in
adult humans indicated that daily oral doses of up to 200 mg/kg bw administered
over a 23-day period did not elicit any adverse reaction, although faecal bulking
effects were observed in most subjects. In two males, an increase in the percentage
of eosinophils was observed, and the number of eosinophils in one of the subjects
was reported to fall outside the normal range [16, 27]. Therefore, a follow-up
study was performed to exclude possible sensitizing effects of gellan gum in 20
human volunteers, among whom were the two male volunteers who had elevated
eosinophils in the previous study [17, 37]. No allergic reactions were observed
among the subjects during or following gellan gum dietary supplementation, and
no changes were observed in haematological parameters. Based on the results, the
Committee concluded that there are no indications that gellan gum is sensitizing
(17, 37].

Four paediatric clinical studies were conducted in preterm infants
(gestational age <33 weeks, birth weight <2000 g) with human milk fortification
(HMEF) products containing gellan gum (low-acyl clarified form) for consumption
by preterm and/or very low birth weight infants [19-22]. The products evaluated
in these studies included powdered HMF products, acidified liquid HMF (AL-
HMF) products (sterilized by acidification) and non-acidified liquid HMF (NAL-
HMEF) products (sterilized by heat treatment). Gellan gum was an ingredient of
the NAL-HMF products. For the four studies taken together, 214 infants received
human milk with NAL-HMF products containing gellan gum, and 226 infants
received human milk with HMF products without gellan gum. The infants were
enterally fed with human milk fortified with HMF products for 29-40 days. The
gellan gum concentration in the fortified human milk was approximately 40
mg/L, and the dietary exposure ranged from approximately 3 to 6 mg/kg bw per
day. No adverse effects on growth, haematological or biochemical parameters or
clinical outcomes were reported with NAL-HMF products containing gellan gum
when compared with the other HMF products tested, except for an increase in
reticulocyte count in a pilot study by Kumar et al. [21]. The authors indicated that
this could possibly be explained by the ferrous sulfate that was given to the NAL-
HMEF group because of the lower iron content of NAL-HMF products compared
with AL-HMF products, but noted that this finding would need confirmation
in larger studies. The Committee noted that the HMF products tested differed
in several ways (protein content, protein type [hydrolysed vs intact], powder vs
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liquid, acidified vs non-acidified, different food additives), so these studies do not
provide information specifically about gellan gum. However, these studies did
show that the tested NAL-HMF products containing gellan gum were generally
well tolerated.

Post-marketing surveillance data over a 2.5-year period showed that the
use of gellan gum (low-acyl clarified form) was well tolerated when administered
to preterm infants through its use in an HMF product resulting in concentrations
in human milk of approximately 40 mg/L [23-25].

Assessment of dietary exposure

At the current meeting, the Committee estimated the dietary exposure to gellan
gum from its use in FSMPs and in concentrated liquid fortification products
for addition to human milk or infant formula, as proposed by the sponsor. The
requested maximum concentration of gellan gum in the fed products (FSMPs,
fortified human milk or fortified infant formula) is 50 mg/L. Dietary exposure
to gellan gum was assessed using consumption data for infant formula based on
enteral feeding volumes of preterm infants, WHO-recommended consumption
levels, consumption levels based on estimated energy requirements and actual
reported consumption levels.

Based on the different consumption levels, the dietary exposure to gellan
gum at the requested maximum concentration of 50 mg/L in fed products was
estimated to range from 3.0 to 13 mg/kg bw per day. The dietary exposure of 13
mg/kg bw per day was based on a high level of consumption of infant formula of
260 mL/kg bw per day as derived by the Scientific Committee of EFSA [38]. This
high consumption level also covers the potential high consumption of preterm
infants on formula feeding [38].

The Committee noted that no dietary exposure assessment was performed
for gellan gum for any food uses at the previous meeting (Annex 1, reference 95).

Evaluation

The Committee previously established an ADI “not specified” for gellan gum
(Annex 1, reference 95). The ADI “not specified” was based on the absence of
toxicity in animal studies, including long-term studies in mice and rats and a
52-week study in dogs in which animals were fed gellan gum at doses up to,
respectively, 4500 mg/kg bw per day, 2500 mg/kg bw per day and 1500 mg/kg bw
per day.

Several additional in vitro studies, animal studies and human data
related to the safety of gellan gum have become available since the Committee’s
last evaluation. Results confirm the absence of any adverse effects arising from
exposure to gellan gum. Therefore, the Committee retained the previously
established ADI “not specified” for gellan gum.
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ADIs established on the basis of the usually provided toxicology data
are not applicable to infants up to the age of 12 weeks. The previously evaluated
toxicity studies did not include direct oral administration to neonatal animals
and thus did not address safety for the young infant age group. At the present
meeting, a 21-day neonatal pig study using low-acyl clarified gellan gum, which
modelled the 0- to 12-week period of development in human infants, was
evaluated. The NOAEL was 100 mg/kg bw per day, the highest dose tested. Based
on this NOAEL and the high estimate of dietary exposure of infants to gellan
gum of 13 mg/kg bw per day (based on the requested maximum concentration
of gellan gum of 50 mg/L and the high level of consumption of infant formula of
260 mL/kg bw per day), an MOE of 7.7 was calculated.

To interpret an MOE related to exposure in infants, the Committee has
previously established several considerations that need to be addressed (Annex 1,
reference 220). If these considerations are met, MOEs in the region of 1-10 may
indicate low risk for the health of 0- to 12-week-old infants exposed to the food
additive through infant formula (Annex 1, reference 220). The considerations
relevant for the current evaluation of gellan gum for use in FSMPs and liquid
fortification products for addition to human milk or infant formula are as follows:

No adverse effects were observed in any of the studies available,
indicating that the toxicity of gellan gum is low.

The NOAEL was the highest dose tested in a study in neonatal pigs,
which are considered a relevant animal model for human infants.

Clinical studies in preterm infants support the tolerability of HMF
products containing gellan gum resulting in concentrations of gellan
gum in human milk up to approximately 40 mg/L.

Post-marketing surveillance data over a 2.5-year period showed
that the use of gellan gum was well tolerated when administered
to preterm infants through its use in an HMF product resulting in
concentrations in human milk of approximately 40 mg/L.

The dietary exposure estimate was based on the requested maximum
concentration of gellan gum of 50 mg/L.

A high level of consumption of infant formula (260 mL/kg bw per
day) was used to assess the dietary exposure.

Based on these considerations, the Committee concluded that the MOE
of 7.7 calculated for the use of gellan gum in FSMPs and liquid fortification
products for addition to human milk or infant formula at a maximum level of
50 mg/L in the fed product indicates low risk for the health of infants, including
preterm infants, and that its proposed use is therefore of no safety concern.
This conclusion applies only to the use of low-acyl clarified gellan gum. The
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Committee recognizes that there is variability in medical conditions among
infants requiring these products and that these infants would normally be under
medical supervision.

A consolidated toxicological and dietary exposure monograph was
prepared.

The Committee discussed the request to revise the limits on residual
ethanol. Based on the data submitted, the Committee concluded that the use of
ethanol in the manufacturing of gellan gum is not a safety concern when used
in accordance with good manufacturing practice. The specification for ethanol
was removed, and the existing specifications for gellan gum were revised. The
specifications were made tentative, pending submission of new methods for
characterizing the three forms of gellan gum in commerce by 2021.

A Chemical and Technical Assessment was prepared.

Recommendations

The specifications were made tentative, pending submission of new methods
for characterizing the three forms of gellan gum in commerce by 2021. Specific
information required is as follows:

A method to differentiate the three commercial forms of gellan gum
- i.e. high-acyl, low-acyl and low-acyl clarified.

A method to determine the degree of acylation.

Validation data for the above methods, including detailed description
of the sample preparation.

Data from five non-consecutive commercial batches of material using
the proposed validated methods for all three forms of gellan gum.
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3.1.5 Potassium polyaspartate
Explanation

Potassium polyaspartate (INS 456) is a food additive intended to be used as a
stabilizer to prevent tartrate crystal precipitation in wine at a proposed maximum
use level of 300 mg/L. Potassium polyaspartate is produced from L-aspartic acid
and potassium hydroxide.

Potassium polyaspartate has not previously been evaluated by the
Committee. L-Aspartic acid is a component of the sweetener aspartame, which
was evaluated by the Committee at its nineteenth, twentieth, twenty-first,
twenty-third, twenty-fourth, twenty-fifth and eighty-second (specifications only)
meetings (Annex 1, references 38, 41, 44, 50, 53, 56 and 230), and the use of
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L-aspartic acid as a flavouring agent was evaluated by the Committee at its sixty-
third meeting (Annex 1, reference 173). Potassium hydroxide is a food additive
(INS 525; CAS No. 1310-58-3) that was evaluated by the Committee at its ninth
meeting (Annex 1, reference 11).

Potassium polyaspartate was placed on the agenda of the present
meeting at the request of the Fiftieth Session of CCFA [1] for an assessment of its
safety, dietary exposure and specifications. The sponsor submitted unpublished
toxicological studies and published papers. Two additional relevant publications
were identified in a literature search. The Committee also considered the
components of potassium polyaspartate using previous JECFA evaluations and
other reviews. The sponsor provided details of typical and maximum use levels
in wine and a dietary exposure assessment for Europe. Published estimates of
dietary exposure noted by the sponsor were also reviewed. A literature search did
not identify any additional estimates of dietary exposure.

Chemical and technical considerations

Potassium polyaspartate is produced from L-aspartic acid in a two-step process.
During the first step, heating of solid L-aspartic acid leads to solid-phase
polycondensation and production of polysuccinimide. Racemization occurs
during this step [2], leading to the occurrence of both D- and L-aspartic acid in
the final product. The water-insoluble polysuccinimide obtained is subsequently
treated with aqueous potassium hydroxide under controlled conditions, which
leads to hydrolysis, opening of the succinimide rings and production of the water-
soluble potassium salt. The product contains approximately 70% p-peptide bonds
and 30% a-peptide bonds. The final spray-dried potassium polyaspartate is a low-
molecular-weight, polydisperse polymer with a weight-average molecular weight
of approximately 5000 Da and a number-average molecular weight of about 1000
Da. Up to 20% has a molecular weight of less than 1000 Da.

Biochemical aspects

There are no in vivo data on the absorption of potassium polyaspartate.

In vitro data on Caco-2 monolayers that were used to simulate
gastrointestinal absorption [3, 4] suggest that the systemic bioavailability of
potassium polyaspartate is low. Other in vitro data obtained with pepsin and
pancreatin to simulate gastrointestinal digestion [3] suggest that potassium
polyaspartate would not be cleaved in the stomach and the intestine. However,
potassium polyaspartate could be digested by microbiota occurring in the human
intestine. The Committee noted the absence of information on the extent of
fermentation of polyaspartate.
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Toxicological studies

No information on the acute toxicity of potassium polyaspartate was available.

A dose range-finding study in rats given potassium polyaspartate by
oral gavage at a dose of 0, 60, 125, 250, 500 or 1000 mg/kg bw per day for 14 days
showed no treatment-related adverse effects [5, 6].

In a 90-day toxicity study, rats were given potassium polyaspartate by
oral gavage at a dose of 0, 250, 500 or 1000 mg/kg bw per day. No treatment-
related adverse effects were observed. The NOAEL was 1000 mg/kg bw per day,
the highest dose tested [6, 7].

No long-term toxicity or carcinogenicity studies were available.

A bacterial reverse mutation assay and an in vitro micronucleus assay in
human lymphocytes gave negative results [6, 8, 9]. The Committee concluded that
there is no concern with respect to the genotoxicity of potassium polyaspartate.

No specific studies on reproductive and developmental toxicity,
neurotoxicity or immunotoxicity were available. However, the 90-day study
described above included additional parameters that provide information on
some of these end-points. No effects on the estrous cycle or on weights and
histopathology of testes, epididymides, seminal vesicles, uterus or ovaries were
observed. There were no signs of neurological dysfunction investigated using
a functional observational battery approach. No treatment-related effects
indicating an immunotoxic or immunomodulatory potential were observed. In
addition, histopathological investigations performed on thyroid and parathyroid
and blood concentrations of triiodothyronine (T,), thyroxine (T,) and thyroid
stimulating hormone (TSH) measured at termination of the treatment found no
treatment-related effects that indicated disturbance of thyroid function [6, 7].

Results from an in vitro study in which the human promyelocytic cell line
THP-1 was used as a surrogate for monocytes did not provide any indication of an
immune response as indicated by CD86 expression and interleukin 8 release [3].

Observations in humans

No information was available.

Studies on L- and D-aspartic acid and potassium

Because the aspartic acid incorporated in the polyaspartate backbone is in an L-
and D- configuration, the Committee considered L- and D-aspartic acid resulting
from possible breakdown of potassium polyaspartate, as well as potassium.

L-Aspartic acid

L-Aspartic acid is a non-essential amino acid that occurs in food. It is also a
component of the intense sweetener aspartame. Because L-aspartic acid results
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from the hydrolysis of aspartame, the toxicity of and dietary exposure to L-aspartic
acid were considered by the Committee in the course of its evaluations of the
use of aspartame. The Committee concluded that L-aspartic acid generated from
aspartame was not a safety concern at current dietary exposure to aspartame
(Annex 1, reference 54).

When the use of L-aspartic acid as a flavouring agent was evaluated by
the Committee at its sixty-third meeting, the Committee concluded that there
was no safety concern at current dietary exposures when used as a flavouring
agent (Annex 1, reference 174).

D-Aspartic acid

D-Aspartic acid is an endogenous amino acid that is involved in the development
of the nervous system, plays a role in the neuroendocrine system, including
hormone synthesis, has neuronal activities and is implicated in male fertility
[10-23]. D-Aspartic acid is present in the human brain and accumulates with age
in the central nervous system white matter, but not in grey matter [24, 25].

In a systematic review of 23 animal studies, three of which involved oral
exposure of rats, and four human studies, the authors concluded that exogenous
D-aspartic acid enhances testosterone levels in male animals at oral doses
equivalent to around 130 mg/kg bw per day, whereas studies in humans, in which
daily doses ranging from 36 to 70 mg/kg bw per day were consumed as dietary
supplements, yielded inconsistent results. The authors noted that the inconsistent
results obtained in these human trials could be due to limitations of the study
designs, such as short-term supplement duration (12-28 days) and small sample
sizes (N = 10-23 in the supplemented groups) [26]. The Committee agreed with
this conclusion and noted that no NOAELs could be identified from the oral rat
studies, as only single doses were tested.

There is experimental evidence for an L-isomer-selective transport of
aspartic acid at the blood-brain barrier in the rat, whereby L-aspartic acid, but
not D-aspartic acid, undergoes efflux transport from the brain to the blood;
in contrast, the uptake of aspartic acid in brain parenchymal cells is not
stereospecific [27, 28]. However, the Committee noted that administration of
D-aspartic acid to rats in drinking-water at a dose of 50 mg/kg bw per day for
28 days increased its levels in both liver and blood serum about 5-fold and in
kidney homogenates 8-fold, but did not increase the D-aspartate level in brain
homogenates [29]. The Committee also noted that while the study did not meet
current standards applicable for repeated-dose 28-day oral toxicity studies in
rats (OECD Test Guideline 407), no signs of general toxicity were detected,
and histopathological evaluation of renal and hepatic tissues did not reveal any
treatment-related pathological alterations.
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The Committee further noted that free D-aspartic acid can be metabolized
by D-amino acid oxidase, which is expressed in brain, spinal cord, liver, renal
proximal tubule cells and the proximal and middle small intestine of mice and
humans [30].

There are no longer-term (>1 month) oral toxicity studies on D-aspartic
acid and no toxicity studies on racemic mixtures of D- and L-aspartic acid.

Potassium

Potassium was evaluated by the Committee in the course of the evaluation of
potassium hydroxide as a food additive at its ninth meeting (Annex 1, reference
11). The result of the evaluation was an ADI “not limited™ for potassium
hydroxide.

Serum levels of potassium usually rise only moderately in response to
potassium intake, even in the case of a short-term (2-24 weeks) high potassium
intake of 1755 mg/day, which resulted in an increase in potassium serum levels
by only 0.17 mmol/L (6.6 mg/L) [31].

Assessment of dietary exposure

A dietary exposure assessment for potassium polyaspartate was undertaken for
the first time by the present Committee. The assessment was based on typical use
levels in wine of 100-200 mg/L and a maximum proposed use level of 300 mg/L.

Estimated dietary exposures reviewed were those submitted by the
sponsor based on EFSA’s FAIM, an EFSA assessment based on the Comprehensive
European Food Consumption Database [32] and national dietary survey data
for Australia and New Zealand [33]. The Committee also calculated national
estimates of dietary exposure based on food consumption data in CIFOCOss for
Brazil, China and the USA.

A summary of the national dietary exposure estimates is shown in Table 3.

The estimates of dietary exposure to potassium polyaspartate based on
the maximum use level are overestimates; instead, the exposures based on typical
use levels provide better estimates of chronic dietary exposures. Mean estimates
of dietary exposure based on typical use levels are up to 0.7 mg/kg bw per day,
and high exposures are up to 1.6 mg/kg bw per day.

L-Aspartic acid used in the manufacture of potassium polyaspartate
also occurs naturally in food and can be consumed via dietary supplements and
food additives such as aspartame. The Committee estimated that the dietary
exposure for each of L- and D-aspartic acid is up to 0.8 mg/kg bw per day from
the typical use of potassium polyaspartate in wine. This represents 50% of the
total aspartic acid exposure (for both L- and D-aspartic acid) of 1.6 mg/kg bw per

6 Now called ADI"not specified”.
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Table 3
Range of estimated dietary exposures? to potassium polyaspartate at typical and maximum
food additive use levels

Estimated dietary exposure (mg/kg bw per day)

Typical use level: 100-200 mg/L Maximum use level: 300 mg/L
Population group Mean High? Mean High®
Children 0-0.06 0-0.14 0-0.09 0-0.22
Adults 0.01-0.68 0-1.52 0.02-1.02 0-2.28
General population 0.09-0.70 0.18-1.58 0.26-1.05 0.54-2.37

bw: body weight
? Includes estimates for Europe and national estimates submitted to and calculated by the Committee.
" High exposure is the 90th percentile for all estimates other than Europe, for which high exposure is the 95th percentile.

day due to racemization and assumes that potassium polyaspartate is completely
fermented in the colon and that the products of the fermentation are absorbed
and bioavailable.

Estimated dietary exposure to L-aspartic acid from the food additive
use is around 1% of a mean population dietary exposure of 108 mg/kg bw per
day (6.5 g/day) for total aspartic acid from the diet (natural and supplemental
sources) [34] and less than 1% of a high dietary exposure of 200 mg/kg bw per day
(12.0 g/day) for total aspartic acid. The Committee concluded that the amount of
additional L-aspartic acid in the diet from potassium polyaspartate is negligible
and would be within normal daily variation in dietary exposures.

Dietary exposures to D-aspartic acid from six foods known to contain
it (milk, cheese, yoghurt, beer, wine, juice) were estimated. Dietary exposures
from the individual foods ranged between 0.001 and 0.07 mg/kg bw per day.
The Committee was aware that this is an incomplete list of foods and also noted
that food processing (e.g. heat treatment of protein, fermentation) will result
in partial conversion of L-aspartic acid to D-aspartic acid for a range of other
foods. Therefore, total dietary exposure to D-aspartic acid would be higher than
estimated here.

The Committee considered the additional dietary exposure to potassium
in the diet from use of the food additive and estimated a dietary exposure to
potassium of about 45 mg/day for high consumers of wine. This is well below
usual dietary exposures of between 2000 and 3000 mg/day, and the Committee
concluded that the additional dietary exposure to potassium from use of the food
additive in wine would be within normal daily variation.

Evaluation

In vitro data suggest that the systemic bioavailability of potassium polyaspartate is
low and that it would not be cleaved in the stomach or the intestine. The NOAEL
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in a 90-day rat study on potassium polyaspartate was 1000 mg/kg bw per day, the
highest dose tested. There was no concern for genotoxicity.

Potassium has been evaluated by the Committee in the course of its
evaluation of potassium hydroxide (Annex I, reference 11), and the result of the
evaluation was an ADI “not limited”. Exposure to potassium that results from the
use of potassium polyaspartate in wine would be within normal daily variation of
background potassium exposure from the diet.

The Committee noted that no information on potential microbial
fermentation in the human colon is available, but should that occur, there would
be potential exposure to L- and D-aspartic acid. L-Aspartic acid is a normal
constituent of dietary protein, and systemic exposure to L-aspartic acid from
the diet is much higher than potential exposure from the use of potassium
polyaspartate in wine.

There are no relevant toxicological data on D-aspartic acid. In three
studies, rats exposed to around 130 mg/kg bw per day showed effects on sex
hormone levels. However, NOAELs have not been identified in these studies due
to the use of single doses. The Committee noted that there is an MOE of more
than 100-fold between the potential human exposure to D-aspartic acid of up to
0.8 mg/kg bw per day and the effect level of 130 mg/kg bw per day.

The estimated dietary exposure to D-aspartic acid from typical use of
potassium polyaspartate in wine (up to 0.8 mg/kg bw per day) would be expected
to be lower than the exposure from non-added sources in the diet. The Committee
noted that it had limited data on concentrations of D-aspartic acid in food, but
that food processing (e.g. heat treatment of protein, fermentation) will result in
partial conversion of L-aspartic acid to D-aspartic acid.

The Committee concluded that the use of potassium polyaspartate in
wine at the maximum proposed use level of 300 mg/L is not of safety concern.

A toxicological and dietary exposure monograph was prepared.

New specifications for potassium polyaspartate were prepared.

A Chemical and Technical Assessment was prepared.
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3.1.6 Rosemary extract
Explanation

Rosemary extract (INS 392) is an antioxidant food additive obtained from ground
dried leaves of Rosmarinus officinalis. The antioxidant properties of rosemary
extract are primarily attributed to its phenolic diterpene content - namely,
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carnosic acid and carnosol. Rosemary also contains several volatile components
that contribute to its characteristic flavour. The rosemary extract for use as an
antioxidant has a minimum ratio of total content of carnosic acid and carnosol to
total volatile components of 15:1.

The Committee previously evaluated rosemary extract atits eighty-second
meeting (Annex 1, reference 230). At that meeting, the Committee established a
temporary ADI of 0-0.3 mg/kg bw for rosemary extract, expressed as carnosic
acid plus carnosol. This ADI was based on a NOAEL of 64 mg/kg bw per day, the
highest dose tested in a short-term toxicity study in rats. An uncertainty factor
of 200 was used, which includes an uncertainty factor of 100 and an additional
uncertainty factor of 2 to account for the temporary designation of the ADI,
pending the submission of studies to elucidate the potential developmental and
reproductive toxicity of the rosemary extract under consideration. An additional
uncertainty factor to account for the lack of a chronic toxicity study was not
considered necessary, based on the absence of adverse effects in the short-term
toxicity studies at doses up to and including the highest dose tested. The temporary
ADI applies to the rosemary extract that met the specifications prepared at the
eighty-second meeting.

Rosemary extract was placed on the agenda of the present meeting at
the request of the Fiftieth Session of CCFA [1] for an assessment of its safety,
dietary exposure and specifications, including studies to elucidate its potential
developmental and reproductive toxicity, information to validate the method of
determination of residual solvents and data on typical use levels in food. A study
on the reproductive and developmental toxicity of an acetone-based rosemary
extract was submitted by the sponsors. In addition, a literature search identified
five relevant studies published after the eighty-second meeting of JECFA. The
Committee reviewed the data on typical use levels in food that were provided for
the present meeting. In addition, updated dietary exposure assessments based on
maximum permitted levels were available for review, as were assessments based
on typical use levels. A literature search was also undertaken; however, it did
not identify any further information on typical use levels or estimates of dietary
exposure to rosemary extract.

Chemical and technical considerations

No new manufacturing information was submitted. The Committee received
validation data and information on the method for determination of ethanol and
acetone used during the manufacturing of rosemary extract.

Biochemical aspects

In a pharmacokinetics study that investigated an ethanol-based extract of dried
leaves of rosemary [2], rats were administered rosemary extract at a dose of 240,
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820 or 2450 mg/kg bw by oral gavage. Plasma concentrations of carnosic acid
and carnosol were determined up to 24 hours after administration. The time at
which the maximum concentration (C,.,) was reached (T ) was approximately
0.5 hour. The C__ and area under the plasma concentration versus time curve
from time 0 to infinity (AUC,_ ) values showed reasonably good agreement,
with a proportional increase with dose. An apparent double-peak phenomenon
in the plasma concentration versus time curves, suggesting redistribution and
enterohepatic recirculation, was also observed [2]. The Committee noted
inconsistencies in C__and T values between this study and two previously
evaluated studies [3, 4].

A study by Seow & Lau [5] using a luciferase reporter gene assay with
human (hPXR), mouse (mPXR) and rat (rPXR) pregnane X receptors indicated
that carnosol is an activator of all three receptors, whereas carnosic acid is a potent
agonist of both hPXR and mPXR, but not rPXR. These new findings provide
insight on the molecular basis for the pregnane X receptor-mediated induction
of expression of phase 1 and phase 2 enzymes of xenobiotic metabolism and
membrane transport proteins.

An in vitro study by Ercan & El [6] showed that a rosemary water extract
with 18.7% carnosic acid was a potent inhibitor of pancreatic lipase.

Toxicological studies

A new OECD-compliant (Test Guideline 421) reproductive/developmental
toxicity screening study in rats using an acetone extract of rosemary with a high
content of carnosic acid was available [7]. Rats were administered rosemary
extract in the diet at initial concentrations of 0, 2100, 3600 and 5000 mg/kg feed,
which were later reduced in females from gestation day 20 to 0, 1050, 1800 and
2500 mg/kg feed (equal to 0, 130, 219 and 316 mg/kg bw per day for males and
0, 167, 276 and 401 mg/kg bw per day for females, respectively). No adverse
effects were observed in parental males or females or in reproductive parameters.
Gestation length, litter size and pup body weight on postnatal day 1 and pup
survival and body weight gain until postnatal day 13 (termination) were not
affected by treatment. A clear dose-related reduction in total-T, serum levels
in male and female pups was observed on postnatal day 13. Histopathological
examination of the thyroid gland (one male and one female pup per litter)
showed no abnormality [7]. The Committee noted the high variability in the
thyroid hormone measurements in the pups.

A NOAEL of 5000 mg/kg feed (equal to 316 mg/kg bw per day), the
highest dose tested, was identified for reproductive and parental toxicity. The
Committee noted that it was unclear whether the treatment-related effects
on thyroid hormone levels in pups were adverse, and therefore a NOAEL for
offspring toxicity could not be identified. The study also did not provide adequate
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evidence for the absence of developmental toxicity, given that no fetuses were
examined.

One toxicological study on carnosic acid was identified in the literature
search. Liu et al. [8] tested carnosic acid in an in vitro screening assay for
embryotoxic potential using mouse embryonic stem cells. The embryonic stem
cell test is an extensively used screening assay for developmental toxicity that has
been validated by the European Union Reference Laboratory for alternatives to
animal testing [9]. Studies on the predictivity of the embryonic stem cell assay
indicated a significant false-positive rate (approximately 40%), but a very low
false-negative rate (approximately 7%) [9]. According to the results from this in
vitro assay, carnosic acid is weakly embryotoxic [8].

Observations in humans

A small-scale clinical study (a randomized, double-blinded and placebo-
controlled study) investigated the memory-enhancing effects of a combined
ethanol extract of three plants, including Rosmarinus officinalis. No adverse
effects of the combined ethanol extract following administration for 14 days were
reported [10]. The Committee noted that this study does not contribute to the
evaluation.

Assessment of dietary exposure

The Committee first evaluated dietary exposure to rosemary extract (expressed
as carnosic acid plus carnosol) at its eighty-second meeting (Annex 1, reference
230). At that time, the estimates were based on maximum permitted and proposed
levels. The Committee at that meeting noted that the dietary exposure estimates
for high consumers of 0.09-0.81 mg/kg bw per day may exceed the upper bound
of the temporary ADI by up to 2.7-fold. Based on the conservative nature of the
dietary exposure assessments, the Committee requested that data on typical use
levels in foods be provided in order to refine the dietary exposure estimates.

At the current meeting, typical use levels of rosemary extract (expressed
as carnosic acid plus carnosol) from Europe [11], Australia and New Zealand
[12] were available to the Committee for review. Dietary exposure assessments
(expressed as carnosic acid plus carnosol) were also available based on typical use
levels. These included estimates for Europe based on typical use levels in Europe
[11], estimates for Australia and New Zealand based on typical use levels for
those countries [12] and an assessment for the USA (from the sponsors) based
on concentrations that were between the range of typical use and maximum
permitted levels from the European Union, Australia and New Zealand. Although
estimates of dietary exposure were also provided based on maximum permitted
levels, only estimates of dietary exposure based on typical use levels were used
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by the Committee in the evaluation. In addition, only non-brand-loyal results for
Europe were used for the purpose of the evaluation.

For children, mean estimates of dietary exposure ranged between <0.01
and 0.14 mg/kg bw per day; high-percentile exposures ranged between <0.01 and
0.30 mg/kg bw per day. For adults, mean estimates of dietary exposure ranged
between <0.01 and 0.05 mg/kg bw per day; high-percentile exposures ranged
between 0.01 and 0.12 mg/kg bw per day. Estimated dietary exposures based
on typical use levels were less than half those estimated by the Committee at
the eighty-second meeting, which were based on maximum permitted levels,
at the upper ends of the ranges of both mean and high-percentile exposures.
Depending on the country, the main contributors to dietary exposure were fine
bakery wares, soups and broths, sauces and toppings (including mayonnaise and
salad dressings) and processed meat products.

For the present meeting, estimates of dietary exposure from naturally
occurring sources were available for Europe (rosemary and other herbs) [11]
and Australia and New Zealand (rosemary only) [12]. Estimates included dietary
exposures from naturally occurring sources only and in combination with added
sources.

For naturally occurring sources only, estimated dietary exposures for
children ranged between 0.0 and 0.34 mg/kg bw per day for mean exposures
and between 0.0 and 1.66 mg/kg bw per day for high-percentile exposures.
Estimated dietary exposures for adults ranged between 0.0 and 0.18 mg/kg bw
per day for mean exposures and between 0.0 and 0.52 mg/kg bw per day for high-
percentile exposures. When dietary exposures from naturally occurring sources
are combined with dietary exposures from added sources at typical use levels, the
estimated mean and high-percentile dietary exposures were up to 0.42 mg/kg bw
per day for children and up to 0.16 mg/kg bw per day for adults (both estimates
from Europe; mean naturally occurring dietary exposure added to mean food
additive dietary exposure, eliminating the high dietary exposure of up to 0.52 mg/
kg bw per day). The contribution from naturally occurring sources was <1-4%
for Australia and New Zealand, based on the distribution of dietary exposures for
individuals, and 65-93% for Europe, based on summing mean dietary exposures
from added and natural sources.

Evaluation

The Committee concluded that the new studies provided evidence for the absence
of reproductive toxicity, but not for the absence of developmental toxicity.
The Committee retained the temporary ADI of 0-0.3 mg/kg bw, pending the
submission of studies on the developmental toxicity of rosemary extract and
studies to elucidate whether the effects noted on rodent pup thyroid hormone
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levels can be replicated. The temporary ADI will be withdrawn if the requested
studies are not submitted by the end of 2021.

Estimated mean and high-percentile dietary exposures to carnosic acid
plus carnosol from use of rosemary extract as a food additive for all countries
assessed based on typical use levels did not exceed the upper end of the temporary
ADI of 0-0.3 mg/kg bw. The Committee noted that when dietary exposures from
naturally occurring sources are combined with dietary exposures from added
sources at typical use levels, the estimated dietary exposures for children were up
to 0.42 mg/kg bw per day, which exceeds the ADI. The Committee noted that the
temporary ADI is based on the highest dose tested in a short-term toxicity study in
rats and that in the newly submitted reproductive/developmental toxicity screening
study, no effects on reproductive toxicity or on parental animals were observed at
316 mg/kg bw per day, the highest dose tested. Therefore, the Committee does not
consider the slight exceedance of the ADI to be a safety concern.

An addendum to the toxicological and dietary exposure monograph was
prepared.

The Committee removed the specification for ethanol. The specifications
monograph for rosemary extract was revised, and the tentative status was removed.

Recommendations

Studies on the developmental toxicity of rosemary extract and studies to elucidate
whether the effects noted on pup thyroid hormone levels can be replicated were
identified as research needs to complete the evaluation. The Committee requests
that this information be provided by the end of 2021.
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8. Liu H, Ren C, Liu W, Jiang X, Wang L, Zhu B et al. Embryotoxicity estimation of commonly used
compounds with embryonic stem cell test. Mol Med Rep. 2017;16(1):263—71.

9.  Paquette JA, Kumpf SW, Streck RD, Thomson JJ, Chapin RE, Stedman DB. Assessment of the embryonic
stem cell test and application and use in the pharmaceutical industry. Birth Defects Res B Dev Reprod
Toxicol. 2008;83(2):104—11.

10. Perry NSL, Menzies R, Hodgson F, Wedgewood P, Howes MR, Brooker HJ et al. A randomised double-
blind placebo-controlled pilot trial of a combined extract of sage, rosemary and melissa, traditional
herbal medicines, on the enhancement of memory in normal healthy subjects, including influence of
age. Phytomedicine. 2018;39:42-8.

11. European Food Safety Authority. Scientific opinion. Refined exposure assessment of extracts of
rosemary (E 392) from its use as food additive. EFSA J. 2018;16(8):5373.

12. Food Standards Australia New Zealand. Supporting document 1. Risk and technical assessment report
— Application A1158 (at approval). Rosemary extract as a food additive. FSANZ, Canberra, Australia;
2018.

3.2 Revision of specifications
3.2.1 Citric and fatty acid esters of glycerol

CITREM was on the agenda of the current meeting at the request of the eighty-
sixth meeting of JECFA to replace an obsolete packed column gas chromatographic
method for the determination of total citric acid content (Annex 1, reference
241). The Committee received a suitable validated replacement method, along
with performance characteristics of the method and data on the total citric acid
content in products currently available in commerce, determined using that
method. The Committee included the new method in the specifications and
deleted the previous method.

The Committee also considered the replacement of the method for
glycerol to avoid the use of chloroform. A new HPLC method for the analysis of
glycerol, supported by validation data, was provided and included in the revised
specifications. The limit for glycerol was maintained.

Data on the use of additional neutralizing salts in C'TREM manufacture
were received and added to the specifications.

The lead limit for use of CITREM in infant formula was corrected to 0.5
mg/kg according to the previous evaluation.
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The limit for sulfated ash was maintained for non-neutralized CITREM,
and new limits were set for partially neutralized and for wholly neutralized
CITREM.

Data on the sulfated ash levels and the content of minerals in neutralized
CITREM products were provided. The Committee noted that although different
neutralizing agents were used, this did not affect the current limit for sulfated ash.

The specifications were revised, and the tentative status was removed.
The Chemical and Technical Assessment was revised.

3.2.2 Metatartaric acid

Metatartaric acid was on the agenda of the current meeting at the request of
the Fiftieth Session of CCFA (7) to revise the specifications. The Committee,
at its current meeting, received information on optical rotation, infrared
identification, free tartaric acid content, degree of esterification and molecular
weight distribution together with the analytical methods. The Committee revised
the specifications for free tartaric acid, optical rotation, molecular weight and
molecular weight distribution and included a specification for polydispersity
index.

The specifications for metatartaric acid were revised, and the tentative
status was removed. The Chemical and Technical Assessment was revised.

3.23 Mannoproteins from yeast cell walls

Yeast extracts containing mannoproteins was on the agenda of the current
meeting at the request of the Fiftieth Session of CCFA (7) in order to complete
the specifications related to the identity and purity of the product of commerce.

Given the additional compositional information received, the Committee
revised the specifications monograph and noted that a change in the name of
the food additive to “Mannoproteins from yeast cell walls” was appropriate. The
Committee noted that all mannoproteins, regardless of the range of molecular
weights, were included in the same specifications monograph and therefore that
specifying a range of average molecular weight and a method for measuring it
was not essential. Data were also received on metallic impurities. The Committee
reviewed the information received and decided that only a limit for lead was
required.

The specifications were revised, and the tentative status was removed.
The Chemical and Technical Assessment was revised.
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4. Flavouring agents

4.1 Specifications of identity and purity of flavouring agents
4.1.1 Revised specifications

The Committee received information in support of revision of the full
specifications for nine flavouring agents that were on the agenda of the present
meeting (JECFA Nos 141, 345, 547, 889, 893, 967, 979, 1029 and 1236).

The Committee revised specifications for methyl propionate (No. 141)
and revised the specific gravity to 0.912-0.918 based on data from 20 lots of
commercial product.

For ethyl oleate (No. 345), the Committee revised the assay minimum
to not less than 75% ethyl oleate based on 29 lots of commercial product.
Specifications for the secondary components were also established: ethyl linoleate
(3.4-11.5%), ethyl palmitate (0.4-5.1%), ethyl stearate (0.5-2.5%), ethyl laurate
(1-2%) and other fatty acid ethyl esters. The secondary components were not
considered to pose a safety concern when No. 345 is used as a flavouring agent at
current levels of use, as noted in Annex 3.

The Committee revised specifications for alpha-methyl-beta-
hydroxypropyl alpha-methyl-beta-mercaptopropyl sulfide (No. 547) based on
data from flavouring agent currently in commerce and revised the refractive
index to 1.512-1.522, the specific gravity to 1.040-1.050 and the assay minimum
to 95%.

For vanillin (No. 889), the Committee reviewed data from 70 lots of
commercial product and revised the melting point to 81-84 °C.

For ethyl vanillin (No. 893), the Committee reviewed data from 45 lots of
commercial product and revised the melting point to 76-79 °C.

For 2,2,3-trimethylcyclopent-3-en-1-yl acetaldehyde (No. 967), the
Committee reviewed data from three lots of commercial product and revised
the assay minimum to 93%, with a secondary component of up to 2% of gamma-
campholenic aldehyde. The secondary component was not considered to pose a
safety concern when No. 967 is used as a flavouring agent at current levels of use,
as noted in Annex 3.

For alpha- and beta-cyclocitral (50:50 mixture) (No. 979), the Committee
revised the specifications to include the CAS numbers for alpha-cyclocitral (CAS
No. 432-24-6) and for the mixture of alpha- and beta-cyclocitral (CAS No. 52844-
21-0). The Flavis and Council of Europe numbers for alpha- and beta-cyclocitral
were also included. The refractive index range was revised to 1.4986-1.4991
based on information provided on the commercial product.

For sodium 2-(4-methoxyphenoxy)propanoate (No. 1029), the
Committee revised the CAS number (CAS No. 150436-68-3) and Flavis number
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(Flavis No. 08.127) to reflect the salt form. The melting point was revised to 184-
190 °C based on information provided on the commercial product. Identifiers
and synonyms associated with the free acid were removed.

Based on information provided on 60 lots of commercial product, the
Committee revised the specifications for 2,2,6-trimethyl-6-vinyltetrahydropyran
(No. 1236) by changing the minimum assay to 95%, the refractive index to 1.442—
1.452 and the specific gravity to 0.863-0.873.
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5. Future work and recommendations

Unsulfonated primary aromatic amines in food colours

The Committee requests analytical data on unsulfonated primary aromatic
amines in the following synthetic food colours - Allura Red AC, Amaranth,
Azorubine, Brilliant Black PN, Brilliant Blue FCF, Brown HT, Fast Green FCF,
Fast Red E, Green S, Indigotine, Lithol Rubine BK, Patent Blue V, Ponceau 4R,
Quinoline Yellow, Sunset Yellow FCF and Tartrazine - along with the analytical
methods used, in order to update specifications.

Black carrot extract

To proceed with the assessment of black carrot extract, at least a 90-day
toxicological study on a well-characterized extract representative of the material
of commerce would be required.

In addition, the specifications were made tentative pending the
submission of further information on the material of commerce, including a full
characterization of the proteins, carbohydrates, lipids, fibre, minerals and non-
anthocyanin polyphenol components in five lots each of the liquid and powder
forms of black carrot extract.

Carotenoids (provitamin A)

The Committee noted that the use levels of f-carotene and p-apo-8'-carotenal
provided by the sponsor were much lower than the corresponding maximum
permitted levels as specified in the Codex GSFA, and that the sponsor indicated
that the majority of the maximum permitted levels are not justifiable from a
technological point of view. Also, use levels were not provided for all authorized
food categories. The Committee recommended that the Codex Alimentarius
Commission should review current uses of P-carotene (synthetic P-carotene,
B-carotene from Blakeslea trispora and P-carotene-rich extract from Dunaliella
salina) and P-apo-8'-carotenal in the GSFA, including the maximum permitted
levels and the food categories in which these food additives may be used.

Gellan gum

The specifications were made tentative pending submission of new methods
for characterizing the three forms of gellan gum in commerce by 2021. Specific
information required is as follows:

A method to differentiate the three commercial forms of gellan gum
- i.e. high-acyl, low-acyl and low-acyl clarified.
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A method to determine the degree of acylation.
Validation data for the above methods, including detailed description
of the sample preparation.

Data from five non-consecutive commercial batches of material using
the proposed validated methods for all three forms of gellan gum.

Rosemary extract

Studies on the developmental toxicity of rosemary extract and studies to elucidate
whether the effects noted on pup thyroid hormone levels can be replicated were
identified as research needs to complete the evaluation. The Committee requests
that this information be provided by the end of 2021.
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Corrigenda

The following requests for corrections, reported to the JECFA secretariats, were
evaluated by the eighty-seventh JECFA meeting and found to be necessary.

The following corrections will be made only in the online database for

specifications:

Food additive Original text New text Additional information

Copper sulfate (INS 519) (CAS: 7758-98-7 CAS: 7758-99-8 Original CAS number is for
anhydrous form; however,
the specifications are for the
pentahydrate

Magnesium dihydrogen METHOD OF ASSAY METHOD OF ASSAY Original formula did not

diphosphate (INS 450(ix)) The determination of phosphorus  The determination of phosphorus  account for the presence of two

Basic methacrylate copolymer
(INS 1205)

Will also be applied to anionic
methacrylate copolymer (INS
1207) and neutral methacrylate
copolymer (INS 1206)

2-Acetyl-1-pyrroline (JECFA No.
1604)

contains the following formula
P 0,, %w/w = P% x 4.983

275
In section Definition:
“Basic methacrylate copolymer
is used as a coating and glazing
agent for food supplements
and foods for special medical
purposes.”

CAS: 99583-29-6

contains the following formula
P.0,, %w/w = P% X 2.2921

275
Sentence deleted.

CAS: 85213-22-5

phosphorus atoms per molecule

Deletion requested by CCFA517;
sentence provided only marginal
information

Correction to CAS number

The following name was missing from the List of participants in the
meeting report of the eighty-sixth meeting of JECFA (WHO Technical
Report Series, No. 1014, 2019):

Dr E. Dessipri, European Directorate for the Quality of Medicines & HealthCare,
Council of Europe, Strasbourg, France (Member)

The following participants were indicated as not attending the eighty-
sixth meeting, but actually participated in the meeting by video
conference:

7 http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?Ink=1&url=https%253A%252F%252F-
workspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-711-51%252FReport%252FREP19_

FAe.pdf
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Dr M. DiNovi, Office of Food Additive Safety, Center for Food Safety and Applied
Nutrition, United States Food and Drug Administration, College Park, Maryland,
USA (WHO Temporary Adviser)

Dr J.R. Srinivasan, Office of Food Additive Safety, Center for Food Safety and

Applied Nutrition, United States Food and Drug Administration, College Park,
Maryland, USA (FAO Expert)
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Annex 1

Reports and other documents resulting from previous meetings of
the Joint FAO/WHO Expert Committee on Food Additives

10.

1.

General principles governing the use of food additives (First report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 15, 1957; WHO Technical
Report Series, No. 129, 1957 (out of print).

Procedures for the testing of intentional food additives to establish their safety for use (Second report
of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report Series, No.
17, 1958; WHO Technical Report Series, No. 144, 1958 (out of print).

Specifications for identity and purity of food additives (antimicrobial preservatives and antioxidants)
(Third report of the Joint FAO/WHO Expert Committee on Food Additives). These specifications were
subsequently revised and published as Specifications for identity and purity of food additives, Vol. I.
Antimicrobial preservatives and antioxidants, Rome, Food and Agriculture Organization of the United
Nations, 1962 (out of print).

Specifications for identity and purity of food additives (food colours) (Fourth report of the Joint FAQ/
WHO Expert Committee on Food Additives). These specifications were subsequently revised and
published as Specifications for identity and purity of food additives, Vol. Il. Food colours, Rome, Food
and Agriculture Organization of the United Nations, 1963 (out of print).

Evaluation of the carcinogenic hazards of food additives (Fifth report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 29, 1961; WHO Technical
Report Series, No. 220, 1961 (out of print).

Evaluation of the toxicity of a number of antimicrobials and antioxidants (Sixth report of the Joint FAO/
WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 31, 1962; WHO
Technical Report Series, No. 228, 1962 (out of print).

Specifications for the identity and purity of food additives and their toxicological evaluation:
emulsifiers, stabilizers, bleaching and maturing agents (Seventh report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Series, No. 35, 1964; WHO Technical Report
Series, No. 281, 1964 (out of print).

Specifications for the identity and purity of food additives and their toxicological evaluation: food
colours and some antimicrobials and antioxidants (Eighth report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Series, No. 38, 1965; WHO Technical Report
Series, No. 309, 1965 (out of print).

Specifications for identity and purity and toxicological evaluation of some antimicrobials and
antioxidants. FAO Nutrition Meetings Report Series, No. 38A, 1965; WHO/Food Add/24.65 (out of print).

Specifications for identity and purity and toxicological evaluation of food colours. FAO Nutrition
Meetings Report Series, No. 38B, 1966; WHO/Food Add/66.25.

Specifications for the identity and purity of food additives and their toxicological evaluation: some
antimicrobials, antioxidants, emulsifiers, stabilizers, flour treatment agents, acids, and bases (Ninth
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No.
40, 1966; WHO Technical Report Series, No. 339, 1966 (out of print).

85



12. Toxicological evaluation of some antimicrobials, antioxidants, emulsifiers, stabilizers, flour treatment
agents, acids, and bases. FAO Nutrition Meetings Report Series, No. 40A, B, C; WHO/Food Add/67.29.

13. Specifications for the identity and purity of food additives and their toxicological evaluation: some
emulsifiers and stabilizers and certain other substances (Tenth report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Series, No. 43, 1967; WHO Technical Report
Series, No. 373, 1967.

14. Specifications for the identity and purity of food additives and their toxicological evaluation: some
flavouring substances and non-nutritive sweetening agents (Eleventh report of the Joint FAO/WHO
Expert Committee on Food Additives). FAO Nutrition Meetings Series, No. 44, 1968; WHO Technical
Report Series, No. 383, 1968.

15. Toxicological evaluation of some flavouring substances and non-nutritive sweetening agents. FAQ
Nutrition Meetings Report Series, No. 44A, 1968; WHO/Food Add/68.33.

16. Specifications and criteria for identity and purity of some flavouring substances and non-nutritive
sweetening agents. FAO Nutrition Meetings Report Series, No. 44B, 1969; WHO/Food Add/69.31.

17. Specifications for the identity and purity of food additives and their toxicological evaluation: some
antibiotics (Twelfth report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition
Meetings Series, No. 45, 1969; WHO Technical Report Series, No. 430, 1969.

18. Specifications for the identity and purity of some antibiotics. FAO Nutrition Meetings Series, No. 45A,
1969; WHO/Food Add/69.34.

19. Specifications for the identity and purity of food additives and their toxicological evaluation: some
food colours, emulsifiers, stabilizers, anticaking agents, and certain other substances (Thirteenth
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No.
46, 1970; WHO Technical Report Series, No. 445, 1970.

20. Toxicological evaluation of some food colours, emulsifiers, stabilizers, anticaking agents, and certain
other substances. FAQ Nutrition Meetings Report Series, No. 46A, 1970; WHO/Food Add/70.36.

21. Specifications for the identity and purity of some food colours, emulsifiers, stabilizers, anticaking
agents, and certain other food additives. FAO Nutrition Meetings Report Series, No. 46B, 1970; WHO/
Food Add/70.37.

22. Evaluation of food additives: specifications for the identity and purity of food additives and their
toxicological evaluation: some extraction solvents and certain other substances; and a review of the
technological efficacy of some antimicrobial agents (Fourteenth report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Series, No. 48, 1971; WHO Technical Report
Series, No. 462, 1971.

23. Toxicological evaluation of some extraction solvents and certain other substances. FAO Nutrition
Meetings Report Series, No. 48A, 1971; WHO/Food Add/70.39.

24. Specifications for the identity and purity of some extraction solvents and certain other substances. FAO
Nutrition Meetings Report Series, No. 48B, 1971; WHO/Food Add/70.40.

25. A review of the technological efficacy of some antimicrobial agents. FAO Nutrition Meetings Report
Series, No. 48C, 1971; WHO/Food Add/70.41.

26. Evaluation of food additives: some enzymes, modified starches, and certain other substances:
Toxicological evaluations and specifications and a review of the technological efficacy of some
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antioxidants (Fifteenth report of the Joint FAO/WHO Expert Committee on Food Additives). FAO
Nutrition Meetings Series, No. 50, 1972; WHO Technical Report Series, No. 488, 1972.

27. Toxicological evaluation of some enzymes, modified starches, and certain other substances. FAQ
Nutrition Meetings Report Series, No. 50A, 1972; WHO Food Additives Series, No. 1, 1972.

28. Specifications for the identity and purity of some enzymes and certain other substances. FAO Nutrition
Meetings Report Series, No. 50B, 1972; WHO Food Additives Series, No. 2, 1972.

29. A review of the technological efficacy of some antioxidants and synergists. FAO Nutrition Meetings
Report Series, No. 50C, 1972; WHO Food Additives Series, No. 3, 1972.

30. Evaluation of certain food additives and the contaminants mercury, lead, and cadmium (Sixteenth
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No.
51, 1972; WHO Technical Report Series, No. 505, 1972, and corrigendum.

31. Evaluation of mercury, lead, cadmium and the food additives amaranth, diethylpyrocarbamate, and
octyl gallate. FAO Nutrition Meetings Report Series, No. 51A, 1972; WHO Food Additives Series, No. 4,
1972.

32. Toxicological evaluation of certain food additives with a review of general principles and of
specifications (Seventeenth report of the Joint FAO/WHO Expert Committee on Food Additives). FAO
Nutrition Meetings Series, No. 53, 1974; WHO Technical Report Series, No. 539, 1974, and corrigendum
(out of print).

33. Toxicological evaluation of some food additives including anticaking agents, antimicrobials,
antioxidants, emulsifiers, and thickening agents. FAO Nutrition Meetings Report Series, No. 53A, 1974;
WHO Food Additives Series, No. 5, 1974.

34. Specifications for identity and purity of thickening agents, anticaking agents, antimicrobials,
antioxidants and emulsifiers. FAO Food and Nutrition Paper, No. 4, 1978.

35. Evaluation of certain food additives (Eighteenth report of the Joint FAO/WHO Expert Committee on
Food Additives). FAO Nutrition Meetings Series, No. 54, 1974; WHO Technical Report Series, No. 557,
1974, and corrigendum.

36. Toxicological evaluation of some food colours, enzymes, flavour enhancers, thickening agents, and
certain other food additives. FAO Nutrition Meetings Report Series, No. 54A, 1975; WHO Food Additives
Series, No. 6, 1975.

37. Specifications for the identity and purity of some food colours, enhancers, thickening agents, and
certain food additives. FAO Nutrition Meetings Report Series, No. 54B, 1975; WHO Food Additives
Series, No. 7, 1975.

38. Evaluation of certain food additives: some food colours, thickening agents, smoke condensates,
and certain other substances (Nineteenth report of the Joint FAO/WHO Expert Committee on Food
Additives). FAO Nutrition Meetings Series, No. 55, 1975; WHO Technical Report Series, No. 576, 1975.

39. Toxicological evaluation of some food colours, thickening agents, and certain other substances. FAQ
Nutrition Meetings Report Series, No. 55A, 1975; WHO Food Additives Series, No. 8, 1975.

40. Specifications for the identity and purity of certain food additives. FAO Nutrition Meetings Report
Series, No. 55B, 1976; WHO Food Additives Series, No. 9, 1976.
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41. Evaluation of certain food additives (Twentieth report of the Joint FAO/WHO Expert Committee on
Food Additives). FAO Food and Nutrition Meetings Series, No. 1, 1976; WHO Technical Report Series,
No. 599, 1976.

42. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 10, 1976.

43. Specifications for the identity and purity of some food additives. FAO Food and Nutrition Series, No. 1B,
1977; WHO Food Additives Series, No. 11, 1977.

44. Evaluation of certain food additives (Twenty-first report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 617, 1978.

45. Summary of toxicological data of certain food additives. WHO Food Additives Series, No. 12, 1977.

46. Specifications for identity and purity of some food additives, including antioxidants, food colours,
thickeners, and others. FAO Nutrition Meetings Report Series, No. 57, 1977.

47. Evaluation of certain food additives and contaminants (Twenty-second report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 631, 1978.

48. Summary of toxicological data of certain food additives and contaminants. WHO Food Additives Series,
No. 13, 1978.

49. Specifications for the identity and purity of certain food additives. FAO Food and Nutrition Paper, No.
7,1978.

50. Evaluation of certain food additives (Twenty-third report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 648, 1980, and corrigenda.

51. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 14, 1980.

52. Specifications for identity and purity of food colours, flavouring agents, and other food additives. FAO
Food and Nutrition Paper, No. 12, 1979.

53. Evaluation of certain food additives (Twenty-fourth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 653, 1980.

54. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 15, 1980.

55. Specifications for identity and purity of food additives (sweetening agents, emulsifying agents, and
other food additives). FAO Food and Nutrition Paper, No. 17, 1980.

56. Evaluation of certain food additives (Twenty-fifth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 669, 1981.

57. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 16, 1981.

58. Specifications for identity and purity of food additives (carrier solvents, emulsifiers and stabilizers,
enzyme preparations, flavouring agents, food colours, sweetening agents, and other food additives).
FAO Food and Nutrition Paper, No. 19, 1981.

59. Evaluation of certain food additives and contaminants (Twenty-sixth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 683, 1982.

60. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 17, 1982.

61. Specifications for the identity and purity of certain food additives. FAO Food and Nutrition Paper, No.
25,1982.
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62. Evaluation of certain food additives and contaminants (Twenty-seventh report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 696, 1983, and corrigenda.

63. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
18, 1983.

64. Specifications for the identity and purity of certain food additives. FAO Food and Nutrition Paper, No.
28,1983.

65. Guide to specifications — General notices, general methods, identification tests, test solutions, and
other reference materials. FAO Food and Nutrition Paper, No. 5, Rev. 1, 1983.

66. Evaluation of certain food additives and contaminants (Twenty-eighth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 710, 1984, and corrigendum.

67. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
19, 1984.

68. Specifications for the identity and purity of food colours. FAO Food and Nutrition Paper, No. 31/1, 1984.

69. Specifications for the identity and purity of food additives. FAO Food and Nutrition Paper, No. 31/2,
1984.

70. Evaluation of certain food additives and contaminants (Twenty-ninth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 733, 1986, and corrigendum.

71. Specifications for the identity and purity of certain food additives. FAO Food and Nutrition Paper, No.
34, 1986.

72. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
20. Cambridge University Press, 1987.

73. Evaluation of certain food additives and contaminants (Thirtieth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 751, 1987.

74. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
21. Cambridge University Press, 1987.

75. Specifications for the identity and purity of certain food additives. FAO Food and Nutrition Paper, No.
37, 1986.

76. Principles for the safety assessment of food additives and contaminants in food. WHO Environmental
Health Criteria, No. 70. Geneva, World Health Organization, 1987 (out of print). The full text is available
electronically at www.who.int/pcs.

77. Evaluation of certain food additives and contaminants (Thirty-first report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 759, 1987, and corrigendum.

78. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 22. Cambridge
University Press, 1988.

79. Specifications for the identity and purity of certain food additives. FAO Food and Nutrition Paper, No.
38,1988.

80. Evaluation of certain veterinary drug residues in food (Thirty-second report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 763, 1988.

89


http://www.who.int/pcs

81. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No. 23.
Cambridge University Press, 1988.

82. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41, 1988.

83. Evaluation of certain food additives and contaminants (Thirty-third report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 776, 1989.

84. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
24. Cambridge University Press, 1989.

85. Evaluation of certain veterinary drug residues in food (Thirty-fourth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 788, 1989.

86. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
25,1990.

87. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/2, 1990.

88. Evaluation of certain food additives and contaminants (Thirty-fifth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 789, 1990, and corrigenda.

89. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
26,1990.

90. Specifications for identity and purity of certain food additives. FAO Food and Nutrition Paper, No. 49,
1990.

91. Evaluation of certain veterinary drug residues in food (Thirty-sixth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 799, 1990.

92. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
27,1991.

93. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/3, 1991.

94. Evaluation of certain food additives and contaminants (Thirty-seventh report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 806, 1991, and corrigenda.

95. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
28,1991.

96. Compendium of food additive specifications (Joint FAO/WHO Expert Committee on Food Additives
(JECFA)). Combined specifications from 1st through the 37th meetings, 1956—1990. Rome, Food and
Agriculture Organization of the United Nations, 1992 (2 volumes).

97. Evaluation of certain veterinary drug residues in food (Thirty-eighth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 815, 1991.

98. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
29,1991.

99. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/4, 1991.

100. Guide to specifications — General notices, general analytical techniques, identification tests, test
solutions, and other reference materials. FAO Food and Nutrition Paper, No. 5, Rev. 2, 1991.

101. Evaluation of certain food additives and naturally occurring toxicants (Thirty-ninth report of the Joint
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 828, 1992.

90



102. Toxicological evaluation of certain food additives and naturally occurring toxicants. WHO Food
Additives Series, No. 30, 1993.

103. Compendium of food additive specifications: addendum 1. FAO Food and Nutrition Paper, No. 52, 1992.

104. Evaluation of certain veterinary drug residues in food (Fortieth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 832, 1993.

105. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
31,1993.

106. Residues of some veterinary drugs in animals and food. FAO Food and Nutrition Paper, No. 41/5, 1993.

107. Evaluation of certain food additives and contaminants (Forty-first report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 837, 1993.

108. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
32,1993.

109. Compendium of food additive specifications: addendum 2. FAO Food and Nutrition Paper, No. 52, Add.
2,1993.

110. Evaluation of certain veterinary drug residues in food (Forty-second report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 851, 1995.

111. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
33,1994.

112. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/6, 1994.

113. Evaluation of certain veterinary drug residues in food (Forty-third report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 855, 1995, and corrigendum.

114. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
34,1995.

115. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/7, 1995.

116. Evaluation of certain food additives and contaminants (Forty-fourth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 859, 1995.

117. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No.
35, 1996.

118. Compendium of food additive specifications: addendum 3. FAO Food and Nutrition Paper, No. 52, Add.
3,1995.

119. Evaluation of certain veterinary drug residues in food (Forty-fifth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 864, 1996.

120. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
36, 1996.

121. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/8, 1996.

122. Evaluation of certain food additives and contaminants (Forty-sixth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 868, 1997.

123. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 37, 1996.

91



124. Compendium of food additive specifications, addendum 4. FAO Food and Nutrition Paper, No. 52, Add.
4,1996.

125. Evaluation of certain veterinary drug residues in food (Forty-seventh report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 876, 1998.

126. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
38, 1996.

127. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/9, 1997.

128. Evaluation of certain veterinary drug residues in food (Forty-eighth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 879, 1998.

129. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
39, 1997.

130. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/10,
1998.

131. Evaluation of certain food additives and contaminants (Forty-ninth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 884, 1999.

132. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 40, 1998.

133. Compendium of food additive specifications: addendum 5. FAO Food and Nutrition Paper, No. 52, Add.
5,1997.

134. Evaluation of certain veterinary drug residues in food (Fiftieth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 888, 1999.

135. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
41,1998.

136. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/11,
1999.

137. Evaluation of certain food additives (Fifty-first report of the Joint FAO/WHO Expert Committee on Food
Additives). WHO Technical Report Series, No. 891, 2000.

138. Safety evaluation of certain food additives. WHO Food Additives Series, No. 42, 1999.

139. Compendium of food additive specifications, addendum 6. FAO Food and Nutrition Paper, No. 52, Add.
6,1998.

140. Evaluation of certain veterinary drug residues in food (Fifty-second report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 893, 2000.

141. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
43, 2000.

142. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/12,
2000.

143. Evaluation of certain food additives and contaminants (Fifty-third report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 896, 2000.

144. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 44, 2000.

92



145. Compendium of food additive specifications, addendum 7. FAO Food and Nutrition Paper, No. 52, Add.
7,1999.

146. Evaluation of certain veterinary drug residues in food (Fifty-fourth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 900, 2001.

147. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
45, 2000.

148. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/13,
2000.

149. Evaluation of certain food additives and contaminants (Fifty-fifth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 901, 2001.

150. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 46, 2001.

151. Compendium of food additive specifications: addendum 8. FAO Food and Nutrition Paper, No. 52, Add.
8, 2000.

152. Evaluation of certain mycotoxins in food (Fifty-sixth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 906, 2002.

153. Safety evaluation of certain mycotoxins in food. WHO Food Additives Series, No. 47/FAO Food and
Nutrition Paper, No. 74, 2001.

154. Evaluation of certain food additives and contaminants (Fifty-seventh report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 909, 2002.

155. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 48, 2002.

156. Compendium of food additive specifications: addendum 9. FAO Food and Nutrition Paper, No. 52, Add.
9,2001.

157. Evaluation of certain veterinary drug residues in food (Fifty-eighth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 911, 2002.

158. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
49, 2002.

159. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/14,
2002.

160. Evaluation of certain food additives and contaminants (Fifty-ninth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 913, 2002.

161. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 50, 2003.

162. Compendium of food additive specifications: addendum 10. FAO Food and Nutrition Paper, No. 52,
Add. 10, 2002.

163. Evaluation of certain veterinary drug residues in food (Sixtieth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 918, 2003.

164. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
51,2003.

165. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/15,
2003.

93



166. Evaluation of certain food additives and contaminants (Sixty-first report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 922, 2004.

167. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 52, 2004.

168. Compendium of food additive specifications: addendum 11. FAO Food and Nutrition Paper, No. 52,
Add. 11, 2003.

169. Evaluation of certain veterinary drug residues in food (Sixty-second report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 925, 2004.

170. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, No. 41/16,
2004.

171. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
53, 2005.

172. Compendium of food additive specifications: addendum 12. FAO Food and Nutrition Paper, No. 52,
Add. 12, 2004.

173. Evaluation of certain food additives (Sixty-third report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 928, 2005.

174. Safety evaluation of certain food additives. WHO Food Additives Series, No. 54, 2005.

175. Compendium of food additive specifications: addendum 13. FAO Food and Nutrition Paper, No. 52, Add.
13 (with Errata), 2005.

176. Evaluation of certain food contaminants (Sixty-fourth report of the Joint FAO/WHO Expert Committee
on Food Additives). WHO Technical Report Series, No. 930, 2005.

177. Safety evaluation of certain contaminants in food. WHO Food Additives Series, No. 55/FAO Food and
Nutrition Paper, No. 82, 2006.

178. Evaluation of certain food additives (Sixty-fifth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 934, 2006.

179. Safety evaluation of certain food additives. WHO Food Additives Series, No. 56, 2006.

180. Combined compendium of food additive specifications. FAO JECFA Monographs 1, Volumes 1—4, 2005,
2006.

181. Evaluation of certain veterinary drug residues in food (Sixty-sixth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 939, 2006.

182. Residue evaluation of certain veterinary drugs. FAO JECFA Monographs 2, 2006.

183. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
57,2006.

184. Evaluation of certain food additives and contaminants (Sixty-seventh report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 940, 2007.

185. Compendium of food additive specifications. FAO JECFA Monographs 3, 2006.

186. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 58, 2007.

187. Evaluation of certain food additives and contaminants (Sixty-eighth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 947, 2007.

94



188. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 59, 2008.
189. Compendium of food additive specifications. FAO JECFA Monographs 4, 2007.

190. Evaluation of certain food additives (Sixty-ninth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 952, 2009.

191. Safety evaluation of certain food additives. WHO Food Additives Series, No. 60, 2009.
192. Compendium of food additive specifications. FAO JECFA Monographs 5, 2009.

193. Evaluation of certain veterinary drug residues in food (Seventieth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 954, 2009.

194. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
61,2009.

195. Residue evaluation of certain veterinary drugs. FAO JECFA Monographs 6, 2009.

196. Evaluation of certain food additives (Seventy-first report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 956, 2010.

197. Safety evaluation of certain food additives. WHO Food Additives Series, No. 62, 2010.
198. Compendium of food additive specifications. FAO JECFA Monographs 7, 2009.

199. Evaluation of certain contaminants in food (Seventy-second report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 959, 2011.

200. Safety evaluation of certain contaminants in food. WHO Food Additives Series, No. 63/FAQ JECFA
Monographs 8, 2011.

201. Residue evaluation of certain veterinary drugs. FAO JECFA Monographs 9, 2010.

202. Evaluation of certain food additives and contaminants (Seventy-third report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 960, 2011.

203. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 64, 2011.
204. Compendium of food additive specifications. FAO JECFA Monographs 10, 2010.

205. Evaluation of certain food additives and contaminants (Seventy-fourth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 966, 2011.

206. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 65,2011.
207. Compendium of food additive specifications. FAQ JECFA Monographs 11, 2011.

208. Evaluation of certain veterinary drug residues in food (Seventy-fifth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 969, 2012.

209. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
66,2012.

210. Residue evaluation of certain veterinary drugs. FAO JECFA Monographs 12, 2012.

211. Evaluation of certain food additives (Seventy-sixth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 974, 2012.

212. Safety evaluation of certain food additives. WHO Food Additives Series, No. 67, 2012.

95



213. Compendium of food additive specifications. FAO JECFA Monographs 13, 2012.

214. Evaluation of certain food additives and contaminants (Seventy-seventh report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 983, 2013.

215. Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 68, 2013.
216. Compendium of food additive specifications. FAQ JECFA Monographs 14, 2013.

217. Evaluation of certain veterinary drug residues in food (Seventy-eighth report of the Joint FAO/WHO
Expert Committee on Food Additives). WHO Technical Report Series, No. 988, 2014.

218. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
69,2014,

219. Residue evaluation of certain veterinary drugs. FAO JECFA Monographs 15, 2014.

220. Evaluation of certain food additives (Seventy-ninth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 990, 2015.

221. Safety evaluation of certain food additives. WHO Food Additives Series, No. 70, 2015.
222. Compendium of food additive specifications. FAO JECFA Monographs 16, 2014.

223. Evaluation of certain food additives and contaminants (Eightieth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 995, 2016.

224, Safety evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 71, 2015.
225. Compendium of food additive specifications. FAO JECFA Monographs 17, 2015.

226. Evaluation of certain veterinary drug residues in food (Eighty-first report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 997, 2016.

227. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
72,2016.

228. Residue evaluation of certain veterinary drugs. FAO JECFA Monographs 18, 2016.

229. Safety evaluation of certain food additives and contaminants. Supplement 1: Non-dioxin-like
polychlorinated biphenyls. WHO Food Additives Series, No. 71-1, 2016.

230. Evaluation of certain food additives (Eighty-second report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 1000, 2016.

231. Compendium of food additive specifications. FAO JECFA Monographs 19, 2016.
232. Safety evaluation of certain food additives. WHO Food Additives Series, No. 73, 2017.

233. Evaluation of certain contaminantsin food (Eighty-third report of the Joint FAO/WHO Expert Committee
on Food Additives). WHO Technical Report Series, No. 1002, 2017.

234. Evaluation of certain food additives (Eighty-fourth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 1007, 2017.

235. Safety evaluation of certain contaminants in food. WHO Food Additives Series, No. 74, FAO JECFA
Monographs 19 bis, 2018.

236. Compendium of food additive specifications. FAO JECFA Monographs 20, 2017.

96



237. Safety evaluation of certain food additives. WHO Food Additives Series, No. 75, 2019.

238. Evaluation of certain veterinary drug residues in food (Eighty-fifth report of the Joint FAO/WHO Expert
Committee on Food Additives). WHO Technical Report Series, No. 1008, 2018.

239. Residue evaluation of certain veterinary drugs. FAO JECFA Monographs 21, 2018.

240. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives Series, No.
76,2019 (in press).

241. Evaluation of certain food additives (Eighty-sixth report of the Joint FAO/WHO Expert Committee on
Food Additives). WHO Technical Report Series, No. 1014, 2019.

242. Safety evaluation of certain food additives. WHO Food Additives Series, No. 77, 2020 (in press).
243. Compendium of food additive specifications. FAO JECFA Monographs 22, 2018.

97



98



Annex 2

Toxicological and dietary exposure information and information on

specifications

Food additives evaluated toxicologically and assessed for dietary exposure

Food additive

Specifications

Acceptable daily intakes (ADIs) and other toxicological and
dietary exposure conclusions

Black carrot extract

Brilliant Black PN

Carotenoids (provitamin A)

Ne, T

R

The Committee concluded that the effects observed with one
anthocyanin-containing test material cannot be extrapolated to another
anthocyanin-containing test material. This is because the test articles used
in metabolism and toxicity studies are very heterogeneous and often not
fully described and/or the anthocyanin content of the test material is too
low and variable.

Only one genotoxicity study was available for black carrot extract.
Owing to the lack of toxicological data on black carrot extract,
the Committee was not able to draw conclusions on its safety.
To proceed with its assessment, at least a 90-day toxicological study on
a well-characterized extract representative of the material of commerce
would be required.

The Committee concluded that the total mean dietary exposure to
anthocyanins from naturally occurring sources and added black carrot
extract ranges from 0.1 to 1.9 mg/kg body weight (bw) per day for adults
(18+ years) and from 0.1 to 5.3 mg/kg bw per day for children (<18
years). The Committee noted that the contribution of the use of the food
colour itself to the total mean dietary exposure to anthocyanins including
from naturally occurring sources is as high as 25%.

The Committee noted that the ADI for grape skin extract established
by the previous Committee in 1982 was not reconsidered as part of this
assessment and remains unchanged.

The Committee concluded that the newly available information does not
give reason to revise the previously established ADI of 0-1 mg/kg bw
based on a short-term toxicity study in pigs. The Committee therefore
retained the ADI for Brilliant Black PN.

The Committee noted that the range of estimated dietary exposures for
Brilliant Black PN was below the upper end of the ADI and concluded that
dietary exposure to Brilliant Black PN does not present a safety
concern.

The Committee reaffirmed the conclusion from the eighty-fourth meeting
that rats are not an appropriate model for deriving an ADI for B-carotene
due to the relatively low bioavailability of B-carotene in rats compared
with humans. Therefore, the Committee withdrew the two group
ADIs of 0-5 mg/kg bw for (1) the sum of the synthetic carotenoids
B-carotene, B-apo-8'-carotenal and B-apo-8'-carotenoic acid
methyl and ethyl esters and (2) synthetic p-carotene and
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(continued)

Acceptable daily intakes (ADIs) and other toxicological and
Food additive Specifications dietary exposure conclusions

B-carotene derived from Blakeslea trispora®, which were based on a
no-ohserved-adverse-effect level (NOAEL) from a rat study.

The Committee considered that no adverse health effects were observed
in the general population in large, well-conducted human intervention
studies in which healthy participants were administered 20-50 mg
B-carotene per day for up to 12 years, in addition to background exposure
from the diet.

An additional elevated risk of lung cancer and total mortality was seen

in heavy smokers (at least one pack per day) and asbestos workers in
intervention studies in which participants were administered 20 mg
B-carotene per day for 58 years or 30 mg -carotene per day and 25 000
IU vitamin A for 5 years. The Committee noted that a generally accepted
explanation for the cause of these effects has not been identified. The
Committee was unable to reach any conclusion about risk from
B-carotene exposure in heavy smokers.

For the remainder of the general population, the Committee
concluded that the estimated high exposure to p-carotene of

9 mg/day for a 30 kg child and 6 mg/day for a 60 kg adult from

its current uses as a food additive, in addition to background
exposure from the diet, would not be expected to be a safety
concern. This conclusion includes synthetic B-carotene, f-carotene
derived from B. trispora and B-carotene-rich extract from Dunaliella salina.

The Committee was unable to establish a group ADI for synthetic
B-carotene, B-carotene derived from B. trispora, B-carotene-rich
extract from D. salina, and -apo-8'-carotenoic acid methyl and
ethyl esters because a group ADI is applicable to the general population,
which includes heavy smokers. The Committee noted that it is very
unlikely that it will ever be possible to establish a group ADI because
further data from the population of heavy smokers cannot be gathered
ethically.

Because B-apo-8'-carotenoic acid methyl and ethyl esters were previously
evaluated on the basis of B-carotene and because no new data were
submitted, the Committee was unable to complete an evaluation
on B-apo-8'-carotenoic acid methyl and ethyl esters.

The present Committee established an ADI of 0-0.3 mg/kg bw for
B-apo-8'-carotenal on the basis of a NOAEL of 30 mg/kg bw per day in

a 13-week study in rats and application of an uncertainty factor of 100.
An additional uncertainty factor to take into account the short duration

of the study was not considered necessary because kidney and liver
effects observed in the 13-week study at 100 mg/kg bw per day were not
observed in a 2-year study at 40 mg/kg bw per day, the single dose tested.

Estimated dietary exposure to B-apo-8'-carotenal of 0.3 mg/kg bw per day
was at the upper end of the ADI established by the Committee (i.e. 0-0.3
mg/kg bw per day). The Committee noted that the estimated dietary
exposure is overestimated and concluded that the current use of B-apo-
8'-carotenal as a food additive will not pose a safety concern.
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Acceptable daily intakes (ADIs) and other toxicological and
Food additive Specifications dietary exposure conclusions

Gellan gum R Available studies confirm the absence of any adverse effects arising from
exposure to gellan gum. The Committee retained the previously
established ADI “not specified”" for gellan gum.

The Committee evaluated low-acyl clarified gellan gum for use in formulas
for special medical purposes for infants. Based on a NOAEL of 100 mg/kg
bw per day, the highest dose of low-acyl clarified gellan gum tested in a
21-day neonatal pig study, which modelled the 0- to 12-week period of
development in human infants, and the high estimate of dietary exposure
of infants to gellan gum of 13 mg/kg bw per day (based on the requested
maximum concentration of gellan gum of 50 mg/L and the high level of
consumption of infant formula of 260 mL/kg bw per day), a margin of
exposure of 7.7 was calculated.

The Committee concluded on the basis of several considerations (e.g.

the low toxicity of gellan gum, the NOAEL being the highest dose tested,
clinical studies in preterm infants and post-marketing surveillance data
showing that gellan gum is well tolerated) that the margin of exposure
of 7.7 calculated for the use of gellan gum in formulas for special medical
purposes for infants and liquid fortification products for addition to
human milk or infant formula at a maximum level of 50 mg/L in the fed
product indicates low risk for the health of infants, including preterm
infants, and that its proposed use is therefore of no safety concern.
This conclusion applies only to the use of low-acyl clarified gellan
gum. The Committee recognizes that there is variability in medical
conditions among infants requiring these products and that these infants
would normally be under medical supervision.

Potassium polyaspartate N In vitro data suggest that the systemic bioavailability of potassium
polyaspartate is low and that potassium polyaspartate would not be
cleaved in the stomach or the intestine. The NOAEL in a 90-day rat study
on potassium polyaspartate was 1000 mg/kg bw per day, the highest dose
tested. There was no concern for genotoxicity.

Potassium has been evaluated by the Committee in the course of its
previous evaluation of potassium hydroxide, and the result of the
evaluation was an ADI “not limited" Exposure to potassium that results
from the use of potassium polyaspartate in wine would be within normal
daily variation of background potassium exposure from the diet.

Should microbial fermentation in the human colon occur, there would be
potential exposure to L- and D-aspartic acid. L-Aspartic acid is a normal
constituent of dietary protein, and systemic exposure to L-aspartic acid
from the diet is much higher than potential exposure from the use of
potassium polyaspartate in wine.

There are no relevant toxicological data on D-aspartic acid. In three
studies, rats exposed to around 130 mg/kg bw per day showed effects on
sex hormone levels. However, NOAELs have not been identified in these
studies due to the use of single doses. The Committee noted that there is a
margin of exposure of more than 100-fold between the potential human
dietary exposure to D-aspartic acid of up to 0.8 mg/kg bw per day and the
effect level of 130 mg/kg bw per day.
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(continued)

Acceptable daily intakes (ADIs) and other toxicological and
Food additive Specifications dietary exposure conclusions

The estimated dietary exposure to D-aspartic acid from typical use of
potassium polyaspartate in wine (up to 0.8 mg/kg bw per day) would be
expected to be lower than the exposure from non-added sources in the
diet. The Committee noted that it had limited data on concentrations of
D-aspartic acid in food, but that food processing (e.g. heat treatment of
protein, fermentation) will result in partial conversion of L-aspartic acid
to D-aspartic acid.

The Committee concluded that the use of potassium
polyaspartate in wine at the maximum proposed use level of
300 mg/L is not of safety concern.

Rosemary extract R The Committee concluded that the new studies provided evidence for the
absence of reproductive toxicity, but not for the absence of developmental
toxicity. The Committee retained the temporary ADI of 0-0.3 mg/
kg bw, pending the submission of studies on the developmental
toxicity of rosemary extract and studies to elucidate whether
the effects noted on rodent pup thyroid hormone levels can be
replicated. The temporary ADI will be withdrawn if the requested studies
are not submitted by the end of 2021.

Estimated mean and high-percentile dietary exposures to carnosic acid
plus carnosol from use of rosemary extract as a food additive for all
countries assessed based on typical use levels did not exceed the upper
end of the temporary ADI (0-0.3 mg/kg bw per day). The Committee
noted that when dietary exposures from naturally occurring sources

are combined with dietary exposures from added sources at typical use
levels, the estimated dietary exposures for children were up to 0.42 mg/
kg bw per day, which exceeds the ADI. The Committee also noted that the
temporary ADI is based on the highest dose tested in a short-term toxicity
study in rats and that in the newly submitted reproductive/developmental
toxicity screening study, no effects on reproductive toxicity or on parental
animals were observed at 316 mg/kg bw per day, the highest dose

tested. Therefore, the Committee does not consider the slight
exceedance of the ADI to be a safety concern.

N: new specifications; R: existing specifications revised; T: tentative specifications

@ For the spray-dried powder form of black carrot extract.

b The specifications were made tentative pending further information on the material of commerce, including a full characterization of the proteins, carbohydrates,
lipids, fibre, minerals and non-anthocyanin polyphenol components in five lots each of the liquid and powder forms of black carrot extract.

¢ Analytical methods for determining subsidiary colouring matters and organic compounds other than colouring matters were replaced with more specific and sensi-
tive high-performance liquid chromatography methods. The existing titrimetric method for the assay of Brilliant Black PN was replaced with a visible spectrophoto-
metric method.

4The specifications for synthetic B-carotene, B-carotene from B. trispora and B-apo-8'-carotenal were revised to replace an identification test for carotenoids with
additional spectrophotometric requirements. Based on the arsenic levels from several batches of the product of commerce for -carotene-rich extract from D. salina,
the existing specifications for arsenic were revised from T mg/kg to 3 mg/kg.

¢ The Committee was aware that two group ADIs for carotenoids had been established at previous meetings and that synthetic B-carotene had been included in both
group ADIs. The Committee speculated that the Committee at the fifty-seventh meeting did not recognize that synthetic B-carotene was already part of a group ADI
and included it in a new group ADI.

f The Committee concluded that the use of ethanol in the manufacturing of gellan gum is not a safety concern when used according to good manufacturing practice.
The specification for ethanol was removed.

9 The specifications were made tentative, pending submission of new methods for characterizing the three forms of gellan gum in commerce by 2021.

" ADI“not specified”is used to refer to a food substance of very low toxicity that, on the basis of the available data (chemical, biochemical, toxicological and other) and
the total dietary exposure to the substance arising from its use at the levels necessary to achieve the desired effects and from its acceptable background levels in food,
does not, in the opinion of the Committee, represent a hazard to health. For that reason, and for the reasons stated in the individual evaluations, the establishment
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of an ADI expressed in numerical form is not deemed necessary. An additive meeting this criterion must be used within the bounds of good manufacturing practice
—i.e. it should be technologically efficacious and should be used at the lowest level necessary to achieve this effect; it should not conceal food of inferior quality or
adulterated food; and it should not create a nutritional imbalance.

i Now called an ADI “not specified” (see table note h).

J The Committee removed the specification for ethanol, and the tentative status of the specifications for rosemary extract was removed.

Food additives considered for specifications only

Food additive Specifications
Cassia gum T

Citric and fatty acid esters of glycerol (CITREM) R
Metatartaric acid Re
Mannoproteins from yeast cell walls R?
Steviol glycosides Seenotee

R: existing specifications revised; T: tentative specifications

? At the eighty-sixth meeting, the Committee updated the specifications for cassia gum by including the high-performance liquid chromatography method received
and removed their tentative status. Based on comments received about the method performance, the present Committee reviewed the method again and noted that
additional investigations were required. Therefore, the Committee decided to make the specifications tentative until ongoing investigations are completed.

® The Committee received a suitable validated replacement method for an obsolete packed column gas chromatographic method for the determination of total citric
acid content, along with performance characteristics of the method and data on the total citric acid content in products currently available in commerce, determined
using that method. The Committee included the new method in the specifications and deleted the previous method. A new high-performance liquid chromatography
method for the analysis of glycerol, supported by validation data, was provided and included in the revised specifications. The limit for glycerol was maintained. Data
on the use of additional neutralizing salts in CITREM manufacture were received and added to the specifications. The lead limit for use of CITREM in infant formula
was corrected to 0.5 mg/kg according to the previous evaluation. Data on the sulfated ash levels and the content of minerals in neutralized CITREM products were
provided. The limit for sulfated ash was maintained for non-neutralized CITREM, and new limits were set for partially neutralized and for wholly neutralized CITREM.
The tentative status of the specifications was removed.

¢ The Committee received information on optical rotation, infrared identification, free tartaric acid content, degree of esterification and molecular weight distribution,
together with the analytical methods. The Committee revised the specifications for free tartaric acid, optical rotation, molecular weight and molecular weight distri-
bution and included a specification for polydispersity index. The tentative status of the specifications for metatartaric acid was removed.

4 The Committee revised the specifications monograph and noted that a change in the name of the food additive from “Yeast extracts containing mannoproteins” to
“Mannoproteins from yeast cell walls” was appropriate. The Committee noted that all mannoproteins, regardless of the range of molecular weights, were included in
the same specifications monograph and therefore specifying a range of average molecular weight and a method for measuring it was not essential. Data were also
received for metallic impurities. The Committee reviewed the information received and decided that only a limit for lead was required. The tentative status of the
specifications was removed.

¢ A framework was adopted for developing specifications for steviol glycosides by four different methods of production. Specifications for steviol glycosides produced
by different production methods were included as annexes, as below:

« Annex 1: Steviol Glycosides from Stevia rebaudiana Bertoni (revised from the specifications monograph for Steviol glycosides from Stevia rebaudiana Bertoni
prepared at the eighty-fourth meeting of JECFA (INS 960a)).

- Annex 2: Steviol Glycosides from Fermentation (specifications for Rebaudioside A from multiple gene donors expressed in Yarrowia lipolytica (INS 960h(i)) prepared
at the eighty-second meeting of JECFA were revised to include other steviol glycosides from Saccharomyces cerevisiae and Yarrowia lipolytica).

« Annex 3: Enzyme Modified Steviol Glycosides (new specifications).

« Annex 4: Enzyme Modified Glucosylated Steviol Glycosides (new specifications, tentative pending further information concerning the analytical methods).

Flavouring agents considered for specifications only

Flavouring agent No. Specifications
Methyl propionate 141 R
Ethyl oleate 345 R®
alpha-Methyl-beta-hydroxypropyl alpha-methyl-beta-mercaptopropyl sulfide 547 R
Vanillin 889 R
Ethyl vanillin 893 R
2,2,3-Trimethylcyclopent-3-en-1-yl acetaldehyde 967 Rf
alpha- and beta-Cyclocitral (50:50 mixture) 979 R
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(continued)

Flavouring agent No. Specifications
Sodium 2-(4-methoxyphenoxy)propanoate 1029 R"
2,2,6-Trimethyl-6-vinyltetrahydropyran 1236 R

R: existing specifications revised

2 The Committee revised the specific gravity to 0.912-0.918.

b The Committee revised the assay minimum to not less than 75% ethyl oleate. Specifications for the secondary components were also established: ethyl linoleate
(3.4-11.5%), ethyl palmitate (0.4-5.1%), ethyl stearate (0.5-2.5%), ethyl laurate (1-2%) and other fatty acid ethyl esters.

¢ The Committee revised the refractive index to 1.512—1.522, the specific gravity to 1.040—1.050 and the assay minimum to 95%.

4The Committee revised the melting point to 81-84 °C.

¢ The Committee revised the melting point to 7679 °C.

" The Committee revised the assay minimum to 93%, with a secondary component of up to 2% of gamma-campholenic aldehyde.

9 The Committee revised the specifications to include the Chemical Abstracts Service (CAS) numbers for alpha-cyclocitral (CAS No. 432-24-6) and for the mixture of
alpha- and beta-cyclocitral (CAS No. 52844-21-0). The Flavis and Council of Europe (COE) numbers for alpha- and beta-cyclocitral were also included. The refractive
index range was revised to 1.4986-1.4991.

" The Committee revised the CAS number (150436-68-3) and Flavis number (08.127) to reflect the salt form. The melting point was revised to 184—190 °C. Identifiers
and synonyms associated with the free acid were removed.

' The Committee changed the minimum assay to 95%, the refractive index to 1.442—1.452 and the specific gravity to 0.863—0.873.
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Annex 3

Secondary components for flavouring agents with revised
specifications with minimum assay values of less than 95%

Minimum

JECFA assay Secondary Comments on secondary

No.  Flavouring agent value components components

345 Ethyloleate 75% Ethyl linoleate (3.4-11%), ethyl The impurities are fatty acids with similar
palmitate (0.4-5.1%), ethyl stearate structures. As such, there are no safety
(0.5-2.5%), ethyl laurate (1-2%) and concerns at current levels when occurring
other fatty acid ethyl esters as secondary components in JECFA No.

345 when used as a flavouring agent.
967 2,2,3-Trimethylcyclopent-3- 93% Gamma-campholenic aldehyde The impurity is a positional isomer of

en-1-yl acetaldehyde

(2,2 A-trimethyl-cyclopent-3-en-1-yl
acetaldehyde) (2%)

JECFA No. 967, with similar toxicity.

As such, there are no safety concerns
at current levels when occurring as a
secondary component in JECFA No. 967
when used as a flavouring agent.

105



106



Annex 4

Meeting agenda

() b (@) o st
United Nations &Y Organization

74
A

87" JOINT FAO/WHO EXPERT COMMITTEE ON FOOD ADDITIVES (JECFA)
FAO Headquarters, Rome, 4 - 13 June 2019

Opening:
Philippine Room (C277) 4 June at 9.30h

Draft Agenda

1. Opening

2. Declarations of Interests (information by the Secretariat on any declared interests
and discussion, update by experts)

3. Election of Chairperson and Vice-Chairperson, appointment of Rapporteurs
4. Adoption of Agenda

5. Matters of interest arising from previous Sessions of the Codex Committee on Food
Additives (CCFA)

6. Critical issues and questions from Working Papers (first brief round of discussion
on all subjects to inform the full committee)

7. Evaluations

Food Additives

7.1. Toxicological Evaluation, Exposure Assessment, and Establishment of
Specifications:

o Black carrot extract

e Brilliant Black PN (INS 151)

o  Carotenoids (INS 160x):
*  P-carotene

*  B-carotene from Blakeslea trispora
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*  B-apo-8'-carotenal

*  B-apo-8'-carotenoic acid methyl and ethyl esters
o Gellan gum (INS 418)
o Potassium polyaspartate
o Rosemary extract (INS 392)

7.2. Steviol glycosides - Establishment of a framework for safety assessment of
steviol glycosides produced by different technologies

7.3. Food additives for revision of specifications and analytical methods:

o B-Carotene-rich extract from Dunaliella salina

e Metatartaric acid (INS 353)

o Yeast extracts containing mannoproteins

o Steviol Glycosides (Rebaudioside M manufactured from two strains of yeast from the
Saccharomyces family)

o Steviol Glycosides (Rebaudioside A and M, respectively, from Multiple Gene Donors
Expressed in Yarrowia lipolytica) (INS 960)

o Steviol glycosides (Steviol Glycosides, Rebaudioside A, Rebaudioside D, Rebaudioside
M; Enzyme Modified Steviol Glycosides, Enzyme Modified Stevia Leaf Extract)

7.4. Establishment of specifications for certain flavouring agents
Vanillin (JECFA No. 889)

o  Ethyl vanillin (JECFA No. 893)

o Methyl propionate (JECFA No. 141)

o 2,6,6-Trimethyl-1&2-cyclohexen-1-carboxaldehyde (JECFA No. 979)

o Sodium 2-(4-methoxyphenoxy)propanoate (JECFA No. 1029)

o 2,2,3-Trimethylcyclopent-3-en-1-yl acetaldehyde (JECFA No. 967)

o  Ethyl oleate (JECFA No. 345)

o 2,2,6-Trimethyl-6-vinyltetrahydropyran (JECFA No. 1236)

o  alpha-Methyl-beta-hydroxypropyl alpha-methyl-beta-mercaptopropyl sulfide
(JECFA No. 547)

8.  Other matters to be considered (general considerations)
Update of EHC240:
For discussion
o Refinement of criteria for establishing group ADI and ADI not specified
o Proposal for updated guidance on evaluation of enzyme preparations
For consideration
o Proposal for updated guidance on evaluation of genotoxicity studies
o Update of Chapter 5 in EHC240 on dose-response modelling and application of the
benchmark-dose approach

9. Errata
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10. Other matters as may be brought forth by the Committee during discussions at the
meeting.

11. Adoption of the report.
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Evaluation of certain food additives

This report represents the conclusions of a Joint FAO/WHO Expert
Committee convened to evaluate the safety of various food additives and
to prepare specifications for the identity and purity of the food additives,
including flavouring agents.

The first part of the report contains a general discussion of the principles
governing the toxicological evaluation of and assessment of dietary
exposure to food additives. A summary follows of the Committee’s
evaluations of technical, toxicological and dietary exposure data for
six food additives or groups of food additives: black carrot extract;
Brilliant Black PN; carotenoids (provitamin A); gellan gum; potassium
polyaspartate; and rosemary extract.

Specifications for the following food additives were revised: citric and
fatty acid esters of glycerol (CITREM); metatartaric acid; mannoproteins
from yeast cell walls; and steviol glycosides. Specifications for cassia gum
were made tentative.

Specifications for eight flavouring/agents'were revised: methyl propionate;
ethyl oleate; alpha-methyl-beta-hydroxypropyl alpha-methyl-beta-
mercaptopropyl sulfide; vanillin; ethyl vanillin; 2,2,3-trimethylcyclopent-
3-en-1-yl acetaldehyde; alpha- and beta-cyclocitral” (50:50 mixture);
sodium 2-(4-methoxypheénoxy)propanoate; ~and ~ 2;2,6-trimethyl-6-
vinyltetrahydropyran.

Annexed to the report are tables summarizing the Committee’s
recommendations for dietary exposures to and toxicological evaluations
of all of the food additives considered at this meeting as well as the
specificationsdfor all-of the food additives, including flavouring agents,
considered‘at this meeting.
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further regulation to manage risks to
health

Evaluation statement

14 September 2021



Table of contents

Contents
AICIS evaluation statement ...........ooo i 3
Subject of the evaluation..............ooo e 3
Chemicals in this @Valuation.............ooiiiiiiii e 3
Reason for the evaluation ... 3
Parameters of @valuation ... 3
Summary of @Valuation .............oeiiiiii e 3
Summary of introduction, use and eNd USE.............uuiiiiiiie e 3
HUMAN NEAITN......ceee s 4
(070131 (1710 o = T O TSP PPRPPPR 4
Supporting INformMation ..o 6

Evaluation statement [EVA00044] 14 September 2021 Page 2



AICIS evaluation statement

Subject of the evaluation

Chemicals unlikely to require further regulation to manage risks to health.

Chemicals in this evaluation

See supporting information for the list of chemicals included in the evaluation.

Reason for the evaluation

An evaluation is required to provide information on risks to human health.

Parameters of evaluation

This evaluation provides information on chemicals identified during the Evaluation Selection
Analysis (ESA) process as unlikely to require further regulation to manage risks to health.
The ESA takes into account the intrinsic hazard of the chemical, the potential human
exposure and existing risk management measures.

Based on the use category, the ESA process first sought to validate the absence of the
following hazards:

e Site limited — neurotoxic, carcinogenic, mutagenic or a reproductive toxin.

o Commercial — as above, plus very high acute toxicity, high repeat dose toxicity, high
corrosivity and respiratory sensitisation.

e Domestic — as above plus moderate acute toxicity, moderate repeat dose toxicity,
skin sensitisation and moderate corrosivity.

e Cosmetic — any classifiable hazard, including harmful by acute exposure and irritating
to skin and eyes.

Where these hazards were identified, we considered whether the hazards would be present
under the likely conditions use, which were determined based on available information. For
example, where a chemical is irritating because of its extreme pH, and the formulated
product will be at a more neutral pH, the irritant property is not relevant to the product. This
evaluation statement provides key information used during the ESA process including the
highest use category and additional information on any factors that have contributed to the
risk conclusions.

During the ESA, we may also identify chemicals that are only used in laboratories in very
small quantities. No evaluation of the hazards were undertaken for these chemicals.

Summary of evaluation

Summary of introduction, use and end use

See supporting information for the highest use category identified for each chemical.
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The categories used by AICIS, in order of increasing exposure, are:

¢ Non-industrial excluded uses (only) — food, therapeutic, agricultural and veterinary.

e Site limited — only used in large chemical operations.

e Commercial — used by small factories, scattered through the community, industrial
cleaning etc. operations, and rare use by specialised hobbyist members of the public.

o Domestic — used in products generally available to the public, excluding cosmetics.

o Cosmetic — personal care products.

Human health

Summary of health risk
Public

Based on the available information, there are no identified risks to the public that require
further regulation to manage the risk to human health.

Although some of the chemicals with cosmetic and domestic uses may have potential health
hazards, the risks to the public are minimised by:

e the concentrations to which the public are exposed

e normal precautions being taken when using domestic products to avoid skin and eye
contact

e the systemic bioavailability of chemicals.

See supporting information for additional information on any factors that have contributed to
the risk conclusions. Any requirements under poisons legislation as adopted by the relevant
state or territory should be met to minimise risk.

Workers

Based on the available information, there are no identified risks to workers that require
further regulation to manage the risk to health.

Although chemicals in this evaluation may meet the criteria for classification according to the
Globally Harmonized System of Classification and Labelling of Chemicals (GHS) based on
the highest category of use identified (see supporting information), controls to manage the
risk to workers are expected to be in place.

All requirements under workplace health and safety as adopted by the relevant state or
territory should be met to minimise risk.

Conclusions

The conclusions of this evaluation are based on the information described in the statement.
Obligations to report additional information about hazards under Section 100 of the Industrial
Chemicals Act 2019 apply.

The Executive Director is satisfied that, based on the available information for these
chemicals, identified human health risks can be managed within existing risk management
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frameworks. This is provided that all requirements are met under environmental, workplace
health and safety and poisons legislation as adopted by the relevant state or territory.
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Supporting information

12013-33-1
12062-85-0
12612-43-0
1317-37-9
12789-64-9
3130-28-7
533-00-6
13812-81-2
32915-79-0
10326-27-9
10022-31-8
75-61-6
2551-62-4
122-39-4
10361-37-2
21028-48-8
11129-48-9
10233-13-3
110-34-9
110-36-1
111-06-8
111-61-5
112-10-7
124-06-1

Ferrate (Fe021-), calcium (2:1)

Ferrate (FeO21-), sodium

Iron sodium oxide

Iron sulfide (FeS)

Iron titanium oxide

Octanoic acid, iron(3+) salt

Benzoic acid, barium salt

Diphosphoric acid, strontium salt (1:2)
Carbonic acid, barium calcium strontium salt
Barium chloride (BaCl2), dihydrate

Nitric acid, barium salt

Methane, dibromodifluoro-

Sulfur fluoride (SF6)

Benzenamine, N-phenyl-

Barium chloride (BaCl2)

Phosphoric acid, magnesium strontium salt
Iron zinc oxide

Dodecanoic acid, 1-methylethyl ester
Hexadecanoic acid, 2-methylpropyl ester
Tetradecanoic acid, butyl ester
Hexadecanoic acid, butyl ester
Octadecanoic acid, ethyl ester
Octadecanoic acid, 1-methylethyl ester
Tetradecanoic acid, ethyl ester
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Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
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140-25-0

142-91-6

16958-85-3
18312-31-7
22766-83-2
25263-97-2
28267-32-5
29710-31-4
29710-34-7

31478-84-9

31565-38-5
34316-64-8
34364-24-4
37811-72-6
42131-27-1
41927-71-3
5454-19-3
5458-59-3
628-97-7
6309-51-9
63393-93-1
65155-45-5
66009-41-4
68411-27-8
68526-50-1
68956-59-2
71990-22-2
7779-70-6
7786-48-3

Dodecanoic acid, phenylmethyl ester
Hexadecanoic acid, 1-methylethyl ester
Hexadecanoic acid, octyl ester

Octanoic acid, octadecyl ester
Tetradecanoic acid, 2-octyldodecyl ester
Tetradecanoic acid, 2-methylpropyl ester
Nonanoic acid, 1-methylethyl ester
Octanoic acid, hexadecyl ester

Decanoic acid, hexadecyl ester
Heptadecanoic acid, 16-methyl-, 1-methylethyl
ester

Octadecanoic acid, isodecyl ester
Dodecanoic acid, hexyl ester
Isooctadecanol, benzoate

Dodecanoic acid, 2-methylpropyl ester
Isononanoic acid, isotridecyl ester
Tetradecanoic acid, decyl ester
Propanoic acid, decyl ester

Octanoic acid, 1-methylethyl ester
Hexadecanoic acid, ethyl ester
Dodecanoic acid, 3-methylbutyl ester
Fatty acids, lanolin, isopropyl esters
Propanoic acid, isononyl ester
Heptanoic acid, octadecyl ester

Benzoic acid, C12-15-alkyl esters

Fatty acids, tallow, isobutyl esters
Linseed oil, ethyl ester

Fatty acids, butter, ethyl esters
Nonanoic acid, 3-methylbutyl ester
Octanoic acid, nonyl ester
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Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic

Cosmetic

Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
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84878-33-1
85865-69-6
91051-05-7
95912-86-0
95912-88-2

107525-85-
9

142-60-9

637-78-5

819-97-6
543-94-2
299-29-6

6047-12-7

10421-48-4

7782-61-8

10045-86-0

93028-34-3
7278-04-8

93028-35-4
91771-75-4
68424-42-0
73138-49-5
97721-99-8
90388-12-8

Isononanoic acid, hexadecyl ester
Fatty acids, C16-18, isobutyl esters
Fatty acids, essential, ethyl esters
Fatty acids, C8-10, C12-18-alkyl esters
Fatty acids, C16-18, isotridecyl esters

Coco caprylate
Propanoic acid, octyl ester
Propanoic acid, 1-methylethyl ester

Butanoic acid, 1-methylpropyl ester
Acetic acid, strontium salt

Iron, bis(D-gluconato-01,02)-

Iron, bis(D-gluconato-01,02)-, dihydrate
Nitric acid, iron(3+) salt

Nitric acid, iron(3+) salt, nonahydrate

Phosphoric acid, iron(3+) salt (1:1)

Docosanoic acid, zinc salt, basic

Eicosanoic acid, zinc salt

Eicosanoic acid, zinc salt, basic

Fatty acids, castor oil, hydrogenated, zinc salts
Fatty acids, coco, zinc salts

Fatty acids, montan wakx, zinc salts

Fatty acids, sperm oil, hydrogenated, zinc salts
Hexadecanoic acid, zinc salt, basic
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Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic

Cosmetic

Cosmetic

Cosmetic

Cosmetic
Cosmetic

Cosmetic

Cosmetic

Cosmetic

Cosmetic

Cosmetic

Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic
Cosmetic

Data available on the function of the chemical indicate that it
may be used in cosmetics, but only at low concentrations.
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59963-29-0 Isooctadecanoic acid, zinc salt Cosmetic -
9-Octadecenoic acid, 12-hydroxy-, zinc salt

13040-19-2 (2:1), [R-(2)]- Cosmetic -
93028-47-8 F(BZ—)(])_c’tS:;ienom acid, 12-hydroxy-, zinc salt, [R- Cosmetic )
2452-01-9 Dodecanoic acid, zinc salt Cosmetic -
90366-58-8 Dodecanoic acid, zinc salt, basic Cosmetic -
4991-47-3 Hexadecanoic acid, zinc salt Cosmetic -
51731-04-5 Octadecanoic acid, zinc salt, basic Cosmetic -
16260-27-8 Tetradecanoic acid, zinc salt Cosmetic -
90583-69-0 Tetradecanoic acid, zinc salt, basic Cosmetic -
Quaternary ammonium compounds,
71011-26-2 benzyl(hydrogenated tallow alkyl)dimethyl, Cosmetic -

chlorides, compounds with hectorite

Quaternary ammonium compounds,
71011-27-3  bis(hydrogenated tallow alkyl)dimethyl, Cosmetic -
chlorides, compounds with hectorite
Quaternary ammonium compounds, di-C16-18-

94891-31-3 alkyldimethyl, salts with hectorite Cosmetic i
12173-47-6 Hectorite (clay mineral) Cosmetic -
30304-30-4 Isodecanoic acid, zinc salt Cosmetic -
93965-32-3 Isoundecanoic acid, zinc salt Cosmetic -
557-08-4 10-Undecenoic acid, zinc salt Cosmetic -
27253-29-8 Neodecanoic acid, zinc salt Cosmetic -
90342-29-3 Decanoic acid, zinc salt, basic Cosmetic -
84370-79-6 tert-Decanoic acid, zinc salt Cosmetic -
141-24-2 9-Octadecenoic acid, 12-hydroxy-, methyl ester, Cosmetic i
[R-(2)]-
67762-38-3 Fatty acids, C16-18 and C18-unsaturated, Cosmetic )
methyl esters
68990-52-3  Fatty acids, vegetable oil, methyl esters Cosmetic -
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638-59-5
141-23-1
544-35-4

624-41-9

629-70-9
929-77-1

1191-41-9
6221-95-0
22882-95-7

68082-78-0
65591-14-2
67784-80-9
112-66-3
111-62-6
112-11-8

112-17-4

140-04-5
142-77-8
143-13-5
5454-09-1
40379-24-6

55066-53-0
59231-34-4

1-Tetradecanol, acetate
Octadecanoic acid, 12-hydroxy-, methyl ester
9,12-Octadecadienoic acid, (Z,Z)-, ethyl ester

1-Butanol, 2-methyl-, acetate

1-Hexadecanol, acetate

Docosanoic acid, methyl ester
9,12,15-Octadecatrienoic acid, ethyl ester,
(z,2,2)-

1-Tetradecanol, propanoate
9,12-Octadecadienoic acid, (Z,Z)-, 1-methylethyl
ester

Oils, lard, methyl esters

1-Eicosanol, propanoate

Soybean oil, methyl esters

Acetic acid, dodecyl ester

9-Octadecenoic acid, ethyl ester, (2)-
9-Octadecenoic acid, 1-methylethyl ester, (Z)-

Acetic acid, decyl ester

9-Octadecenoic acid, 12-(acetyloxy)-, butyl
ester, [R-(2)]-
9-Octadecenoic acid, butyl ester, (Z)-

Acetic acid, nonyl ester
Butanoic acid, decyl ester
Acetic acid, isononyl ester

9-Octadecenoic acid, 12-hydroxy-, ethyl ester,
[R-(2)]-

9-Octadecenoic acid, isodecyl ester, (Z)-
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Data available on the function of the chemical indicate that it
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69103-23-7 Acetic acid, isotridecyl ester Cosmetic -
Data available on the function of the chemical indicate that it

69103-24-8 Acetic acid, isodecyl ester Cosmetic . . .

may be used in cosmetics, but only at low concentrations.
84929-62-4 Castor oil, acetylated Cosmetic -
108419-32- Data available on the function of the chemical indicate that it

Acetic acid, C7-9-branched alkyl esters, C8 rich Cosmetic . . .
5 may be used in cosmetics, but only at low concentrations.

108419-33- Acetic acid, C8-10-branched alkyl esters, C9 rich  Cosmetic Data available on the function of the chemical indicate that it

6 may be used in cosmetics, but only at low concentrations.
108419-35- Acetic acid, C11-14-branched alkyl esters, C13 .

3 rich Cosmetic -
;58567-66— :z;):)ranmc acid, 2,2-dimethyl-, 2-octyldodecyl Domestic i
88164-61-8 Hexanoic acid, 1-methylbutyl ester Domestic -
16260-26-7 Tetradecanoic acid, octyl ester Domestic -
2306-91-4  Decanoic acid, 3-methylbutyl ester Domestic -
2306-92-5 Decanoic acid, octyl ester Domestic -
2915-72-2 Benzoic acid, dodecyl ester Domestic -
30500-51-7 Octadecanoic acid, isononyl ester Domestic -
30673-38-2 Decanoic acid, 2-methylpropyl ester Domestic -
34689-06-0 Decanoic acid, octadecyl ester Domestic -
3460-37-5 Octadecanoic acid, hexyl ester Domestic -
40550-16-1 Octadecanoic acid, isooctyl ester Domestic -
42232-25-7 Hexadecanoic acid, hexyl ester Domestic -
5303-26-4 Nonanoic acid, octyl ester Domestic -
53184-67-1 Propanoic acid, nonyl ester Domestic -
5451-52-5 Formic acid, decyl ester Domestic -
55195-31-8 Octanoic acid, 2-methylbutyl ester, (S)- Domestic -
55195-33-0 Heptanoic acid, 2-methylbutyl ester, (S)- Domestic -
5933-87-9 Decanoic acid, pentyl ester Domestic -
60415-61-4 Butanoic acid, 1-methylbutyl ester Domestic -
61531-45-1 Nonanoic acid, pentyl ester Domestic -
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67121-39-5 Octanoic acid, 2-methylbutyl ester Domestic -

67785-17-5 Fatty acids, tall oil, isopropyl esters Domestic -
68201-33-2 Castor oil, butyl esters Domestic -
68333-78-8 Fatty acids, tall oil, isooctyl esters Domestic -
68911-27-3 Fatty acids, linseed oil, ethyl esters Domestic -
68937-83-7 Fatty acids, C6-10, methyl esters Domestic -
70750-32-2  Fatty acids, C14-18, isopropyl esters Domestic -
71720-31-5 Heptanoic acid, isononyl ester Domestic -
72812-41-0 Tetradecanoic acid, isooctyl ester Domestic -
7786-47-2 Butanoic acid, 3-methyl-, nonyl ester Domestic -
80640-85-3 Benzoic acid, isooctyl ester Domestic -
84878-34-2 Isononanoic acid, octadecyl ester Domestic -
85865-63-0 Fatty acids, C8-18 and C18-unsaturated, Domestic i
isobutyl esters
91031-57-1 Fatty acids, C16-18, isononyl esters Domestic -
91031-98-0 Fatty acids, C8-10, octyl esters Domestic -
91051-83-1 Fatty acids, tallow, ethyl esters Domestic -
92045-03-9 Fatty acids, rape oil, ethyl esters Domestic -
93894-42-9 Isooctanoic acid, isononyl ester Domestic -
93919-02-9 Heptadecanoic acid, 16-methyl-, hexadecyl Domestic i
ester
93981-83-0 Isotridecanol, propanoate Domestic -
95912-85-9 Fatty acids, C12-18 and C18-unsaturated, Domestic i
isobutyl esters
5461-02-9 Butanoic acid, undecyl ester Domestic -
28303-42-6  Formic acid, dodecyl ester Domestic -
36311-36-1 Formic acid, isodecyl ester Domestic -
91031-25-3  Fatty acids, C8-10, decyl esters Domestic -
73310-10-8 Eicosapentaenoic acid, ethyl ester Domestic -
85116-79-6 Fatty acids, C14-18 and C16-18-unsaturated, Domestic i

butyl esters
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85408-74-8
97281-22-6
107525-84-
8
7759-02-6
14534-87-3
12023-91-5
13014-44-3
557-07-3
90480-27-6
16529-65-0
68440-18-6
61790-11-2
68440-34-6
35674-68-1

68153-30-0

68153-34-4

68511-77-3

71011-25-1

89749-77-9

121888-68-
4

Fatty acids, C10-12-branched, hexyl esters
Fatty acids, C16-18, hexyl esters

Coco caprate

Sulfuric acid, strontium salt (1:1)

Benzoic acid, iron(3+) salt

Ferrate (Fe120192-), strontium (1:1)
9,12-Octadecadienoic acid, (Z,Z)-, zinc salt
9-Octadecenoic acid, zinc salt, (2)-
9-Octadecenoic acid, zinc salt, basic, (2)-
Docosanoic acid, zinc salt

Fatty acids, rape oil, zinc salts

Fatty acids, tall oil, zinc salts

Fatty acids, tallow, zinc salts

Octadecanoic acid, 12-hydroxy-, zinc salt (2:1)
Quaternary ammonium compounds,
benzylbis(hydrogenated tallow alkyl)methyl,
chlorides, compounds with bentonite
Quaternary ammonium compounds,
(hydrogenated tallow alkyl)trimethyl, chlorides,
compounds with bentonite

Hectorite, 2-amino-2-(hydroxymethyl)-1,3-
propanediol modified

Quaternary ammonium compounds,
benzyl(hydrogenated tallow alkyl)dimethyl,
bis(hydrogenated tallow
alkyl)dimethylammonium salt with bentonite
Bentone SD 1

Quaternary ammonium compounds,
benzyl(hydrogenated tallow alkyl)dimethyl,
stearates, salts with bentonite
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121888-67-
3

13040-17-0
84082-93-9
557-09-5
90480-58-3
1120-28-1
2462-84-2
23224-20-6
61788-60-1
67762-40-7
68201-34-3
68605-02-7
68605-14-1

68647-50-7
68918-97-8
68937-80-4

68937-81-5

85586-25-0
91051-06-8
91051-16-0
93572-08-8
95009-32-8
95009-33-9

102047-28-
9

Quaternary ammonium compounds,
benzylbis(hydrogenated tallow alkyl)methyl,
bis(hydrogenated tallow
alkyl)dimethylammonium salts with hectorite
Decanoic acid, zinc salt

Isooctanoic acid, zinc salt

Octanoic acid, zinc salt

Octanoic acid, zinc salt, basic

Eicosanoic acid, methyl ester

9-Octadecenoic acid, methyl ester
9-Octadecenoic acid, 12-hydroxy-, methyl ester
Fatty acids, cottonseed oil, methyl esters
Fatty acids, C10-16, methyl esters

Castor oil, methyl ester

Fatty acids, fish oil, methyl esters

Fatty acids, safflower oil, methyl esters

Fatty acids, C16 and C18-unsaturated, methyl
esters

Fatty acids, walnut oil, methyl esters

Fatty acids, C16-20 and C16-18-unsaturated,
methyl esters

Fatty acids, C18 and C18-unsaturated, methyl
esters

Fatty acids, rape oil, methyl esters

Fatty acids, essential, methyl esters

Fatty acids, linseed oil, methyl esters

Fatty acids, peanut oil, methyl esters

Fatty acids, Iris germanica, methyl esters
Fatty acids, Iris pallida, methyl esters

Fatty acids, C16-18 and C16-18-unsaturated,
methyl esters
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1731-81-3 1-Undecanol, acetate Domestic -

1731-92-6 Heptadecanoic acid, methyl ester Domestic -

2438-20-2 1-Butanol, 2-methyl-, propanoate Domestic -

5421-27-2 10-Undecenoic acid, 2-methylpropyl ester Domestic -

5459-98-3 10-Undecenoic acid, 1-methylethyl ester Domestic -

7493-76-7 10-Undecenoic acid, 2-propenyl ester Domestic -

31450-14-3 :SZ,’S)Z,Ilzz):Octadecatrlenmc acid, ethyl ester, Domestic )

68815-18-9 Tallow, hydrogenated, methyl esters Domestic -

68910-48-5 Tallow, methyl esters Domestic -

73891-99-3 Rape oil, methyl ester Domestic -

85711-95-1 10-Undecenoic acid, 3-hexenyl ester, (Z)- Domestic -

;08347_89_ 1-Dodecanol, 2-octyl-, benzoate Domestic -

111-59-1 9-Octadecenoic acid, propyl ester, (2)- Domestic -

151-13-3 9-Octadecenoic acid, 12-hydroxy-, butyl ester, Domestic i

[R-(2)]-

156-54-7 Butanoic acid, sodium salt Domestic -

26761-50-2 9-Octadecenoic acid, isooctyl ester, (Z)- Domestic -

68478-37-5 Acetic acid, octyl ester, branched Domestic -

84712-50-5 Acetic acid, C11-14-isoalkyl esters, C13 rich Domestic -

90438-79-2  Acetic acid, C6-8-branched alkyl esters Domestic -

108419-34- Acetic acid, C9-11-branched alkyl esters, C10 .

7 rich Domestic -
Data available to AICIS indicate that the chemical is only

12015-14-4 Ammonium chloride ((ND4)Cl) N/A introduced at small quantities for use by trained personnel for
research purposes in laboratories.

557.75.5 Ethenol Site-Limited This chemical is n(?t stable. Tautomerises to acetaldehyde
except at cryogenic temperatures.

7783-84-8 Phosphinic acid, iron(3+) salt Site-Limited -

543-80-6 Acetic acid, barium salt Site-Limited -
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7791-28-8 Barium bromide (BaBr2), dihydrate Site-Limited -

528-44-9 1,2,4-Benzenetricarboxylic acid Site-Limited -

The chemical is used in a closed process with minimal potential
for exposure. The controls in place due to the highly irritating
nature of the chemical will mitigate the risk of any potential
systemic effects.

1570-64-5 Phenol, 4-chloro-2-methyl- Site-Limited
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Sigma-Aldrich. www.sigmaaidrich.com

Version 6.4

Revision Date 26.04.2022

according to Regulation (EC) No. 1907/2006 Print Date 08.11.2022
GENERIC EU MSDS - NO COUNTRY SPECIFIC DATA - NO OEL DATA

SECTION 1: Identification of the substance/mixture and of the company/undertaking

1.1 Product identifiers

Product name : Ethy| oleate
Ethyl oleate
Product Number : 268011
Brand : Aldrich
REACH No. : A registration number is not available for this substance as the

substance or its uses are exempted from registration, the

annual tonnage does not require a registration or the

registration is envisaged for a later registration deadline.
CAS-No. : 111-62-6

1.2 Relevant identified uses of the substance or mixture and uses advised against
Identified uses . Laboratory chemicals, Manufacture of substances
1.3 Details of the supplier of the safety data sheet

Company :  Sigma-Aldrich Chemie GmbH
Industriestrasse 25
CH-9471 BUCHS

Telephone . +41 81 755 2511
Fax : +41 81 756 5449
E-mail address . technischerservice@merckgroup.com

1.4 Emergency telephone

Emergency Phone # : +41 43-508-2011 (CHEMTREC)
+41 44-251-5151 (Tox-Zentrum)
145(Tox Info Suisse)

SECTION 2: Hazards identification
2.1 Classification of the substance or mixture

Not a hazardous substance or mixture according to Regulation (EC) No 1272/2008.
2.2 Label elements

Not a hazardous substance or mixture.
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2.3 Other hazards
This substance/mixture contains no components considered to be either persistent,
bioaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at
levels of 0.1% or higher.

SECTION 3: Composition/information on ingredients

3.1 Substances

Synonyms : Oleic acid ethyl ester
Formula : CyoHz3802
Molecular weight : 310,51 g/mol
CAS-No. : 111-62-6

EC-No. : 203-889-5

No components need to be disclosed according to the applicable regulations.

SECTION 4: First aid measures
4.1 Description of first-aid measures

If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration.

In case of skin contact
Wash off with soap and plenty of water.

In case of eye contact
Flush eyes with water as a precaution.

If swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water.

4.2 Most important symptoms and effects, both acute and delayed

The most important known symptoms and effects are described in the labelling (see section

2.2) and/or in section 11

4.3 Indication of any immediate medical attention and special treatment needed
No data available

SECTION 5: Firefighting measures
5.1 Extinguishing media

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

5.2 Special hazards arising from the substance or mixture
Carbon oxides

5.3 Advice for firefighters
Wear self-contained breathing apparatus for firefighting if necessary.

5.4 Further information
No data available
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SECTION 6: Accidental release measures

6.1 Personal precautions, protective equipment and emergency procedures
Avoid breathing vapors, mist or gas.
For personal protection see section 8.

6.2 Environmental precautions
No special environmental precautions required.

6.3 Methods and materials for containment and cleaning up
Keep in suitable, closed containers for disposal.

6.4 Reference to other sections
For disposal see section 13.

SECTION 7: Handling and storage

7.1 Precautions for safe handling
For precautions see section 2.2.

7.2 Conditions for safe storage, including any incompatibilities

Storage conditions
Store in cool place. Keep container tightly closed in a dry and well-ventilated place.

Storage stability
Recommended storage temperature
-20 °C

Air and light sensitive.

Storage class
Storage class (TRGS 510): 12: Non Combustible Liquids

7.3 Specific end use(s)
Apart from the uses mentioned in section 1.2 no other specific uses are stipulated

SECTION 8: Exposure controls/personal protection
8.1 Control parameters

Ingredients with workplace control parameters
8.2 Exposure controls

Personal protective equipment

Eye/face protection
Use equipment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166(EU).

Skin protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove
removal technique (without touching glove's outer surface) to avoid skin contact
with this product. Dispose of contaminated gloves after use in accordance with
applicable laws and good laboratory practices. Wash and dry hands.

The selected protective gloves have to satisfy the specifications of Regulation (EU)
2016/425 and the standard EN 374 derived from it.

Full contact
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Material: Nitrile rubber

Minimum layer thickness: 0,4 mm

Break through time: 480 min

Material tested:Camatril® (KCL 730 / Aldrich Z677442, Size M)

Splash contact

Material: Nitrile rubber

Minimum layer thickness: 0,4 mm

Break through time: 480 min

Material tested:Camatril® (KCL 730 / Aldrich 2677442, Size M)

data source: KCL GmbH, D-36124 Eichenzell, phone +49 (0)6659 87300, e-mail
sales@kcl.de, test method: EN374

If used in solution, or mixed with other substances, and under conditions which
differ from EN 374, contact the supplier of the EC approved gloves. This
recommendation is advisory only and must be evaluated by an industrial hygienist
and safety officer familiar with the specific situation of anticipated use by our
customers. It should not be construed as offering an approval for any specific use
scenario.

Body Protection

Impervious clothing, The type of protective equipment must be selected according
to the concentration and amount of the dangerous substance at the specific
workplace.

Respiratory protection

Respiratory protection not required. For nuisance exposures use type OV/AG (US) or
type ABEK (EU EN 14387) respirator cartridges. Use respirators and components
tested and approved under appropriate government standards such as NIOSH (US)
or CEN (EU).

Control of environmental exposure
No special environmental precautions required.

SECTION 9: Physical and chemical properties
9.1 Information on basic physical and chemical properties

a) Physical state clear, liquid

b) Color yellow

c) Odor No data available

d) Melting Melting point/range: -32 °C - lit.

point/freezing point

e) Initial boiling point 216 - 218 °C at 20 hPa
and boiling range

f) Flammability (solid,  No data available
gas)

g) Upper/lower No data available

flammability or
explosive limits

h) Flash point > 113 °C - closed cup
i) Autoignition No data available
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temperature

j) Decomposition No data available
temperature
k) pH No data available
)  Viscosity Viscosity, kinematic: No data available

Viscosity, dynamic: No data available
m) Water solubility No data available

n) Partition coefficient: No data available
n-octanol/water

0) Vapor pressure No data available

p) Density 0,87 g/cm3 at 25 °C - lit.
Relative density No data available

q) Relative vapor No data available
density

r) Particle No data available

characteristics

s) Explosive properties No data available
t) Oxidizing properties No data available

9.2 Other safety information
No data available

SECTION 10: Stability and reactivity

10.1 Reactivity
No data available

10.2 Chemical stability
Stable under recommended storage conditions.

10.3 Possibility of hazardous reactions
No data available

10.4 Conditions to avoid
Air Light.

10.5 Incompatible materials
Strong oxidizing agents

10.6 Hazardous decomposition products
In the event of fire: see section 5

SECTION 11: Toxicological information
11.1 Information on toxicological effects

Acute toxicity
LD50 Oral - Rat - > 5.000 mg/kg
Inhalation: No data available

Aldrich- 268011
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LD50 Dermal - Rabbit - > 5.000 mg/kg

Skin corrosion/irritation
No data available

Serious eye damage/eye irritation
No data available

Respiratory or skin sensitization
No data available

Germ cell mutagenicity
No data available

Carcinogenicity
No data available

Reproductive toxicity
No data available

Specific target organ toxicity - single exposure
No data available

Specific target organ toxicity - repeated exposure
No data available

Aspiration hazard
No data available

11.2 Additional Information

RTECS: RG3715000
To the best of our knowledge, the chemical, physical, and toxicological properties have not
been thoroughly investigated.

SECTION 12: Ecological information

12.1 Toxicity
No data available

12.2 Persistence and degradability
No data available

12.3 Bioaccumulative potential
No data available

12.4 Mobility in soil
No data available

12.5 Results of PBT and vPvB assessment
This substance/mixture contains no components considered to be either persistent,
bioaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at
levels of 0.1% or higher.

12.6 Endocrine disrupting properties
No data available

12.7 Other adverse effects
No data available

Aldrich- 268011 Page 6 of 8

The life science business of Merck operates as MilliporeSigma in
the US and Canada



SECTION 13: Disposal considerations

13.1

Waste treatment methods

Product
Offer surplus and non-recyclable solutions to a licensed disposal company.

Contaminated packaging
Dispose of as unused product.

SECTION 14: Transport information

14.1

14.2

14.3

14.4

14.5

14.6

UN number
ADR/RID: - IMDG: - IATA: -

UN proper shipping name
ADR/RID: Not dangerous goods

IMDG: Not dangerous goods

IATA: Not dangerous goods

Transport hazard class(es)

ADR/RID: - IMDG: - IATA: -
Packaging group

ADR/RID: - IMDG: - IATA: -
Environmental hazards

ADR/RID: no IMDG Marine pollutant: no IATA: no
Special precautions for user

Further information
Not classified as dangerous in the meaning of transport regulations.

SECTION 15: Regulatory information

15.1

Safety, health and environmental regulations/legislation specific for the

substance or mixture

15.2

This material safety data sheet complies with the requirements of Regulation (EC) No.
1907/2006.

Chemical Safety Assessment
For this product a chemical safety assessment was not carried out

SECTION 16: Other information

Aldrich-

Further information

Copyright 2020 Sigma-Aldrich Co. LLC. License granted to make unlimited paper copies
for internal use only.

The above information is believed to be correct but does not purport to be all inclusive
and shall be used only as a guide. The information in this document is based on the
present state of our knowledge and is applicable to the product with regard to
appropriate safety precautions. It does not represent any guarantee of the properties of
the product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any
damage resulting from handling or from contact with the above product. See
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www.sigma-aldrich.com and/or the reverse side of invoice or packing slip for additional
terms and conditions of sale.

The branding on the header and/or footer of this document may temporarily not visually
match the product purchased as we transition our branding. However, all of the
information in the document regarding the product remains unchanged and matches the
product ordered. For further information please contact misbranding@sial.com.
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