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PREFACE

The monographs contained in this volume were prepared at the eighty-ninth meeting of 
the Joint Food and Agriculture Organization of the United Nations (FAO)/World Health 
Organization (WHO) Expert Committee on Food Additives (JECFA), which met virtually on 
2–11 June 2020. These monographs summarize the data on selected food additives and 
groups of flavouring agents reviewed by the Committee. 

The eighty-ninth report of JECFA has been published by WHO as WHO Technical 
Report No. 1027. Reports and other documents resulting from previous meetings of JECFA 
are listed in Annex 1, and the participants in the meeting are listed in Annex 3. A summary of 
the conclusions of the Committee with respect to the food additives discussed at the meeting 
is given in Annex 4. 

JECFA serves as a scientific advisory body to FAO, WHO, their Member States and the 
Codex Alimentarius Commission, primarily through the Codex Committee on Food Additives, 
the Codex Committee on Contaminants in Food and the Codex Committee on Residues of 
Veterinary Drugs in Foods, regarding the safety of food additives, residues of veterinary drugs, 
naturally occurring toxicants and contaminants in food. Committees accomplish this task by 
preparing reports of their meetings and publishing specifications or residue monographs 
and dietary exposure and toxicological monographs, such as those contained in this volume, 
on substances that they have considered. 

The monographs contained in this volume are based on working papers that were 
prepared by WHO and FAO experts. An acknowledgement is given at the beginning of each 
monograph to those who prepared the working papers. The monographs were edited by E. 
Heseltine, Saint Léon-sur-Vézère, France. 

The monographs are based on evaluations of original studies and the dossiers 
provided by the sponsor(s) of the compound, of the relevant published scientific literature 
and of data submitted by Codex members. When consistent with the data from the original 
study, the monographs may contain parts of the text and tables of the dossier submitted by 
the sponsor(s), but not the sponsor(s)’ conclusions. The monographs and their conclusions 
are based on independent reviews of the available data and do not constitute endorsement 
of the sponsor(s)’ position. 

Any comments or new information on the biological or toxicological properties of 
or dietary exposure to the compounds evaluated in this publication should be addressed to: 
WHO Joint Secretary of the Joint FAO/WHO Expert Committee on Food Additives, Department 
of Food Safety and Zoonoses, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, 
Switzerland (jecfa@who.int).
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1. Explanation
At the request of the CCFA at its Forty-ninth Session (1),1 the Committee evaluated 
the safety of adenosine 5′-monophosphate deaminase (AMP deaminase; Enzyme 
Commission No. 3.5.4.6) from Streptomyces murinus, which it had not previously 
considered. By promoting the conversion of AMP into inosine 5′-monophosphate, 

1 Amano Enzyme Inc. requested evaluation of this enzyme at the Forty-ninth Session of the Codex 
Committee on Food Additives (Macao SAR, China, 20–24 March 2017); however, it was included in the 
call for data for the 89th JECFA meeting by the Codex Committee at its Fifty-first session (2).
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the enzyme enhances flavour in foods. AMP deaminase enzyme preparation is 
intended for use in the processing of yeast and yeast-like products, as well as in 
the production of flavourings. 

In this report, the expression “AMP deaminase” refers to the enzyme 
and its amino acid sequence; the expression “AMP deaminase concentrate” 
refers to the enzyme concentrate used in the toxicity studies; and the expression 
“AMP deaminase preparation” refers to the enzyme preparation formulated for 
commercial use.

At the present meeting, the Committee considered the submitted data 
and conducted a literature search in Google Scholar with the linked search 
terms “adenosine 5´-monophosphate deaminase” and “Streptomyces murinus”, 
which resulted in 47 references; however, none was considered relevant for this 
toxicological evaluation.

1.1 Genetic background
S. murinus is an actinobacterium found in soil. Strains of S. murinus have been 
deposited in several public culture collections, including the American Type 
Culture Collection (3) and the German Collection of Microorganisms and Cell 
Cultures (4). Streptomyces species are generally not pathogenic, and there is no 
evidence or indication of pathogenicity of S. murinus (5). It is not included on 
the list of pathogens in Annex III of Directive 2000/54/EC on the protection of 
workers from risks related to exposure to biological agents at work or on the list 
of pathogens in Belgium (6, 7). No reports have been published of any potential 
toxigenicity of S. murinus for use in industrial production (8). 

Streptomyces species are recognized for use in food applications (9), 
including as a source organism in the production of glucose isomerase used in 
food processing (10–12). In Japan, S. murinus is permitted as a source of an AMP 
deaminase preparation intended for use as a food additive or processing aid. 

S. murinus AE-DNTS, the production strain, was obtained by chemical 
mutagenesis followed by selection of individual colonies of the parent strain, 
S. murinus (NBRC14802). The phylogenetic relation of the production strain 
was verified as S. murinus based on gyrB gene sequence analysis and BLAST 
homology searches.

1.2 Chemical and technical considerations 
AMP deaminase is manufactured by controlled aerobic batch fermentation of 
a pure culture of S. murinus AE-DNTS carrying the AMP deaminase gene. The 
enzyme is secreted into the culture medium and separated in a series of filtration 
steps. The liquid filtered enzyme is concentrated and purified and formulated 
as the commercial AMP deaminase preparation by the addition of dextrin. The 
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entire production of AMP deaminase is conducted in accordance with good 
manufacturing practice and the principles of hazard analysis and critical control 
points, with raw materials that are appropriate for food use. The AMP deaminase 
preparation is free of the production organism and of antibiotic activity and 
conforms to the General Specifications for Enzyme Preparations used in Food 
Processing (13). 

AMP deaminase catalyses the hydrolysis of AMP to inosine 
monophosphate, with the release of ammonia. AMP deaminase promotes the 
conversion of AMP (which lacks flavour) to inosine 5′-monophosphate (umami) 
in certain foods. AMP deaminase is intended for use in yeast processing for cereals 
and in the production of flavourings of vegetable, animal or microbiological 
origin. Foods containing flavourings may include soups, sauces, stocks, dressings, 
snack foods, meat-derived foods, bread, crackers and beverages. The AMP 
deaminase preparation is used at concentrations of 1–100 mg TOS per kilogram 
raw material. 

AMP deaminase activity is determined spectrophotometrically by treating 
AMP substrate with AMP deaminase and measuring the difference in absorbance 
at 265 nm after incubation for 15 min. AMP deaminase activity is expressed in 
deaminase activity units (U), and 1000 U is defined as the amount of the enzyme 
required to decrease the absorbance by 0.1 when measured at 265 nm for 60 min. 
The mean activity of AMP deaminase from three batches of concentrate provided 
was 144 000 000 U/g, and the percentage mean TOS was 7.0%. TOS include the 
enzyme of interest and residues of organic materials such as proteins, peptides and 
carbohydrates derived from the production organism during the manufacturing 
process. In order to obtain a commercial preparation, the AMP deaminase 
concentrate is formulated with food-grade dextrin. The activity of the commercial 
enzyme preparation is approximately 60 000 000 U/g or approximately 3.5% TOS. 
AMP deaminase is expected to be inactivated during processing.

2.  Biological data

2.1 Biotransformation
No information was available. 

2.2 Assessment of potential allergenicity 
AMP deaminase was assessed for allergenicity by bioinformatics consistent 
with the criteria recommended by FAO/WHO and others (14–16). The amino 
acid sequence of the enzyme (491 amino acids; about 60 kDa) was compared 
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with the sequence of known allergens present in the AllergenOnline (http://
www.allergenonline.org/databasefasta.shtml; version 19; accessed 10 February 
2019) and Allermatch (http://allermatch.org/; version 4 July 2019; accessed 20 
November 2019) databases. The two databases were searched for matches with 
> 35% identity in a sliding window of 80 amino acids and for sequence identity 
of eight contiguous amino acids. No matches were found. A full-length FASTA 
sequence search was conducted (with an E-value cut-off of 0.12), and no matches 
were found. This information indicates the enzyme is not anticipated to pose an 
allergenic risk. 

2.3 Toxicological studies
The toxicological studies described below were conducted with an AMP 
deaminase concentrate (batch no. AE-DNTS 61-002$; TOS, 13.8%). 

2.3.1 Acute toxicity
No information was available.

2.3.2 Short-term toxicity
A 13-week study of oral toxicity in rats was conducted according to guidelines of 
the Japanese Ministry of Health, Labour and Welfare (17–19) and in compliance 
with GLP. The study was based on the results of a 2-week dose range-finding 
study conducted in Sprague-Dawley SPF Crl:CD(SD) rats, 6 weeks old at the start 
of treatment (20). Groups of six animals of each sex received AMP deaminase 
concentrate mixed in water as a single gavage dose of 0, 500, 1000 or 2000 mg/kg 
bw per day, equal to 0, 69, 138 and 275 mg TOS/kg bw per day, respectively, for 
14 days. Clinical parameters were monitored three times daily, and body weights 
and food consumption were measured before treatment and on days 1, 4, 5, 10 
and 14 of treatment. Haematology and clinical chemistry were conducted at 
the end of treatment, and animals were necropsied. Macroscopic examination 
was performed and selected organs (adrenal glands, spleen, heart, lungs, liver, 
kidneys, testes and ovaries) from all animals were weighed. 

During treatment, one male rat at the high dose died about 1 h after 
administration of the test material on day 3. Necropsy indicated that the death 
was due to an error in administration. Increased white blood cell counts were 
observed in animals at the highest dose, which was statistically significant in 
males (P ≤ 0.05; Dunnett test) but not in females when compared with their 

2 Comparisons between highly homologous proteins yield expectation (E) values approaching zero, 
indicating a very low probability that such matches would occur by chance. A large E value indicates a 
lower degree of similarity. 

http://www.allergenonline.org/databasefasta.shtml
http://www.allergenonline.org/databasefasta.shtml
http://allermatch.org/
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respective control groups. The white blood cell counts were within the range of the 
laboratory historical control values and were considered not to be toxicologically 
significant (Table 1). No other significant differences were observed between 
treated and control animals. The results were used to assign dose groups in the 
main study.

In the main study, groups of 12 Sprague-Dawley SPF Crl:CD rats of each 
sex per group, 6 weeks old at the start of the study, received AMP deaminase 
concentrate by gavage in water at a dose of 0, 500, 1000 or 2000 mg/kg bw per 
day, equal to 0, 69, 138 and 275 TOS/kg bw per day, respectively, for 13 weeks 
(21). Animals received feed and water ad libitum and were monitored three 
times daily for signs of clinical toxicity. Body weights and food consumption 
were recorded three times during the first week and then twice weekly thereafter. 
Ophthalmological examination of six animals of each sex per group and urinalysis 
(including water consumption), haematology and clinical chemistry in all animals 
were conducted at the end of treatment, when all animals were necropsied. The 
organs weighed from all animals were brain, pituitary, thyroid, salivary gland, 
thymus, heart, lung, liver, spleen, kidney, adrenal, testes, prostate, seminal vesicle, 
ovary and uterus. Histopathology was performed on the cerebrum, cerebellum, 
spinal cord (thoracic part), sciatic nerve, eye, optic nerve, Harderian gland, 
pituitary, thyroid, parathyroid, adrenal, thymus, spleen, submandibular lymph 
node, mesenteric lymph node, heart, thoracic aorta, trachea, lung (including 
bronchus), tongue, oesophagus, stomach, duodenum, jejunum, ileum (including 
Peyer patches), caecum, colon, rectum, submandibular gland, sublingual gland, 
liver, pancreas, kidney, urinary bladder, testes, epididymis, prostate, seminal 
vesicle, ovary, uterus, oviduct, vagina, mammary gland (inguinal part), sternum 
(including bone marrow), femur (including bone marrow), femoral skeletal 
muscle, skin (inguinal part), nasal cavity and Zymbal gland only from animals 
at the high dose and in the control groups. Histopathology was performed on 

Table 1 
White blood cell counts (102/μL) in male and female Sprague-Dawley rats in a 2-week study 
with AMP deaminase concentrate from S. murinus

Sex Controls
High-dose group 
(2000 mg/kg bw)

Laboratory historical 
control value

Male Mean (± SD) 86.7 ± 13.0 122.2 ± 20.7* 92.3 ± 27.8
Range 74.6–108.6 96.7–140.8 33.9–188.4

Female Mean (± SD) 53.1 ± 9.5 78.6 ± 17.1 72.3 ± 22.2
Range 44.3–70.5 59.2–97.3 32.9–148.6

* Significantly different from controls (P ≤ 0.05; Dunnett test)
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samples of lung, trachea, caecum and colon from animals at the low and middle 
doses. 

All animals survived to termination, and no clinical signs of toxicity were 
observed. Body weights, and food consumption were not significantly different 
between the treated and control groups. Ophthalmological examination showed 
no treatment-related effect. Despite similar water consumption, the osmolality 
(or concentration) of urine was significantly decreased (P ≤ 0.05, Dunnett test) 
in high-dose males relative to controls (mOsm/kg ± SD, 1621 ± 409 and 2010 
± 298, respectively), accompanied by a significant decrease in the excretion of 
potassium in males at the middle (P < 0.05, Dunnett test) and high doses (P < 
0.01, Dunnett test) relative to controls (mmol/24 h ± SD; low dose, 4.2 ± 0.8; 
middle dose, 3.4 ± 0.7; high dose, 3.2 ± 0.6; control, 4.4 ± 0.9). The changes in 
urine potassium were not reflected in plasma potassium levels, were reported to 
be consistent with normal physiological variation and were considered not to be 
toxicologically significant (Table 2). 

The haematological and clinical chemistry assessments showed no 
significant treatment-related effects. The absolute weights of the lungs of high-
dose females were increased over those of controls, but, as the relative weights 
were not increased, the change was considered not to be toxicologically 
significant. Significant decreases were noted in the absolute testis weights in 
high-dose males and in the relative testis weights in low-, middle- and high-
dose males when compared with the control group (Table 3). These were also 
considered not toxicologically significant, as histopathological examination 
showed no anomalies in the testes. The histopathological findings included 
changes in intestinal tissue, where cellular infiltrate was observed in the caecal 
(5/12 rats) and colon mucosa (3/12 rats) only in females at the high dose, with 

Table 2 
Urinary osmotic pressure and potassium output in male Sprague-Dawley rats in a 13-week 
study with AMP deaminase concentrate from  S. murinus

Urinary parameter Controls
Mid-dose  

(1000 mg/kg bw)
High dose  

(2000 mg/kg bw)
Laboratory historical 

control values
Osmotic pressure (mOsm/kg)

Mean (± SD) 2010 ± 298 Not applicable 1621 ± 409* 1836 ± 424
Range 1252–2388 Not applicable 1178–2464 454–3062

Potassium output (mmol/24 h)
Mean (± SD) 4.4 ± 0.9 3.4 ± 0.7* 3.2 ± 0.6** 3.49 ± 1.08
Range 2.7–5.8 2.2–4.2 2.2–4.2 0.60–6.57

* Significantly different (P ≤ 0.05; Dunnett test) from controls
** Significantly different (P ≤ 0.01; Dunnett test) from controls
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none in the control group (Table 4). The changes were of minimal severity, there 
were no other indications of inflammation, and the effect was considered not 
toxicologically significant. Another histopathological finding was hyperplasia 
of the tracheal mucosa, which was observed in males but not in females at the 
high dose (Table 4). This observation was treatment-related and dose-dependent 
and was considered to be toxicologically relevant. Other treatment-related, 
dose-dependent histopathological findings were perivascular cell infiltration 

Table 3 
Absolute and relative testes weight in male Sprague-Dawley rats in a 13-week study 
conducted with AMP deaminase concentrate from  S. murinus

Table 4 
Major histopathological findings in groups of 12 Sprague-Dawley rats in the 13-week study 
conducted with AMP deaminase concentrate from  S. murinus

Dose  
(mg/kg bw per day)

Body weight  
(g ± SD)

Testes
Absolute weight  

(g ± SD)
Relative weight

(g/100 g bw ± SD)
0 548 ± 45 3.55 ± 0.33 0.65 ± 0.05

500 601 ± 34* 3.39 ± 0.25  0.57 ± 0.06**
1000 571 ± 57 3.37 ± 0.23  0.59 ± 0.05*
2000 570 ± 63  3.27 ± 0.22*  0.58 ± 0.07**

Significantly different from control: *P ≤ 0.05; **P ≤ 0.001, two-tailed Dunnett test
Body weight and absolute testes weight were measured in 12 animals. 

Histopathological finding

Dose (mg/kg bw per day)
Males Females

0 500 1000 2000 0 500 1000 2000
Lung (bronchus)

Cell infiltration, perivascular 0 0 5 8 0 0 3 8
Hyperplasia, mucosal bronchiolar 0 0 0 4 0 0 1 2
Inflammation, terminal 
bronchioles

0 0 4 8 0 0 1 5

Trachea
Hyperplasia, mucosal 0 0 2 4 0 – – 0

Intestine, caecum
Cell infiltration, mucosal 0 – – 0 0 0 0 5

Intestine, colon
Cell infiltration, mucosal 0 – – 0 0 0 0 3

–, not examined
The findings in the trachea, caecum and colon were graded as of minimal severity. The findings in the lungs were of minimal to mild severity, except for inflammation 
of the terminal bronchiole, which occurred at moderate severity in one middle-dose male. 
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and hyperplasia of the bronchiolar mucosa, with inflammation of the terminal 
bronchioles (Table 4). These effects were observed in both males and females and 
were considered toxicologically relevant. 

The Committee considered the possibility that the lesions in the 
trachea and bronchus were due to gavage-related reflux in unfasted rats (22). 
The Committee concluded, however, that there was insufficient information 
on the potential of the AMP deaminase concentrate to cause mucosal irritation 
(e.g. osmolality, pH) and, in the absence of any nasal cavity lesions, could not 
confidently apply this interpretation to the findings. 

On the basis of the dose-dependent histopathological findings in the 
lung in both males and females at ≥ 1000 mg/kg bw per day, the Committee 
identified a no-observed-effect level (NOAEL) of 500 mg/kg bw per day, equal to 
69 mg TOS/kg bw per day.

2.3.3 Long-term toxicity and carcinogenicity
No information was available.

2.3.4 Genotoxicity 
GLP-compliant genotoxicity studies were conducted according to guidelines of 
the Japanese Ministry of Health, Labour, and Welfare (18, 19). The powdered form 
of AMP deaminase concentrate was mixed in water and tested in the bacterial 
reverse mutation test and the in vitro chromosomal aberration test in cultured 
Chinese hamster lung cells. The results of these studies were negative (Table 5), 
indicating that the AMP deaminase concentrate is unlikely to be genotoxic.

2.3.5 Reproductive and developmental toxicity
No information was available.

2.4 Observations in humans
No information was available. 

3. Dietary exposure

3.1 Introduction
The Committee evaluated one submission from the sponsor on dietary exposure 
to AMP deaminase from S. murinus. The enzyme is intended for use in yeast 
processing for cereals and in the production of flavourings of vegetable, animal or 
microbial origin; therefore, these uses were considered for the dietary exposure 
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assessment. The sponsor noted that foods that could contain the flavourings 
include soups, sauces, stocks, dressings, snack foods, meat-derived foods, bread, 
crackers and beverages. The submission included an estimate of dietary exposure 
based on the budget method, a screening method used to determine the TMDI of 
food additives (25, 26). The method takes into account maximum physiological 
levels of consumption of food and non-milk beverages, the energy density of 
foods, the concentration of the food additive in foods and non-milk beverages 
and the proportion of foods and non-milk beverages that may contain it. The 
method provides a conservative estimate of dietary exposure. Further details of 
the budget method can be found in chapter 6 of EHC 240 (27).

3.2 Dietary exposure assessment
The estimated TMDI provided by the sponsor was based on a number of inputs, 
the first being the proportion of food and non-milk beverages containing the 

Table 5 
Genotoxicity in vitro of AMP deaminase from  S. murinus

End-point Test system Concentration Result Reference
Reverse mutationa Salmonella typhimurium 

TA100, TA98, TA1535, 
TA1537

0–5000 µg/plate ± S9 Negative 23

Escherichia coli WP2 uvrA

Chromosomal aberrationb Chinese hamster lung 
cells

Short (6-h) exposure: 
625–5000 µg/mL ± S9

Negative 24

Continuous (24 h) 
exposure: 625–5000 µg/
mL – S9

Negative

Continuous (48 h) 
exposure: 78.1–625 µg/
mL – S9

Negative

S9, 9000 x g supernatant fraction from homogenate of rat livers induced with intraperitoneal injections of phenobarbital (once a day for 4 days) and a single 
intraperitoneal injection of 5,6-benzoflavone on day 3 of the phenobarbital injection schedule.
a The test was performed with the preincubation method. The positive controls without S9 were 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide for TA100 (0.01 µg/plate), 

TA98 (0.1 µg/plate) and Escherichia coli WP2 uvrA (0.01 µg/plate); sodium azide for TA1535 (0.5 µg/plate); and 9-aminocaridine hydrochloride for TA1537 (1.0 µg/
plate). The positive controls with S9 were 2-aminoanthracene for TA1535 (2.0 µg/plate) and E. coli wp2 uvrA (10 µg/plate) and benzo[a]pyrene for TA100, TA98 and 
TA1537 (5.0 µg/plate for each tester strain). A preliminary dose range-finding test was conducted with all five tester strains, with and without S9, at concentrations 
up to 5000 µg/plate. In the main study, each of the tester strains was tested with five serial concentrations of the test material, ranging from 313 to 5000 µg/plate 
with and without S9. All tests were performed in duplicate. The positive controls had significant increases in the numbers of revertant colonies when compared with 
the concurrent controls. The test substance was not toxic to the test bacteria. It did not increase the number of revertant colonies in any of the tester strains when 
compared with the concurrent controls, with or without S9 metabolic activation.

b  The positive controls used in the chromosomal aberration assay were cyclophosphamide (14 µg/mL) and mitomycin C (0.05 and 0.75 µg/mL) with and without S9, 
respectively. The result was considered positive in comparison with the negative control value if the test substance increased the number of structural or numerical 
aberrant cells by ≥ 10% and a dose–response effect was observed. In a preliminary dose range-finding test, cell growth inhibition was observed with concentrations 
of 39.1–5000 µg/mL of the test substance. Short treatment periods of 6 and 18 h with or without S9 and continuous treatment periods of 24 and 48 h without S9 were 
assessed. The main test was conducted at the concentrations shown in Table 5, with cells treated either for 6 h with or without S9, followed by an 18-h treatment-free 
period (total of 24 h), or continuously for 24 h without S9. One hundred cells per plate (200 cells per concentration) were examined. The negative and positive controls 
yielded the expected results. The test substance gave negative results under all conditions and did not increase the frequency of aberrant cells at any concentration.
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enzyme preparation. EHC 240 refers to commonly used default proportions of 
12.5% for foods and 25% for non-milk beverages. Food ingredients processed with 
the specified AMP deaminase preparation are proposed to be added to a variety 
of foods intended to be consumed by the general population. The proportion of 
solid foods and non-milk beverages used in the budget method by the sponsor 
was 25%. This was higher than the commonly used default stated in EHC 240 
because of the proposed use in flavourings, which the sponsor noted would result 
in a broader range of foods potentially containing the enzyme preparation. 

The maximum level of the enzyme present in final food and non-milk 
beverages was based on the maximum use level of the ingredient (≤ 100 mg TOS/kg  
ingredient for both food and non-milk beverages) and the maximum amount 
of the ingredient in the final foods (2% of both food and non-milk beverages). 
This resulted in a maximum level of the enzyme in the final foods and non-milk 
beverages of 2 mg TOS/kg for all intended uses (i.e. cereals, flavourings in food and 
beverages). The resulting TMDIs of 5´-deaminase were estimated to be 0.025 mg  
TOS/kg bw per day for solid foods and 0.05 mg TOS/kg bw per day for non-milk 
beverages, for a total of 0.075 mg TOS/kg bw per day.

For the dietary exposure assessment, it was assumed that the enzyme 
is not removed and/or denatured during final processing of ingredients or 
foods and that 100% of the enzyme remains in the ingredient and final food. In 
reality, the enzyme is inactivated by high temperatures during processing of food 
ingredients such that it will have no technological function in the final food.

4. Comments
AMP deaminase was assessed as a potential allergen by bioinformatics, consistent 
with the criteria recommended by FAO/WHO and others. Searches for matches 
with > 35% identity over a sliding window of 80 amino acids and for sequence 
identity of eight contiguous amino acids were conducted in the AllergenOnline 
and Allermatch databases. No matches were found. AMP deaminase is not 
expected to pose a risk of allergenicity.

In a 13-week study of oral toxicity in rats, AMP deaminase enzyme 
concentrate (TOS content, 13.8%) was mixed in water and administered by 
gavage at doses up to 2000 mg/kg bw per day, equal to 275 mg TOS/kg bw per day. 
Treatment-related, dose-dependent histopathological findings were observed in 
the lungs of both males and females and in the tracheas of males at ≥ 1000 mg/kg 
bw per day. The Committee considered the possibility that these observations were 
due to gavage-related reflex but concluded that there was insufficient information 
to accept this interpretation of the findings. The Committee identified an NOAEL 
of 500 mg/kg bw per day, equal to 69 mg TOS/kg bw per day.
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The enzyme concentrate was not genotoxic in a bacterial reverse mutation 
assay or in a chromosomal aberration assay.

The Committee evaluated an estimate of the TMDI of the AMP deaminase 
enzyme preparation conducted with the budget method. The enzyme is intended 
for use in yeast processing for cereals and in the production of flavourings. The 
TMDI was based on the level of TOS in the deaminase enzyme preparation and 
its maximum proposed use levels (≤ 100 mg TOS/kg ingredient, equivalent to  
≤ 2 mg TOS/kg in the final food) and an assumption that 25% of the food supply 
contains the enzyme preparation. The resulting TMDI was 0.075 mg TOS/kg bw 
per day from both solid food and non-milk beverages. The Committee noted that 
the enzyme will be inactivated during the processing of food ingredients and will 
have no function in the final food.

5. Evaluation
Negative results were obtained with AMP deaminase derived from of S. murinus 
in genotoxicity tests, and an NOAEL of 500 mg/kg bw per day (equal to 69 mg  
TOS/kg bw per day) was identified in a 13-week study of oral toxicity. A 
comparison of the estimated dietary exposure of 0.075 mg TOS/kg bw per day 
with the NOAEL of 69 mg TOS/kg bw per day shows a margin of exposure of 
920. The Committee concluded that AMP deaminase enzyme preparation from 
S. murinus is not a health concern when used in the applications specified, at the 
levels specified and in accordance with good manufacturing practice.
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1. Explanation
At the request of the CCFA at its Forty-eighth Session (1), the Committee 
evaluated the safety of D-allulose 3-epimerase (Enzyme Commission No. 5.1.3.30; 
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Chemical Abstract Services No. 1618683-38-7) from Arthrobacter globiformis M30 
expressed in Escherichia coli K-12 W3110. The enzyme epimerizes D-fructose at 
the C3 position to form D-allulose, a low-calorie sweetener. The intended use of 
the enzyme preparation is as a processing aid in the production of D-allulose. The 
Committee has not previously evaluated this enzyme preparation.

In this monograph, the expression “D-allulose 3-epimerase” refers 
to the enzyme itself and its amino acid sequence, the expression “D-allulose 
3-epimerase concentrate” refers to the test material used in the toxicity studies 
evaluated, and the expression “D-allulose 3-epimerase preparation” refers to the 
preparation formulated for commercial use. 

At the present meeting, the Committee considered the submitted data 
and conducted a literature search in Google Scholar with the linked search terms 
“D-allulose 3-epimerase” and “Arthrobacter globiformis”, which generated 49 
references. No relevant published studies on toxicological aspects were found.

The Committee noted that it evaluated the safety of D-allulose 3-epimerase 
and not of the food additive D-allulose (also referred to as D-psicose). The 
Committee has not previously evaluated D-allulose.

1.1  Genetic background
1.1.1 Production strain
The genus Escherichia was first described by Castellani and Chalmers in 1919 
(2). E. coli is commonly found in the lower intestine of warm-blooded organisms 
(endotherms). Certain strains can cause a wide spectrum of intestinal and extra-
intestinal diseases, such as urinary tract infection, septicaemia, meningitis and 
pneumonia, in humans and animals. Non-pathogenic strains of E. coli are not 
included on the list of pathogens in Annex III of Directive 2000/54/EC on the 
protection of workers from risks related to exposure to biological agent at work 
(3) or on the list of pathogens in Belgium (4). Descendant non-pathogenic E. 
coli K-12 strains, including wild-type E. coli W3110, have been used routinely in 
molecular biology as both a tool and a model organism (5, 6) and have a history 
of safe use in the food and pharmaceutical industries (7). Wild-type E. coli K-12 
W3110 has been well characterized, with an accurate genomic sequence (8). 

The E. coli K-12 W3110 production strain pWKLP was prepared by 
transforming the E. coli recipient strain with an expression plasmid carrying 
the structural D-allulose 3-epimerase gene from A. globiformis M30 donor, 
a D-allulose 3-epimerase gene transcription promoter, a repressor and its 
regulatory region important for the function of the promoter, a terminator and 
an antibiotic selection marker. Transformation was performed by the calcium 
chloride method, followed by selection of the final production strain. The final 
production strain was tested for the absence of antibiotics. The transformation 
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of E. coli K-12 W3110, the stability of the expression plasmid and the absence 
of any transformable rDNA were confirmed by DNA sequencing. Checks of the 
reading frames for toxic proteins (Mvir Database Virulence Blast Interface) and 
allergens (GENTYX gene information software) were negative. The degradability 
of β-lactamase, an enzyme that provides resistance to β-lactam antibiotics, was 
examined by simulation with the ExPAsy PeptideCutter for pepsin, trypsin and 
chymotrypsin. The acquired data suggest that β-lactamase is broken down as far 
as oligopeptide structures. The presence of an antimicrobial resistance gene in the 
finished product was tested by polymerase chain reaction targeting β-lactamase 
gene fragments specific to the production strain. As no such products were 
detected, it can be reasonably assumed that no recombinant DNA is present in 
the final product. The transformation of the intended genes was tested by DNA 
sequencing of the expression plasmid. The stability of the expression plasmid and 
the absence of any transformable rDNA were also confirmed.

1.1.2 Donor strain
The wild-type A. globiformis strain was isolated from soil and by strain 
improvement with classical colony isolation and selection techniques. The gene 
encoding the D-allulose epimerase was isolated from A. globiformis strain M30, 
which was deposited in the National Institute of Technology and Evaluation in 
Japan under accession number P-1111 (9). 

1.2  Chemical and technical considerations 
D-Allulose epimerase is manufactured by controlled aerobic batch fermentation 
of a pure culture of a genetically modified strain of E. coli containing the 
D-allulose 3-epimerase gene from A. globiformis. After the main fermentation 
has been stopped by bacteriolysis (heat and lysozyme for 18 h), the enzyme 
is extracted from the cell material. After a series of filtration steps, the liquid 
enzyme is concentrated and purified and formulated into the commercial 
D-allulose 3-epimerase preparation by the addition of water and D-sorbitol. 
The powdered product is freeze-dried. The entire production of the D-allulose 
3-epimerase preparation is carried out in accordance with good manufacturing 
practice and the principles of hazard analysis and critical control points, with 
raw materials that are appropriate for food use. Any major food allergens used 
in the fermentation medium are expected to be removed during processing and 
from the final enzyme preparation. The D-allulose 3-epimerase preparation is 
free of antibiotic activity. It conforms to the General Specifications for Enzyme 
Preparations used in Food Processing (10), and the enzyme preparation is free of 
the production organism. 
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D-Allulose 3-epimerase belongs to the subcategory of epimerases that 
hydrolyse carbohydrates and derivates. The enzyme is highly specific for D-allulose 
and epimerizes D-fructose at the C3 position (BRENDA Comprehensive 
Enzyme Information System). It has very low activity for epimerization of other 
D and L forms of keto-hexoses, keto-pentoses and keto-tetroses. The D-allulose 
3-epimerase preparation is intended for use as a processing aid at levels of up to 
35 g of total organic solids per kilogram of raw material (g TOS/kg) to convert 
D-fructose to D-allulose. 

D-Allulose 3-epimerase activity is determined by measuring the 
production of fructose that results from epimerization of allulose as a substrate. 
After a 10-min reaction, D-allulose 3-epimerase activity is measured as the amount 
of fructose produced. One unit of D-allulose 3-epimerase activity is defined as 
the quantity of enzyme required to produce 1 μmol D-fructose per minute under 
the specified conditions. The percentage totoal organic solids (TOS) in a batch 
of the D-allulose 3-epimerase concentrate provided is 91.5%. TOS include the 
enzyme of interest and residues of organic materials, such as proteins, peptides 
and carbohydrates derived from the production organism during manufacture. 
The mean activity of three batches of commercial D-allulose 3-epimerase liquid 
preparation was 405 U/g, and the mean TOS was 4.7%. D-Allulose 3-epimerase 
is expected to be inactivated during processing.

2.  Biological data

2.1 Biotransformation 
D-Allulose 3-epimerase concentrate was tested in simulated gastric and 
intestinal fluids in vitro (11, 12). The enzyme concentrate (TOS, 91.5%) was 
dissolved in water (0.01 g/2 mL). The simulated gastric fluid (pH 1.1) consisted 
of pepsin (0.32 g), sodium chloride (0.2 g), hydrochloric acid (0.7 mL) and water  
(≤ 80 mL), and the simulated intestinal fluid (pH 6.9) consisted of pancreatin  
(1 g), potassium dihydrogen phosphate (0.64 g), sodium hydroxide (0.2 M, 11.8 mL)  
and water (≤ 80 mL). The digestion assays were initiated by mixing the enzyme 
solution (0.005 mL) with the simulated gastric or intestinal fluid (0.2 mL) and 
incubated at 37 oC. At timed intervals (0, 0.25, 0.5, 1, 2, 5, 10 and 30 min for 
simulated gastric fluid digestion and 0, 1, 10, 30, 60 120 and 180 min for simulated 
intestinal fluid digestion), enzymatic proteolysis was stopped by raising the pH to 
10 with a sodium hydroxide mixture (1.875 g glycine, 1.460 g sodium chloride, 
≤ 50 mL water, adjusted to a pH of 10 with sodium hydroxide). The resulting 
protein hydrolysates were analysed by stain-free SDS-PAGE with a fluorescent 
detection system.
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In simulated gastric fluid, the protein band of D-allulose 3-epimerase 
(about 31 kDa) was hydrolysed entirely within 1 min, and smaller protein 
bands (< 10 kDa) appeared on the gel. The positive control enzyme, ribulose-
bisphosphate carboxylase (EC 4.1.1.39) from spinach, showed a slightly slower 
rate of hydrolysis, requiring about 2 min to achieve a similar pattern on SDS-
PAGE. In simulated intestinal fluid, the native enzyme was partially hydrolysed 
to shorter peptides within 30 min and absent from SDS-PAGE within 60 min; no 
bands other than the pancreatin proteins appeared on the gel.

In silico analysis was used to examine the susceptibility of the amino acid 
sequence of the D-allulose 3-epimerase enzyme to digestion by pepsin, trypsin 
and chymotrypsin. The analysis was conducted by computer simulation (peptide 
cutter), a modelling tool of the Expert Protein Analysis System (Swiss Institute 
of Bioinformatics). The results with pepsin showed 68–83 digestion sites, which 
would generate peptides ≤ 2 kDa; trypsin and chymotrypsin were predicted to 
generate peptides ≤ 0.6 kDa. Further digestion by specific peptidases of these 
peptides would be expected.

D-Allulose 3-epimerase would be digested like other dietary proteins if 
ingested.

2.2 Assessment of potential allergenicity
D-Allulose 3-epimerase was assessed as a potential allergen by bioinformatics, 
consistent with the criteria recommended by FAO/WHO (13, 14). The amino 
acid sequence of the enzyme was compared with the sequence of known allergens 
in the Allergen Database for Food Safety (http://allergen.nihs.go.jp/ADFS/index.
jsp). A search for matches with > 35% identity over a sliding window of 80 amino 
acids and a search for sequence identity of eight contiguous amino acids produced 
no matches. This indicates that the amino acid sequence of the enzyme is unlikely 
to share any epitopes with known food allergens (15).

2.3 Toxicological studies
The studies described below were conducted with a dried powder form of 
D-allulose 3-epimerase concentrate (batch no. 3T-2; TOS, 91.5%).

2.3.1 Acute toxicity
No information was available.

2.3.2 Short-term toxicity
A 13-week oral toxicity study was conducted in Wistar RccHan™ rats (6 weeks old 
at the start of treatment) according to OECD guideline 408 and compliant with 

http://allergen.nihs.go.jp/ADFS/index.jsp
http://allergen.nihs.go.jp/ADFS/index.jsp
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GLP (16). The test material, a powdered D-allulose 3-epimerase concentrate, was 
mixed into animal feed at a concentration of 0, 0.5, 1.0 or 2.0%, corresponding 
to overall mean intakes of 0, 300, 600 and 1100 and 1300 mg TOS/kg bw per 
day for males and females. Groups of 10 animals of each sex per dose consumed 
their diets for 13 weeks. Feed and water were permitted ad libitum, except for 
overnight fasting for scheduled blood sampling and urine collection. All animals 
were necropsied at the end of the study.

No deaths were observed in any group. No treatment-related changes 
were found in any of the parameters measured, including general health, clinical 
signs of toxicity, neurobehaviour, ophthalmoscopy, body weights, feed intake, 
feed conversion efficiency, water consumption, haematology, blood chemistry, 
urinalysis, absolute organ weights or organ weights relative to body weights 
or macroscopic or microscopic examination. Differences between treated and 
control groups were rare, minimal and not dose-related and were therefore 
considered not toxicologically significant. In the absence of adverse effects, the 
Committee identified an NOAEL of 1100 mg/kg bw per day, the highest dose 
tested. 

2.3.3 Long-term studies of toxicity
No information was available.

2.3.4 Genotoxicity
A dried powder form of D-allulose 3-epimerase concentrate dissolved in DMSO 
was tested for genotoxicity in the bacterial reverse mutation test (17) and in an 
in vitro micronucleus test in cultured human lymphocytes (18). Both studies 
complied with GLP and were conducted in accordance with OECD test guidelines 
(471 and 487, respectively). The results of these studies were negative, indicating 
that the enzyme concentrate is unlikely to be genotoxic (Table 1).

2.3.5 Reproductive and developmental toxicity
No information was available.

2.4 Observations in humans
No information was available.
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3. Dietary exposure

3.1  Introduction
D-Allulose 3-epimerase enzyme from A. globiformis M30 expressed in E. coli 
K-12 W3110 is used to produce the low-calorie sweetener D-allulose, which 
occurs naturally in some foods (e.g. wheat, figs) (19, 20). It accounts for about 
70% of the sweetness of sucrose (20). 

The Committee evaluated a submission from the sponsor on dietary 
exposure to D-allulose 3-epimerase from A. globiformis M30 expressed in 
E. coli K-12W3110. While dietary exposure to D-allulose was included in the 
submission, it was not reviewed. Dietary exposure to food additives is commonly 
estimated by the budget method (14, 21, 22); however, an estimate of the TMDI 
with the budget method was not submitted to the Committee. The Committee 
did not undertake an estimate of dietary exposure with the budget method, as a 
more refined estimate was available for review.

Table 1
Genotoxicity of D-allulose 3-epimerase concentrate in vitro

End-point Test system Concentration Results Reference
Reverse mutation Salmonella typhimurium 

TA 98, TA 100, TA 1535, 
TA 1537, Escherichia coli 
WP2 uvr A

62–5000 µg/plate ± S9 Negativea 17

Micronucleus induction Human lymphocytes Short treatment ± S9: 3.9–2000 µg/mL Negativeb 18
Continuous treatment – S9: 6.25–800 µg/mL Negativec

S9, 9000 x g supernatant fraction of liver homogenate from rats treated with Aroclor-1254, an inducer of cytochrome 450. S9 contains microsomes and cytosol and is 
devoid of mitochondria. S9 serves as an exogenous metabolic activation system when used as part of an S9 mix.
a A single test was performed, with two experiments. Part of one experiment was repeated with strain TA 1535 because, in the first experiment, the negative control 

was outside the acceptable range. In both experiments, the plate incorporation method was used. The test material was mixed with the solvent, DMSO, which also 
served as a negative control. Each test strain was tested with five concentrations of the test material; the concentrations were serial dilutions from 62 to 5000 µg/
plate, both in the absence and presence of S9 mix. All determinations were made in triplicate. Plates were incubated for 48–72 h at 37 oC. Negative and positive 
controls yielded the expected results. 

b  “Short treatment” refers to exposure to the test material in the absence or presence of S9 mix for 4 h, followed by a 20-h recovery period. A negative (solvent; DMSO) 
and positive control (vinblastin sulfate was used in the absence of S9 mix, and cyclophosphamide was used in the presence of S9 mix) were run concomitantly. The 
highest concentrations of the test material precipitated out of solution (2000 µg/mL) and were severely toxic (1000 and 2000 µg/mL; 79% and 93% cytotoxicity, 
respectively), in the absence and presence of S9 mix. Lower concentrations (125, 250 and 500 µg/mL without S9; 31.3, 125, and 500 µg/mL with S9) and negative 
and positive controls were assessed for micronucleus induction in binucleated lymphocytes. The negative and positive controls yielded the expected results. 

c  “Continuous treatment” refers to exposure to the test material in the absence of S9 mix for 24 h. The negative (solvent; DMSO) and positive controls (vinblastin sulfate) 
were run concomitantly. The highest concentrations (200–800 µg/mL) were severely toxic (> 50% cytotoxicity). At lower concentrations, the test material induced 
dose-related cytotoxicity. A range of lower concentrations (12.5, 50 and 75 µg/mL) and negative and positive controls were assessed for micronucleus induction in 
binucleated lymphocytes. The negative and positive controls yielded the expected results.
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3.2  Dietary exposure assessment
3.2.1 Estimated dietary exposure provided by the sponsor
The dietary exposure to TOS in the enzyme preparation estimated by the sponsor 
was reviewed by the Committee. First, dietary exposures to D-allulose were 
estimated for each food category on the basis of the levels of use of D-allulose 
in 14 food categories. D-Allulose may be used in a wide range of food products 
as a full or partial substitute for sugar. The food uses may include beverages, 
cereals, confectionary (including chewing-gum), frostings, frozen dairy desserts, 
yoghurts, gelatins and puddings, jams and jellies, sauces and dressings, sugar 
and sugar substitutes. Dietary exposures to D-allulose were derived from 2-day 
average food consumption data for each respondent in the US National Health 
and Nutrition Examination Survey 2007–2010. The sponsor used the dietary 
exposures to D-allulose in calculating the 90th percentile only for consumers 
of each food category. Then, the sponsor calculated the amount of the enzyme 
preparation required to make that amount of D-allulose according to the sponsor’s 
production method for each food category. The amount of TOS in each food 
category was then estimated from the sponsor’s information on the components 
of the enzyme preparation. Exposure to the TOS in each food category was then 
summed to obtain total dietary exposure to the TOS in the range of proposed 
food uses. The Committee noted that summation of 90th percentile exposures 
for consumers only of many food categories leads to overestimation, which will 
therefore result in overestimation of dietary exposure to the TOS in the enzyme 
preparation.

The estimated dietary exposures provided by the sponsor as mg TOS/
kg bw per day for infants and children < 2 years of age ranged from 0.9 to 1.7 
(specifically, 1.2 for infants and young children < 2 years of age, 1.7 for children 
2–12 years and 0.9 for children 13–18 years), and those for adults aged ≥ 19 years 
ranged from 1.1 to 1.5 (the lower end of the range being for females and the 
upper end for males). 

3.2.2  Dietary exposure estimated by the Committee
The Committee also estimated dietary exposure to the TOS in the 3-epimerase 
enzyme preparation. Total dietary exposure to D-allulose from its use in 
all proposed food categories was estimated at the mean and 90th percentile 
for consumers only on a body weight basis. Dietary exposure was derived by 
distributing individual exposure of consumers only based on the specific food 
consumption of each respondent averaged over 2 days, which was provided in the 
submission and was available for each population group assessed. The amount 
of the enzyme preparation used to make each total amount of D-allulose and 
the amount of TOS in the amount of enzyme preparation were determined. 
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The Committee used the same conversion factors as the sponsor, which were 
based on their formulation and production methods. Use of summary D-allulose 
exposures derived from a distribution of individual exposures as the starting 
point results in more realistic estimates of daily total exposure and better reflects 
long-term exposure to the enzyme preparation.

The dietary exposures estimated by the Committee as mg TOS/kg bw 
per day at the mean for infants and children ≤ 18 years ranged from 0.08 to 0.13 
(specifically, 0.13 for infants and young children < 2 years and children 2–12 
years, and 0.08 for children aged 13–18 years), and those for adults ≥ 19 years 
ranged from 0.10 to 0.13 (the lower end of the range being for females and the 
upper end for males). At the 90th percentile, the estimated dietary exposures as 
mg TOS per kg bw per day for infants and children ≤ 18 years ranged from 0.19 
to 0.38 (specifically, 0.38 for infants and young children < 2 years of age, 0.33 for 
children aged 2–12 years and 0.19 for children aged 13–18 years), and those for 
adults ≥ 19 years ranged from 0.29 to 0.31 (the lower end of the range being for 
males and the upper end for females). The estimates of both the sponsor and the 
Committee are summarized in Table 2.

3.2.3 Assumptions made in the dietary exposure assessments
It was assumed for the purpose of the dietary exposure assessments estimated 
by both the sponsor and the Committee that all the enzyme remains in the final 
food. It is expected, however, that the enzyme will not be present in D-allulose. 
Therefore, no dietary exposure to the enzyme would be expected from the final 
foods.

4. Comments
D-Allulose 3-epimerase was readily hydrolysed by proteolytic enzymes (pepsin 
and pancreatin) into small peptides in vitro in simulated gastric fluid and 

Table 2
Estimated dietary exposure to total organic solids in the 3-epimerase enzyme preparation 
(mg TOS/kg bw per day) as provided by the sponsor and as estimated by the Committee

Population group Sponsor estimates
Committee estimates

Mean 90th percentile
Infants and children ≤ 18 years 0.9–1.7 0.08–0.13 0.19–0.38
Adults ≥ 19 years 1.1–1.5 0.1–0.13 0.29–0.31



26

W
H

O
 F

oo
d 

Ad
di

tiv
es

 S
er

ie
s N

o.
 8

0,
  2

02
2

Safety evaluation of certain food additives     Eighty-ninth  JECFA

simulated intestinal fluid. It is expected that D-allulose 3-epimerase would be 
digested like other dietary proteins if ingested.

D-Allulose 3-epimerase was assessed for potential immunological 
cross-reactivity with known allergens by bioinformatics, consistent with the 
criteria recommend by FAO/WHO. A search for matches with > 35% identity 
over a sliding window of 80 amino acids and a search for sequence identity of 
eight contiguous amino acids produced no matches. Additionally, the enzyme 
is anticipated to be degraded or removed during purification of D-allulose. If 
ingested, the enzyme is expected to be degraded by digestive enzymes. On the 
basis of the intended use and available information, the Committee concluded 
that dietary exposure to D-allulose 3-epimerase would not pose an allergenic 
risk.

In a 13-week oral toxicity study in rats, no treatment-related adverse 
effects were observed when a dried powdered D-allulose 3-epimerase concentrate 
was mixed into animal feed at a concentration of up to 2.0%, the highest 
concentration tested. This concentration corresponded to a dose of 1100 and 
1300 mg TOS/kg bw per day for males and females, respectively. An NOAEL was 
identified at 1100 mg TOS/kg bw per day. In a bacterial reverse mutation test and 
an in vitro micronucleus test with cultured human lymphocytes, a powder form 
of D-allulose 3-epimerase concentrate gave negative results. The Committee 
concluded that the D-allulose 3-epimerase enzyme preparation is unlikely to be 
genotoxic.

D-Allulose 3-epimerase from A. globiformis M30 expressed in E. coli 
K-12 W3110 is to be used to produce the low-calorie sweetener D-allulose. 
Although the sponsor provided estimates, the Committee undertook its own 
dietary exposure assessment. Dietary exposure to TOS in the enzyme preparation 
was calculated from exposure to D-allulose in food to determine the amount of 
enzyme preparation used to produce that amount of D-allulose and then applying 
the proportion of TOS in the preparation. The dietary exposures estimated by the 
sponsor were considered by the Committee to be overestimates because of the 
method used to estimate the starting D-allulose dietary exposure. The Committee 
chose to use its own estimates of dietary exposure for the evaluation. The dietary 
exposures estimated by the Committee as mg TOS/kg bw per day at the mean 
were ≤ 0.13 for infants, children and adults, and those at the 90th percentile were 
≤ 0.38 for infants and children and ≤ 0.31 for adults.

The Committee noted that the enzyme is expected to be removed during 
production of D-allulose and that therefore no enzyme preparation would be 
introduced into final foods.
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5. Evaluation
Negative results were observed in genotoxicity tests, and no treatment-related 
adverse effects were seen at the highest dose tested (1100 mg TOS /kg bw per day) 
in a 13-week oral toxicity study. Comparison of the dietary exposure estimate 
for the highest consumers (90th percentile for infants and children) of 0.38 mg 
TOS/kg bw per day with the highest dose tested in the short-term (90-day) oral 
toxicity study of 1100 mg TOS/kg bw per day provides a margin of exposure of 
nearly 3000. The Committee established an acceptable daily intake (ADI) “not 
specified”1 for D-allulose 3-epimerase from A. globiformis M30 expressed in E. 
coli K-12 W3110 when the enzyme is used in the applications specified, at the 
levels specified and in accordance with good manufacturing practice.
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1. Explanation 
Jagua (genipin–glycine) blue, hereafter referred to as Jagua blue, is a water-soluble 
blue colorant. It is obtained by reacting genipin, present in the extract of unripe 
Genipa americana L. (Rubiaceae) fruit, with stoichiometric equivalents of glycine. 
The main colouring component in Jagua blue is the genipin–glycine polymer (CAS 
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No. 1314879-21-4). Additionally, low-molecular-weight components, specifically 
three genipin–glycine dimers, which are also blue, are present at low levels. 

Jagua blue was previously evaluated by JECFA at its 84th meeting, in 2017 
(Annex 1, reference 234). The NOAELs in two 90-day toxicological studies in rats 
and dogs were 330 and 338 mg/kg bw per day on a blue polymer basis, respectively, 
which were both the highest doses tested. On the basis of these NOAELs and a 
conservative exposure estimate of 11 mg/kg bw per day, the margin of exposure 
for Jagua blue was approximately 30. In view of the limited biochemical and 
toxicological database and the low margin of exposure, the Committee at its 
84th meeting was unable to complete the evaluation of Jagua blue and did not 
establish an ADI. The Committee was concerned about the potential toxicity of 
the low-molecular-weight fraction of the total colouring matter in Jagua blue 
and recommended that additional biochemical and toxicological information 
(e.g. studies on absorption, distribution, metabolism and excretion and on long-
term toxicity, carcinogenicity and reproductive and developmental toxicity) be 
made available, including at higher doses of the blue polymer, with the dimers, 
so that an evaluation of the safety of Jagua blue could be completed. Additional 
information was also requested on: characterization of the low-molecular-weight 
components of the blue polymer, a validated method for determination of dimers 
and the concentrations of dimers in five batches of the commercial product. 

In response to these requests, the sponsor provided a dossier to the 
current Committee containing a new 12-month toxicological study with in-
utero exposure of rats, an updated dietary exposure assessment and additional 
chemical and technical data. A literature search in PubMed and Embase for 
literature published between January 2017 and May 2020 with the search terms 
“Jagua blue”, “genipin-glycine”, “Genipa americana” and “Gardenia blue” (a 
genipin–amino acid/peptide polymer with a structure similar to that of Jagua 
blue) resulted in five additional publications. None of the publications provided 
relevant information for the current evaluation. 

1.1 Chemical and technical considerations
Genipa americana L. is a small to medium-sized tree (1) belonging to the 
Rubiaceae family and native to central and tropical South America (2). The fruit 
of the plant is edible and is a popular source of beverages (3). It is referred to 
as jagua fruit, chipara, guayatil, maluco, caruto or huito in Spanish (4) and as 
genipap in English.

Jagua fruit contains high levels of a cyclopentan-[C]-pyranskeleton class 
of compounds called iridoids (5,6). Three iridoids have been reported in this fruit 
(genipin, geniposidic acid and geniposide). Of these, genipin is present at the 
highest concentrations in unripe fruit (7) and is responsible for the bluish-purple 
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colour formed upon exposure of the white pulp to air. Formation of the colour 
has been attributed to the ability of genipin to cross-link with primary amines 
present in amino acids and proteins, in the presence of oxygen, to produce water-
soluble blue pigments (8–14). 

Jagua blue is obtained by reacting genipin in the filtered aqueous extract 
of the unripe fruit with stoichiometric amounts of glycine and heating at 70 °C for 
2 h. When the reaction is complete, the product is centrifuged and concentrated 
and/or dried. The blue colour is due to both the polymer (average molecular 
weight, 6000 Da), which is composed of repeating dimers ((C27H25O8N2)n), 
and minor quantities of three dimers. The polymer and the dimers have been 
quantified and characterized by high-performance liquid chromatography, 
nuclear magnetic resonance spectroscopy (1H, 13C), infrared spectroscopy and 
mass spectroscopy. The molecular formulae of the three identified dimers are 
C28H28N2O8 (CAS No. 1313734-13-2), C27H25N2O8 (CAS No. 1313734-14-3) and 
C27H24N2O8 (CAS No. 104359-67-3).

The product of commerce is obtained by concentrating, mixing with a 
food-grade carrier such as modified starch or maltodextrin, spray-drying and 
sieving. The product is standardized on the basis of genipin–glycine blue polymer. 
Unreacted genipin is not detectable in the final product. The product consists of 
a blue polymer (30–40%), sugars (25-30%), modified starch (20–22%), protein 
(approximately 7%) and water (approximately 5%). On the basis of a study with 
Jagua blue in solution at pH 3.6 in the dark for 50 days at 20 ºC, the solution was 
predicted to have a half-life of 86–105 days (15). 

2.  Biological data

2.1 Biochemical aspects
2.1.1 Absorption, distribution, excretion 
No new toxicokinetics study has been published since the previous evaluation. 

2.1.2 Biotransformation
No data were available.

2.2 Toxicological studies 
2.2.1 Acute toxicity
No new information has been published since the Committee’s previous 
evaluation.
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2.2.2 Short-term studies
No new information has been published since the Committee’s previous 
evaluation.

2.2.3 Long-term studies
A new long-term toxicological study of a solid form of Jagua blue, corresponding 
to the commercial product (16), was submitted to the Committee. This GLP-
compliant 12-month dietary study in rats with an in-utero exposure phase was 
conducted according to the US FDA’s Redbook guidance for this particular 
design (17). The long-term toxicity end-points are discussed in this section, while 
the reproductive and developmental end-points are discussed in section 2.2.5. 

The test material (batches Nos 5317002 and 5317011) contained 36.4% 
active component, i.e. the blue polymer, and low levels of genipin–glycine 
dimers. The total amounts of the dimers in the test articles were 0.110% in 
batch No. 5317002 and 0.259% in No. 5317011. Fresh diet formulations were 
prepared every 4 weeks, as available analytical data demonstrated that the diet 
was stable for at least 8 weeks at room temperature (16). The concentration and 
homogeneity of each diet formulation were verified. Batch No. 5317002 was used 
in the palatability study (see below) and in the main study up to month 10, and 
batch No. 5317011 was used from month 10 up to the end of the study.

A 14-day palatability study was conducted before the main toxicity study 
in three female Wistar rats given Jagua blue at 50 000 mg/kg mixed in the feed. 
No clinical signs, deaths or effects on body weight, body weight gain or food 
consumption related to the test item were observed in the group given Jagua blue 
extract. Therefore, 50 000 mg/kg of feed was the highest test concentration used 
for the main study. 

In the main study, Jagua blue at 0, 2500 (low), 12 500 (middle) or  
50 000 (high) mg/kg feed was administered in the diet to groups of 20 male and 
20 female Wistar rats of the parental generation, starting 10 and 4 weeks before 
mating, respectively, and continuing until termination after weaning. Two pups 
of each sex per litter in each group were selected at weaning and randomized to 
groups of only 25 F1 animals of each sex. The F1 animals were exposed to the test 
material in the diet at the beginning of weaning and continuously throughout the 
study for approximately 52 weeks. The average intake of the test item, calculated 
per body weight and food consumption measured at various intervals, were 
reported to be 0, 162, 772 and 3095 mg/kg bw per day for F0 males; 0, 295, 1487 
and 5634 mg/kg bw per day for F0 females; 0, 168, 831 and 3385 mg/kg bw per day 
for F1 males; and 0, 187, 889 and 3750 mg/kg bw per day for F1 females, expressed 
as Jagua blue. 
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Examinations performed on F0 and F1 animals included body weight 
measurements (weekly for 13 weeks and monthly thereafter until sacrifice), food 
consumption (weekly except for the mating period) and clinical signs (daily). 
Functional observational battery tests were conducted in F0 (once before the first 
exposure, once every fourth week and once in the last week of treatment) and F1 
animals (once before the first exposure, once every fourth week for the first 13 
weeks, once in months 6 and 9 and once in the last week of treatment). All F0 and 
F1 animals were sacrificed at the end of the treatment and subjected to necropsy. 
Gross and histological pathology were examined, and the organ weights were 
recorded. 

Additionally, F1 animals underwent ophthalmological examinations 
before treatment and at 3, 6, 9 and 12 months; and haematological parameters, 
clinical biochemistry and urine parameters were analysed in 10 selected male 
and female animals per group on postnatal day 21 (among those not selected for 
F1), at week 5 (among selected pups not used for F1) and at 3, 6, 12 months and at 
terminal sacrifice (among those selected for F1). Developmental and reproductive 
outcomes are described in section 2.2.5. 

One F1 female at the low concentration and one female at the middle 
concentration died before termination of the study from causes that were not 
related to treatment. Transient changes in body weight and food consumption 
were observed in male and female F1 rats at various concentrations; however, 
none of the changes was consistent or concentration dependent, and they were 
therefore considered not toxicologically relevant. No adverse or biologically 
relevant treatment-related effects were observed in any measured toxicological 
parameter in either F0 or F1 animals. The predominant clinical sign observed 
in the treated animals during most of the study period was discoloured faeces, 
attributed to the colour of the test item. 

On examination for gross and histopathology, blue discoloration of the 
kidneys was observed in most F0 animals at the high concentration. This effect 
was not observed in F1 animals, and there were no corresponding histological 
findings, changes in kidney weight or clinical chemistry indicative of renal 
toxicity. Therefore, the blue discoloration of the kidneys was considered not 
to be an adverse effect. Blue discoloration in the gastrointestinal segments was 
observed in one F1 male at the middle concentration and in four F1 males at the 
high concentration but not in any F0 animals. This was considered likely to be 
due to Jagua blue in the faeces, and, as there were no histopathological changes in 
corresponding tissues, was also considered by the Committee not to be adverse. 

Neoplastic lesions found in Jagua blue-treated animals were within the 
range of background lesions reported in Wistar rats of these ages (18). No gross or 
histopathological lesions were noted in F0 or F1 animals that could be correlated 
with treatment with the test item.
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Green coloration of the urine (reported as greenish, green or blue) was 
observed in some treated animals primarily in the high-concentration group. 
Although the presence of dimeric Jagua blue was not confirmed in any of the green 
urine samples, the possibility that the dimers were absorbed and excreted could 
not be excluded. The Committee noted, however, that rats excreted green urine 
only sporadically and transiently and that the effect might be explained by faecal 
contamination or an unclean periurethral area at the time of urine collection 
rather than by absorption of the coloured material. The change in urine colour 
was considered not to be an adverse effect as there were no treatment-related 
changes in urinalysis, biochemistry or histopathology.

Overall, repeated and in-utero exposure to Jagua blue in the diet was 
not toxic in F0 or F1 generation animals at any of the concentrations tested. The 
Committee identified an NOAEL of 50 000 mg/kg feed, the highest concentration 
tested, equal to doses of 3095 and 5634 mg/kg bw per day in F0 males and females 
and 3385 and 3750 mg/kg bw per day in F1 males and females, respectively, 
expressed as Jagua blue. 

2.2.4 Genotoxicity studies
No new genotoxicity study on Jagua blue had become available since the 
Committee’s previous evaluation. The literature search identified a new 
publication (19) that reported negative results in genotoxicity testing of Gardenia 
blue, a genipin–protein polymer with a structure similar to that of Jagua blue. 

2.2.5 Reproductive and developmental toxicity
A GLP-compliant, 12-month dietary study with an in-utero exposure phase was 
conducted in rats with a solid form of Jagua blue, corresponding to the commercial 
product (16). The results of the long-term toxicity end-points are discussed in 
section 2.2.3. Jagua blue at 0, 2 500, 12 500 or 50 000 mg/kg feed was administered 
to groups of F0 20 male and 20 female Wistar rats, starting 10 and 4 weeks before 
mating, respectively, and continued after weaning until termination. Two pups 
of each sex per litter in each group were selected at weaning and randomized 
to select only 25 F1 animals of each sex per group. The F1 animals were exposed 
to the test material in the diet at the beginning of weaning and continuously 
throughout the study for approximately 52 weeks. The duration of gestation was 
recorded, calculated from day 0 of pregnancy. Each litter was examined as soon 
as possible. Live pups were counted and sexed, and litters weighed within 24 h of 
parturition (day 0 post partum) and on days 4, 7, 14 and 21 post partum. 

In F0 females, no treatment-related adverse effects were observed in 
any reproductive index evaluated, comprising percentage copulation, fertility, 
delivery, duration of precoital interval, duration of gestation, number of corpora 
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lutea, number of implantation sites and percentages of pre- and post-implantation 
loss. No differences were found between the treated and the control groups in 
measured fetal parameters during postnatal days 0–21, comprising the total 
number of pups born, number of male pups, number of female pups, sex ratio, 
number of live pups, stillbirths and runts on postnatal day 0 and appropriate 
litter parameters on postnatal days 4, 7, 14 and 21. The viability index of pups 
during postnatal days 0–4 remained unaffected and within the range of biological 
variation in treated as compared with control groups. 

No treatment-related effects were observed on the developmental 
outcomes, pup mean weight, total litter weight, male and female litter weight 
and mortality of pups between postnatal days 0 and 21. No gross external 
abnormalities of toxicological relevance due to the test item were observed in the 
pups. Several findings, including dark snout, oedema on the neck and absent tail 
tip, observed in a few pups in various concentration groups were considered to be 
spontaneous and not related to treatment. 

Males and females of the F1 generation in some treated groups showed 
changes in several functional parameters post weaning, such as supported 
or unsupported rearing, urination, defaecation and body temperature. These 
statistically significant results varied in time of observation and concentration 
group, with no identifiable pattern. The Committee concluded that the changes 
were either transient or independent of concentration and considered them to 
be biologically irrelevant. No consistent or concentration-dependent effect was 
observed on body weight gain among F1 offspring post-weaning. The overall body 
weight gain in all treatment groups was comparable with that of the controls. 

The Committee identified the NOAEL in the study to be 50 000 mg/kg 
feed for both the F0 and F1 generations, the highest concentration tested, equal to 
doses of 3095 and 5634 mg/kg bw per day in F0 males and females, respectively, 
and 3385 and 3750 mg/kg bw per day in F1 males and females, respectively, 
expressed as Jagua blue.

2.2.6  Special studies
The literature search identified a study (20) in which a genipin–tyrosine derivative 
was tested for antidepressant-like activity in murine models of chemically 
or environmentally induced stress. The Committee, however, questioned the 
chemical characteristics of the test article and noted that the study was not 
designed for assessing toxicity. The study was therefore not considered for the 
current evaluation. 
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2.3 Observations in humans
No reports were found on food allergies or food intolerance to Jagua blue. Three 
cases of allergic contact dermatitis were reported after application of temporary 
tattoo materials containing Genipa americana as the colouring ingredient  
(21–23). Patch testing indicated that the allergen was genipin (21,22). The 
Committee considered that these case reports were not relevant to a safety 
evaluation of Jagua blue as a food additive.

3. Dietary exposure
Jagua blue has not been adopted by the Codex Alimentarius Commission and is 
therefore not included in the GSFA. 

The sponsor submitted updated proposed maximum use levels of Jagua 
blue in 22 food groups that reflect possible uses in the global market. The sponsor 
withdrew use in soft drinks, energy drinks, sports drinks, chocolate-flavoured 
products, chocolate confectionery or the chocolate portion of confectionery 
from the previous JECFA submission. The maximum use levels in 22 food groups 
proposed by the sponsor were matched with the CIFOCOss food groups (Table 
1). No actual use levels were presented or found in the literature. 

3.1 Assessments based on the FAO/WHO CIFOCOss and EFSA 
Comprehensive databases 
The assessments were based on data from the EFSA Comprehensive database 
from 51 surveys in 23 European countries and on the dietary exposure estimates 
of five non-European countries (Bangladesh, Burkina Faso, Indonesia, Lao 
People’s Democratic Republic and Uganda) in the FAO/WHO CIFOCOss 
database, a compilation of data from individual food consumption surveys from 
28 countries (24). It was assumed that all foods in the proposed 22 food groups 
were coloured with Jagua blue at the proposed maximum use levels. The mean 
exposure levels were estimated by adding the estimates of mean consumption 
levels of the 22 food groups multiplied by the corresponding proposed maximum 
use levels of Jagua blue. High-level exposure was calculated by adding the 95th 
percentile of exposure to the food group with the highest value to the estimated 
mean exposure to the other food groups. The sponsor used the consumption 
estimates from CIFOCOss in g/day and the default body weights of 15 kg 
for infants, 20 kg for toddlers (< 35 months), 30 kg for children (6–14 years),  
45 kg for adolescents (> 14 years) and those of adults and the elderly (> 14 years) 
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Food group proposed 
by the sponsor CIFOCOss food group

At 84th JECFA 
(mg/kg) a

At 89th JECFA 
(mg/kg) a

Flavoured milk Fermented milks (plain) (120) 400 (160) 
Milk shakes Milk shakes 400 (160) 
Milk substitutes Almond drink, milk imitations, rice milk, rice drink, spelt drink 400 (160) 
Other dairy drinks Other dairy drinks (240) 210 (84) 
Yogurt, regular and 
Greek

Dairy-based desserts (e.g. pudding, fruit and flavoured yoghurt), tzatziki, 
yoghurt

(180) 300 (120)

Yogurt, dairy alternative Dairy imitations other than milks; imitation yoghurt 500 (200)
Ice cream, frozen dairy 
and alternative dairy 
desserts

Edible ices, including sherbet and sorbet; dairy ice creams and similar; frozen 
yoghurt; “spoonable” desserts and ice creams (generic)

(240) 1000 (400)

Puddings Custard, “spoonable” dairy desserts, rice pudding, starchy pudding 210 (84)
Gelatins, ices, sorbets Gelatin, gelatin dessert 300 (120)
Ready-to-eat cereal, 
multi-coloured

Cereal flakes and similar 5000 (2000)

Potato crisps, flavoured Chips or crisps; potato crisps from dough; potato crisps from potato slices; 
potato crisps or sticks

1540 (616)

Tortilla, corn and other 
chips

Corn chips, corn curls, tortilla, tortilla chips 3000 (1200)

Confectionery 
containing chocolate

Chocolate coated confectionery - 2000 (800)

Confectionery not 
containing chocolate

Brittle mass, soft and hard confectionery, Florentine biscuit mass, foamed 
sugar products (marshmallows), fondant mass, liquorice confectionery, 
loukoumi, marzipan, marzipan raw mass, nougat, nougat raw mass, nut mass, 
nut seed-based halva, soft confectionery and analogues, sweet bars and other 
formed sweet masses, toffee, white nougat mass

(120) 2000 (800)

Chewing gum Chewing gum 2000 (800)
Fruit-based drinks 
(including fruit-
flavoured drinks)

Liquid drink bases (including concentrates and home-made preparations) (40) 200 (80)

Nutritional beverages 
(ready-to-use and 
powders)

Nutritionally complete formulae and nutritionally incomplete formulae 160 (64)

Smoothies Fruit smoothies, mixed juices with added ingredients 160 (64)
Cream cheese-based 
spread, flavoured

Cream cheese, processed cheese and spreads 110 (44)

Icing and frosting 300 (120)
Fruit toppings fillings 
and jam

Caramel, choux pastry, fruit jelly, fruit preparations for fillings and/or 
flavouring, fruit and vegetable jams, mango chutney, marmalade

(120) 300 (120)

Syrups and toppings for 
beverages, desserts and 
breakfast syrups

Corn syrup, dessert sauces and toppings, sugar beet molasses, sugar beet 
syrup, sugar cane molasses, syrups, molasses and other syrups

300 (120)

Table 1
Proposed maximum use levels of Jagua blue based on CIFOCOss food groups

a PML as blue polymer based on the maximum level of 40% in Jagua blue per specifications
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when necessary. The Committee noted that the estimate for “adults” included 
application of a lower default value. High levels from the EFSA Comprehensive 
database were estimated by using the “high exposures from summary statistics” 
model (25) based on total population intake, which corresponds to exposure to 
Jagua blue at the 96th–99th percentiles for infants, the 95th–99th percentiles for 
the elderly and the 97th percentile for the other subpopulations.

The estimated mean and high levels of dietary exposure to Jagua blue 
are presented in Table 2, which were ≤ 20.7 and 28.7 mg/kg bw/day for infants 
and toddlers and 9.8 and 20.3 mg/kg bw/day for children and adolescents, 
respectively. The corresponding dietary exposure estimates on a blue polymer 
basis were calculated by multiplying the estimates as Jagua blue by 0.4, which is 
the maximum level per the specifications. The mean and high-level exposures 
to blue polymer were 0.3–8.3 and 2.7–11.5 mg/kg bw per day for infants and 
toddlers and 0.2–3.9 and 0.2–8.1 mg/kg bw per day for children and adolescents, 
respectively. 

3.2 Assessments based on national dietary records 
The sponsor submitted estimates of dietary exposure in Brazil, the United 
Kingdom and the USA based on consumption of 22 food groups (26–28) and 
the proposed maximum use levels for Jagua blue. On the basis of research on 
representative products in the USA, the proposed maximum use levels were 

Table 2
Estimated dietary exposure to Jagua blue and to blue polymer based on the CIFOCOss 
and EFSA Comprehensive databases combined with maximum use levels proposed by the 
sponsor

Population group Age

Exposure (mg/kg bw per day)
Mean High-levela

Jagua blue Blue polymer Jagua blue Blue polymer
Infants and toddlers ~ 35 monthsb 15.9–20.7 6.4–8.3 16.7–24.4 6.7–9.8

~11 months 0.8–4.1 0.3–1.6 6.7–26.7 2.7–10.7
1–3 years 3.1–7.4 1.2–3.0 11.2–28.7 4.5–11.5

Children and adolescents 3–14 yearsb 0.4–9.8 0.2–3.9 0.5–19.9 0.2–8.0
3–9 years 1.5–5.4 0.6–2.2 7.7–20.3 3.1–8.1

10–17 years 0.8–2.5 0.3–1.0 4.0–11.1 1.6–4.4
Adults and elderly ≥ 18 yearsc 0.1–3.0 0.04–1.2 0.1–4.9 0.04–2.0

Exposure to blue polymer was estimated by multiplying exposure to Jagua blue by 0.4, which is the maximum level specified.
a 95th percentile general consumer population in non-European countries based on CIFOCOss and 95th–99th percentile general consumer populations available from 

the EFSA Comprehensive database
b General consumer population in non-European countries based on CIFOCOss
c Population > 15 years in non-European countries included 
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adjusted for the other countries by applying weighted use levels and applicable 
portions of foods that could be coloured (e.g. coated confectionery) to the 
proposed maximum use levels. A seasonal adjustment factor was also applied. 
Flavoured milk was considered a seasonal food, as it is considered to be consumed 
on holidays such as Christmas and Easter, and an adjustment factor of 0.5 was 
applied to its proposed maximum use level.

Exposure to Jagua blue was estimated for four population groups: 
children aged 2–5 years, children aged 6–12 years, adolescents aged 13–18 years 
and adults aged ≥ 18 years. The means and 95th percentiles of the estimated Jagua 
blue intake by each population group are presented in Table 3. 

4.  Comments

4.1 Biochemical aspects
The Committee at its 84th meeting (Annex 1, reference 234) concluded that 
the main colouring component of Jagua blue, the blue polymer, is unlikely to 
be absorbed intact from the gastrointestinal tract because of its high molecular 
weight (~6000 Da). This conclusion was supported by a study in which the blue 
polymer was not detectable in plasma of dogs given Jagua blue at doses up to 
338 mg/kg bw per day for 90 days and a study with the Caco-2 intestinal barrier 
model in vitro, which demonstrated that the blue polymer was poorly passively 
absorbed. The Committee noted at its 84th meeting that some evidence, such as 
green urine observed in dogs given Jagua blue, suggested that a small proportion 
of Jagua blue, “possibly the smallest coloured molecular species (such as genipin–

Table 3
Estimated dietary exposure to Jagua blue and blue polymer from proposed maximum use 
levels, based on dietary records in Brazil, the United Kingdom and the USA

Population

Exposure to Jagua blue (blue polymer) (mg/kg bw per day)
Brazil United Kingdom USA

Mean 95th percentile Mean 95th percentile Mean 95th percentile
Children (2–5 years) No data No data 1.2 (0.5) 3.1 (1.2) 2.0 (0.8) 5.8 (2.3)
Children (6–12 years)a 0.6 (0.2) 2.3 (0.9) 0.8 (0.3) 1.9 (0.8) 1.3 (0.5) 4.0 (1.6)
Adolescents (13–18 
years)

0.4 (0.2) 1.5 (0.6) 0.4 (0.2) 1.3 (0.5) 0.6 (0.2) 1.9 (0.8)

Adults (≥ 18 years) 0.3 (0.1) 1.0 (0.4) 0.3 (0.1) 1.1 (0.4) 0.4 (0.2) 1.3 (0.5)

Values in parentheses are estimates for blue polymer, calculated by multiplying exposure to Jagua blue by 0.4, which is the maximum level specified.
a Children aged 10–12 years
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glycine dimers or other coloured low molecular weight components), could 
be absorbed”. In the newly available long-term toxicity study, green urine was 
observed in a few Jagua blue-treated rats, primarily in the high-concentration 
group. Although the presence of dimeric Jagua blue was not confirmed in any of 
the green urine samples, the possibility that dimers were absorbed and excreted 
could not be excluded. The Committee noted, however, that rats excreted green 
urine only sporadically and transiently, which might be explained by faecal 
contamination or an unclean periurethral area at the time of urine collection 
rather than by absorption of the coloured material. There was no indication of 
bioaccumulation.

4.2 Toxicological studies
The Committee at its 84th meeting discussed an oral gavage acute toxicity test in 
rats that showed no adverse effects at the highest tested dose of 660 mg/kg bw. 
They also discussed two short-term studies, in rats and in dogs. When Jagua blue 
was administered by gavage to rats for 90 days, no deaths or treatment-related 
toxicological effects were reported. The NOAEL was identified as 330 mg/kg bw 
per day on a blue polymer basis, the highest dose tested. In the second study, 
Jagua blue was administered to beagle dogs by gavage for 90 days. No deaths or 
treatment-related toxicological effects were reported. The NOAEL was identified 
as the highest dose tested, 338 mg/kg per day on a blue polymer basis. 

A GLP-compliant 12-month study in rats exposed in utero in the diet 
was available to the Committee at the current meeting. A Jagua blue product was 
administered at 0, 2500 (low), 12 500 (medium) or 50 000 (high) mg/kg feed to 
rats from before mating until weaning in the parental generation and up to about 
52 weeks in the F1 generation. The test article contained 36.4% of the blue polymer 
and 0.11–0.26% of the dimers. No adverse or biologically relevant treatment-
related effects were reported in a comprehensive set of observations, including 
target organ toxicity, a functional observational battery of tests, reproductive 
indices and developmental outcomes at concentrations up to 50 000 mg/kg feed. 
Discoloured faeces, attributed to the colour of the test item, were observed in 
all treated animals. Gross pathology showed blue discoloration of the kidneys 
in most F0 animals given the high concentration but not in F1 animals. Blue 
discoloration in gastrointestinal segments was reported in five F1 animals but not 
in F0 animals. As there were no histopathological changes associated with these 
macroscopic findings, the Committee did not consider the tissue discoloration to 
be toxicologically relevant.

The study was conducted with a longer exposure time and higher 
concentrations of Jagua blue than in the short-term studies in rats and dogs 
evaluated by the Committee at its 84th meeting, as recommended. Overall, the 
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Committee concluded that the new long-term toxicity study demonstrated lack of 
chronic toxicity and reproductive and developmental toxicity after prenatal and  
1 year of exposure to Jagua blue at concentrations up to 50 000 mg/kg in feed. The 
NOAEL was identified as 50 000 mg/kg feed, the highest concentration tested, 
equal to doses of 3095 and 5634 mg/kg bw per day for F0 males and females, 
respectively, and 3385 and 3750 mg/kg bw per day for F1 males and females, 
respectively, expressed as Jagua blue. The Committee identified the lowest body 
weight-based NOAEL, 3095 mg/kg bw per day, as the basis for establishing an 
ADI. This NOAEL corresponds to 1127 mg/kg bw per day on a blue polymer 
basis. 

Because of inadequate characterization of the test article and the relatively 
low doses administered to the animals in the short-term studies available at the 
84th meeting, the previous Committee raised concern about the composition 
and potential toxicity of the low-molecular-weight fraction of the total colouring 
matter in Jagua blue. At the current meeting, chemical characterization of the 
dimers indicated that the three genipin–glycine dimers accounted for only  
0.11–0.26% of the test article used in the long-term study. 

At the 84th meeting, three genotoxicity studies on Jagua blue were 
available to the Committee: a bacterial reverse mutation assay, an in vitro mouse 
lymphoma assay and an in vivo mammalian micronucleus induction assay. No 
genotoxic potential of Jagua blue was identified. No new genotoxicity studies with 
Jagua blue were available at the current meeting. In the absence of genotoxicity 
and the lack of treatment-related neoplastic or preneoplastic histopathological 
lesions in rats exposed in utero and for 1 year postnatally in the new study, 
the current Committee concluded that a 2-year carcinogenicity study was not 
required. 

The Committee reviewed estimates of dietary exposure to Jagua blue 
on a blue polymer basis from the CIFOCOss and the EFSA Comprehensive 
European Food Consumption databases and proposed maximum use levels for 
22 food categories. The sponsor updated the proposed maximum use levels from 
those provided to the 84th JECFA meeting. A fixed fraction (40%) was applied 
to estimates of Jagua blue in order to derive the corresponding exposure levels 
on a blue polymer basis. For infants and toddlers (≤ 3 years), the mean and high 
(95th percentile) dietary exposure estimates for Jagua blue on a blue polymer 
basis were 0.3–8.3 mg/kg bw per day and 2.7–11.5 mg/kg bw per day, respectively. 

Dietary exposure estimates prepared by the sponsor from data in 
national food consumption surveys in Brazil, the United Kingdom and the USA 
and adjusted use levels were available to the Committee. The adjusted use levels 
were derived by applying factors for the assumptions that only a portion of a food 
category or food would be expected to be coloured (e.g. coated confectionery) 
or a seasonal adjustment factor (e.g. flavoured milk) to the proposed maximum 
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use levels. The highest 95th percentile exposure to Jagua blue on a blue polymer 
basis based on adjusted use levels for children aged 2–5 years in the USA was  
2.3 mg/kg bw per day. This estimate is lower than those based on the CIFOCOss 
and EFSA databases and proposed maximum use levels but was not considered by 
the Committee. The Committee noted that it was not clear how well the adjusted 
levels reflect actual use levels in foods available on the market, as Jagua blue has 
not yet been marketed globally. 

The Committee concluded that the conservative estimates of the range 
of high-level exposure, 2.7–11.5 mg/kg bw per day for infants and toddlers  
(≤ 3 years), should be considered in the safety assessment of Jagua blue on a blue 
polymer basis. 

5. Evaluation
The Committee considered that the new toxicological data and additional 
characterization of the test compound provided adequate information for 
completing the safety evaluation of Jagua blue. The new 12-month study of rats 
with an in-utero exposure phase was conducted for a longer exposure time and at 
higher concentrations of Jagua blue, as recommended by the Committee at its 84th 
meeting. Although no new toxicokinetics study was available, newly developed 
analytical methods for the dimers provided acceptable characterization of the 
test article, thus reducing the uncertainty of the safety assessment due to limited 
biochemical (absorption, distribution, metabolism and excretion) information. 

An ADI of 0–11 mg/kg bw was established by the Committee for Jagua 
blue, on a blue polymer basis. This ADI was based on the absence of treatment-
related long-term toxicity and of reproductive and developmental toxicity in the 
12-month dietary study in rats with an in-utero exposure phase, in which the 
NOAEL was equal to 1127 mg/kg bw per day of the blue polymer, the highest 
dose tested. The ADI was established by applying an uncertainty factor of 100 to 
the NOAEL to allow for inter- and intra-species differences.

The Committee noted that the upper end of the high-level dietary 
exposure estimate for Jagua blue, on a blue polymer basis, for infants and toddlers 
of 11.5 mg/kg bw per day is in the region of the upper bound of the ADI. In 
view of the conservative nature of the dietary exposure assessments, in which it 
was assumed that all foods contained Jagua blue on a blue polymer basis at the 
maximum use level, and because the ADI was based on a NOAEL that was the 
highest dose tested, the Committee concluded that the estimated dietary exposure 
to Jagua blue, on a blue polymer basis, does not represent a health concern. 

The Committee revised the specifications for Jagua blue and removed 
their tentative status. The chemical and technical assessment was updated. 
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1.  Explanation
At the request of the CCFA at its Forty-ninth Session (1), the Committee 
evaluated the safety of lipase (triacylglycerol lipase; Enzyme Commission No. 
3.1.1.3) from Mucor javanicus (also known as M. circinelloides), which it has not 
previously evaluated. Lipase from animal tissues (forestomach of calves, caprine 
kids and lambs or animal pancreatic tissue) was evaluated at its 15th meeting 
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(Annex 1, reference 26), and an ADI “not limited”1 was allocated. Besides its 
use as a processing aid in cheese-making and modification of lipids, lipase from 
animal tissues is also used as a flavour enhancer (INS 1104). The Committee 
evaluated lipase from Aspergillus oryzae var. at its 18th meeting and established 
an ADI “not specified” (Annex 1, reference 35). At its 55th meeting, however, 
the Committee removed the tentative specifications for this enzyme preparation 
because the requested data had not been submitted (Annex 1, reference 149). 
The consequences of the withdrawal of specifications for lipase from A. oryzae 
var. on its ADI were not addressed during that meeting. Lipase from Fusarium 
heterosporum expressed in Ogatae polymorpha was evaluated by the Committee 
at its 80th meeting, which established an ADI “not specified” for its use in the 
manufacture of bakery products, pasta and noodles, in egg yolk and in the 
degumming of edible oil (Annex 1, reference 82). 

In this report, the expression “lipase” refers to the lipase enzyme and its 
amino acid sequence, the expression “liquid enzyme concentrate” refers to the 
test material used in the toxicity studies evaluated, and the expression “enzyme 
preparation” refers to the product formulated for commercial use. 

The Committee at the present meeting considered the submitted data 
and conducted a literature search in the PubMed database with the linked search 
terms “lipase” and “mucor” or “javanicus”. The search yielded 188 references, but 
no relevant published studies on biochemical or toxicological aspects were found.

1.1 Genetic background
The production organism, M. javanicus, is a filamentous fungus often found in 
soil, plants and decaying fruits and vegetables. The taxonomy of Mucor species 
was confirmed by its macroscopic and microscopic characteristics. The M. 
javanicus production strain was further verified as a strain of M. javanicus by 
phylogenetic analysis of the internal transcribed spacer rDNA sequence from the 
results of a homology search with BLAST. Mucor species are recognized for their 
use in food applications (2), including as source organisms in the production 
of lipase used in food processing (3). M. javanicus is considered an occasional 
opportunistic human pathogen and has been known rarely to cause acute and 
rapidly developing mucormycoses in susceptible populations, including those 
with acidotic diabetes, malnourished children, severely burnt patients, patients 
undergoing immunosuppressive therapy and patients with leukaemia, lymphoma 
or AIDS (4,5). As no viable organisms are present in the enzyme preparation, 

1 The term ADI “not limited” is no longer used by JECFA. It has the same meaning as ADI “not specified”. The 
reader is referred to the footnote on p. 46 for a definition, for clarification of ADI “not specified”.
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however, the Committee concluded that there is no concern regarding the 
potential human pathogenicity of the production strain M. javanicus.  

The M. javanicus production strain was obtained by chemical mutagenesis 
followed by selection of individual colonies of the parent strain, M. javanicus 
IAM 6018. The parent strain was originally housed at the Institute of Applied 
Microbiology Culture Collection; it is presently held at the Japan Collection of 
Microorganisms under M. javanicus JCM 22477.

1.2 Chemical and technical considerations 
The lipase is produced by controlled aerobic batch fermentation of a pure culture 
of a selected strain of M. javanicus (AE-LM). The enzyme is secreted into the 
fermentation broth and is separated from the biomass by a series of filtration 
steps. The filtrate containing the enzyme is further concentrated. Filtration is 
performed at various stages throughout the recovery process to control against 
microbial contamination. The liquid enzyme concentrate is spray-dried with 
dextrin to produce the powdered enzyme preparation. The entire process is 
performed in accordance with current good manufacturing practice with food-
grade raw materials. The final lipase enzyme preparation is free of the production 
strain and other insoluble substances. The enzyme preparation conforms to the 
General Specifications and Considerations for Enzyme Preparations Used in 
Food Processing (Annex 1, reference 185).

Lipase catalyses the hydrolysis of mono-, di- and triglycerides containing 
short-, medium- and long-chain fatty acid moieties. It is intended for use in 
the processing of food ingredients containing naturally occurring fats and 
oils, including flour, cheese, egg whites and flavourings of vegetable, animal or 
microbiological origin. The use of lipase in food processing increases the fatty 
acid content for the purpose of improving the organoleptic (flavour and texture) 
and/or physical properties (consistency and texture) of the ingredients or final 
food. Lipase activity is measured in units per gram (U/g) based on the release 
of fatty acids from a triglyceride-containing substrate. One unit is defined as 
the amount of enzyme that liberates 1 μmol of free fatty acid from an olive oil 
substrate per minute under the assay conditions. The mean activity of lipase from 
three batches of the enzyme concentrate was 31 100 U/g.  

The mean TOS content of the enzyme concentrate is 410 mg/g. The TOS 
include the enzyme of interest and residues of organic materials, such as proteins, 
peptides and carbohydrates, derived from the production organism during the 
manufacturing process. Lipase enzyme preparation is used at concentrations up 
to 1357 mg TOS/kg raw material, depending on the proposed food application. 
Lipase is heat-denatured and inactivated during processing at high temperatures 
(> 60 °C), such that the enzyme will have no technological effect in the final food. 
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2.  Biological data

2.1  Biotransformation
No information was available. 

2.2  Assessment of potential allergenicity 
Lipase from M. javanicus consists of 395 amino acids and the molecular weight 
is approximately 43.4 kDa. Lipase from M. javanicus was evaluated for potential 
allergenicity using the bioinformatics criteria recommended by FAO/WHO (6,7) 
modified at the eightieth meeting of the Committee (Annex 1, reference 223). A 
homology search was conducted where the amino acid sequence of lipase from 
M. javanicus was compared with the amino acid sequences of known allergens 
in the AllergenOnline database (http://www.allergenonline.org/databasefasta.
shtml; version 19, February 2019) and in the Allermatch database (http://
allermatch.org/; last update July 2019). A search for matches with > 35% identity 
in a sliding window of 80 amino acids and a search for exact matches in an 
8-amino acid window produced no matches. Additionally, a full-length FASTA 
sequence search was conducted with an E-value cut off of 0.1.2 No sequences 
were considered homologous with known allergens. Therefore, the Committee 
considered that dietary exposure to lipase from M. javanicus is not anticipated to 
pose a risk of allergenicity.

2.3  Toxicological studies
The toxicological studies described below were performed with a lipase liquid 
enzyme concentrate (batch no. LMH66-013P; TOS: 3.92%; specific gravity  
1.02 g/mL), with no stabilization or standardization. The liquid enzyme 
concentrate had an activity of 2550 U/mL. 

2.3.1 Acute toxicity
No information was available. 

2.3.2 Short-term toxicity
Rats
In a dose range-finding study, groups of five male and five female Sprague-Dawley 
rats were given lipase liquid enzyme concentrate at a dose of 0, 200, 400 or 800 

2 Comparisons between highly homologous proteins yield expectation values (E-values) approaching zero, 
indicating a very low probability that such matches would occur by chance. A larger E-value indicates a 
lower degree of similarity.

http://www.allergenonline.org/databasefasta.shtml
http://www.allergenonline.org/databasefasta.shtml
http://allermatch.org/
http://allermatch.org/
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mg TOS/kg bw per day orally by gavage for 14 days (8). The study was certified 
for compliance with the Japanese “Reliability Standards of Application Data” 
and quality assurance. Rats were observed for deaths, clinical signs, body weight 
and feed consumption. Blood samples were collected at the end of the treatment 
period for haematology and clinical chemistry. At study termination, selected 
organs (adrenal glands, spleen, heart, lungs, liver, kidneys, testes and ovaries) 
from all animals were weighed and macroscopic examination was performed.

No deaths, clinical signs or effects on haematological or blood chemistry 
were observed. No changes were observed in body weight or feed consumption, 
except for a statistically significant decrease in feed consumption and body weight 
on day 7 in females at the middle dose. This transient change was considered not 
to be related to treatment. Female rats showed statistically significant decreases in 
absolute liver weight (–15% and –13% at the middle and high doses, respectively) 
and in relative liver weights (–8%, –6% and –7% at the low, middle and high 
doses, respectively). In the absence of a dose–response relation and of changes in 
related clinical chemistry, these changes were considered not to be toxicologically 
relevant. The macroscopic changes observed were limited to dark-red lesions in 
the glandular stomach of one control female and in one male and one female 
at the middle dose and a small severe lesion (no further details provided) in 
the left side of the thyroid in one high-dose female. Given the sporadic nature 
of these changes, they were considered unrelated to administration of the test 
article. In the absence of adverse effects, the same dose levels were selected for the 
subsequent 90-day study. 

In the subsequent study, groups of 10 male and 10 female 6-week-old 
Sprague-Dawley rats were given liquid lipase concentrate at a dose of 0, 200, 400 
or 800 mg TOS/kg bw per day orally by gavage for 13 weeks (9). The study was 
certified for compliance with good laboratory practice and quality assurance and 
was performed according to Japanese guidelines for toxicity testing. The study 
protocol was comparable with OECD test guideline 408 (repeated dose 90-day 
oral toxicity study in rodents, 1998), except that no functional observational 
tests were performed. Food and water were provided ad libitum. Animals were 
observed for clinical signs at least twice a day. Body weights were measured 
twice in the first week and weekly thereafter. On the day of necropsy, final body 
weights were measured after the animals had been deprived of food for 16 h. 
Feed consumption was recorded twice in the first week, and weekly thereafter. 
Ophthalmoscopic examinations were performed before the start of the study (all 
animals) and in week 13 (six animals/group). In week 13, urine was collected 
for 4 h with deprivation of food but free access to water; thereafter, urine was 
collected for 20 h with free access to food and water.  One-day water consumption 
from individual water bottles was measured on the day before urine samples 
were collected. At necropsy, blood samples were collected from the abdominal 
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aorta for haematology and blood chemistry, and then all animals were killed 
by exsanguination via the abdominal aorta. The external appearance and all 
organs and tissues in the cranial, thoracic and abdominal cavities were carefully 
examined macroscopically. Organ weights were determined for brain, pituitary, 
thyroid including parathyroid, adrenal, thymus, spleen, heart, lung including 
bronchus, salivary gland, liver, kidney, testis, prostate, seminal vesicle, ovary 
and uterus. Histopathology was performed on approximately 50 tissues from all 
animals in the control and high-dose group and on gross lesions in the other 
treatment groups.

No treatment-related deaths or clinical signs were observed. No 
effects were observed on body weight or feed and water intake. No treatment-
related changes in haematology or clinical chemistry or urine analyses were 
noted. Ophthalmoscopic evaluations revealed no treatment-related effects. No 
statistically significant changes in organ weights were observed, except for a small 
but statistically significant decrease in relative heart weight in males at the high 
dose (0.27 g/100 g bw, as compared with 0.29 g/100 g bw in the control group). 
As the change was small and observed in one sex only and the individual values 
were within the range of historical control data, this observation was considered 
not to be treatment related. Macroscopic examination revealed unilateral pelvic 
dilatation in one male at the low dose, which was confirmed by histopathology 
and classified as mild. No histological changes were observed in the kidneys of 
other treated rats, and this finding was considered not to be treatment related. 
No treatment-related histopathological findings were observed in the organs and 
tissues studied.

In view of the absence of adverse effects in this study, the Committee 
identified a NOAEL of 800 mg TOS/kg bw per day, the highest dose tested.

2.3.3 Long-term toxicity and carcinogenicity
No information was available.

2.3.4 Genotoxicity 
The results of two studies of genotoxicity in vitro with the liquid lipase concentrate 
are summarized in Table 1. The studies were performed according to Japanese 
guidelines for toxicity testing. The protocol of the first study was comparable to 
OECD test guideline 471 (bacterial reverse mutation test, 1997), except that only 
a single experiment was performed. The protocol of the second study differed in 
some aspects from OECD test guideline 473 (in vitro mammalian chromosome 
aberration test, 2016). No statistical analyses were performed, historical control 
data were not provided and 200 instead of 300 metaphases were analysed per 
dose. Both studies were certified for compliance with good laboratory practice 
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and quality assurance. The Committee concluded that the lipase preparation is 
unlikely to be genotoxic.

2.3.5 Reproductive and developmental toxicity
No information was available.

2.4 Observations in humans
No information was available.

3. Dietary exposure

3.1 Introduction
The Committee evaluated a submission from the sponsor on dietary exposure to 
lipase from Mucor javanicus. Dietary exposure to lipase from M. javanicus has 
not previously been evaluated by the Committee.

The submission included an estimate of dietary exposure to lipase based 
on the budget method, a screening tool used to determine the TMDI (12,13) 
for food additives. The method accounts for maximum physiological limits on 
consumption of food and non-milk beverages, the energy density of foods, the 

Table 1
Genotoxicity of the liquid lipase concentrate in vitro

End-point Test system Concentration Result Reference
Reverse mutation Salmonella typhimurium 

TA98, TA100, TA1535 and 
TA1537 and Escherichia 
coli WP2uvrA

16-4000a µg TOS/plate, ± S9 Negativeb 10

Chromosomal aberration Chinese hamster lung 
cells (CHL/IU)

Short exposure (6 h): 11 840, 17 750, 26 670 or 39 
980 µg TOS/mL, –S9; 

Negativec 11

460, 690, 1040, 1560 or 2340 µg TOS/mL, +S9

Continuous exposure (24 h): 11 840, 17 750, 26 670 
or 39 980 µg TOS/mL, –S9

S9: 9000 × g supernatant fraction from rat liver homogenate 
a Concentration in µg TOS/plate is calculated from concentrations in mL/plate, at the specific gravity (1.02 mg/mL) and the TOS content (3.92%) of the liquid enzyme 

concentrate. 
b  A range-finding study (concentration range, 16–4000 µg TOS/plate; two plates/concentration) and a single experiment (concentration range, 250–4000 µg TOS/

plate; three plates/concentration) were performed with the preincubation method. No toxicity was reported.
c  In the first experiment, the cells were treated for 6 h ± S9 and were harvested 18 h later. At the highest concentration, the relative population doubling was 99% 

without S9 and 38% with S9. In the second experiment, the cells were exposed continuously for 24 h without S9 and then harvested. The relative population doubling 
was 27% at the highest concentration tested. No increases in chromosomal aberrations were observed without S9 in the first or second experiment. With S9 (first 
experiment only), a slight increase in the percentage of cells with numerical aberrations was seen at the highest dose tested (4.5% as compared with 0.5% in the 
controls). No statistical analyses were performed, but this value was below the cut-off values used of 5% for an equivocal result and 10% for a positive result. 
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concentration of the food additive in foods and non-milk beverages and the 
proportion of foods and non-milk beverages that may contain it. The method 
provides a conservative estimate of dietary exposure. Further details of the budget 
method can be found in EHC 240, chapter 6 (14).

3.2  Dietary exposure assessment
The dietary exposure assessment submitted by the sponsor included the intended 
food uses of lipase from M. javanicus (flour, cheese, egg whites and flavourings of 
vegetable, animal or microbiological origin) and of lipase from F. heterosporum 
(bakery products, pasta, noodles, egg yolks and in the degumming of edible oils) 
that were considered by the Committee at its 80th meeting (Annex 1, reference 
82).

The estimate of the TMDI was based on a number of different inputs to 
the budget method, the first being the proportion of food and non-milk beverages 
that contain the enzyme preparation. In the budget method calculation, this 
proportion is assigned according to the extent of its use. EHC 240 (14) provides 
commonly used default proportions of 12.5% for foods and 25% for non-milk 
beverages. Food ingredients processed with the lipase preparation from M. 
javanicus are proposed to be added to a variety of foods intended to be consumed 
by the general population. Because of the potential broad use of lipase, the 
sponsor assigned  a proportion of both solid foods and non-milk beverages for 
the budget method calculation of 25%. This proportion for foods is higher than 
the commonly used default value given in EHC 240 because of the proposed use 
in flavourings, which the sponsor noted would result in a broader range of foods 
potentially containing the enzyme preparation.

The sponsor calculated the maximum level of the enzyme present in final 
foods and non-milk beverages on the basis of the maximum use level of enzyme 
in the ingredient (use levels ranged from 1.4 to 1357 mg TOS/kg ingredient for 
solid foods, depending on the food, and from 10 to 1000 mg TOS/kg ingredient 
for non-milk beverages), and the maximum amount of the ingredient in final 
foods (2–75% in solid foods, depending on the food; 2% for non-milk beverages). 
The highest maximum level of lipase from M. javanicus and F. heterosporum from 
any use in solid foods was selected for the calculations. Only one level of lipase 
from M. javanicus was noted in non-milk beverages. The maximum levels of the 
enzyme in the final foods used to calculate the TMDI were 66 mg TOS/kg for 
solid food and 20 mg TOS/kg for non-milk beverages. The resulting TMDI of 
lipase (from two sources) was estimated by the sponsor to be 0.83 mg TOS/kg bw 
per day for solid foods and 0.5 mg TOS/kg bw per day for non-milk beverages, or 
a total of 1.33 mg TOS/kg bw per day.
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For the current evaluation of lipase from M. javanicus, the Committee 
considered only exposure to lipase from M. javanicus to be of relevance and 
assessed dietary exposure only to lipase from M. javanicus. The Committee 
calculated dietary exposure to the enzyme with the budget method and found a 
maximum concentration of 27.1 mg TOS/kg from solid foods and 20 mg TOS/
kg from non-milk beverages. A proportion of 25% of both solid foods and non-
milk beverages was used in the calculation. The resulting TMDI of lipase from 
M. javanicus as estimated by the Committee was 0.34 mg TOS/kg bw per day for 
solid foods and 0.5 mg TOS/kg bw per day for non-milk beverages, for a total of 
0.84 mg TOS/kg bw per day.

In the dietary exposure assessments conducted by both the sponsor and 
the Committee, it was assumed that the enzyme is not removed and/or denatured 
during final processing of ingredients or foods and that 100% of the enzyme 
remains in the ingredient and final food. In reality, the enzyme is heat-denatured 
during processing by high temperatures, such that it is inactivated and has no 
technological effect in the final food.

4. Comments
Lipase from M. javanicus was evaluated for potential allergenicity with the 
bioinformatics criteria recommended by FAO/WHO and modified by the 
Committee at its 80th meeting (Annex 1, reference 223). The amino acid sequence 
of lipase from M. javanicus was compared with the amino acid sequences of 
known allergens in publicly available databases. A search for matches with > 35% 
identity in a sliding window of 80 amino acids, a search for sequence identity of 
eight contiguous amino acids and a full-length FASTA sequence search produced 
no matches. Therefore, the Committee considered that dietary exposure to lipase 
from M. javanicus is not anticipated to pose a risk of allergenicity.

In a 13-week study of oral toxicity in rats, no treatment-related adverse 
effects were seen when the liquid lipase concentrate was administered by gavage 
at doses up to 800 mg TOS/kg bw per day, the highest dose tested. The liquid 
lipase concentrate was not genotoxic in a bacterial reverse mutation assay or in 
an in vitro chromosomal aberration assay. The Committee had no concern with 
respect to the genotoxicity of the lipase preparation.

The Committee evaluated two estimates of dietary exposure, the first 
submitted by the sponsor based on exposure to two lipase enzymes and one 
estimated by the Committee. The estimate of dietary exposure calculated by the 
Committee for lipase from M. javanicus was deemed appropriate for use in the 
evaluation. The estimate was derived with the budget method and was based 
on maximum use levels of 27.1 mg TOS/kg for solid foods and 20 mg TOS/kg 
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for non-milk beverages and an assumption that 25% of the food supply would 
contain the enzyme preparation. The theoretical maximum daily intake was 
estimated to be 0.84 mg TOS/kg bw per day.

5. Evaluation
Negative results were obtained in genotoxicity tests, and no treatment-related 
adverse effects were seen at the highest dose tested (800 mg TOS/kg bw per day) 
in a 13-week study of oral toxicity in rats. A comparison of the estimated dietary 
exposure of 0.84 mg TOS/kg bw per day with the highest dose tested of 800 mg 
TOS/kg bw per day gives an MOE of at least 900. On this basis the Committee 
established an ADI “not specified”3 for the lipase enzyme preparation from 
M. javanicus, used in the applications specified and in accordance with good 
manufacturing practice. 
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1.  Explanation
At the request of the CCFA at its Forty-eighth Session (1), the Committee evaluated 
the safety of phosphatidylinositol-specific phospholipase C (1-phosphatidyl-
1D-myo-inositol-4,5-bisphosphate inositol trisphospho-hydrolase, Enzyme 
Commission No. 3.1.4.11) expressed in Pseudomonas fluorescens. The Committee 
has not previously evaluated this enzyme preparation. The Committee evaluated 
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phospholipase C expressed in Pichia pastoris1 at its 69th meeting and established 
an ADI “not specified” for its use in refining vegetable oils intended for human 
consumption (Annex 1, reference 191). 

In this monograph, the expression “phosphatidylinositol-specific 
phospholipase C” (PI-PLC) refers to the PI-PLC enzyme and its amino acid 
sequence; the expression “liquid enzyme concentrate” refers to the test material 
used in the toxicity studies evaluated; and the expression “enzyme preparation” 
refers to the preparation formulated for commercial use.

The Committee at its present meeting considered the submitted data 
and conducted a literature search in the PubMed database with the linked search 
terms “phospholipase” and “pseudomonas” and “fluorescens”. This yielded 39 
references, but no relevant published studies on biochemical or toxicological 
aspects were found.

1.1  Genetic background
P. fluorescens is a common Gram-negative, aerobic, saprophytic, rod-shaped 
bacterium, widely distributed in the environment (3). It can be found in soils, 
water, plants, animals, the hospital environment and human clinical specimens 
and is a normal inhabitant of the plant rhizosphere or phyllosphere (4). It can 
grow on a range of organic substrates and can remain viable for long periods in a 
wide variety of habitats. Strains of Pseudomonas are ubiquitous saprophytes, with 
low virulence (5). P. fluorescens is a non-pathogenic microorganism with a long 
history of safe use in food. 

The P. fluorescens production strain BD27719 was prepared by 
transforming the P. fluorescens recipient strain with an expression plasmid 
carrying a synthetic, codon-optimized modified PI-PLC gene for thermal stability 
and a pyrF gene selective marker. The donor organism of the parent PI-PLC is 
unknown; however, the amino acid sequence of the PI-PLC has > 95% similarity 
to phospholipases from Bacillus species. The P. fluorescens recipient strain was 
obtained from the parent P. fluorescens MB101 (ATCC PTA-7841) by deletion of 
the orotidine-5´-phosphate decarboxylase gene (pyrF), followed by introduction 
of the lacI gene from Escherichia coli K-12 (ATCC 4707). The expression plasmid 
was transformed to carry the modified PI-PLC gene under regulation of the 
tac promoter and was transferred into the recipient P. fluorescens strain. The 
insertion of the modified PI-PLC gene and the absence of antibiotic resistance 
genes in the P. fluorescens production strain were confirmed by DNA sequence 
analysis. The stability of the expression plasmid was confirmed by quantitative 
polymerase chain reaction and restriction digestion. The mobilization potential 

1 In 2019, the European Food Safety Agency issued a scientific opinion on phospholipase C, updating the 
name of the microorganism from Pichia pastoris to Komagataella phaffii (2). 
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and transferability of the expression plasmid were characterized and confirmed 
to be poor. 

The sponsor submitted three studies with P. fluorescens in mice (6–8). 
As no viable production organism is expected to be present in the enzyme 
preparation, these studies were not considered in the evaluation.

1.2  Chemical and technical considerations 
PI-PLC is produced by controlled submerged aerobic fed-batch fermentation 
of a pure culture of the P. fluorescens production strain. During fermentation, 
isopropyl β-D-thiogalactopyranoside (IPTG) is added to induce enzyme 
production. The enzyme is recovered from the fermentation broth after a heat lysis 
step and separated from the cell debris by filtration. The supernatant containing 
the enzyme is filtered, followed by concentration and stabilization. The liquid 
enzyme concentrate, free of the production strain, is formulated into a liquid 
enzyme preparation by the addition of glycerol. The entire process is performed 
in accordance with current good manufacturing practice with raw materials 
of food-grade quality. The final enzyme preparation is not expected to contain 
any major food allergens from the fermentation medium. Additionally, IPTG is 
present in the final enzyme preparation at a maximum level of 400 µg/g of enzyme 
preparation. The enzyme preparation conforms to the General specifications for 
enzyme preparations used in food processing (Annex 1, reference 185). 

PI-PLC catalyses the hydrolysis of phosphatidylinositol to inositol 
monophosphate and diacylglycerol. It is intended for use as a processing aid in 
refining edible vegetable oils containing phospholipids to improve their stability 
and quality. Phosphatidylinositol negatively affects the taste, colour and stability 
of vegetable oil, while the hydrolytic products do not. The enzyme can be 
combined as a liquid preparation with two other phospholipases (phospholipase 
C from Pichia pastoris and phospholipase A2 from Aspergillus niger) to promote 
conversion of phospholipids found in crude vegetable oils. The enzyme’s 
activity is determined spectrophotometrically; the assay allows quantification 
of the hydrolysis of 4-methylumbelliferyl myo-inositol-1-phosphate substrate 
by PI-PLC and the liberation of 4-methylumbelliferone at 380 nm after a 5-min 
reaction. Enzyme activity is expressed in inositol phosphate releasing units; one 
unit is the quantity of enzyme that liberates 1 µmol of 4-methylumbelliferone 
from 4-methylumbelliferyl myo-inositol-1-phosphate per minute at pH 7.5 and 
37 °C. The mean activity of PI-PLC from three batches of enzyme concentrate 
was 15 128 inositol phosphate releasing units per gram. 

The mean TOS content of the enzyme concentrate is 143 mg/g. The 
TOS include the enzyme of interest and residues of organic materials, such as 
proteins, peptides and carbohydrates derived from the production organism 
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during the manufacturing process. The enzyme preparation is intended for use as 
a processing aid at a maximum level of 15 µg TOS per gram of edible vegetable 
oil. PI-PLC is expected to be removed from the oil during processing, and any 
remaining enzyme will be inactivated. On the basis of this level, the maximum 
content of IPTG from the enzyme preparation in processed vegetable oil amounts 
to 120 µg/kg of oil. IPTG is expected to be removed with the water phase during 
degumming of vegetable oil. 

2.  Biological data

2.1 Biotransformation
The sponsor submitted the results of studies on the digestibility of PI-PLC (batch 
27719-PL030B) under simulated gastric and intestinal conditions (9). Simulated 
gastric fluid was prepared by dissolving 1.0 g of NaCl and 3.2 g of pepsin in  
500 mL water, adjusted to pH 1.2 with HCl. Simulated intestinal fluid was 
prepared by dissolving 3.4 g KH2PO4 and 0.625 g pancreatin in 500 mL water, 
adjusted to pH 11 with NaOH. Tubes containing 1.52 mL of simulated gastric or 
intestinal fluid were preheated for 5 min at 37 °C before addition of 0.08 mL of 
enzyme solution (protein content ~7 and ~20 mg/mL, respectively). The resulting 
protein concentration in the incubations was 0.35 and 1 mg/mL. The tubes were 
immediately vortexed and placed back in the water bath at 37 °C. Samples of  
200 µL were taken 15, 30 and 60 min after initiation of the incubation. Each  
200-µL sample was quenched by the addition of 200 µL of 200 mM NaHCO3,  
pH 11, and subsequently heated for 5 min at 95 °C. Samples were stored frozen 
until analysis. The protein band intensity was assessed on SDS-PAGE. The 
enzyme PI-PLC was fully degraded in simulated gastric fluid within 15 min at  
37 °C, with no degradation products visible on the gel. Degradation also occurred 
in simulated intestinal fluid, but the degradation products were still visible on the 
gel after 60 min of incubation. These results indicate that PI-PLC can be expected 
to be fully degraded in the gastrointestinal tract in vivo. 

2.2 Assessment of potential allergenicity
PI-PLC from a genetically modified strain of P. fluorescens consists of 298 amino 
acids, and its molecular weight is approximately 34 kDa. It was evaluated for 
potential allergenicity by the bioinformatics criteria recommended by FAO/
WHO (10, 11) modified at the eightieth meeting of the Committee (Annex 1, 
reference 223). A search for homology was conducted, in which the amino acid 
sequence of the enzyme was compared with those of known allergens in the 
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AllergenOnline database (http://www.allergenonline.org/databasefasta.shtml; 
version 19, February 2019). A search for matches with > 35% identity in a sliding 
window of 80 amino acids and a search for exact matches in an eight-amino acid 
window produced no matches. Additionally, a full-length FASTA sequence search 
was conducted; no matches with an E-value2 < 0.01 were found. No sequences 
were considered homologous with known allergens. Therefore, the Committee 
considered that dietary exposure to PI-PLC from a genetically modified strain of 
P. fluorescens would not pose a risk of allergenicity. This consideration supported 
by the finding from the in vitro study of digestibility that the enzyme can be 
expected to be fully degraded in the gastrointestinal tract.

2.3 Toxicological studies
The toxicological studies summarized below were performed with a PI-PLC 
enzyme concentrate with batch no. Pi-PLC-27719-PL030B, a dry matter content 
of 97.0% by weight, a TOS content of 93.53% by weight, omitting stabilization and 
standardization based on the revised Certificate of Analysis for this batch issued 
on 11 July 2013. In the original Certificate of Analysis, a dry matter content of 
95.71% by weight and a TOS content of 91.92% were reported. The concentrations 
reported in this monograph are corrected for the revised TOS content.

2.3.1 Acute toxicity
No information was available.

2.3.2 Short-term toxicity
Rats
A dose range-finding study was performed in which groups of six male and six 
female Wistar rats were given PI-PLC liquid enzyme concentrate at a dose of 0, 
468, 935 or 1871 mg TOS/kg bw per day by oral gavage for 14 days (12). The study 
was certified for compliance with good laboratory practice and quality assurance. 
Rats were observed for deaths, clinical signs, physical abnormalities, body weight 
and feed consumption. Blood samples were collected for haematological and 
clinical chemistry at study termination. All rats were necropsied, and 13 organs 
were weighted. The stomach and gross lesions from all rats were examined by 
histopathology.

No treatment-related deaths or clinical signs were observed. Body 
weight and feed consumption were not affected. At the highest dose, a small 
but statistically significant increase (+4%) in mean platelet volume was 

2 Comparisons between highly homologous proteins yield expectation values (E-values) approaching zero, 
indicating a very low probability that such matches would occur by chance. A larger E-value indicates a 
smaller degree of similarity.

http://www.allergenonline.org/databasefasta.shtml
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observed in males and females. As this change was small, it was considered 
not to be of toxicological relevance. Clinical chemistry revealed a dose-related 
increase in globulin concentrations in males and females and a decrease in the 
albumin:globulin ratio, which reached statistical significance only in males at 
the highest dose (–20%). In males at the middle and high doses, statistically 
significant decreases in calcium concentration (–8% and –10%, respectively) 
were observed. No related clinical effects were seen, and, as these findings were 
not observed in the subsequent 90-day study (see below), they were considered 
not to be of toxicological relevance. At necropsy, a hepatodiaphragmatic nodule 
was observed in the liver of one female at the highest dose, but no abnormalities 
were observed in the liver upon microscopic observation.

In the subsequent 90-day study, groups of 10 male and 10 female 7–8-
week old Wistar rats were given PI-PLC liquid enzyme concentrate at a dose of 
0, 468, 935 or 1871 mg TOS/kg bw per day orally by gavage for 13 weeks (13). 
The study was certified for compliance with good laboratory practice and quality 
assurance and was performed according to OECD test guideline 408 (repeated 
dose 90-day oral toxicity study in rodents, 1998). The observations included 
clinical signs, body weight, feed consumption, ophthalmoscopy, a functional 
observation battery, haematology, clinical chemistry, urinalysis, and macroscopic 
and microscopic pathology (the latter only in control and high-dose animals and 
gross lesions).

No treatment-related effects were observed on deaths, clinical signs, 
ophthalmoscopy, urinalysis or feed intake. Statistically significantly lower net 
weight gain was observed in males at the middle dose at week 5 and in those at the 
high dose in week 3 and 11. In females, statistically significantly lower net weight 
gain was observed at the middle and high doses in week 3 and in those at the high 
dose at week 7. Statistically significantly higher net weight gain was observed in 
females at the middle dose in week 11. No statistically significant changes were 
observed in mean body weights in any group. As the effects on body weight gain 
were small, transient and not dose-related, they were considered not to be related 
to treatment. Statistically significantly lower forelimb grip strength values were 
observed in males at the middle dose (–6%), and lower hind limb grip strength 
values were observed in females at all doses tested (–12% in those at the low and 
middle doses and –18% in those at the high dose) when compared with controls. 
In the absence of a dose–response relationship and of any associated changes in 
related parameters, this was considered an incidental finding.

Several statistically significant changes were observed in haematological 
and coagulation parameters. The changes were small, observed only in animals at 
the low or middle dose and/or showed no dose–response relationship; therefore, 
they were considered to be unrelated to treatment. The only statistically 
significant change in clinical chemistry values was an increase (+21%) in alanine 



63

Phosphatidylinisotol-specific phospholipase C expressed in Pseudomonas fluorescens

transaminase activity in females at the high dose; however, as the increase 
was small and there were no related histopathological findings, the effect was 
considered not to be adverse. In contrast to the range-finding study, no effects 
were observed on globulin concentrations, the albumin:globulin ratio or calcium 
concentration. An increase in heart weight relative to body weight was noted in 
males at the middle dose (+6%), whereas a decrease in absolute heart weight was 
observed in males at the high dose (–10%). Males at the middle dose also had an 
increased testis weight relative to brain weight (+7%). These changes in organ 
weights were considered not to be of toxicological relevance, as they were not 
correlated with histopathological findings.

Macroscopic examination revealed some incidental findings that were 
also considered not to be related to treatment. These included a small seminal 
vesicle with coagulating glands in one male rat in the control group, alopecia 
in one female at the low dose and one male at the middle dose, kidney pelvis 
dilatation in one male at the middle dose and uterus dilatation in one control 
female and one female at the low dose. Dilatation of the pelvis and uterus were 
confirmed microscopically. The latter was considered to be a physiological change 
related to the oestrus cycle. Histopathological findings in the lungs included 
alveolar macrophages in two females and two males at the high dose and in one 
control female, osseous metaplasia in two males at the high dose and two control 
females, and mineralization of blood vessels in three females and seven males at 
the high dose group and two females and three males in the control group. The 
microscopic findings in the lungs were considered incidental findings.

In the absence of adverse effects, the Committee identified an NOAEL of 
1871 mg/kg bw per day, the highest dose tested.

2.3.3 Long-term toxicity and carcinogenicity
No information was available.

2.3.4 Genotoxicity 
The results of two studies of genotoxicity in vitro with the PI-PLC liquid enzyme 
concentrate are summarized in Table 1. The studies were performed according 
to OECD test guideline 471 (bacterial reverse mutation test, 1997) and OECD 
test guideline 473 (in vitro mammalian chromosome aberration test, 1997), 
respectively. The Committee concluded that the PI-PLC enzyme preparation is 
unlikely to be genotoxic.

2.3.5 Reproductive and developmental toxicity
No information was available.
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2.3.6 Other studies
PI-PLC expressed in P. fluorescens was evaluated for potential toxicity/virulence by 
a homology search where the amino acid sequence of the enzyme was compared 
with known venom proteins/toxins and virulence factors using the Tox-Prot 
(https://www.uniprot.org/program/Toxins, accessed 26 March 2020) and the 
virulence factor database (http://www.mgc.ac.cn/VFs/download.htm; accessed 
2 April 2020), respectively. The BLAST searches resulted in two potential hits  
(E value ≤ 1), one in each database. PI-PLC had an identity of 26.4% and a query 
coverage of 30% with a cysteine-rich venom protein and an identity of 39.1% 
and a query coverage of 89% with phosphatidylinositol-specific phospholipase C 
from Listeria monocytogenes. Based on these findings, it is unlikely that PI-PLC 

Table 1
Genotoxicity of the phosphatidylinositol phospholipase C liquid enzyme concentrate in 
vitro

End-point Test system Concentration Result Reference
Reverse mutation Salmonella typhimurium 

TA98, TA100, TA1535 and 
TA1537 and Escherichia 
coli WP2uvrA

1st experiment: 
100–5110 µg TOS/
plate (TA98, TA1535 and 
TA1537); 3–5110 µg 
TOS/plate (TA100 and 
WP2uvrA), ± S9

Negativea 14 

2nd experiment: 
100–5 110 µg TOS/plate 
(all strains), ± S9
3rd experiment: 
100-5110 µg TOS/plate 
(TA1535, – S9)a

Chromosomal aberration Human lymphocytes Short exposure: 1 020, 
3 390 or 5 090 µg TOS/
mL, ±S9. 

Negativeb 15

Continuous exposure: 10, 
1 020 or 3 050 µg TOS/mL 
(24 h exposure) or 10, 710 
or 4 070 µg TOS/mL (48 h 
exposure), –S9
100, 310 or 4 070 µg TOS/
mL, + S9

S9: 9000 × g supernatant fraction of rat liver homogenate 
a Three independent experiments were performed with the plate incorporation method. No toxicity was reported. In the first experiment, the number of revertants in 

the negative control without S9 for strain S. typhimurium TA1535 exceeded the historical control values in all three plates (28, 29 and 34 revertants/plate; historical 
negative controls values were 2–25 revertants/plate). For this strain, a third experiment was performed. In both the second and the third experiment, the negative 
control values for all plates were within the historical negative control range. Therefore, the validity of the experiment was considered unaffected.

b  In the first (short exposure) experiment, the cells were treated for 3 h without and with S9 and were harvested after 24 h. At the highest concentration tested, mitotic 
inhibition was 12% without S9 and 21% with S9. In the second (continuous exposure) experiment, cells were exposed continuously for 24 or 48 h and then harvested 
without S9 or were exposed for 3 h and harvested after 48 h with S9. Without S9, mitotic inhibition at the highest dose tested was 52% and 44% after 24 h and 48 h 
treatment, respectively. With S9, mitotic inhibition at the highest dose tested was 53%.

https://www.uniprot.org/program/Toxins
http://www.mgc.ac.cn/VFs/download.htm


65

Phosphatidylinisotol-specific phospholipase C expressed in Pseudomonas fluorescens

is structurally related to any of the validated toxins or virulence factors that are 
currently present in these databases. The Committee noted the limited value of 
these data for the safety evaluation of an enzyme preparation.

2.4 Observations in humans
No information was available.

3. Dietary exposure

3.1 Introduction
The Committee evaluated one submission on dietary exposure to PI-PLC from a 
genetically modified strain of P. fluorescens provided by the sponsor. As PI-PLC 
is intended for use as a processing aid in refining edible vegetable oils, this use 
formed the basis of the dietary exposure assessment.

Dietary exposure to food additives is commonly estimated by the budget 
method (16–18); however, no estimate of the TMDI with this method was 
submitted to the Committee. The Committee did not undertake an estimate of 
dietary exposure with the budget method as a more refined estimate was available 
for review.

Dietary exposure to IPTG was also considered by the Committee.

3.2 Dietary exposure assessment
The dietary exposure assessment provided by the sponsor for PI-PLC was based 
on per capita consumption of all vegetable oils in five regional diets (19). The 
consumption data were based on food balance sheets or food available for 
consumption. Consumption of “total vegetable oils and fats” in each region were 
40.7 g/person per day in the Middle Eastern diet, 14.2 g/person per day in the 
Far Eastern diet, 23.2 g/person per day in the African diet, 21.9 g/person per day 
in the Latin American diet and 38.8 g/person per day in the European diet. The 
highest of the five consumptions was used by the sponsor to assess “worst case” 
dietary exposure, combined with a concentration of 0.015 mg TOS/g oil or fat. 
This resulted in an estimated dietary exposure of 0.01 mg TOS/kg bw per day 
based on a 60-kg body weight.

The Committee estimated dietary exposure to PI-PLC using the more 
recent GEMS/Food cluster diets (20), which provide per capita consumption 
based on food balance sheets in 17 international diets. The level 2 food group, 
“plant origin fat”, was used in the calculation. The lowest and highest consumption 
values in the 17 diets were selected to provide a range of estimated dietary 
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exposures. The lowest consumption was 10.7 g/person per day in cluster G14 
countries, which include Comoros, Sri Lanka and Pacific Ocean countries, and the 
highest was 59.7 g/person per day in cluster G10 countries, which include some 
countries categorized as being in Asia (e.g. Japan, Russian Federation), some in 
Europe (e.g. Italy), New Zealand and countries in North America. With the same 
concentration of 0.015 mg TOS/g oil or fat, the estimated dietary exposures were 
0.003–0.01 mg TOS/kg bw per day for a 60-kg body weight.

It was assumed for the purpose of the dietary exposure assessment that 
all the enzyme is retained in the final refined vegetable oil. The enzyme is added to 
the oils in a water-in-oil emulsion. After degumming, the water phase containing 
the enzyme is removed from the oil, and further refining is expected to remove 
any remaining enzyme residues; thus, the enzyme has no function in the final 
food. Denatured, inactive enzyme may be present, if at all, in the refined oil below 
the limit of detection of the analytical method. Therefore, no or negligible dietary 
exposure is expected.

Estimated dietary exposure to IPTG was also considered by the 
Committee. The estimate was based on the concentration of IPTG of  
120 μg/kg and the highest reported per capita consumption of “plant origin fat” of 
59.7 g/person per day from the GEMS/Food cluster diets (20). Dietary exposure 
to IPTG was estimated to be 7.2 μg/day. IPTG is expected to be removed with 
the water phase during degumming of vegetable oil. Even if it is assumed that the 
concentration of IPTG in vegetable oil is 120 μg/kg, dietary exposure would be at 
least 10 times lower than the threshold of toxicological concern of 90 μg/day for 
IPTG (Cramer class III; according to ToxTree version 3.1.0.1851, there were no 
structural alerts for genotoxicity). The Committee noted that dietary exposure 
to IPTG used in the manufacture of the enzyme would not be a safety concern.

4.  Comments
On the basis of in vitro digestibility studies with simulated gastric fluid and 
simulated intestinal fluid, it can be expected that the enzyme is fully degraded in 
the gastrointestinal tract. 

PI-PLC from a genetically modified strain of P. fluorescens was evaluated 
for allergenicity by the bioinformatics criteria recommended by FAO/WHO, 
modified by the Committee at its 80th meeting (Annex 1, reference 223). The 
amino acid sequence of the enzyme was compared with the amino acid sequences 
of known allergens in a publicly available database. A search for matches with 
>  35% identity in a sliding window of 80 amino acids, a search for sequence 
identity of eight contiguous amino acids and a full-length FASTA sequence 
search produced no matches. Therefore, the Committee considered that dietary 
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exposure to PI-PLC from a genetically modified strain of P. fluorescens would 
not pose a risk of allergenicity. This consideration is further supported by the 
finding in the in vitro digestibility study that the enzyme is fully degraded in the 
gastrointestinal tract. 

In a 13-week study of oral toxicity in rats, no treatment-related adverse 
effects were seen when the PI-PLC liquid enzyme concentrate was administered 
by gavage at doses up to 1871 mg TOS/kg bw per day, the highest dose tested. The 
PI-PLC enzyme concentrate was not genotoxic in a bacterial reverse mutation 
assay or in an in vitro chromosomal aberration assay. The Committee had no 
concern with respect to the genotoxicity of the PI-PLC enzyme preparation. 

Two estimates of dietary exposure were available, one from the sponsor 
and the other calculated by the Committee. Both estimates were based on per 
capita consumption data (derived from food balance sheets) for plant-based 
(vegetable) oils in regional and in cluster diets, respectively. The maximum use 
level of 0.015 mg TOS/g fat or oil was used in the calculations. The estimated 
dietary exposures to IP-PLC ranged from 0.003 to 0.01 mg TOS/kg bw per day. 
The Committee noted that the enzyme would be removed during processing of 
the oil and that any remaining enzyme would become denatured and inactive; 
therefore, no or negligible dietary exposure to the enzyme would be expected 
from the final food. In addition, the Committee noted that dietary exposure to 
IPTG used in the manufacturing process of the enzyme would not be a safety 
concern.3

5.  Evaluation
Negative results were obtained in genotoxicity tests, and no treatment-related 
adverse effects were seen with PI-PLC enzyme concentrate at the highest dose 
tested (1871 mg TOS/kg bw per day) in the 13-week study of oral toxicity in 
rats. A comparison of the highest estimated dietary exposure of 0.01 mg TOS/kg 
bw per day with the highest dose tested of 1871 mg TOS/kg bw per day gives an 
MOE of at least 187 100. On this basis, the Committee established an ADI “not 
specified”4 for the PI-PLC enzyme preparation expressed in P. fluorescens, used in 
the applications specified and in accordance with good manufacturing practice.

3 Even if it is assumed that the concentration in vegetable oil is 120 µg/kg, the dietary exposure would be 
at least 10 times lower than the threshold of toxicological concern of 90 µg/day for IPTG (Cramer class 
III; according to ToxTree version 3.1.0.1851, there were no structural alerts for genotoxicity). This exposure 
estimate is based on the highest reported per capita consumption of “plant origin fat” of 59.7 g/person 
per day from the GEMS/Food cluster diets. 

4 The reader is referred to the footnote on p. 24 for definition of an ADI “not specified”.
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1.   Evaluation

1.1 Introduction
The Committee evaluated an additional six flavouring agents in the group of 
amino acids and related substances for the first time. In addition, the Committee 
considered new data for 20 previously evaluated flavouring agents in this group 
and data on L-cystine, a structurally related substance. 

The Committee previously evaluated 20 members of this group of 
flavouring agents at its sixty-third meeting (Annex 1, reference 173) and six 
members of the group at its seventy-sixth meeting (Annex 1, reference 211). The 
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Committee concluded that none of the 26 flavouring agents was of safety concern 
at the estimated dietary exposures. 

The additional flavouring agents in this group are betaine (No. 2265), 
N-acetyl-glutamate (No. 2269), L-cysteine methyl ester hydrochloride (No. 
2270), two dipeptides, glutamyl-2-aminobutyric acid and glutamyl-norvaline 
(Nos 2266 and 2268) and one tripeptide, glutamyl-norvalyl-glycine (No. 2267). 
Three of the flavouring agents in this group (Nos 2266–2268) are reported to be 
flavour modifiers. Betaine (No. 2265) has been reported to occur naturally in 
sugar beet molasses, wheat, mushrooms, seafood and red and white wines (1–5). 

The Committee noted at its sixty-third meeting (Annex 1, reference 
173) that amino acids may react with other food constituents upon heating. The 
mixtures formed are commonly referred to as “process flavours”. The safety of 
process flavours has not been reviewed by the Committee. The safety evaluation 
of the flavouring agents in this group of amino acids and related substances is 
therefore conducted on the basis that these flavouring agents are present in an 
unchanged form at the time of consumption. 

The six additional members of this group were evaluated according to 
the Revised Procedure for the Safety Evaluation of Flavouring Agents (Annex 1, 
reference 230). 

1.2 Assessment of dietary exposure
The total annual volume of production of the six additional flavouring agents in 
the group of amino acids and related substances is 420 kg in Latin America and 
11 000 kg in the USA (6, 7). More than 99% of the annual production volume in 
the USA and 62% in Latin America is accounted for by betaine (No. 2265). 

Dietary exposures were estimated with both the single portion exposure 
technique (SPET) and the maximized survey-derived intake (MSDI) method; the 
higher of the two values for each flavouring agent is reported in Table 1. The 
values with the SPET and MSDI method ranged from 1800 to 300 000 μg/day 
and 0.01 to 1142 μg/day, respectively. The estimated daily dietary exposure was 
highest for betaine (No. 2265) (300 000 μg/day, SPET value for non-alcoholic soft 
beverages).

Annual volumes of production of this group of flavouring agents and 
the daily dietary exposures calculated with both the MSDI method and SPET are 
summarized in Table 2. 

1.3 Absorption, distribution, metabolism and elimination 
Information on the absorption, distribution, metabolism and elimination of the 
flavouring agents in the group of amino acids and related substances is provided 
in monographs from the sixty-third and seventy-sixth meetings (Annex 1, 
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Table 2
Annual volumes of production of amino acids and related substances used as flavouring 
agents in Europe, Japan, Latin America and the USA

Flavouring agent (No.)

Most recent 
annual 

volume (kg)a

Dietary exposure Annual 
volume in 
naturally 
occurring 

foods (kg)d

MSDIb SPETc

μg/day
μg/kg bw

per day μg/day
μg/kg bw

per day
Betaine (2265; 107-43-7) +e

Europe ND ND ND 300 000 5
Japan ND ND ND 0
Latin America 260 14 0.2 0
USA 11 000 1142 19 0
Glutamyl-2-aminobutyric acid (2266; 16869-42-4) 6 000 100 –
Europe ND ND ND
Japan ND ND ND
Latin America ND ND ND
USA 0.1 0.01 0.000 2
Glutamyl-norvalyl-glycine (2267; 38837-71-7) 1 800 30 –
Europe ND ND ND
Japan ND ND ND
Latin America ND ND ND
USA 0.1 0.01 0.000 2
Glutamyl-norvaline (2268; 71133-09-0) 2 100 35 –
Europe ND ND ND
Japan ND ND ND
Latin America 0 0 0
USA 0.1 0.01 0.000 2
N-Acetyl glutamate (2269; 1188-37-0) 15 000 250 –
Europe ND ND ND
Japan ND ND ND
Latin America 160 9 0.1
USA 0.4 0.04 0.000 7
L-Cysteine methyl ester hydrochloride (2270; 18598-63-5) 2 000 33 –
Europe ND ND ND
Japan ND ND ND
Latin America ND ND ND
USA 0.1 0.01 0.000 2
Total
Europe ND
Japan ND
Latin America 420
USA 11 000

NA, not available; ND, no intake data reported; +, reported to occur naturally in foods (5) but no quantitative data available; -, not reported to occur naturally in foods
No consumption ratios available.
a From the International Organization for the Flavor Industry (6, 7). Values > 0 but < 0.1 kg were reported as 0.1 kg.
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references 174 and 212). Additional information on three new flavouring agents 
(Nos 2266, 2267 and 2268) evaluated at this meeting and additional studies on a 
previously reviewed material (No. 1435) have become available.

The “amino acids and related substances” used as flavouring agents 
include amino acids, modified L-amino acids that are endogenous (e.g. 
N-acetylglutamate, No. 2269) or exogenous (e.g. L-cysteine methyl ester 
hydrochloride, No. 2270) and dipeptides (e.g. glutamyl-norvaline, No. 2268) and 
tripeptides (e.g. glutamyl-norvalyl-glycine, No. 2267). The most frequent initial 
metabolic reaction of modified amino acids is hydrolysis to generate the parent 
amino acid(s), which usually occurs in either the stomach or the small intestine. 
Amino acids are absorbed readily through the intestinal mucosa and distributed 
via the blood; their entry into mammalian cells is facilitated by multiple amino 
acid transport systems. D-Amino acid stereoisomers and those L-amino acids 
that are not required for protein synthesis undergo catabolism, primarily in the 
liver. Amino acids are not stored in the liver in humans but are catabolized by 
oxidative deamination, in which they are deaminated to yield α-ketoacids, which 
are either completely oxidized to CO2 and water or provide three or four carbon 
units that are converted via gluconeogenesis to glucose or undergo ketogenesis 
to yield ketone bodies. 

1.4 Application of the revised procedure for the safety evaluation of 
flavouring agents
Step 1. There are no structural alerts for genotoxicity for the additional six 
flavouring agents (Nos 2265–2270) in this group. Chemical-specific genotoxicity 
data on previously evaluated flavouring agents in this group and on the newly 
added agents do not indicate any genotoxic potential.

Step 2.  In applying the revised procedure for the safety evaluation of 
flavouring agents to the additional six flavouring agents, the Committee assigned 
five agents (Nos 2265–2269) to structural class I and one (No. 2270) to structural 
class III (16).

Table 2 (continued)
b Intake (μg/person per day) calculated as follows:

[[(annual volume, kg) x (1 x 109 μg/kg)]/[population x survey correction factor x 365 days]], where population (10%, “eaters only”) = 45 x 106 for Europe, 13 x 106 
for Japan, 62 x 106 for Latin America and 33 x 106 for the USA,  with correction factor = 0.8 from IOFI Global Poundage Survey and the IOFI Interim Poundage and Use 
Levels Survey only 80% of the annual flavour volume, respectively, was reported in the poundage surveys (6, 7).
Intake (μg/kg bw per day) calculated as follows:
[(μg/person per day)/body weight], where body weight = 60 kg. Slight variations are due to rounding.

c SPET (μg/person per day) calculated as follows:
(USFDA standard food portion, g/day) x (highest usual use level) (6)
[(μg/person per day)/body weight], where body weight = 60 kg. Slight variations are due to rounding.

d Quantitative data for the USA reported by Stofberg & Grundschober (12)
e References 1–5
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Step 3.  Dietary exposures were estimated with both the MSDI method 
and the SPET and are presented in Table 2. 

Step 4.  The highest estimated dietary exposures to the five flavouring 
agents in structural class I are above the threshold of toxicological concern for the 
class (i.e. 1800 μg/person per day). The highest estimated dietary exposure to the 
one flavouring agent in structural class III is above the threshold of toxicological 
concern for the class (i.e. 90 μg/person per day). Evaluation of these flavouring 
agents therefore proceeded to Step 5.

Step 5.  For betaine (No. 2256), the NOAEL of 1428 mg/kg bw per day 
in a 28-day dietary study in male and female rats (8) provides an adequate MOE 
(285) relative to the SPET estimate of 300 000 μg/day.

For glutamyl-2-aminobutryic acid (No. 2266), the NOAEL of  
1000 mg/kg bw per day in a 28-day dietary study in male and female rats for the 
structurally related substance glutamyl-valyl-glycine (No. 2123) (9) provides an 
adequate MOE (10 000) in relation to the SPET estimate of 6000 μg/day. This 
NOAEL is appropriate for the structurally related flavouring agents glutamyl-
norvalyl-glycine (No. 2267) and glutamyl-norvaline (No. 2268), as they are 
di- and tripeptide derivatives and are expected to follow the same metabolic 
pathways, and provides MOEs of 33 300 for glutamyl-norvalyl-glycine (No. 2267) 
and 28 500 for glutamyl-norvaline (No. 2268) relative to their SPET estimates of 
1800 and 2100 μg/day, respectively.

For N-acetyl-glutamate (No. 2269), the NOAEL of 914 mg/kg bw per day 
in a 28-day dietary study in rats (10) provides an adequate MOE (3600) relative 
to its SPET estimate of 15 000 μg/day.

For L-cysteine methyl ester hydrochloride (No. 2270), the NOAEL of  
600 mg/kg bw per day for the structurally related substance L-cystine in a 93-day 
gavage study in rats (11) provides an adequate MOE (18 000) relative to its SPET 
estimate of 2000 μg/day. 

Table 1 summarizes the evaluations of the six flavouring agents in the 
group of amino acids and related substances that were considered at the present 
meeting (Nos 2265, 2266, 2267, 2268, 2269 and 2270). 

1.5 Consideration of combined intakes from use as flavouring agents
The Committee previously considered the potential combined intake of this 
group of amino acids and related substances and identified no safety concern. 
Five of the additional flavouring agents in this group (Nos 2266, 2267, 2268, 2269 
and 2270) have low MSDI values (0.01–0.04 μg/day) and would therefore make a 
negligible contribution to the combined intake of this group. Exposure to betaine 
(No. 2265) from its use as a flavouring agent, 1142 μg/day, is not significant in 
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comparison with its intake from other dietary sources; for example, 100 g of 
spinach contains > 600 mg betaine (5).

1.6 Consideration of additional data on previously evaluated 
flavouring agents
The Committee considered additional data on 20 of the 26 previously evaluated 
flavouring agents in this group. Studies of absorption, distribution, metabolism 
and elimination (No. 1435), of short-term toxicity (Nos 1419–1424, 1426, 1428–
1430, 1434, 1435, 1437–1439, 2119, 2120 and 2123), long-term toxicity (Nos 
1420 and 1422), reproductive and developmental toxicity (Nos 1420, 1422, 1424, 
and 1435) and genotoxicity (Nos 1420, 1421, 1424, 1427–1431, 1434, 1438, 2120 
and 2123) were available. The results support the conclusions of the previous 
evaluations.

1.7 Conclusion
Studies of absorption, distribution, metabolism and elimination, acute toxicity, 
short-term and long-term toxicity and genotoxicity were available for the 
26 substances in this group of amino acids and related substances evaluated 
previously (Annex 1, reference 174 and 212). None raised safety concerns. Studies 
of absorption, distribution, metabolism and elimination (Nos 2266–2268), short-
term toxicity (Nos 2265 and 2269) and genotoxicity (Nos 2265 and 2269) were 
available for the six additional flavouring agents, and a short-term toxicity study 
was available on L-cystine, a structurally related substance.

At its present meeting, the Committee concluded that the six additional 
flavouring agents (Nos 2265–2270) would not give rise to safety concerns at the 
current estimated dietary exposures. 

The Committee also concluded that the additional data presented in this 
addendum do not give rise to safety concerns and further support the safety of 
the 26 previously evaluated flavours in this group.

2. Relevant background information

2.1 Explanation
This addendum summarizes the key data relevant to the safety evaluation of a 
group of amino acids and related substances used as flavouring agents (Table 1), 
none of which has been evaluated previously. Twenty other flavouring agents in 
this group were evaluated at the sixty-third meeting and six at the seventy-sixth 
meeting (Annex 1, references 173 and 211). 



81

Amino acids and related substances (addendum)

2.2 Additional considerations on exposure
Annual volumes of production and dietary exposures estimated both as the 
MSDI and with use of SPET for each flavouring agent are reported in Table 2.

2.3 Biological data
2.3.1 Biochemical data: hydrolysis, absorption, distribution, metabolism and 
excretion
Several studies on the absorption, distribution, metabolism and elimination of 
amino acids were described in the previous monograph and addendum (Annex 
1, references 174 and 212). Studies on three new flavouring agents evaluated at 
this meeting and additional studies on a previously reviewed agent (No. 1435) are 
described below.

(a) γ-Glutamyl-2-aminobutyric acid (No. 2266)
γ-Glutamyl-2-aminobutyric acid (No. 2266) is readily hydrolysed to the 
corresponding amino acids, as demonstrated in a microsomal fraction of 
human small intestinal mucosa (14). The starting concentration of the material 
in the reaction mixture was 10 ppm (43.1 µM) or 40 ppm (172.2 µM), and 
hydrolysis was monitored at 0 (compound only), 15, 30, 60 and 180 min by 
high-performance liquid chromatography with tandem mass spectrometry (LC/
MS/MS). When the starting concentration was 10 ppm, approximately 29% 
remained in the microsomal fraction after 15 min, 8% after 30 min and below 
the limit of quantification (LOQ) of the parent compound after 60 min. When 
the starting concentration was 40 ppm, approximately 41%, 1.5% and below the 
LOQ remained in the microsomal fraction after 15 min, 60 min and 180 min, 
respectively. The concentrations of glutamic acid and α-aminobutyric acid, the 
hydrolysis products of γ-glutamyl-2-aminobutyric acid, increased in a time-
dependent manner during incubation. 

Two studies were performed on the hydrolysis of γ-glutamyl-2-
aminobutyric acid at 10 ppm or 40 ppm in simulated gastric and intestinal fluids 
(14). γ-Glutamyl-2-aminobutyric acid was hydrolysed to a much lesser extent in 
gastric fluid than in intestinal mucosa homogenate. In simulated intestinal fluid, 
the proportion of unchanged γ-glutamyl-2-aminobutyric acid was 50% after 4 h 
and 27% after 8-h reaction of 10 ppm starting concentration and 61% after 4 h 
and 41% after 8-h reaction of 40 ppm.

(b) γ-Glutamyl-L-norvaline (No. 2268)
γ-Glutamyl-L-norvaline (No. 2268) was hydrolysed to the corresponding free 
amino acids after incubation with a human small intestinal mucosa homogenate 
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(15). The starting concentration of the compound was 5 ppm (20.3 µM) or  
20 ppm (81.2 µM), and hydrolysis was monitored at 0 (compound only), 30, 
60, 120 and 240 min by LC/MS/MS. At a starting concentration of 5 ppm, 17%, 
4% and below the LOQ of the compound remained in the reaction mixture 
after 60 min, 120 min and 240 min, respectively. At a starting concentration of  
20 ppm, approximately 25%, 7% and 0.4% of γ-glutamyl-L-norvaline remained 
in the reaction mixture after 60 min, 120 min and 240 min, respectively. The 
concentrations of free glutamic acid and L-norvaline, the expected hydrolysis 
products, increased during incubation in a time-dependent manner. 

Two further studies were performed on the hydrolysis of γ-glutamyl-L-
norvaline in simulated gastric and intestinal fluids (15). The compound was not 
readily hydrolysed in simulated gastric fluid, while the proportions of γ-glutamyl-
L-norvaline that remained detectable after incubation in simulated intestinal 
fluid was 37% after 4 h and 13% after 8 h at a 5-ppm starting concentration and 
48% after 4 h and 22% after 8 h at a 20-ppm starting concentration. These results 
indicate that orally ingested γ-glutamyl-L-norvaline is readily hydrolysed in the 
gastrointestinal tract to its corresponding amino acids.

(c) γ-Glutamyl-L-norvalyl-glycine (No. 2267)
γ-Glutamyl-L-norvalyl-glycine (No. 2267) was hydrolysed to the corresponding 
amino acids when incubated with a homogenate of human small intestinal 
mucosa (16). The compound was incubated at a starting concentration of 5 ppm  
(16.5 µM) or 20 ppm (66 µM), and the concentrations of the parent compound 
and its hydrolysis products (γ-glutamyl-L-norvalyl-glycine, γ-glutamyl-norvaline 
and norvalyl-glycine) were monitored at 0 (compound only), 15, 30, 60 and 120 
min by LC/MS/MS. At a concentration of 5 ppm, approximately 3.5% and below 
the LOQ of γ-glutamyl-L-norvalyl-glycine remained in the reaction mixture 
after 15 min and 30 min, respectively. At a starting concentration of 20 ppm, 
approximately 26%, 6% and below the LOQ of the compound remained in the 
reaction mixture after 15 min, 30 min and 60 min, respectively. The concentrations 
of the hydrolysis products norvalyl-glycine, glutamic acid, L-norvaline and 
glycine increased in a time-dependent manner during the reaction. 

In a separate study, hydrolysis of γ-glutamyl-L-norvalyl-glycine (No. 
2267) to the corresponding amino acids was monitored after incubation with 
a microsomal fraction of human small intestinal mucosa at a concentration of 
5 ppm (16.5 µM) or 20 ppm (66 µM) (16). The concentrations of γ-glutamyl-L-
norvalyl-glycine, γ-glutamyl-norvaline and norvalyl-glycine were monitored at 
0 (compound), 5, 10, 30 and 60 min by LC/MS/MS. At a starting concentration 
of 5 ppm, approximately 1% of the parent compound remained detectable after 
5 min; the amount remaining after 10 min was below the LOQ. At a starting 
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concentration of 20 ppm, approximately 23% remained detectable after 5 min 
and 3% after 10 min; the amount was below the LOQ after 30 min. The amounts 
of γ-glutamyl-norvaline, norvalyl-glycine, glutamic acid, L-norvaline and 
glycine formed by hydrolysis of γ-glutamyl-L-norvalyl-glycine increased with 
time during the reaction. 

Two separate studies were conducted of the hydrolysis of γ-glutamyl-L-
norvalyl-glycine in simulated gastric and small intestinal fluid (16). The compound 
was not readily hydrolysed in simulated gastric fluid. In simulated intestinal fluid, 
the proportion of γ-glutamyl-L-norvalyl-glycine that remained detectable in the 
reaction mix was 15% after both 4 h and 8 h at 5 ppm and 16% after 4 h and 
5% after 8 h at 20 ppm. Detectable levels of γ-glutamyl-norvaline and norvalyl-
glycine were formed by hydrolysis. These results indicate that orally ingested 
γ-glutamyl-L-norvalyl-glycine is readily hydrolysed in the gastrointestinal tract.

(d) Taurine (No. 1435)
To determine the metabolic fate of taurine (No. 1435), groups of 12 male and 12 
female Sprague-Dawley rats were given a single oral dose of 30 or 300 mg/kg bw 
of [1,2-14C]-taurine (purity 99.1%) or unlabelled taurine (purity 99.9%) in three 
studies (17). In the first study, groups of three Sprague-Dawley rats of each sex 
were killed 1, 4, 24 and 168 h (7 days) after a single administration of 14C-taurine 
by oral gavage of 30 or 300 mg/kg bw. Blood and numerous tissue samples were 
collected from each animal. Urine was collected at 0–6-, 6–12- and 12–24-
h intervals and then once daily up to 168 h after dosing. Faeces were collected 
at 0–12 h, 12–24 h and then once daily up to 168 h after dosing. 14C-Taurine 
was rapidly absorbed, distributed and excreted unchanged, primarily in the 
urine, within the first 6 h, accounting for 36% and 48% in males and females, 
respectively, of the low dose and 58% and 67%, respectively, of the high dose. 
Approximately 90% of 14C-taurine was accounted for in male and female rats at 
both doses, suggesting rapid uptake and equilibration with endogenous taurine 
pools. Distribution to the liver, adrenals, bone, pituitary, kidney, lung, pancreas, 
skin, spleen, thymus and thyroid peaked by 24 h and had decreased by 168 h, 
while heart, brain, eyes, fat and muscle showed slower increases during the first 
24 h and little decrease by 168 h. The half-life in plasma was 107 h in males and 
96 h in females, respectively, at the low dose and 130 h and 65 h, respectively, at 
the high dose, while the ratio between the area under the curve with the low and 
high dose indicated non-linear kinetics (< 10 times difference). 

In a study to investigate possible enzyme induction, groups of 18 
rats of each sex were given 30 or 300 mg/kg bw per day of unlabelled taurine 
(purity 99%) for 14 days, followed by a single oral dose of 14C-taurine at 30 or  
300 mg/kg bw (17). Blood was collected from three rats of each sex 1, 4, 24, 168, 
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196 and 672 h after administration of 14C-taurine. Elimination of taurine in urine 
accounted for 46% and 51% in males and females, respectively, of the low dose 
and 78% and 72%, respectively, of the high dose. No taurine metabolites were 
detected in the urine in either study. Recovery of 14C-taurine was 88–100% of the 
administered dose. The half-life in plasma in the 24–168 h period was similar to 
that in the first study (78 h and 74 h in males and females, respectively, at the low 
dose and 63 h and 82 h, respectively, at the high dose); however, higher half-lives 
were estimated from data for the period 168–672 h (240 h and 479 h in males 
and females, respectively, at the low dose and 302 h and 225 h, respectively, at 
the high dose). Therefore, daily pretreatment with unlabelled taurine for 2 weeks 
did not significantly affect the metabolic fate of 14C-taurine. As in the first study, 
significantly higher urinary excretion and lower tissue retention of 14C-taurine 
were observed at the higher than the lower dose, indicating saturation of renal 
tubular reabsorption. 

In a study of the concentrations of taurine in tissues, groups of nine rats of 
each sex were given 30 or 300 mg/kg bw per day of unlabelled taurine, and three 
animals of each sex per group were killed 1, 7 and 14 days after administration 
(17). Blood, brain, heart, kidney, liver and skeletal muscle samples were collected 
from three controls of each sex per group and from all test animals. The tissue 
concentrations were similar in control and treated animals, regardless of dose, 
except that higher levels of taurine were found in the kidney and plasma, even 
after repeated doses. The taurine concentration increased in the livers of males 
and females and in the muscle of male rats after repeated dosing. Although 
slower decreases in 14C-taurine levels in brain tissue were seen in the first and 
second studies, the levels did not show a trend towards accumulation with 
repeated doses in the third study. These results suggest that exogenous taurine is 
rapidly absorbed in the gastrointestinal tract, distributed to tissues and excreted 
unchanged in the urine. 

The pharmacokinetics of taurine (No. 1435) was studied after oral 
administration of 4 g of taurine to eight healthy male volunteers with a median 
body weight of 79.5 kg (18). After administration, the maximum serum taurine 
concentration was 86.1 mg/L on average and was reached 1.5 h after ingestion. 
Taurine had a short plasma half-life, with a mean of 1.0 h, and rapid clearance, 
with a mean ratio of clearance to bioavailability of 21.1 L/h.

2.3.2 Toxicological studies
Information related to short-term (Nos 1419–1424, 1426, 1428–1430, 1434, 
1435, 1437–1439, 2119, 2120 and 2123) and long-term toxicity (Nos 1420 and 
1422) and to reproductive and developmental toxicity (Nos 1420, 1422, 1424 
and 1435) and genotoxicity (Nos 1420, 1421, 1424, 1427-1431, 1434, 1438, 2120 
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and 2123) for previously evaluated flavouring agents in this group have been 
reported since submission of the most recent monographs (Annex 1, references 
174, 212). Studies of biochemistry (Nos 2266–2268), short-term toxicity (Nos 
2265 and 2269) and genotoxicity (Nos 2265 and 2269) were available for the six 
newly evaluated flavouring agents, and a short-term toxicity study was available 
for L-cystine, a structurally related substance.

(a) Acute toxicity
In studies of oral acute toxicity compliant with OECD test guidelines 420 and 423 
with N-acetyl-glutamate (No. 2269; batch no. unknown, purity 99%), L-glutamic 
acid (No. 1420; batch no. unknown, purity 99%) and L-methionine (No. 
1424; batch no. unknown, purity 90% or 85%) in rats and mice, LD50 values of  
> 2000 mg/kg were established (10, 19, 20). The studies are summarized in Table 3.

Taken together, the available data indicate low acute oral toxicity of 
amino acids and related substances.

(b) Short-term toxicity
Short-term studies were completed for betaine and N-acetyl-glutamate (Nos 2265 
and 2269), and new studies were available on previously reviewed substances (Nos 
1419–1424, 1426, 1428–1430, 1434, 1435, 1437–1439, 2119, 2120 and 2123). In 
addition, a short-term toxicity study of L-cystine, a structurally related substance 
was available. These studies are summarized in Table 4 and described below.

(i) N-Acetyl-glutamate (No. 2269)
In a 28-day study that complied with OECD test guideline 407, groups of 10 
male and 10 female Sprague-Dawley rats per group were fed diets containing 
N-acetyl-glutamate (No. 2269; batch no. unknown; purity 99%) at concentrations 
calculated to provide target doses of 0, 100, 500 and 1000 mg/kg bw per day (10). 

No. Flavouring agent Species; sex LD50  (mg/kg bw) Reference
2269 N-Acetyl-glutamate Rat; M, F > 2 000 10
1420 L-Glutamic acid Rat; M, F > 2 000 10
1424 L-Methionine Mice; F > 2 000 19
1424 L-Methionine Rat; F > 2 000 19
1424 L-Methionine Rat; F > 2 000 20

Table 3
Results of oral acute toxicity studies with amino acids and related substances used as 
flavouring agents

F: female; M: male
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Table 4
Results of studies of short-term and long-term toxicity with amino acids and related 
substances used as flavouring agents

No. Flavouring agent Species; sex

No. of test 
groupsa/
no. per 
groupb Route

Duration 
(days)

NOELc/NOAELd 
(mg/kg bw per 

day) Reference
Short-term toxicity
2269 N-Acetyl-glutamate Rat; M, F 3/20 Diet 28 914 (M); 1000 (F)d 10
2265 Betaine Rat; M, F 3/20 Diete 28 ND 8
2265 Betaine Rat; F 3/20 Dietf 28 1428 8
2265 Betaine Rat; M, F 3/40 Diete 90 ND 8
2265 Betaine Rat; M, F 3/40 Dietf 90 1428 8
1419 L-Cysteine Rat; M 5/6 Diet 14 NRg 21

1419 L-Cysteine Rat; M 3/6 Diet 28 ND 22
1420 L-Glutamate, sodium salt Rat; M, F NR Dieth 28 5100 (M); 4800 (F)d 23
1420 L-Glutamate, sodium salt Rat; M, F NR Dieth 28 5300 (M); 4900 (F)d 24
1420 L-Glutamic acid Rat; M, F 1/20 Diet 28 953 (M) 1047 (F)d 10
1420 L-Glutamate, sodium salt Mice; M 4/10 Gavage 28 ND 25
1420 L-Glutamatei Mice; M 1/10 Gavage 28 ND 25
1420 L-Glutamate, sodium salt Rat; M, F 3/40 Dieth 90 3170 (M); 3620 (F)d 26
1420 L-Glutamate, sodium salt Rat; M, F 3/NR Dieth 90 2700 (M); 2900 (F)d 27
1420 L-Glutamate, sodium salt Dog; M, F 3/8 Dieth 90 1500d 28
1420 L-Glutamate, sodium salt Rats; M 2/12 Diet 112 ND 29
1421 L-Glycine Rat; M 3/6 Gavage 28 2000 30
1422 L-Isoleucine Rat; M, F 3/12 Diet 90 1565 (M); 1646 (F)d 31
1423 L-Leucine Rat; M 5/6 Diet 14 NRg 32
1423 L-Leucine Rat; M, F 3/12 Diet 90 3333 (M); 3835 (F)d 31
1424 L-Methionine Rat; M 4/9 Diet 14 NRg 33
1424 L-Methionine Rat; M 4/6 Diet 28 236d 34
1424 L-Methionine Rat; M, F 3/20 Diet 90 250d 19
1426 L-Valine Rat; M, F 3/12 Diet 90 3225 (M); 1853 (F)d 31
1428 L-Phenylalanine Rat; M, F 3/20 Diet 28 1548 (M); 1555 (F)d 35
1429 L-Aspartic acid Rat; M, F 4/20 Diet 90 697 (M); 715 (F)d 36
1420 L-Glutamine Rat; M, F 4/8 Diet 14 NRg 37
1430 L-Glutamine Rat; M, F 3/12 Diet 90 3379 (M); 4026 (F)d 38
1430 L-Glutamine Rat; M, F 4/20 Diet 90 3832 (M); 4515 (F)d 37
1434 L-Tyrosine Rat; M, F 3/20 Gavage 90 600 (M); 200 (F)d 39
1435 Taurine Rats; M, F 3/40 Gavage 90 ND 40
1435 Taurine Rats; M, F 2/40 Gavage 90 1647 (M); 1656 (F)d 40
1437 L-Alanine Rat; M, F 1/20 Gavage 28 2000j 41
1438 L-Arginine Rat; M 1/4 Gavage 28 ND 42
1438 L-Arginine Rat; M, F 3/24 Diet 90 3300 (M); 3900 (F)d 43
1439 L-Lysine Rat; M, F 3/12 Diet 90 3357 (M); 3986 (F)d 44
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Feed consumption and body weight measurements were used to calculate that the 
actual doses, which were 0, 91, 444 and 914 mg/kg bw per day for males and 106, 
497 and 1007 mg/kg bw per day for females. No deaths and no adverse effects on 
body weights, feed consumption, clinical signs, ophthalmology or microscopic 
parameters were observed in treated rats as compared with the control group. 
At the highest concentration, an increased incidence of immobility was noted in 
seven female treated rats and in two female controls, which was considered to be 
a normal variation in behaviour and not adverse. No other effects were observed 
in a neurobehavioural battery. Slight but significant increases in white blood 
cell and absolute lymphocyte counts in male rats at 914 mg/kg bw per day were 
within historical control ranges and were therefore not considered to be adverse. 
A significant decrease in serum calcium levels in female rats at 500 mg/kg bw per 
day was also not considered adverse, as there was no evidence of a concentration-
dependent effect. Similarly, slightly but significantly increased brain weight 
relative to body weight in female rats at the lowest concentration was not 
considered adverse in the absence of concentration-dependent changes. Selected 
organs from control and high-intake animals were examined histopathologically, 
and no adverse microscopic findings were found in treated rats relative to the 
control group. The Committee identified NOAELs for dietary administration of 

No. Flavouring agent Species; sex

No. of test 
groupsa/
no. per 
groupb Route

Duration 
(days)

NOELc/NOAELd 
(mg/kg bw per 

day) Reference
2119 L-Threonine Rat; M, F 3/24 Diet 90 3266 (M); 3673 (F)d 45

2120 L-Ornithine monochlorhydrate/
ornithine

Rat; M, F 3/24 Diet 90 3445 (M); 3986 (F)d 46

2123 Glutamyl-valyl-glycine Rat; M, F 3/20 Diet 28 1000j 9
L-cystine Rat; M, F 3/20 Gavage 93 600d 11

Long-term toxicity and carcinogenicity
1420 L-Glutamate, sodium salt Rat; M, F 1/12 Diet 365 ND 47
1422 L-Isoleucine Rat; M, F 2/100 Diet 728 2189 (M); 1788 (F)d 48

M, male; F, female; NR, not reported; ND, not determined
a Total number of test groups does not include control animals.
b Total number per test group includes both male and female animals.
c No-observed-effect level
d No-observed-adverse-effect level
e Brandeis diet has a higher protein content
f BIBRA diet designed to promote longevity and reduce obesity in toxicity trials
g NOAEL not reported because of the short duration of the study
h Study was performed with monosodium L-glutamate monohydrate
i As described in the publication. The Committee assumed that the test substance was L-glutamic acid.
i The study was performed at a single or multiple dose levels, but no adverse effects were seen, and no NOAEL was determined. The NOAEL is probably higher than the 

dose reported here, which is the highest dose that had no adverse effects.
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N-acetyl-glutamate of 1000 mg/kg bw per day of calculated doses of 914 and  
1007 mg/kg bw per day for male and female rats, respectively, the highest level 
tested.

(ii) Betaine (No. 2265)
In a series of feeding studies by the British Industrial Biological Research 
Association (BIBRA) to evaluate the sub-acute and sub-chronic effects of betaine 
(No. 2265; batch no. unknown, purity unknown), groups of five male and five 
female Sprague-Dawley rats were fed diets containing 0, 10 000, 20 000 or 50 000 
mg/kg feed betaine (equivalent to 0, 1000, 2000 and 5000 mg/kg bw per day, 
respectively) in a 14-day range-finding study, and groups of 20 rats of each sex 
were fed the diets in a 90–93 day study of sub-chronic toxicity (8). In a separate 
study to assess the reversibility of observed changes, groups of 20 female Sprague-
Dawley rats were fed diets containing 0, 10 000, 20 000 or 50 000 mg/kg feed 
betaine (equal to 0, 1147, 2298 and 5771 mg/kg bw per day, respectively) for 28 
days, followed by a 28-day recovery period. Half of the animals in each group 
were killed and necropsied at the end of 28 days and the remainder at the end 
of the 28-day recovery period. The basal diet fed to the rats in these 14-, 28- and 
90-day studies, referred to as the “BIBRA diet”, was designed to limit obesity and 
promote longer life during toxicity trials. Follow-up in the 28- and 90-day studies 
conducted at Brandeis University (Boston (MA), USA) with a different basal diet 
(“Brandeis diet”) are described separately below. Individual body weights were 
recorded 3 days before treatment, at the start of treatment and twice weekly until 
termination of each study at 14 and 28 days with recovery and at 90 days. Food 
consumption and clinical changes were recorded weekly. 

Rats in the 14-day study were necropsied at study termination, and 
selected organs were weighed and evaluated macroscopically. No deaths, changes 
in behaviour or function or clinical toxicity and no treatment-related macroscopic 
findings were identified. A 10% decrease in body weights was reported in males 
and females at the highest dietary level of betaine on days 4 and 13 as compared 
with controls. Small but statistically significant increases in absolute liver weights 
(P < 0.05) were reported in males fed the low and the high dietary levels and 
in females fed the middle and high dietary levels of betaine. Absolute kidney 
weights were slightly higher than those of control males at the middle dietary 
level and in animals of each sex at the high dietary level. Pale livers associated 
with microscopic hepatocellular vacuolization were reported in two of five 
females at the high intake level. 

In the 90-day study, detailed clinical observations were recorded 
throughout treatment. Ophthalmology, urinalysis and functional and 
neurobehavioural tests were performed before termination. In addition to gross 
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and microscopic examinations of selected tissues (kidneys, liver, ovaries, spleen, 
thymus and lungs), comprehensive haematology and serum chemistry were 
performed on rats in the 28- and 90-day studies. 

No treatment-related changes were observed in survival, general 
condition or behaviour in any of the treated rats. Statistically significantly 
reduced food intake (P < 0.05) was reported in animals fed the highest dietary 
level of betaine in the 90-day study, between days 0 and 24 in males and days 
38 and 70 in females. Reduced food intake was also recorded at the highest 
dietary level of betaine in females in the 28-day study, between days 3 and 7. No 
treatment-related changes were reported in food conversion efficiency in any of 
the betaine-exposed rats. The body weights of males fed the highest dietary level 
were lower during weeks 0 and 4 of the 90-day study (largest reduction by day 
10) but recovered and were similar to those of controls at the end of the treatment 
period. Lower body weights were reported in females fed the highest dietary 
level of betaine in the 28-day study, which returned to the control range during 
the 28-day recovery phase. No change in body weights was reported in females 
in the 90-day study. Statistically significant increases in absolute liver weights  
(P < 0.05) were reported in all treated animals in the 90-day study and in females 
fed the middle dietary level in the 28-day study. A concentration-dependent 
increase in absolute liver weights observed in the 28-day study recovered during 
the 28-day recovery period. Statistically significant increases in absolute kidney 
weights (P < 0.05) were reported in animals of each sex at the high dietary level 
in the 90-day study. Although no increases in kidney weights were reported in 
females fed betaine at the middle and high dietary levels in the 28-day treatment 
phase, a 7% increase was reported at both dietary levels after the 28-day recovery 
period. In the 90-day study, increased absolute ovary weights (P < 0.05) were 
reported in all females fed betaine, and increased absolute spleen and thymus 
weights (P < 0.05) were reported in female rats fed the high dietary level. The 
authors reported no treatment-related clinical toxicity or dose-related effect in 
the functional battery observations; however, they reported reduced values for 
mean corpuscular volume and mean corpuscular haemoglobin concentration at 
the high betaine intake level. Clinical chemistry indicated increases in γ-glutamyl 
transferase in females at the high intake level in the 90-day study and at all levels 
in the 28-day study, which were reversible, a reversible increase in alkaline 
phosphatase at the middle and high intake levels, a reversible increase in urea at 
the low and high intake levels and a reversible increase in bilirubin at the high 
intake level in the 28-day study. In males in the 90-day study, increases were 
recorded in alkaline phosphatase at the middle and high intake levels, in lactate 
dehydrogenase at the low and middle intake levels, in urea at the high level, in 
cholesterol at all levels and in thyroglobulin at the middle and high intake levels. 
A concentration-related increased incidence of hepatocyte vacuolization was 
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reported in all treated animals in the 90-day study, which was severe in high-
intake females. Similar findings were reported in the livers of females in the 
28-day study. Histopathological examination and Oil Red O staining in females 
in the 28-day recovery group indicated that the vacuoles were formed by fatty 
droplets, consistent with increased cholesterol and thyroglobulin, but the effect 
was reversed after the recovery period. The authors noted that the reduced 
energy and protein diet used in these studies supports animal maintenance but 
not growth, consistent with the finding of reduced body weights over the course 
of the 90-day study after the early growth period. The authors interpreted the 
observed effects as evidence of a possible interaction between betaine and the 
dietary protein composition, which is deficient in sulfur-containing amino acids 
and may present a metabolic challenge to the animals. Reduced growth rate and 
fat accumulation in the liver have previously been attributed to protein–energy-
deficient diets (49). Both effects were reversed during the 28-day recovery phase. 

In the 28- and 90-day follow-up feeding studies to determine the levels at 
which liver thyroglobulin accumulation appears, groups of five female Sprague-
Dawley rats were fed diets containing 0, 5000, 7500, 10 000 or 50 000 mg/kg feed 
betaine (No. 2265; batch no. unknown; purity unknown), equal to 0, 718, 1071, 
1428 and 7143 mg/kg bw per day, respectively (8). The main difference between 
these studies and those conducted at BIBRA (described above) was in the basal 
diet, which contained higher levels of energy, protein and fat for full nutritional 
support of animal growth, including nutritional needs during reproduction. Two 
additional subgroups of five rats each fed the control diet or a diet containing 
the highest concentration (50 000 mg/kg betaine) were used in the assay of 
thyroglobulin secretion rate conducted at 6 and 8 weeks in animals fasted for 
16 h and 30 h, respectively. These two subgroups were subsequently maintained 
on the same diets for 90 days before termination. A similar series of clinical 
chemistry and physiological parameters were monitored in blood collected after 
overnight fasting at the end of the 28-day and 90-day treatments. The livers of 
animals in the control group and at the two highest dietary levels of betaine were 
examined histopathologically, including Oil Red O staining. Blood lipid profile 
and hepatic levels of cholesterol, thyroglobulin and total protein were determined 
in chloroform–methanol-extracted fractions of liver tissue. In the 28-day study, 
food consumption and body weight gain were similar in treated and control 
groups, but animals gained more weight and were larger (for their age) than the 
animals fed the BIBRA diets, consistent with the higher energy and nutritional 
intake from the follow-up Brandeis diet. No macroscopic changes were found at 
necropsy, except for slightly larger livers in the highest intake group. Statistically 
significant increases in mean absolute liver and absolute kidney weights were 
reported at the two highest dietary intakes; at the highest intake, each was up to 
10% higher than in controls. In the 28-day study, an increase in hepatic protein 
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levels and a ≤ 40% decrease in liver thyroglobulin levels at the highest intake level 
were concentration-dependent and statistically significant. No differences in these 
parameters were found after the 90-day treatment. No other significant treatment-
related adverse effects of clinical importance were observed at any dietary level of 
betaine. Biochemical changes were not concentration dependent. A statistically 
significant decrease in α-tocopherol was recorded at the highest intake level in 
both the 28- and 90-day studies; the ratio of α-tocopherol to total cholesterol was 
reduced only after 28 days. The thyroglobulin secretion rate assay did not reveal 
any difference in thyroglobulin clearance. Although decreased mean corpuscular 
volume and mean corpuscular haemoglobin levels, suggestive of altered iron 
and/or haemoglobin homeostasis, were reported in animals at the high dietary 
concentration in the 28-day study, all the parameters were comparable to those 
in controls at 90 days. The higher food consumption and associated higher intake 
of betaine in these studies than in the BIBRA studies suggest that the adverse 
effects observed in the BIBRA studies were not attributable to betaine but to a 
metabolic shift toward lipid accumulation when the betaine:protein ratio is too 
high (60% higher in the BIBRA studies). The reduced mean corpuscular volume 
and mean corpuscular haemoglobin levels were found to be correlated with the 
betaine:protein ratio, with a threshold of non-adverse effect of 150 mg betaine to 
1 g protein. The authors concluded that betaine was not toxic at the levels used in 
these studies when protein intake is sufficient to support growth. The Committee 
identified an NOAEL of 1428 mg/kg bw per day for betaine in the diet on the 
basis of an observed decrease in mean corpuscular volume and haemoglobin 
during the growth period in the 28-day study and increased absolute liver and 
kidney weights at the highest concentration tested. 

(iii) L-Cysteine (No. 1419)
No deaths were observed in groups of six male Fischer 344 fed a diet containing 
0 (basal diet), 3000, 6000, 12 000, 24 000 or 48 000 mg/kg feed of L-cysteine 
(No. 1419; batch no. unknown; purity 99%) in place of corn starch six times 
over 14 days (24). These concentrations were added to a basal diet that already 
contained 3700 mg/kg feed. The added dietary levels are calculated to provide 
approximate daily doses of 0, 1285, 2571, 5143, 10 286 and 20 571 mg/kg bw 
per day, respectively. The body weight gain in the groups fed the two highest 
dietary concentrations was lower than in controls fed the basal diet. In a further 
study, groups of six male Fischer 344 rats were fed diets containing 0 (basal diet),  
24 000, 48 000 or 72 000 mg/kg feed of L-cysteine over 5 days. Animals at the 
two highest concentrations had significantly less body weight gain than controls, 
and those at the highest concentration had a significant decrease in body weight. 
The survival of various numbers of rats was evaluated, ranging from 12 at the 
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high dose to 32 in the controls and groups fed diets containing 0, 48 000 or  
72 000 mg kg feed administered five times over 14 days. No significant reduction 
in survival was observed under the conditions of the study. 

In a 28-day study conducted according to the Japanese guidelines for 
toxicity studies, groups of six male Sprague-Dawley rats were given L-cysteine 
(No. 1419; lot numbers 105XW24 and 105XW29, purity unknown) by gavage at 
0, 500, 1000 or 2000 mg/kg bw per day in aqueous methylcellulose (22). One rat 
at the high dose died on day 6 due to gavage error. Standard clinical observations, 
clinical pathology, necropsy and organ weight measurements were conducted 
according to the guidelines, and the authors also performed plasma protein 
fractionation to measure the albumin:globulin ratio, albumin, α1-globulin, α2-
globulin, β-globulin and γ-globulin in an automated electrophoresis system. 
Histopathological examination was conducted of tissues collected from animals at 
all doses. No statistically significant change in body weight or food consumption 
was observed at any dose. Increased salivation seen in rats at the middle and 
high doses was probably due to oral irritation or poor palatability; the authors 
concluded that the finding had no toxicological significance, as no correlated 
histopathological changes were observed. Water intake was significantly increased 
in the high-dose group throughout the study, and a tendency toward increased 
water intake was noted at the middle and low doses. Decreased prothrombin time 
and activated partial thromboplastin time were observed in all treated groups, 
but the decreases were statistically significant only in the low and high treatment 
groups. Reticulocyte counts were also statistically significantly higher in the 
high-dose group than in controls. Significantly higher blood glucose levels were 
observed in animals at 1000 or 2000 mg/kg bw per day. Significantly decreased 
blood potassium and aspartate aminotransferase (AST) and increased creatinine 
phosphokinase activity were observed in the high-dose group. Urinalysis showed 
decreased urinary pH in all treated rats, which was attributed to the higher 
sulfate load and excretion; this was not considered toxicologically significant by 
the authors. Urinary volume was significantly higher in the high-dose than in 
the control group, consistent with higher water intake. A dose-related but not 
statistically significant trend to decreased urine specific gravity was observed. 
Significantly increased sodium and potassium excretion were observed in 
high-dose rats, and significantly increased, dose-dependent chloride excretion 
was observed in all treated rats. Statistically significant decreases in potassium 
excretion in low- and middle-dose rats were considered to be incidental findings. 
Increased relative liver and kidney weights were also observed in these rats 
and increased relative adrenal and testes weights in high-dose rats. At all dose 
levels, increased incidences of basophilic renal tubules and of eosinophilic 
material were observed in the lumina of basophilic renal tubules. The authors 
considered that the latter finding was of erythrocyte origin and might be related 
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to damage to interstitial blood vessels, epithelial basal lamina of primal tubules 
or the glomeruli; however, the precise mechanism was not clear. Hyaline casts 
were observed in only one rat at the high dose. No necrosis, calcification of the 
renal papilla or hyperplasia of the transitional epithelium was seen in the renal 
pelvis, in contrast to such findings in rats treated with L-cysteine in the drinking-
water in a previous long-term carcinogenicity study (50), presumably because of 
the shorter administration period. Renal lesions were correlated with increased 
kidney weights in rats at the middle and high doses, and increased water intake 
and significant changes in potassium excretion and other urinalysis parameters 
were seen in treated rats. At necropsy, signs of haemorrhaging were observed, 
with dark-red areas in the glandular stomach of one middle-dose rat and in all 
high-dose animals. Treatment-related focal erosion of the glandular stomach 
was observed in the high-dose group. The authors reported that the treatment-
related gross findings in the glandular stomach of one of six rats receiving  
1000 mg/kg bw per day L-cysteine and in all five rats that received 2000 mg/kg bw 
per day were not examined microscopically, as the lesions were small. Increased 
reticulocyte counts in high-dose females were associated with erythrocyte casts in 
the kidney and evidence of haemorrhage in the stomach and were considered to 
be a compensatory response to potential anaemia. The epididymis of L-cysteine-
treated rats was not examined histopathologically because no gross changes were 
found at necropsy. In agreement with the authors of the study, the Committee 
identified a lowest-observed-adverse-effect level (LOAEL) for L-cysteine 
administered by gavage at 500 mg/kg bw per day, the lowest dose tested, on the 
basis of the effects observed in the kidney.

(iv) L-Glutamic acid (No. 1420)
Mice

In a 28-day study, groups of 10 adult male Swiss mice were given 0 (vehicle) or 
10 mg/kg bw per day of L-glutamate (No. 1420; batch no. unspecified; purity 
unspecified; presumed by the Committee to be L-glutamic acid from the 
description in the report) or 10, 20, 40 or 80 mg/kg bw per day of monosodium 
glutamate (No. 1420; batch no. unspecified; purity 99%) by gavage (25). Mice 
were killed by anaesthesia with diethyl ether, and blood samples were collected 
by cardiac puncture at necropsy. Brain tissues of each animal were collected for 
histopathological examination, and antioxidant activity was measured in plasma 
and brain tissue. 

No differences in body weights were observed between treated and 
control groups. The mean relative brain weight was significantly higher in 
animals at 40 and 80 mg/kg bw per day than in controls. Significantly increased 
plasma glutamate and glutamine levels as well as brain weights relative to body 
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weight were observed in mice given 40 or 80 mg/kg bw per day of monosodium 
glutamate as compared with the vehicle control and those given L-glutamate. A 
statistically significant, dose-dependent decrease in superoxide dismutase activity 
at 20, 40 and 80 mg/kg bw per day, a statistically significant decrease in catalase 
activity at 40 and 80 mg/kg bw per day and significantly increased nitric oxide 
levels were reported in the brains of all treated animals as compared with the 
vehicle control and the L-glutamate-treated group. Histopathological evaluation 
was reported separately for three brain regions, the cerebral cortex, cerebellum 
and hippocampus. The findings in the cerebral cortex included degenerating 
pyramidal and granule cells, as indicated by loss of distinct morphology and 
pale-staining nuclei and glial cells at 40 mg/kg bw per day, and marked cell 
loss, with pyramidal and granule cells with pyknotic nuclei and vacuolation, at  
80 mg/kg bw per day. Significantly decreased total cell counts for pyramidal 
and granule cells and increased cell size were observed in all treatment groups 
as compared with the vehicle controls and in the two highest-dose groups as 
compared with the L-glutamate-treated group. Increased numbers and increased 
thickness and intertwining of reactive astrocytes were observed in a dose–
response manner. Histopathological findings in the cerebellum included loss 
of distinct cerebellar architecture, partial loss of the Purkinje cell monolayer, 
presence of pyknotic Purkinje cells, loss of granule cells and vacuolation and 
degenerative changes at 40 and 80 mg/kg bw per day. The cerebellar cell count 
was significantly decreased at 20, 40 and 80 mg/kg bw per day as compared 
with the vehicle controls and at 40 and 80 mg/kg bw per day as compared 
with L-glutamate-treated mice. Other changes included significantly reduced 
granule cell, glial cell, basket cell and Purkinje cell densities. Histopathological 
findings in the hippocampus included signs of mild oedema at 20 mg/kg bw per 
day, as evidenced by less cohesive granule cells with enlarged interstitial space, 
loss of normal hippocampal architecture, scattered granule cells, degenerating 
pyramidal cells, evidenced by neurons with pale-stained nuclei and distorted 
cell morphology at 40 and 80 mg/kg bw per day as compared with control and 
L-glutamate-treated mice. Significantly decreased granule and pyramidal cell 
densities and significantly increased glial cell density were also observed in the 
hippocampus of treated mice as compared with the vehicle control or L-glutamate 
treated mice. Decreased astrocyte counts in the cornu ammonis were observed 
with increasing doses of monosodium glutamate. 

Rats

In a 16-week study, groups of 12 male Wistar rats were treated with monosodium 
glutamate (No. 1420; batch no. unspecified; purity 99%) in both the diet and 
drinking-water at 0 or 3000 mg/kg bw per day on 5 days a week (29). In addition, 



95

Amino acids and related substances (addendum)

animals received drinking-water without (control) or with monosodium 
glutamate at a concentration of 10 000 mg/L (1%; approximately 1400 mg/kg 
bw per day). A separate group was fed a basal diet supplemented with 1000 mg/
kg bw per day NaCl and drinking-water containing 3500 mg/L NaCl (0.35%). 
Body weights and feed and water intakes were measured weekly up to 5 months 
of age. Blood pressure was measured in conscious rats at week 14. Urine was 
collected from six 12-h-fasted animals per group at week 15 in individual 
metabolic cages, when animals received only water. At week 16, the animals 
were killed by intraperitoneal injection of 50 mg/kg bw pentobarbital. Urine 
was collected from the bladder and blood samples from the femoral arteries 
of six rats in each group, and the kidneys of the other six rats were removed 
for examination of renal histology and oxidative stress. Significantly decreased 
body weights and significantly increased kidney weights relative to body weight 
were found in rats treated with NaCl and monosodium glutamate as compared 
with the controls. NaCl-treated rats had significantly increased urinary sodium 
and potassium levels as well as significantly lower urinary potassium:sodium 
ratios than controls. In monosodium glutamate-treated rats, the level of urinary 
sodium was significantly higher than that of controls but significantly lower than 
that of NaCl-treated rats. Urinary potassium and the urinary potassium:sodium 
ratio were significantly lower than in either controls or NaCl-treated rats. A 
significantly lower urinary phosphorus:creatinine ratio and a significantly higher 
urinary calcium:creatinine ratio were found in monosodium glutamate-treated 
rats than in either control or NaCl-treated rats. Both treatment groups had 
significantly increased mean systolic and diastolic blood pressure, indicative of 
hypertension. In addition, significantly fewer urinary nitric oxide metabolites 
were observed in both NaCl- and monosodium glutamate-treated rats than in 
controls; however, the level of urinary nitric oxide metabolites was significantly 
lower in monosodium glutamate-treated than in NaCl-treated rats. Significantly 
increased glomerular filtration rates, cortical renal plasma flow and urinary 
calcium and significantly decreased fractional excretion of sodium, potassium, 
water and urinary phosphorus were observed in monosodium glutamate-treated 
rats as compared with control and NaCl-treated rats. The kidneys of monosodium 
glutamate-treated rats showed significantly increased mean glutathione disulfide 
levels and significantly decreased mean reduced glutathione, ratio of reduced 
glutathione:glutathione disulfide and glutathione peroxidase and glutathione 
reductase activities as compared with the control and NaCl-treated rats. 
Additionally, the kidneys of monosodium glutamate-treated rats had degenerated 
glomeruli, increased numbers of mesangial cells and fibrosis in Bowman’s 
capsule, cortical focal atrophy or dilation of tubules with loss of the brush border, 
displacement of nuclei into tubular lumina, cellular desquamation, dilated tubules 
with intratubular protein casts and interstitial tissue fibrosis in damaged tubules, 



96

W
H

O
 F

oo
d 

Ad
di

tiv
es

 S
er

ie
s N

o.
 8

0,
  2

02
2

Safety evaluation of certain food additives     Eighty-ninth  JECFA

with mild accumulation of mononuclear cells as compared with both control 
and NaCl-treated rats. Significantly increased rates of glomerular sclerosis and 
tubular interstitial injuries were observed in monosodium glutamate-treated 
rats as compared with both control and NaCl-treated rats. The authors suggested 
that these results indicated monosodium glutamate-related retention of sodium, 
potassium and water, with the accompanying histopathological effects, which 
were distinct from sodium-related hypertension, renal oxidation and nitric oxide 
excretion. The Committee considered this study unsuitable for risk assessment, 
as only a single dose level was tested.

In a 28-day study, groups of four adult male albino Wistar rats were given 
0 (distilled water) or 90 mg/kg bw per day of “glutamate” (the Committee assumed 
that the test substance was glutamic acid; No. 1420; batch no. unspecified; purity 
unspecified) or 15 mg/kg bw per day monosodium glutamate (No. 1420; batch no. 
unspecified; purity unspecified) by gavage (42). The animals were killed 24 h after 
the last treatment, and blood and liver samples were collected for haematology 
and histology. Significant increases in serum alanine aminotransferase (ALT) and 
AST activities and the AST:ALT ratio were observed in treated rats as compared 
with control rats. The authors reported moderate-to-severe vacuolar infiltration of 
biliary duct epithelium, mild-to-moderate infiltration of mononuclear leukocytes 
into the portal area and mild-to-moderate random, focally diffuse hepatocellular 
necrosis in glutamate-treated rats. Similar but less severe lesions were observed 
in monosodium glutamate-treated rats. The Committee considered that this 
study was unsuitable for risk assessment because only a single dose was tested in 
a limited number of animals.

In another 28-day study, groups of four adult male albino Wistar rats were 
given distilled water, 5 mg/kg bw per day of monosodium glutamate (No. 1420; 
batch no. unspecified; purity unspecified) or 20 mg/kg bw per day of L-arginine 
(No. 1438; purity unspecified) with 5 mg/kg bw per day of monosodium glutamate 
by gavage (51). Rats were killed 24 h after treatment, and blood was collected 
for haematology. Significantly lower serum alkaline phosphatase activity was 
observed in treated than in control rats. Significant increases in serum total acid 
phosphatase and AST activities and in the ratio of AST:ALT were also noted. 
The authors proposed that the results indicate that monosodium glutamate is 
destructive to organs with high metabolic activity, including the liver, although 
no correlated histopathological evidence was provided.

In a 28-day preliminary range-finding study compliant with OECD 
test guideline 407, no adverse effects were observed in groups of 10 male and 
10 female Sprague-Dawley rats fed diets containing 5100 and 4800 mg/kg bw 
per day monosodium glutamate, respectively (23). In a follow-up 28-day feeding 
study, no adverse effects were reported at doses ≤ 5300 and 4900 mg/kg bw per 
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day of monosodium glutamate in groups of 10 male and 10 female Sprague-
Dawley rats, respectively (25).

No deaths or adverse effects were reported when L-glutamic acid (No. 
1420; batch no. unknown; purity 99%) was fed in the diet to groups of 10 male 
and 10 female Sprague-Dawley rats in an 28-day repeated-dose study compliant 
with OECD test guideline 407 at a single concentration calculated to provide a 
target dose of 1000 mg/kg bw per day (actual doses of 953 and 1047 mg/kg bw 
per day for male and female rats, respectively) (10). The dietary concentration is 
estimated with default conversion factors to be approximately 20 000 mg/kg feed. 
The concentration of L-glutamic acid as a nutrient in the basal control diet was  
411 µg/g feed, which is insignificant (2%) in comparison with the added L-glutamic 
acid. L-Glutamic acid was also fed to a control group in the study on N-acetyl-
glutamate (No. 2269, discussed above). The test concentration caused no deaths, 
adverse clinical effects or ophthalmological changes. Slight, significant increases 
in white blood cell (26%) and lymphocyte counts (28%) in male rats were within 
the historical control ranges and were therefore considered not to be an adverse 
effect. No information was reported on body weight, food consumption, motor 
activity, clinical chemistry or histopathology of treated rats. 

In a 90-day study compliant with OECD test guideline 408, groups 
of 20 Sprague-Dawley rats of each sex were fed 0 (basal diet), 5000, 15 000 or  
50 000 mg/kg of monosodium glutamate (No. 1420; batch no. unknown; purity 
unknown; equal to 0, 308, 931 and 3170 mg/kg bw per day for males and 0, 354, 
1066 and 3620 mg/kg bw per day for females, respectively) (26). An increase in 
blood urea nitrogen observed only in males at the highest concentration was not 
considered toxicologically significant because it was attributed to the increase in 
urea due to metabolism of glutamate through the urea cycle. Increased urinary 
sodium levels were due to the sodium in the administered glutamate salt. No other 
notable monosodium glutamate-related effects were observed. In agreement 
with the authors, the Committee identified NOAELs for administration of 
monosodium glutamate in feed equivalent to 3170 mg/kg bw per day for males 
and 3620 mg/kg bw per day for females, the highest doses tested.

In a 90-day repeated-dose toxicity study compliant with OECD 
test guideline 408 conducted by the Netherlands Organisation for Applied 
Scientific Research (27), monosodium glutamate monohydrate (No. 1420; 
batch no. unknown; purity > 98%) was administered in the diet at a dose 
of 0, 700, 1300 or 2700 mg/kg bw per day to male rats and of 0, 700, 1500 or  
2900 mg/kg bw per day to female rats (strain and numbers not specified). 
No deaths or significant clinical signs of toxicity, changes in haematological, 
urinary or clinical chemistry parameters, macroscopic or microscopic changes, 
neurobehavioural or neurotoxic effects were observed in any treatment group 
as compared with the control group. A dose-dependent increase in sodium 
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excretion observed at week 12 in all treated groups was due to the high sodium 
intake from the test substance, as observed in the study described above (26) 
and previous studies (52, 53). The Committee identified NOAELs of 2700 and  
2900 mg/kg bw per day for male and female rats, respectively. 

No sodium-related urinary effects were reported in these studies that 
differed from those reported from previous non-OECD and non-GLP-compliant 
10- and 13-week feeding studies in Fischer 344 rats and male Wistar rats, which 
included significant decreases in urinary creatinine and significant increases in 
urinary volume, changes in urine pH, precipitate formation as well as hyperplasia 
and cysts in the bladder and renal papilla (52, 54). In a previous long-term feeding 
study (34), no significant occurrence of carcinogenic urinary tract lesions was 
reported in treated male and female Fischer 344 rats.

Dogs

In a 90-day feeding study compliant with OECD test guideline 409, groups of 
four beagle dogs of each sex were fed diets containing monosodium glutamate 
monohydrate (No. 1420; batch no. unknown; purity unknown) at concentrations 
calculated to provide doses of 0 (basal diet), 150, 500 or 1500 mg/kg bw per 
day (28). Temporary clinical signs of loose stools, diarrhoea and vomiting were 
reported. Large increases in both the absolute (+100%) and relative thymus 
weights (+100%) were reported in high-dose females as compared with controls. 
The authors considered these significant increases to be non-adverse and non-
specific, as they were not correlated with mitotic cells or other histopathological 
changes. No other adverse findings were noted at any dietary concentration in 
either sex. In agreement with the authors, the Committee identified an NOAEL 
for oral administration of monosodium glutamate monohydrate of 1500 mg/kg 
bw per day for both sexes, the highest level tested.

(v) L-Glycine (No. 1421)
In a 28-day toxicity study, groups of six male Sprague-Dawley rats were given 
0 (vehicle control), 500, 1000 or 2000 mg/kg bw per day glycine (No. 1421; 
lot no. M5G2082; purity 100%) by gavage (30). No treatment-related deaths, 
clinical signs of toxicity or significant changes in body weight, feed or water 
consumption, absolute or relative organ weights or gross pathological findings 
were seen in treated as compared with control rats during the study. Urinary 
pH and protein levels were slightly lower in several animals at each treatment 
level than in control rats. No differences were seen in haematological parameters, 
and no treatment-related histopathological findings were observed in any of the 
tissues and organs examined. While occasional minor microscopic findings were 
made in treated animals, their incidence was low and not dose-dependent, and 
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any observed changes were also often found in control animals. Significantly 
higher daily urine volume, urinary chloride excretion and blood phospholipid 
level seen in the high-dose group than in the control group were considered 
not to be toxicologically relevant, as no changes were found in kidney weights 
or other urinary parameters, and no correlated histopathological findings were 
seen in the kidneys or urinary bladders of treated rats. In addition, similar 
effects were not observed in a previous 2-year study of carcinogenicity in rats 
treated with glycine in their drinking-water (55), in which decreased creatinine 
phosphokinase activity and increased incidences of renal papillary necrosis and 
of renal pelvis papilloma observed in treated rats were not seen in treated rats 
in this study. The authors noted some differences in study design, such as in 
duration and method of administration, from the earlier 2-year carcinogenicity 
study. In agreement with the authors of the study, the Committee identified an 
NOAEL for administration of glycine by gavage of 2000 mg/kg bw per day, the 
highest dose tested.

(vi) L-Isoleucine (No. 1422), L-leucine (No. 1423) and L-valine (No. 1426)
In a 90-day feeding study compliant with GLP, groups of 12 male and 12 female 
Sprague-Dawley rats were fed diets containing 0, 12 500, 25 000 or 50 000 mg/kg 
feed of L-isoleucine or a mixture of L-leucine and L-valine (Nos 1422, 1423 and 
1426; lot numbers 201EJ93, 301FKB7 and 301EL12; purity not specified) (31). 
The dietary concentrations correspond to approximate mean daily intakes of 0, 
783, 1565 and 3008 mg/kg bw per day L-isoleucine for males and 0, 944, 1646 
and 3702 mg/kg bw per day for females; 0, 833, 1660 and 3333 mg/kg bw per 
day L-leucine for males and 0, 961, 1905 and 3835 mg/kg bw per day for females; 
and 0, 823, 1604 and 3225 mg/kg bw per day L-valine for males and 0, 954, 1854 
and 3721 mg/kg bw per day for females. After administration, six rats each in 
the control and high-dietary level groups were randomly selected for a 5-week 
recovery study and were fed a standard control diet. 

No deaths or clinical signs of toxicity due to administration of 
L-isoleucine were observed during the study or recovery period. No significant 
overall differences in body weight, diet consumption, absolute or relative organ 
weights or histopathology were observed between treated and control groups 
throughout the study and recovery periods. Females in the high-intake group 
had decreased diet consumption in the first 3 weeks of the study, which was 
not accompanied by decreased body weights. Choroid atrophy was observed in 
one male and one female rat in the middle-intake group at the end of the main 
study. A significant decrease in activated thromboplastin in middle-intake males 
was not concentration-dependent and therefore not attributed to L-isoleucine. 
Significant increases in glutamic-oxaloacetic transaminase and glutamate-
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pyruvate transaminase activities seen in high-intake females were reversed 
during the recovery period. Urinalysis indicated significantly decreased excreted 
sodium, potassium and chloride levels in male and female rats at the middle 
and high intake levels, which were within the ranges in the control group. An 
earlier 90-day feeding study resulted in significantly higher urine volume and 
pH in Fischer 344 rats fed 80 000 mg/kg of L-isoleucine in feed, which were 
attributed to strain-specific effects and the high dietary concentration (48). A 
unilateral, significant increase in the absolute weight of the salivary glands of 
high-intake males at the end of the recovery period was not observed during 
the administration period and was considered incidental. In agreement with the 
authors of the study, the Committee identified an NOAEL for oral administration 
of L-isoleucine at the middle concentration, equivalent to 1565 mg/kg bw per 
day for males and 1646 mg/kg bw per day for females, because of the electrolyte 
changes in urine.

Feeding of L-leucine resulted in no deaths and no significant differences 
in body weights, feed or water intake or in urinary, ophthalmological, 
haematological and histopathological parameters of control or treated rats. 
The clinical changes observed when the dietary consumption of middle-intake 
males was increased briefly on days 45 and 59 were incidental and unrelated 
to treatment. Significantly decreased numbers of myeloblasts in low-intake 
females and a significantly increased ratio of bone marrow myeloid:erythroid 
precursors in middle-intake females during the administration period were not 
observed at the end of the recovery period. Significant increases in inorganic 
phosphate levels and the inorganic phosphate:albumin ratio (description is 
unclear) and significantly lower α1-globulin ratio (presumably to albumin; 
description is unclear) observed in high-intake males at the end of the recovery 
period were deemed to be incidental, as they were not observed at the end of 
the administration period. Significantly increased creatine and total protein 
levels in high-intake females in the recovery group were not observed during the 
administration period. A significant increase in absolute adrenal gland weights 
was observed only in middle-intake female rats and was reversible. Significantly 
increased absolute pituitary weights in high-intake females at the end of the 
recovery period were not observed during the administration period and were 
therefore considered to be incidental. In agreement with the authors of the study, 
the Committee identified an NOAEL for oral administration of L-leucine at the 
highest dietary concentration tested, corresponding to 3333 mg/kg bw per day 
for males and 3835 mg/kg bw per day for females. 

No deaths or ophthalmological, urinary, haematological or 
histopathological parameters were associated with administration of L-valine 
during the main and recovery study periods. A small but significant increase in 
the specific gravity of the urine of low-intake males was not intake-dependent. 
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A significant increase in the γ-globulin fraction ratio in high-intake females 
was not observed at the end of the 13-week administration period and was 
considered non-specific. No significant changes in the body weights of treated 
males or of females in the low- and middle-intake groups were observed relative 
to the control group. High-intake females showed a significant reduction in 
body weight, which had recovered by the end of the recovery period, while 
high-intake males had significantly greater body weight gain than the control 
group at the end of the 5-week recovery period. No significant differences in 
overall dietary consumption were found between controls and low- and middle-
intake males and females, except for intermittently reduced feed consumption by 
females in the middle-intake group. Males and females at the high concentration 
had significantly lower consumption than the control group on day 3, which 
continued thereafter. In agreement with the authors of the study, the Committee 
identified an NOAEL for administration of L-valine in the feed at the middle 
dietary concentration for female rats, equivalent to 1853 mg/kg bw per day. As no 
effects of valine were observed in male rats and, in agreement with the authors, 
the Committee identified an NOAEL for oral administration of L-valine in males 
at the highest dietary concentration, equivalent to 3225 mg/kg bw per day. 

(vii) L-Leucine (No. 1423)
L-Leucine (No. 1423; batch no. unknown; purity unknown) was fed to groups 
of six male Fischer 344 rats at a concentration of 0 (basal diet), 15 000, 50 000, 
100 000, 150 000 or 300 000 mg/kg in feed in place of corn starch (equivalent to 
0, 750, 2500, 5000, 7500 and 15 000 mg/kg bw per day, respectively) for 14 days 
(32). Dose-dependent decreases in body weight gain, which became statistically 
significant at ≥ 7500 mg/kg bw per day, were reported. Food intake and the levels 
of alkaline phosphatase, calcium and inorganic phosphate were significantly 
lower in the high-intake group than in controls. Statistically significant, 
concentration-dependent increases in plasma ammonia, serum ALT activity and 
urine volume were observed in rats fed 5000, 7500 or 15 000 mg/kg bw per day 
of L-leucine as compared with the control group, with concentration-dependent 
increases in blood urea nitrogen that became statistically significant at doses  
≥ 2500 mg/kg bw per day. Concentration-dependent decreases in serum creatine 
levels that became statistically significant at ≥ 5000 mg/kg per day and small but 
statistically significant increases in serum glucose levels were noted at 5000 and 
7500 mg/kg bw per day. Serum phospholipid levels were significantly greater in 
rats at 7500 mg/kg bw per day rats than in the control group. Biochemical analysis 
showed an increased load of nitrogen at doses of ≥ 5000 mg/kg bw L-leucine per 
day. 
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(viii) L-Methionine (No. 1424)
In a 14-day toxicity study, groups of nine male Fischer 344 rats were fed 0 (basal 
diet), 3000, 6000, 12 000 or 24 000 mg/kg feed of L-methionine (No. 1424; batch 
no. unspecified; purity unspecified) in place of corn starch (equivalent to 0, 150, 
300, 600 and 1200 mg/kg bw per day, respectively) (33). Significantly decreased 
body weight gain was observed in animals at 600 and 1200 mg/kg bw per day and 
significantly decreased food and water intakes in those at 1200 mg/kg bw per day. 
Concentration-dependent, statistically significant increases in total cholesterol 
and phospholipid were observed, which were reduced at the highest intake level. 
Significant decreases in alkaline phosphatase and creatinine phosphokinase 
activities and significant increases in bilirubin, blood urea nitrogen, chloride, 
urinary calcium and blood lymphocyte numbers were recorded only at the 
highest concentration. Significant increases in ammonia and decreases in 
thyroglobulin and total protein were recorded at the two highest concentrations. 
Significant decreases in plasma calcium were observed at ≥ 300 mg/kg bw per 
day. Haematology indicated anaemia, including significantly lower erythrocyte 
count, haemoglobin level, neutrophil count and large unstained cell count at 
the highest intake and significantly reduced haematocrit, mean corpuscular 
haemoglobin volume and platelet count at ≥ 600 mg/kg bw per day. There was 
evidence of significant haemolysis in the groups at 600 and 1200 mg/kg bw per 
day, as indicated by a statistically significant increase in non-haem splenic iron 
levels in both groups. This finding was corroborated by observation of enlarged 
spleens, increased spleen weight at the highest level and microscopic findings 
in the spleen, such as increased haemosiderin deposition in phagocytes and 
accumulation of erythrocytes in sinusoids in the group at 1200 mg/kg bw per day. 
Significantly increased kidney weights relative to body weight were observed at 
600 mg/kg bw per day, and the weights of the thymus, liver, spleen, kidney, testes 
and gastrocnemius muscle relative to body weight were significantly increased 
at 1200 mg/kg bw per day. The authors also administered glycine (No. 1421; 
batch no. unspecified; purity unspecified) or serine to groups of six male Fischer  
344 rats at 1200 mg/kg bw per day each, which resulted in no significant change 
in body weight, feed intake or splenic iron as compared with the control group. 
The findings of this study are consistent with the documented adverse effects 
of thiol compounds in rodents and other animal species (e.g. dogs) that are not 
relevant to humans (56–59).

In a 28-day feeding study that was not compliant with GLP, groups 
of six 5-week old male Fischer 344 rats were fed feed containing 0 (vehicle 
controls), 1000, 3000, 9000 or 27 000 mg/kg feed L-methionine (No. 1424; batch 
no. unknown; purity 99.0%), equal to 0, 77, 236, 705 and 1458 mg/kg bw per 
day (34). No treatment-related deaths occurred during the 28-day treatment 
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period. Significantly decreased body weight gain and body weight were observed 
at the two highest dietary levels and decreased food and water intakes at the 
highest level. Associated toxicity at the highest intake level included evidence 
of haemolysis, such as splenic and hepatic accumulation of haemosiderin 
and indices of anaemia such as decreased erythrocyte counts, haematocrit, 
haemoglobin and mean corpuscular haemoglobin concentration. Additional 
haematological changes were decreased white blood cell, neutrophil, monocyte, 
eosinophil and platelet counts and decreased plasma fibrinogen at the highest 
dose only; no other erythrocyte-related parameters were significantly different 
from those in the control group. The group at the high dietary concentration also 
had significant changes in urinary parameters, such as decreased urine volume, 
higher urine specific gravity and higher urinary bilirubin and urobilinogen. 
Changes in clinical chemistry were also reported at the high dietary concentration, 
such as decreased levels of plasma alkaline phosphatase, glucose, thyroglobulin, 
total protein and calcium and increased levels of total bilirubin, total cholesterol, 
phospholipid and blood urea nitrogen. The authors reported that some of these 
changes and changes in other plasma enzyme activities had no histopathological 
correlates and attributed them to an adaptive response of the liver to non-specific 
toxicity corresponding to decreased body weight and dietary intake. Statistically 
significant increases were reported in absolute liver and pituitary weights, but 
not relative to body weight, and in both absolute and relative brain, heart, 
kidney, spleen, thymus, testis and submandibular and sublingual gland weights 
at the highest concentration in comparison with controls. The increases in organ 
weights corresponded to gross pathological and histopathological findings in the 
adrenal glands, liver, pancreas, spleen, sternum and testis. Macroscopic findings 
included decreased abdominal and subcutaneous fat, slight thymus atrophy, dark 
red spleen and small seminal vesicle and coagulating gland only at the highest 
concentration. Histopathology indicated brown pigment deposition in the zona 
reticularis and fatty changes in the zona fasciculata of the adrenal gland, increased 
single-cell necrosis in the pancreas, hepatic deposition of haemosiderin and iron 
at the highest concentration, with scattered fatty hepatocytes in the centrilobular 
region at the two highest concentrations. The authors attributed the effects on the 
adrenal gland to production of adrenocortical hormone as a non-specific stress 
response. Splenic darkening, congestion, evidence of increased haematopoiesis, 
increased haemosiderin and iron deposition in the spleen (confirmed by 
Prussian blue staining) and decreased bone marrow myeloid:erythroid ratio 
were indicative of haemolytic anaemia. The authors noted that the splenic effects, 
increased reticulocyte counts and urinary bilirubin and urobilinogen in the 
high-intake group are consistent with erythropoiesis in response to anaemia 
and with previously reported findings in methionine-feeding studies in rats 
(60–62). Haemolytic anaemia and splenic iron and haemosiderin deposits are 
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typical findings in studies in experimental animals (including rodents and dogs) 
with test substances containing a thiol moiety, and these findings reflect species 
sensitivity that is not relevant to humans (56–59). Some high-intake males also had 
atrophied reproductive organs, spermatocyte degeneration or necrosis and loss 
of elongated and round spermatids. The authors attributed the testicular findings 
to the lower food intake and stress response of rats fed high concentrations of 
L-methionine. Similar results were found in a previous 14-day dietary study in 
young male Fischer 344 rats (33). In agreement with the authors of the study, 
the Committee identified an NOAEL of 236 mg/kg bw per day in male rats 
on the basis of haemolytic effects at higher doses. As the basal diet contained  
5000 mg/kg feed of protein-bound methionine (approximately 393 mg/kg bw 
per day), the Committee estimated an NOAEL for total dietary methionine of  
80 000 mg/kg feed (approximately 629 mg/kg bw per day).

In a 90-day repeated-dose toxicity study that complied with GLP, 
L-methionine (No. 1424; purity 85%; obtained from modified E. coli K-12) 
was administered to groups of 10 male and 10 female Sprague-Dawley rats at 0 
(vehicle), 250, 500 or 1000 mg/kg bw per day by oral gavage (equal to 0, 213, 425 
and 850 mg/kg bw per day) (19). A 4-week recovery study was conducted with 
subgroups of the vehicle control and high-dose groups (10 of each sex per dose). 
Toxicokinetics was assessed for the vehicle control group (three of each sex) and 
for all test groups (six of each sex per dose). The highest dose tested (1000 mg/kg 
bw per day) was derived from the findings of a 14-day preliminary range-finding 
study, in which groups of five rats of each sex were given 0 (vehicle), 500, 1000 
or 2000 mg/kg bw per day by gavage. No deaths or clinical signs of toxicity were 
observed in the preliminary study, but significantly decreased body weight gain 
and food consumption were observed at 2000 mg/kg bw per day. In the main 
study, two males in the control group and one at the high dose were found dead 
on days 5, 42 and 85, respectively. Two females, one in the satellite control group 
and one in the high-dose group of the main study, were found dead on days 56 
and 86, respectively. Significantly decreased body weight gains were observed in 
low-dose males on days 42–91 in the main study and in high-dose males from 
day 14 to the start of the recovery period. Slightly decreased feed consumption 
was observed for low-dose males and significantly decreased feed consumption 
for high-dose males during weeks 4 and 5 as compared with the control group; 
however, a transient but significant increase in feed consumption in the controls 
was reported during week 5, and significantly higher feed consumption was 
observed in high-dose females during weeks 4 and 6. Haemolytic anaemia was 
observed in high-dose animals and haematological changes (lower erythrocyte 
count and higher total bilirubin) in middle-dose rats, which, according to the 
authors, might have suggested the beginning of haemolytic anaemia. This response 
is consistent with the findings of other studies (34, 60–62). Clinical observations 
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such as chromodacryorrhoea, ptosis, increased grooming, recumbent position, 
lack of spontaneous motor activity and alopecia of the foreleg were considered 
to be incidental. The macroscopic findings included punctate appearance of the 
liver and dark discolouration of the spleens of treated and control rats. Adrenal 
cortical zona fasciculata vacuolation in middle- and high-dose males was 
considered not to be toxicologically significant and was attributed to a metabolic 
response. In agreement with the authors, the Committee identified an NOAEL of 
250 mg/kg bw per day in male and female rats on the basis of findings consistent 
with haemolytic anaemia at higher doses. 

(ix) L-Phenylalanine (No. 1428)
In a 28-day feeding study that did not comply with GLP, groups of 10 Sprague-
Dawley rats of each sex were fed L-phenylalanine (No. 1428; Lot no. 002NE14, 
purity 99.9%) at 0 (basal diet), 5000, 15 000 or 50 000 mg/kg feed, equal 
to 0, 523, 1548 and 4903 mg/kg bw per day for males and 0, 509, 1555 and  
4701 mg/kg bw per day for females, respectively (35). No adverse ophthalmic 
or clinical effects and no macroscopic findings, changes in organ weights 
or microscopic findings were found at any dietary intake level. Significantly 
decreased body weights and body weight gain observed in high-intake males and 
females throughout the study were attributed to signs of mild toxicity related to 
L-phenylalanine administration. Significantly decreased body weights were also 
reported in females at the low intake level at the end of the study. Significant, 
non-concentration-dependent decreases in feed consumption observed in low- 
and middle-concentration female rats were considered not to be adverse. Similar 
decreases in body weight and feed consumption were observed in previous 
feeding studies with L-phenylalanine in rats (63, 64). Slight but statistically 
significant increases in erythrocyte counts and significant decreases in mean 
corpuscular haemoglobin volume and concentration and in blood glucose were 
observed in high-intake females. Slight but significantly increased α2-globulin 
and albumin levels were observed in low- and high-intake males, respectively. 
Slightly but statistically significantly decreased β-globulin levels were observed 
in middle-intake males and in middle- and high-intake females. Urinary pH was 
significantly decreased in middle-intake females. These changes, in addition to 
some significant differences in absolute and body weight-relative organ weights 
from high-intake males and females, were small, not related to intake and 
incidental. No microscopic or macroscopic pathological findings were made. In 
agreement with the authors of the study, the Committee identified an NOAEL 
for oral administration of L-phenylalanine at the middle dietary concentration, 
equivalent to 1548 and 1555 mg/kg bw per day for males and females, respectively. 
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(x) L-Aspartic acid (No. 1429)
In a 90-day feeding study that complied with guidelines of the Japanese Ministry 
of Health, Labour and Welfare and GLP, groups of 10 Fischer 344 rats of each sex 
were fed diets containing 0 (basal diet), 560, 12 710, 24 900 or 51 310 mg/kg feed 
of L-aspartic acid (No. 1429; lot no. 0010663004; purity 100%) in place of corn 
starch, equal to 0, 27, 697, 1417 and 2770 mg/kg bw per day for males and 0, 29, 
715, 1470, 2966 mg/kg bw per day for females (36). No deaths, clinical signs of 
toxicity or significant changes in body weight or food intake were observed relative 
to controls. The average water intakes of males at the two highest concentrations 
and of females at the three highest concentrations were significantly increased, 
which was attributed to possible poor palatability of high concentrations of 
L-aspartic acid. Statistically significant changes in haematological parameters 
were observed, including higher erythrocyte counts at 697 and 2770 mg/kg bw 
per day and haematocrit at 697 mg/kg per day and higher mean corpuscular 
haemoglobin volume and concentration in males and lower mean corpuscular 
haemoglobin volume and concentration in both sexes at several dietary 
concentrations; however, the changes were not concentration-dependent and 
there were no histopathological changes in corresponding organs; they were 
considered not to be treatment related. Statistically significant, concentration-
dependent decreases in serum thyroglobulin and total cholesterol levels were 
observed in both sexes. The effect of L-aspartic acid on lipid metabolism was 
not correlated with changes in liver weights or histological alterations that would 
suggest hepatic lipid accumulation. Blood urea nitrogen and creatinine levels 
were significantly decreased in males at the two highest dietary concentrations, 
and uric acid levels were significantly decreased in males given 1417 mg/kg 
bw per day L-aspartic acid. In females, blood urea nitrogen was significantly 
decreased in the group at the highest concentration, and uric acid and creatinine 
levels were significantly decreased at the three highest concentrations. Serum 
chloride levels were significantly increased in males at the lowest and the highest 
dietary concentrations and were significantly decreased in females at the highest 
concentration. Serum potassium levels were significantly decreased in females 
at the two highest dietary concentrations. Serum AST levels were significantly 
reduced only in males at 697 mg/kg bw per day. Serum albumin levels were 
significantly reduced in females at the highest dietary concentration. Urinary 
ketone and protein levels were significantly higher in male rats at 697 mg/kg bw 
per day L-aspartic acid and in female rats at 715 and 1470 mg/kg bw per day 
than in the control group. The relative kidney weights were markedly increased 
in males at the highest dietary concentration. Histopathology of the kidneys of 
male rats at the two highest dietary concentrations revealed regenerative renal 
tubules with tubular dilation. This effect could not be attributed to increased 
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α2-µ-globulin accumulation (measured by immunostaining), as no qualitative 
or quantitative difference was found between control and treated animals. 
Examination of the salivary glands revealed acinar cell hypertrophy in animals 
of each sex at the two highest dietary concentrations, in line with several earlier 
studies that reported hypertrophied salivary glands in experimental animals 
exposed to various test substances (65–69). The toxicological significance of 
the salivary gland hypertrophy induced by L-aspartic acid remains unclear. In 
agreement with the authors of the study, the Committee identified an NOAEL 
for oral administration of L-aspartic acid of 12 500 mg/kg feed, or approximately 
697 and 715 mg/kg bw per day for male and female rats, respectively, on the basis 
of histopathological findings in the kidney and hypertrophy of salivary glands at 
the two highest concentrations. 

(xi) L-Glutamine (No. 1430)
In a 14-day dose-finding feeding study that complied with the Japanese Ministry 
of Agriculture and Forestry guidelines and GLP, no deaths, adverse clinical 
signs, changes in body weight, feed consumption, urinalysis, haematology, blood 
chemistry, necropsy and organ weight parameters were observed when groups 
of four Sprague-Dawley rats of each sex were fed a diet containing 0 (basal diet), 
1000, 5000, 10 000 or 50 000 mg/kg feed of L-glutamine (No. 1430; lot no. 040224; 
purity 95.8%), equivalent to 0, 100, 500, 1000 and 5000 mg/kg bw per day (38). 

In a 90-day feeding study compliant with US Food and Drug 
Administration (USFDA) guidelines and GLP, groups of 12 CRL:Sprague-Dawley 
CD IGS rats were fed a diet containing 0, 12 500, 25 000 or 50 000 mg/kg feed 
L-glutamine (No. 1430; lot no. 201AA06; purity 99.6%), equal to 0, 833, 1654 and 
3379 mg/kg bw per day for males and 0, 964, 1984 and 4026 mg/kg bw per day 
for females, respectively (38). At the end of the study, six rats randomly selected 
from the control and high-intake groups in the main study had a 5-week recovery 
period in which they received only the standard diet. No deaths were observed 
during either the treatment or the recovery period. A small decrease in body 
weight was seen only in males at the highest dietary concentration, which was 
reversed during the recovery period. In the main and recovery studies, transient 
differences in feed consumption were seen between treated and control groups, 
which were not treatment-related, as they were not concentration-dependent, and 
no significant difference in overall feed consumption was noted among treatment 
groups. There were no significant, treatment-related adverse gross pathological, 
histopathological or ophthalmological findings at any dietary level. At the two 
highest dietary concentrations, increased incidences of urinary protein and 
ketone bodies and decreased urinary pH were reported in females during the 
main study; however, there was no corresponding increase in total protein in 
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blood, no evidence of ketosis, no histopathological changes in either the urinary 
tracts or kidneys and no significant changes in these urinary parameters at the 
end of the recovery period. High-intake females had significantly decreased total 
urinary potassium and chloride levels at the end of the recovery period, but, as 
these were not seen at the end of the main study, they were considered not to be 
related to L-glutamine. Significant increases in platelet counts were seen in high-
intake females and in lactate dehydrogenase activity in high-intake males at the 
end of the main study but not at the end of the recovery period, and the values 
were within normal physiological ranges; they were therefore considered to be 
toxicologically irrelevant. Significant increases in the γ-globulin fraction in females 
at the two highest dietary concentrations were observed, with no corresponding 
changes in lymphocyte ratio, albumin:globulin ratio or total protein, and such 
increases were not seen at the end of the recovery period. Significant increases 
in blood albumin:globulin ratio and albumin fraction in females and significant 
decreases in thyroglobulin in males and in α1-globulin fraction in females in the 
high-intake groups were observed at the end of the recovery period but not at 
the end of the administration period. The authors speculated that some of the 
haematological changes could be attributed to the use of ether as the anaesthetic. 
Significant increases in lung weights relative to body weights in high-intake 
females and significant decreases in absolute brain weights in high-intake males 
in the recovery period were attributed to lower body weights at necropsy, as 
there were no significant differences in brain weights relative to body weights 
in high-intake males and controls in the recovery period. A minor increase in 
prostate weight at the end of the recovery period was considered not related to 
treatment, as there were no accompanying pathological or histopathological 
findings. Despite the lack of clear toxicological significance of the changes in 
urinalysis and blood chemistry observed at the two highest doses, the authors 
estimated an NOAEL for oral administration of L-glutamine at the lowest dietary 
level of 12 500 mg/kg feed, equivalent to 830 and 960 mg/kg bw per day for male 
and female rats, respectively. In addition to the absence of adverse effects in the 
groups given 25 000 and 50 000 mg/kg feed, the authors stated that no effects had 
been observed at 12 500 mg/kg feed; therefore, the Committee identified NOELs 
of 12 500 mg/kg and 50 000 mg/kg feed, corresponding to NOAELs of 3379 and 
4026 mg/kg bw per day for male and female rats, respectively. 

In a 90-day study that complied with guidelines of the Japanese Ministry 
of Agriculture and Forestry and GLP, groups of 10 Sprague-Dawley rats of each 
sex were fed diets containing 0, 5000, 25 000 or 50 000 mg/kg feed of L-glutamine 
(No. 1430; Lot no. 040224, purity 95.8%), equal to 0, 379, 1867 and 3832 mg/kg 
bw per day for males and 0, 439, 2234 and 4515 mg/kg bw per day for females, 
respectively (37). During exposure to L-glutamine in the diet, no deaths or 
differences in body weights, body weight gains, ophthalmic findings, behaviour, 
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urinalysis parameters or organ weights were observed at any dietary intake level. 
Significantly decreased feed consumption was observed in low-intake females 
during week 9 as well as middle-intake males and females during weeks 8 and 11, 
respectively. No microscopic or macroscopic intake-dependent, toxicologically 
relevant effects were observed at any dietary intake level. Liver necrosis and 
microgranuloma were reported at similar rates in control and treated males 
and females, as were kidney findings of hyaline droplets in proximal tubular 
epithelium and the presence of basophilic tubules, predominantly in males. 
Evidence of extramedullary haematopoiesis and brown pigment deposits in 
the spleen were found at equal frequency in control and high-intake males and 
females. Haematology showed a statistically significant increase in prothrombin 
time at the middle-intake level, but the change was not concentration dependent 
and was within the historical control range in the laboratory. High-concentration 
males showed an increase in sodium concentrations, but these were within 
historical control ranges. A red area in the thymus of one low-concentration male 
and one middle-concentration female, small testes in two low-concentration 
males and hydrometra of the uterus in one high-concentration female were 
observed; however, the severity of these and other histopathological observations 
was minimal, no adverse microscopic findings were made, and no significant 
differences in absolute or relative organ weights were recorded. These findings 
support those of a previous study (38), in which changes in blood chemistry 
and haematology were considered not toxicologically significant. In agreement 
with the authors of the study (37), the Committee identified an NOAEL for 
oral administration of L-glutamine at the highest tested dietary concentration, 
corresponding to 3832 and 4515 mg/kg bw per day for male and female rats, 
respectively.

(xii) L-Tyrosine (No. 1434)
In a 90-day oral toxicity study compliant with OECD test guideline 408, groups 
of 10 CRL:Sprague-Dawley CD IGS rats of each sex were given 0, 200, 600 or  
2000 mg/kg bw per day L-tyrosine (No. 1434; lot no. 555012G; purity 99.9%) 
in water by gavage (39). During administration, no deaths were observed, and 
there were no clinical signs or changes in ophthalmology, body weight or water 
and feed consumption. Oedema was observed in the forestomach of females at 
the middle dose and in animals of each sex at the highest dose, possibly due to 
local irritation (70). Significant increases in absolute and relative liver weights 
were observed, with hypertrophy of centrilobular hepatocytes at the highest 
dose in both sexes. Corresponding increases in AST (not statistically significant) 
and ALT (statistically significant) were seen in males and females at the highest 
dose, indicating hepatic toxicity. The authors also noted statistically significant 
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increases in blood total cholesterol, thyroglobulin and phospholipid in both sexes 
at the highest dose, which the authors attributed to increased hepatic β-hydroxy 
β-methylglutaryl–coenzyme A reductase activity related to cholesterol synthesis, 
as reported in a previous 21-day feeding study with L-tyrosine given to Wistar 
rats at 100 000 mg/kg feed in a 20% casein diet (equivalent to 5000 mg/kg bw per 
day) (71). Significantly increased erythrocyte counts and potassium levels were 
observed in high-dose males and females, respectively. Significantly decreased 
reticulocyte counts seen in middle-dose females were not dose-dependent and 
were therefore considered incidental. Significant bilateral increases in absolute 
and relative kidney weights to body weight were observed in high-dose males, and 
significant increases in relative left kidney weights to body weight were observed in 
high-dose females. A statistically significant increase in hyaline droplet formation 
was seen in the proximal tubules of the kidneys in males at the highest dose, with 
increased urinary protein. Increases in calcium, potassium, total protein and α1-
globulin were noted in animals of each sex at the highest dose, which the authors 
suggested were associated with the histopathological findings in the kidney and 
liver. On the basis of oedema in the forestomach of females at the middle dose and 
males at the highest dose and hypertrophy of centrilobular hepatocytes observed 
in animals of each sex at the highest dose, the Committee agreed with the 
authors and identified NOAELs for oral administration of L-tyrosine of 600 and  
200 mg/kg bw per day for male and female rats, respectively.

(xiii) Taurine (No. 1435)
In a 13-week study of oral toxicity that complied with OECD test guideline 408 
and GLP, groups of 20 rats of each sex were given 0, 300, 600 or 1000 mg/kg 
bw per day taurine (No. 1435; lot no. unspecified; purity unspecified) dissolved 
in deionized water by gavage, as reported to the Scientific Committee on Food 
(72) and the USFDA (40). No deaths or significant changes in body weight, feed 
consumption or histopathology were observed in treated rats as compared with 
the control group. Statistically significant differences in haematology and clinical 
chemistry in treated rats during weeks 4, 8 and 13 were small and considered 
not to be due to taurine. A dose-dependent decrease in urinary pH in treated 
animals was attributed to excretion of unchanged acidic test substance. Slight but 
significant reductions in absolute organ weights and those relative to body weight 
were reported for the thyroid and parathyroid glands of high-dose males and all 
treated females and were attributed to the fact that absolute and relative thyroid 
and parathyroid gland weights in the control group were higher than the historical 
control ranges. Follow-up assessment of thyroid hormone levels showed only 
transient, non-dose-dependent, significantly decreased levels of serum thyroid-
stimulating hormone in middle-dose males in week 4 that were considered not 
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to be treatment-related. There were no deleterious histopathological findings in 
these or any other organs. Significant behavioural effects were reported in all 
treated groups, which included a dose-dependent increase in activity, especially 
in treated females, within 1 h of dose administration that persisted throughout 
the study. Chewing of forelimbs and hindlimbs was reported in middle- and 
high-dose males and in females at all doses, and the effect was investigated in 
a functional observation battery applied to the high-dose and control groups 
during weeks 6 and 12. Although signs of neurostimulation were observed in 
treated rats, especially females, as evidenced by increased alertness, cage biting, 
higher arousal and hyper-responsiveness, these effects were observed in single 
animals, and the incidence was not statistically significant. Impaired rotarod 
performance was seen in high-dose males and females in weeks 6 and 12, but the 
effect was not statistically significant because of high inter-individual variation in 
each group. High-dose males had decreased mean ambulatory activity in week 6 
but not week 12. Behavioural changes observed 1 h after dosing coincided with 
peak plasma concentrations reported in toxicokinetics studies. While some of 
the observed behavioural changes improved later in the study, decreased rotarod 
performance and increased activity persisted. The study authors noted that the 
persistence of these effects indicated development of lack of tolerance to the 
potential neurological effects of taurine. An NOAEL could not be identified 
because of the behavioural effects found at all doses in males and females. 

In a 13-week follow-up neurotoxicity assay that complied with OECD 
test guideline 424 and GLP, which was reported to EFSA and the USFDA, groups 
of 20 rats of each sex were given 0, 600 or 1000 mg/kg bw per day of taurine 
(No. 1435; lot no. unspecified; purity unspecified) in deionized water by gavage 
(40, 73). Additional groups of 20 rats of each sex were given a target dose of 0, 
1000 or 1500 mg/kg bw per day of taurine (No. 1435; lot no. unspecified; purity 
unspecified) in the drinking-water for 13 weeks, corresponding to actual intakes 
of 0, 1095 and 1647 mg/kg bw per day for males and 0, 1117 and 1656 mg/kg bw 
per day for females. The study was conducted specifically to address the adverse 
effects on behaviour in the previous study and to improve the design by including 
blinded evaluations. Functional observation battery and locomotor tests were 
conducted before the start of the study to eliminate outliers of locomotor 
activity before treatment, and rats were randomly assigned to dose groups on 
the basis of rotarod performance. Functional observation battery and locomotor 
tests were also conducted on weeks 6 and 12 of the study. No treatment-related 
deaths or significant changes in body weight, feed consumption, functional 
observation battery or locomotor activity, clinical parameters or macroscopic 
effects were observed at any dose in comparison with the control groups after oral 
administrations or in drinking-water. Transient increases in water consumption 
by all males treated with taurine in the drinking-water on days 0–7 were considered 
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an adaptive response to the osmotic properties of the test substance and not to 
be an adverse effect. The Committee identified NOAELs of 1647 and 1656 mg/kg 
bw per day in male and female rats, respectively, in view of the absence of adverse 
behavioural effects at doses up to the highest. 

(xiv) L-Alanine (No. 1437)
In a 28-day oral toxicity study that complied with Japanese Ministry of Health, 
Labour and Welfare guidelines and GLP, groups of 10 Sprague-Dawley rats of 
each sex were given 2000 mg/kg bw per day L-alanine (No. 1437; lot no. not 
specified; purity not specified) in water by gavage (41). At the end of treatment, 
five animals of each sex had a 2-week recovery period. During administration 
of the test substance, no deaths and no clinical signs, changes in ophthalmology, 
body weight, water or food consumption, haematology or blood chemistry 
attributable to L-alanine were observed. Significantly increased urinary volume 
and increased α2-globulin in treated males in the main study were not observed 
in males in the recovery group, and significantly increased creatinine levels 
in treated females in the recovery group were not observed in the main study. 
Significantly decreased absolute adrenal weights and relative kidney weights to 
body weight were observed in treated females during the recovery period but not 
during the main study. Increased protein and phosphate salts were observed in 
the urine of animals of each sex, which were reversed after the 2-week recovery. 
The findings were not toxicologically significant, as there were no corresponding 
changes in blood chemistry that signified impairment of renal function, and 
histopathological examination of the kidney and the urinary tract did not reveal 
adverse findings. Squamous cell hyperplasia in the limited ridge on the stomach 
was observed in both sexes but was reduced or reversed after the recovery period. 
The authors did not identify an NOAEL from these experimental observations. 
The Committee identified 2000 mg/kg bw per day as the NOAEL for oral 
administration of L-alanine to male and female rats.

(xv) L-Arginine (No. 1438)
In a 28-day toxicity study, groups of four adult male albino Wistar rats were 
given distilled water or 60 mg/kg bw per day of L-arginine (No. 1438; lot no. not 
specified; purity not specified) in distilled water by gavage (42). Rats were killed 
24 h after the 28-day treatment, and blood and liver samples were collected for 
haematology and histology. Slight but significant increases in serum ALT and AST 
activities and in the AST:ALT ratio were observed in treated as compared with 
control rats. Hyperaemia, moderate sinusoidal oedema and mild mononuclear 
leukocyte infiltration of portal areas of the liver were observed in treated rats.
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In a 90-day feeding study that complied with Japanese Ministry of Health, 
Labour and Welfare guidelines and GLP, groups of 12 Sprague-Dawley rats of 
each sex were fed diets containing 0, (basal diet) 12 500, 25 000 or 50 000 mg/kg 
feed L-arginine (No. 1438; lot no. 101AB88; purity 99.8%), equal to 0, 843, 1689 
and 3318 mg/kg bw per day for males and 0, 975, 200 and 3879 mg/kg bw per day 
for females (43). After the treatment period, a 5-week recovery period was added, 
in which six randomly selected rats from the control and high-intake groups were 
fed a standard basal diet. No deaths were observed and no treatment-related 
changes in diet consumption, gross pathology, organ weights, histopathology, 
body weights or clinical signs were seen during administration of L-arginine. 
The occurrence of sporadic, concentration-independent fractures of incisors, 
malocclusion and gryposis of the upper jaw was deemed incidental. At the two 
highest intake levels, minor, isolated, concentration-independent differences in 
the feed consumption of females were seen, which did not significantly affect total 
consumption during the main study. High-intake females had slightly decreased 
water intake during the recovery period but not at the end of the testing period. 
Slightly increased urinary glucose in six high-intake males, which remained 
within the physiological range, and significantly increased urine specific gravity 
in low-intake males were observed during week 5. These transient changes were 
concentration-independent and were not seen at the end of the main study or 
during the recovery period; they were therefore considered not toxicologically 
significant. The absence of a toxicological effect on glucose levels is consistent 
with the absence of an increase in blood glucose levels in humans given a high 
dietary level of L-arginine in a more recent study (74). Statistically significant 
increases in prothrombin time and in haemoglobin levels and a trend towards 
increased erythrocyte counts were observed in males at the highest dietary level, 
but, in the absence of changes in other erythroid parameters and in myelogram 
parameters, they were considered to be of limited toxicological significance. In 
females, a slight but significant decrease in the orthochromatic erythroblast ratio 
and a significant increase in the mast cell ratio were reported at the highest dose 
at the end of the administration period. There were no accompanying changes 
in juvenile erythroid cells, myeloid:erythroid ratio or peripheral erythroid 
parameters, and the change was slight and not observed at the end of the recovery 
period; therefore, it was considered to have no toxicological significance. 
Significantly decreased erythrocyte count and reticulocyte ratio in females at the 
highest dietary level were observed only at the end of the recovery period and 
were considered of limited importance. Males at the highest dietary level had 
significantly decreased blood urea nitrogen during the recovery period but not 
at the end of the testing period; the change was within the physiological range, 
and there were no corresponding pathological changes. Significantly decreased 
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ovarian weights relative to body weight in the middle-intake group as compared 
with the control group were not intake-dependent and were not accompanied by 
correlated histopathological effects. Significantly increased absolute left salivary 
gland weights in high-intake females as compared with the control group were 
observed at the end of the recovery period. In agreement with the authors, the 
Committee estimated an NOAEL for oral administration of L-arginine at the 
highest dietary level tested, corresponding to 3300 and 3900 mg/kg bw per day 
for male and female rats, respectively.

(xvi) L-Lysine (No. 1439) 
In a 90-day dietary toxicity study compliant with GLP, groups of six CRL:Sprague-
Dawley CD IGS rats of each sex were fed a control standard diet or diets 
supplemented with 12 500, 25 000 or 50 000 mg/kg feed L-lysine hydrochloride 
(No. 1439; lot no. 303VKBC; purity unknown), equivalent to 0, 841, 1677 and 
3357 mg/kg bw per day in males and 0, 968, 1917 and 3986 mg/kg bw per day in 
females, respectively (44). The administration period was followed by a 5-week 
recovery period, during which standard diet was fed to six rats randomly selected 
from each of the control and the high-dose groups. No treatment-related deaths, 
clinical signs of toxicity, changes in body weight, feed or water consumption or 
ophthalmological effects were observed during the administration and recovery 
periods. Significantly higher urine volume reported for high-intake males at the 
end of treatment was reversed by the end of the recovery period. Intake-dependent 
decreases in urinary pH were associated with intake-dependent increases in 
urinary excretion of chloride during weeks 5 and 13 and were attributed to 
hydrochloride intake in the test substance. In contrast, significantly decreased 
serum chloride levels were observed in all treated males and high-intake females 
as compared with the control group. The authors hypothesized that the decrease 
reflected a compensatory mechanism in response to increased chloride intake 
and was consistent with increased chloride elimination. A significant increase in 
the haemoglobin levels of high-intake females was observed at the end of the 13-
week administration period as compared with the control group, which, however, 
was within concurrent and historical control values. A significant increase in total 
bilirubin was observed only in mid-intake females. No significant test substance-
related pathological findings or differences in absolute or relative organ weights 
were observed in the treatment groups as compared with the control group at 
the end of the 13-week administration period. At the end of the 5-week recovery 
period, significant but incidental observations included increased absolute heart 
weights in high-intake males, increased unilateral kidney weights in high-intake 
females and males and decreased absolute bilateral adrenal gland weights in 
high-intake males. In agreement with the authors of the study, the Committee 
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identified an NOAEL at the highest dietary level tested, corresponding to 3357 
and 3986 mg/kg bw per day for male and female rats, respectively. 

(xvii) L-Threonine (No. 2119)
In a 90-day feeding study performed to guidelines released by the Japanese 
Ministry of Health, Labour and Welfare, groups of 12 Sprague-Dawley rats 
of each sex were fed diets containing 0 (vehicle controls), 12 500, 25 000 or  
50 000 mg/kg feed L-threonine (No. 2119; lot no. O83175; purity 100.3%), 
corresponding to approximate mean daily intakes of 0, 812, 1615 and 3267 mg kg 
bw per day for males and 0, 910, 1850 and 3673 mg/kg bw per day for females, 
respectively (45). After the treatment period, six animals of each sex per group 
had a 5-week recovery period. During administration of L-threonine, there 
were no deaths and no treatment-related changes in feed or water consumption, 
ophthalmology, gross pathology, organ weights, histopathology, body weights 
or clinical signs, and no treatment-related changes were seen in haematology, 
clinical chemistry or urinalysis. Significant but transient, non-intake-dependent 
increases in urine specific gravity were noted in middle- and high-intake females 
during week 5. A significant decrease in urinary potassium levels in high-intake 
females and a significant but non-intake-dependent increase in urine specific 
gravity were observed in middle-intake females at the end of the administration 
period. Significant increases in lactate dehydrogenase activity seen in high-intake 
females and in blood sodium levels in high-intake males at the end of the recovery 
period were considered irrelevant, as they were not observed at the end of the 
treatment period. An increase in the relative but not absolute kidney weight in 
females at the highest concentration was not accompanied by macroscopic or 
histopathological evidence of kidney damage. Significant but unilateral decreases 
in absolute thyroid and ovarian weights and significant increases in relative 
ovarian weights at the end of the 5-week recovery period were considered to be 
incidental. In agreement with the authors of the study, the Committee identified 
an NOAEL of the highest dietary level tested, corresponding to 3267 and  
3673 mg/kg bw per day for male and female rats, respectively.

(xviii) L-Ornithine monochlorhydrate (No. 2120)
In a 90-day dietary toxicity study performed to guidelines released by the Japanese 
Ministry of Health, Labour and Welfare, groups of 12 Sprague-Dawley rats of each 
sex were fed diets containing 0 (vehicle controls), 12 500, 25 000 or 50 000 mg/
kg feed L-ornithine monohydrochloride (No. 2120; batch numbers 080926 and 
083019; purity 99.9%) (46). An additional group of six Sprague-Dawley rats of each 
sex was fed the basal diet or 50 000 mg/kg feed L-ornithine monohydrochloride 
for 13 weeks, followed by a 5-week recovery period. These dietary concentrations 
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correspond to approximate mean daily intakes of 851, 1695 and 3445 mg/kg bw per 
day for males and 973, 1962 and 3986 mg/kg bw per day for females, respectively. 
After 90 days of administration, no toxicologically significant findings were 
reported in haematology, histopathology, gross examination, body weights, food 
efficiency or ophthalmoscopy. Changes in body weight and food consumption 
observed in males in the recovery group were considered incidental, as they were 
not observed during the treatment period. A trend to increased water intake by 
males and females, which was statistically significant only in males at the highest 
intake level in week 1, and an increase in urinary volume that was statistically 
significant in both sexes at week 5 were interpreted by the authors as evidence 
of higher urea production and excretion, as ornithine is a major part of the urea 
cycle; however, no increase in urea levels was reported. Significant increases in 
reticulocyte counts in high-intake males were within historical control ranges 
and were not observed in the recovery group or in females; the observation was 
therefore considered incidental. Lymphocyte counts were significantly increased 
and neutrophil counts significantly decreased in high-intake males, but high-
intake females had significantly decreased lymphocyte and increased neutrophil 
counts after recovery but not after treatment. These findings were therefore 
considered to be incidental. A statistically significant increase in alkaline 
phosphatase activity was observed in middle-intake females only.  A significant 
decrease in α2-globulin observed in high-intake males at the end of the recovery 
period was deemed toxicologically irrelevant, as it was not observed during the 
treatment period or in females. A small decrease in serum chloride in males at all 
dietary concentrations and a statistically significant increase in urinary chloride 
excretion in males and females at the two highest dietary concentrations during 
the treatment period were all reversed during recovery and were attributed to 
chloride intake from the hydrochloride in the test substance. The decrease in 
serum chloride in males in all treatment groups might have been due to the higher 
level in control males and was no longer different from control after the recovery 
period. In agreement with the study authors, the Committee identified NOAELs 
for oral administration of L-ornithine monohydrochloride of the highest dietary 
concentration tested, corresponding to 3445 and 3986 mg/kg bw per day for male 
and female rats.

(xix) γ-Glutamyl-L-valyl-glycine (No. 2123)
In a 28-day feeding study compliant with OECD test guideline 407 and GLP, 
groups of 10 Sprague-Dawley strain SPF rats of each sex were fed diets containing 
0, 1000, 3000 or 10 000 mg/kg feed of γ-glutamyl-L-valyl-glycine (No. 2123; lot 
no. 100212(P); purity 96.5%) at the start of the study, adjusted weekly to provide a 
target dose of 0, 100, 300 or 1000 mg/kg bw per day (9). The dietary concentrations 



117

Amino acids and related substances (addendum)

were adjusted according to the most recent body weight measurements. The 
actual mean intakes were calculated from measured body weights to be 114, 337 
and 1113 mg/kg bw per day for males and 114, 328 and 1124 mg/kg bw per day 
for females. No deaths were recorded during the testing period, and no significant 
compound-related changes were observed in clinical parameters, water intake, 
food consumption, ophthalmology, haematology, a functional observation 
battery or histopathology. An intake-related increase in urinary protein was 
detected mainly in males; however, there were no corresponding changes in blood 
chemistry and no changes in histopathology indicative of kidney damage. Blood 
creatinine and blood urea nitrogen values were statistically significantly lower 
than those of controls (by 14% and 13%, respectively) in males at the highest 
intake; the authors considered that this small change was not toxicologically 
significant. Although statistically significant increases in alkaline phosphatase 
activity and decreases in calcium were observed in males at 300 mg/kg, they were 
not dose-related and were considered to be incidental and not attributable to the 
test article. The relative and absolute spleen weights in females at the low and 
high intake levels were significantly lower than those of control animals but were 
within the range of historical controls. Reduced absolute and relative thymus 
weights and increased relative lung and kidney weights in middle-intake females 
and decreased relative adrenal weights in low-intake males were not intake-
dependent and were considered incidental changes. Examination of lymphatic 
and haematopoietic organs, including the spleen, revealed no changes that could 
be attributed to dietary administration of γ-glutamyl-valyl-glycine. In agreement 
with the authors of the study, the Committee identified NOAELs for dietary 
administration of γ-glutamyl-valyl-glycine monohydrochloride of 1113 and  
1124 mg/kg bw per day for male and female rats, respectively, the highest doses 
tested.

(xx) L-Cystine, a structurally related substance
In a 93-day study, groups of 10 Wistar rats of each sex were given L-cystine (Lot 
no. not specified; purity not specified) by gavage at a dose of 0, 100, 300, 600 or  
3000 mg/kg bw per day (11). Three males and three females at the highest dose 
died, and reduced food intake and body weight suppression were seen, with 
decreased haemoglobin levels. Increases in glutamic-oxaloacetic transaminase, 
glutamate-pyruvate transaminase, alkaline phosphatase and total cholesterol and 
a decrease in glucose were found in groups at the highest dose. Slightly decreased 
platelet counts were reported in females at 300 and 600 mg/kg bw per day, 
which was not dose-related and therefore considered not related to treatment. 
While changes in the weights of the lungs, kidneys, spleen and pituitary gland 
were reported, no corresponding histopathological findings were made. The 
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Committee identified an NOAEL for administration of L-cystine by gavage of 
600 mg/kg bw per day.

(c) Long-term toxicity
These studies are summarized in Table 4 and described below. 

(i) Monosodium glutamate (No. 1420)
In a 1-year feeding study, groups of six albino Wistar rats of each sex were fed a 
standard growers’ mash diet or a standard diet supplemented with monosodium 
glutamate (No. 1420; lot no. 021M1789V; purity unspecified) to provide a dose 
of 120 mg/kg bw per day (47). The animals were mated and bred throughout 
the study and were assessed for feed and water intake, fertility and mortality. 
Two animals were killed every 3 months. The results of a hepatic function panel, 
liver and renal histopathology, haematology, urinalysis and serum hormone level 
assessments were recorded. Two adults and 12 neonates in the treatment group 
died within the first 3 months of the study and one adult and eight neonates at 6 
months. In the control group, three neonatal deaths were observed at 6 months. 
No deaths were reported in the control or treatment groups at 9 and 12 months. 
The authors reported that no post-mortem examinations were conducted to 
investigate the causes of the deaths or to determine whether they were related to 
treatment. They reported lower fertility, indicated by the number of deliveries per 
group, in treated rats at 3, 6 and 12 months as compared with controls. Changes 
in body weights, liver enzyme activities, serum levels of bilirubin, thyroglobulin, 
cholesterol, uric acid, creatinine, urea and testosterone were reported. Mild portal 
inflammation was reported in treated rats at 9 and 12 months. Isolated findings 
were reported in the kidney, including periglomerular fibrosis in one treated rat 
at 6 months and interstitial nephritis in one treated rat at 12 months. The authors 
acknowledged that the statistical significance of the results is limited by small 
sample sizes.

(ii) L-Isoleucine (No. 1422)
In a 2-year feeding study that did not comply with GLP, groups of 50 Fischer 344/
DuCrj rats of each sex were fed diets containing 0 (vehicle controls), 25 000 or 
50 000 mg/kg feed of L-isoleucine (No. 1422; batch no. unknown; purity 100%), 
corresponding to approximate mean daily intakes of 0, 1142 and 2189 mg/kg 
bw per day for males and 0, 925 and 1788 mg/kg bw per day for females (48). 
There were no treatment-related adverse effects on survival rate, haematology, 
urinalysis, food consumption or clinical signs relative to the control group. 
Histopathological examination of rats at all treatment levels revealed no 
neoplastic or non-neoplastic lesions. Slight but statistically significant increases 
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in the body weights of high-intake females reported in weeks 42–94 (excluding 
week 46), of middle-intake males in weeks 3 and 78–98 (excluding week 86) and 
of high-intake males in weeks 2–4, 78 and 82 were considered not toxicologically 
relevant. Small but significant increases in blood calcium levels in high-intake 
females and decreases in sodium in middle- and high-intake females were noted. 
High-intake males had significantly increased ALT, inorganic phosphate, total 
cholesterol and sodium levels, and middle- and high-intake males had increased 
magnesium and decreased potassium levels. Although the relative kidney weights 
of high-intake males were significantly higher than those of the control group, 
no histopathological findings suggestive of renal toxicity were seen. Significantly 
decreased relative testes weights were observed in middle- and high-intake 
males. Significantly increased testicular atrophy was observed in high-intake 
males, which was not intake-dependent and was noted to be inconsistent with 
the absence of a similar finding at a higher exposure level in a 13-week study 
(75). No neoplastic or non-neoplastic lesions were seen. The authors stated that 
dietary administration of L-isoleucine at doses ≤ 2189 and 1788 mg/kg bw per 
day for male and female rats, respectively, had no carcinogenic potential.

(d) Genotoxicity 
Studies of genotoxicity in vitro and in vivo reported for amino acids and related 
substances are summarized in Table 5 and described below. 

(i) In vitro
Reverse mutation

No evidence of genotoxic potential or cytotoxicity was observed in a reverse 
mutation assay with five concentrations of betaine monohydrate (No. 2265) 
between 8 and 5000 µg/plate tested in S. typhimurium strains TA98, TA100, 
TA1535, TA1537 and TA1538 in the presence or absence of an Aroclor 
1254-induced rat liver metabolic activation system (S9) in the plate incorporation 
method according to GLP standards of the United Kingdom, OECD and the 
US Environmental Protection Agency. Slight cytotoxicity was reported at the 
highest concentration in the range-finding study but not in the main studies in 
the absence or presence of S9. The positive and negative controls provided the 
appropriate responses in the tester strains (77). 

In a reverse mutation assay compliant with OECD test guideline 471, 
no evidence of genotoxic potential was observed when S. typhimurium strains 
TA98, TA100, TA1535 and TA1537 or E. coli WP2uvrA were tested in triplicate 
with eight concentrations of L-aspartate (No. 1429) or N-acetyl-L-aspartic acid at 
33.3 and 5000 µg/plate (83). In a repeat assay with five test concentrations of each 
substance of 333–5000 µg/plate, no evidence of genotoxicity was found. Both 
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Table 5
Studies of genotoxicity with amino acids and related substances used as flavouring agents

No. Flavouring agent End-point Test object Concentration Result Reference
In vitro
2265 Betaine 

monohydrate
Reverse 
mutation

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

8, 40, 200, 1000, 5000 µg/plate Negativea,b 76

2265 Betaine 
monohydrate

Chromosome 
aberration

Human peripheral blood 
lymphocytes

1000, 3333,  
10 000 µg/mL

Negativeb,c,d 77

2269 N-Acetyl glutamate Reverse 
mutation

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

333, 667, 1000, 3333, 5000 
µg/plate

Negativeb 10

1420 L-Glutamic acid Reverse 
mutation

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

3–5000 µg/plate Negativeb 78

1420 L-Glutamate, 
sodium salt

Reverse 
mutation

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

62, 185, 556, 1667, 5000 µg/
plate

Negativea,b 79

1420 L-Glutamate, 
sodium salt

Forward 
mutation

L5178Y/Tk+/- cells 238, 475, 950, 1900 µg/mL Negatived,e 79

1420 L-Glutamate, 
sodium salt

Chromosome 
aberration

Human peripheral blood 
lymphocytes

250, 500, 1000, 2000, 4000, 
8000 µg/mL

Not reliable 80

1420 L-Glutamate, 
sodium salt

Chromosome 
aberration

Chinese hamster lung cells 240, 480, 950, 1900 µg/mL Negatived,g 79

1420 L-Glutamate, 
sodium salt

Sister chromatid 
exchange

Human peripheral blood 
lymphocytes

250, 500, 1000, 2000, 4000, 
8000 µg/mL

Not reliable 80

1420 L-Glutamate, 
sodium salt

Micronucleus 
induction

Human peripheral blood 
lymphocytes

250, 500, 1000, 2000, 4000, 
8000 µg/mL

Not reliable 80

1420 L-Glutamate, 
sodium salt

Micronucleus 
induction

Human peripheral blood 
lymphocytes

3.7, 7.3, 14.6, 29.2, 58.5, 117, 
234, 468, 936, 1871 µg/mLh

98.3, 197, 393, 492, 614, 768, 
960, 1200, 1500, 1871 µg/mLi

Negative 79

1420 L-Glutamate, 
sodium salt

Comet Human peripheral blood 
lymphocytes

250, 500, 1000, 2000, 4000, 
8000 µg/mL

Not reliable 80

1421 Glycine Micronucleus 
induction

Chinese hamster ovary 
cells (CHO-K1)

Up to 200 µM (9.8, 19.5, 39.1, 
78.1, 156.3, 312.5, 625, 1250, 
2500, 5000 µg/mL)

Negativec,d 81

1428 Phenylalanine 
(unspecified)

Reverse 
mutation

S. typhimurium TA98 and 
TA100

Up to 2000 µg/ml Negative 82

1428 Phenylalanine 
(unspecified)

Sister chromatid 
exchange assay

Chinese hamster V79 cells Up to 2000 µg/ml Negative 82

1429 L-Aspartate Reverse 
mutation

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

33.3, 66.7, 100, 333, 667, 
1000, 3333, 5000 µg/plate

Negativea,b 83

1430 L-Glutamine Reverse 
mutation

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

156, 313, 625, 1250, 2500, 
5000 µg/plate

Negativeb,k 37

1430 L-Glutamine Chromosome 
aberration

Chinese hamster lung cells 625, 1250, 2500, 5000 µg/mLg 
313, 625, 1250, 2500, 5000 
µg/mLd,f

Negative 37
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No. Flavouring agent End-point Test object Concentration Result Reference
1431 Histidine 

(unspecified)
Reverse 
mutationa,k

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

8, 16, 32, 64, 128, 256, 512 
µg/plateb

Negativem,n 84

1434 Tyrosine 
(unspecified)

Reverse 
mutation

S. typhimurium TA98 and 
TA100

Up to 1450 µg/mL Negative 82

1434 Tyrosine 
(unspecified)

Sister chromatid 
exchange assay

Chinese hamster V79 cells Up to 1450 µg/mL Negative 82

1438 Arginine Reverse 
mutationa,k

S. typhimurium TA98 1200, 2400, 4000, 6000, 8000 
µg/plateo

Negativek 83

2120 L-Ornithine 
monohydrochloride

Reverse 
mutation

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

313, 625, 1250, 2500, 5000 
µg/plate

Negativeb,k 46

2120 L-Ornithine 
monohydrochloride

Chromosome 
aberration

Chinese hamster lung cells 422, 843, 1686 µg/mL Negatived,f,g 46

2123 Glutamyl-valyl-
glycine

Reverse 
mutation

S. typhimurium TA98, 
TA100, TA1535, TA1537 
and E. coli WP2uvrA

39.1, 78.1, 156, 313, 625, 
1250, 2500, 5000 µg/platep 

156, 313, 625, 1250, 2500, 
5000 µg/plateq

Negativeb,k 86

2123 Glutamyl-valyl-
glycine

Chromosome 
aberration

Chinese hamster lung cells 775, 1550, 3100 µg/mL Negatived,f,g 87

In vivo
2265 Betaine 

monohydrate
Micronucleus 
induction

CD-1 mice (15/sex/dose) 500, 1000, 2000 mg/kg bw Negativer 88

2269 N-Acetyl glutamate Micronucleus 
induction

ICR mice (5/sex/dose) 500, 1000, 2000 mg/kg bw Negatives 10

1420 L-Glutamate, 
sodium salt

Micronucleus 
induction

Sprague-Dawley rats (6/
dose)

500, 1000, 2000 mg/kg bw Negativet 79

1424 DL-Methionine Micronucleus 
induction

Adult female Swiss mice 
(6/dose)

450, 3000 mg/kg bw per dayu,v Not reliable 89

1424 DL-Methionine Comet assay Male Wistar rats (10/dose)x 150, 1000 mg/kg bw per day Negativey 90
1424 DL-Methionine Comet assay Adult female Swiss mice 

(6/dose)z

450, 3000 mg/kg bw per dayu,v Not reliable 89

1424 L-Methionine Comet assay Male OFA Sprague-Dawley 
rats (5/dose)

500, 1000, 2000 mg/kg bw 
per day

Negativet 19

1424 L-Methionine Comet assay Male OFA Sprague-Dawley 
rats (4/dose)

500, 1000, 2000 mg/kg bw 
per day

Negativeaa 19

1424 L-Methionine Micronucleus 
assay

OFA Sprague-Dawley rats 
(6/sex/dose)

500, 1000, 2000 mg/kg bw 
per day

Negativeaa 19

1429 L-Aspartate Micronucleus 
induction

Crl:CD1(ICR) mice (5 or 7/
sex/group)

333, 1000, 2000 mg/kg bw Negativeab 83

1430 Glutamine 
(unspecified)

Micronucleus 
induction

Swiss mice (5/group) 150, 300, 600 mg/kg bw Negativeac 91

1430 Glutamine 
(unspecified)

Comet assay Swiss mice (5/group) 150, 300, 600 mg/kg bw Negativeac 91

2123 Glutamyl-valyl-
glycine

Micronucleus 
induction

CrlJ:CD1(ICR)SPF mice (3/
sex/dose)

250, 500, 1000, 2000 mg/kg 
bw/day

Negativet 92

NR, not reported
a Plate incorporation method
b All strains and dose levels tested with and without S9 activation
c 3 h with S9
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assays were conducted in the absence and presence of Aroclor 1254-induced rat 
liver S9 with the plate incorporation method. The positive and negative controls 
provided the appropriate responses in the tester strains. 

In a reverse mutation assay compliant with OECD test guideline 471, no 
evidence of genotoxic potential was observed when S. typhimurium strains TA98, 
TA100, TA1535, TA1537 and E. coli WP2uvrA were tested in triplicate with five 
test concentrations of N-acetyl-glutamic acid (No. 2269; purity 99%) between 333 
and 5000 µg/plate, both in the absence and presence of Aroclor 1254-induced rat 
liver S9 by the plate incorporation method. The positive and negative controls 
gave the appropriate responses in the tester strains (10).

In a reverse mutation assay compliant with OECD test guideline 471 
conducted with S. typhimurium TA98, TA100, TA1535, TA1537 or E. coli 
WP2uvrA, concentrations of L-glutamic acid (purity 99.0–100.5%) between 100 
and 5000 µg/plate were not mutagenic in the presence or absence of rat liver 
S9 (78). No mutagenicity was reported in a repeat assay with L-glutamic acid at  
100–5000 µg/plate in S. typhimurium TA98, TA1535 and TA1537 or at 
concentrations of 3–5000 µg/plate in S. typhimurium TA100 and E. coli WP2uvrA, 
in the presence or absence of rat liver S9. 

No evidence of genotoxic potential was observed in a reverse mutation 
assay compliant with OECD test guideline 471, when S. typhimurium strains 

Table 5 (continued)
d 24 h without S9
e 3 h with and without S9
f 48 h without S9
g 6 h with and without S9 followed by an 18-h incubation period
h 4 h with and without S9 followed by a 20-h incubation period
i 20 h without S9 followed by a 28-h incubation period
k Alternative assay protocols: (i) extended preincubation treat-and-wash protocol in the presence of S9 and (ii) in the presence of S9 and vitamin C
m TA1535, TA98 with and without S9 plate incorporation and preincubation at 0–64 µg/plate; TA1537 with and without S9 plate incorporation, with S9 preincubation 

at 0–64 µg/plate; TA100 with S9 plate incorporation, with and without S9 preincubation at 0–64 µg/plate; WP2uvrA with and without S9 plate incorporation at 0–16 
µg/plate, without S9 preincubation at 0–32 µg/plate, with and without S9 plate incorporation and preincubation at 512 µg/plate

n Modified preincubation assay (treat and wash) with extended preincubation period (90 min), followed by washing off test substance with Oxoid No. 2 nutrient broth 
in phosphate-buffered saline before plating

o With S9, with heat-inactivated S9, with S9 without cofactors, with S9 treat-and-wash assay
p Without S9
q With S9
r Single oral gavage dose. Bone marrow collected 24 h, 48 h and 72 h after dosing.
s Single oral dose. Bone marrow collected 24 h after dosing; bone marrow of control and high-dose mice collected 48 h after dosing.
t Oral gavage once daily for 2 days.
u Approximate doses calculated on the basis of JECFA guidance document (version 1.0), February 2017.
v 10-week feeding study
x Kidney cells
y 6-week feeding study, intraperitoneal injection of 1 mg/kg bw saline
z Peripheral blood cells, liver and heart tissues
aa Oral gavage once daily for 3 days
ab Single oral gavage dose; bone marrow collected 24 h and 48 h after dosing
ac Single oral gavage and intraperitoneal administration of phosphate-buffered saline. Peripheral blood collected before dose administration and 24 h and 48 h after 

dosing.
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TA98, TA100, TA1535 and TA1537 or E. coli WP2uvrA were incubated with 
five test concentrations of monosodium L-glutamate monohydrate (No. 1420; 
purity 98.5–101.5%) between 62 and 5000 µg/plate in the presence or absence of 
Aroclor 1254-induced S9 by the plate incorporation method (79). The positive 
and negative controls provided the appropriate responses in the tester strains. 

In a bacterial reverse mutation assay, phenylalanine (No. 1428) and 
tyrosine (No. 1434) were tested for mutagenicity in the presence and absence of S9 
with S. typhimurium TA98 and TA100 at four concentrations (82). The maximum 
concentrations tested were 2000 and 1450 µg/mL (volume added per plate not 
shown) for phenylalanine and tyrosine, respectively. Dimethyl sulfoxide (1%) was 
evaluated as a solvent control. The results are presented as maximum fold induction 
for each substance in each strain, with and without Aroclor 1254-induced rat liver 
S9. The positive and negative controls provided the appropriate responses in the 
tester strains. The test materials caused no significant increase in the frequency 
of revertant colonies with or without metabolic activation. Phenylalanine and 
tyrosine were considered non-mutagenic under the conditions of this test.

In a reverse mutation assay compliant with Japanese Ministry of 
Agriculture and Forestry guidelines and GLP, no evidence of genotoxic potential 
was observed when S. typhimurium TA98, TA100, TA1535 and TA1537 or E. 
coli WP2uvrA were tested with five concentrations of L-glutamine (No. 1430; 
batch no. 040224; purity 95.8%) between 313 and 5000 µg/plate in the presence 
or absence of S9 with the preincubation method (data not shown) (37). The 
criteria for a positive response were stated to be either a two-fold or greater dose-
dependent increase or a reproducible increase in the mean number of revertants 
relative to the negative control. The positive and negative controls provided the 
appropriate responses in the tester strains. 

In a bacterial reverse mutation assay, histidine (No. 1431; purity 
unspecified) was evaluated for mutagenicity in triplicate at a concentration of 
8–512 µg/plate in S. typhimurium TA98, TA100, TA1535 and TA1537 and at 512 
µg/plate in E. coli WP2uvrA in the presence or absence of phenobarbital- and 
5,6-benzoflavone-induced rat liver S9, with the standard plate incorporation and 
preincubation methods (84). As histidine is the growth-conditional amino acid 
for S. typhimurium strains and exogenous administration is expected to promote 
an overgrown lawn in the deficient strains (93–98), an additional non-OECD-
compliant, modified preincubation assay was designed to reduce or eliminate 
false-positive results (84). The modification included an extended, 90-min 
preincubation of the test substance with the tester strains, followed by washing 
off the test substance with Oxoid No. 2 nutrient broth in phosphate-buffered 
saline before plating. The Oxoid No. 2 nutrient broth is composed of amino acids 
of protein origin, with the exception of asparagine and histidine. The authors 
stated that the extended preincubation period offset lack of exposure to the test 
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substance after plating. Results were interpreted as positive if a dose-dependent 
increase in revertant colony counts was at least twice that of the concurrent 
vehicle control (water) in all tester strains, except for strain TA100, which was 
evaluated for at least a 1.5-times increase in revertant counts. A significant 
reduction in the background lawn or the number of revertants as compared with 
the vehicle control (< 0.6 times increase) was interpreted as excessive toxicity. 
Standard positive controls outlined in OECD test guideline 471 for this test were 
used with all strains and in all assays.

Treatment with histidine in the standard plate incorporation and 
preincubation methods (without wash-out) resulted in isolated sporadic 
positive results in S. typhimurium strains in the absence and/or presence of S9 
at concentrations up to 64 µg/plate and an overgrown lawn at ≥ 128 µg/plate, 
as expected (84). No increase in revertants was seen when histidine was added 
to E. coli WP2uvrA (non-histidine-dependent strain) at a single concentration  
(512 µg/plate) in the presence or absence of S9 as compared with the vehicle 
control or when tryptophan was added to S. typhimurium strains (also at  
512 µg/plate). In the modified treat-and-wash preincubation assay, no 
mutagenicity was observed at 0–512 µg/plate in S. typhimurium TA98, TA100, 
TA1535 or TA1537 or at 512 µg/plate in E. coli WP2uvrA, in the presence or 
absence of S9.

In a bacterial reverse mutation assay compliant with OECD test guideline 
471, arginine hydrochloride (chlorhydrate) (No. 1438; purity ≥ 98.5%) was tested 
for mutagenicity in the presence and absence of Aroclor 1254-induced S9, heat-
treated Aroclor 1254-induced S9 (30 min at 56  ºC) or Aroclor 1254-induced 
S9 with no co-factors in S. typhimurium strain TA98 at 400, 1200, 2400, 4000, 
6000 and 8000 µg/plate (based on 10, 30, 60, 100, 150 and 200 µL/plate of a  
40 g/L solution), with the plate incorporation and preincubation methods (85). 
No assays for cytotoxicity were reported. In a confirmatory assay, ≤  200 µL  
(8000 µg/plate) was tested in the presence and absence of S9. The authors defined a 
positive response as a dose-dependent increase in the average number of revertant 
colonies with at least three concentrations and the highest increase in revertant 
colonies being more than twice the number of revertant colonies in the solvent 
control; statistical significance alone was not the only criterion used. Statistically 
significant increases in the numbers of revertant colonies were observed in the 
presence of S9 at the highest concentration (8000 µg/plate) and at the highest 
three concentrations (4000–8000 µg/plate) in the first and second preincubation 
assays, respectively, as compared with the solvent control. No mutagenicity was 
observed in the preincubation assays with heat-treated S9 or S9 prepared without 
co-factors. The authors suggested that the increase in revertants might be due 
to use of L-arginine as an alternative substrate to histidine (99) or to metabolic 
production of nitric oxide resulting in oxidative damage and mutagenicity, as 
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seen in previous studies with nitric oxide. To test the first hypothesis, Khandoudi 
et al. (85) used the extended preincubation treat-and-wash protocol outlined by 
Thompson et al. (84) to test for false-positive colony growth at concentrations 
of 1200, 2400, 4000, 6000 and 8000 µg/plate of arginine hydrochloride in S. 
typhimurium TA98 in the presence of S9. Under these conditions, no increase 
in the number of revertants was observed at any test concentration as compared 
with the solvent control. To test the second hypothesis, the authors repeated the 
test with L-arginine in the presence of active S9 mix and added vitamin C as 
an antioxidant scavenger (85). Addition of vitamin C abolished the increase in 
revertants in both the standard and treat-and-wash assays. The authors concluded 
that the negative results obtained in the alternative assay protocols characterize 
the mutagenic potential of arginine more appropriately and indicate the absence 
of mutagenicity. 

L-Ornithine monohydrochloride (No. 2120; batch numbers 080926 and 
083019; purity ≥ 99.9%) was not mutagenic or cytotoxic in a standard, GLP-
compliant reverse mutation assay when S. typhimurium TA98, TA100, TA1535, 
TA1537 or E. coli WP2uvrA was incubated with five test concentrations between 
313 and 5000 µg/plate, each tested in duplicate, in the presence or absence of 
phenobarbital–5,6-benzoflavone-induced rat liver S9 with the preincubation 
method. The positive and negative controls provided the appropriate responses 
in the tester strains (46). 

No evidence of genotoxic potential was observed in a reverse mutation 
assay compliant with OECD test guideline 471 when S. typhimurium TA98, 
TA100, TA1535, TA1537 or E. coli WP2uvrA was incubated with γ-glutamyl-
L-valyl-glycine (No. 2123; batch no. 100212(P); purity 96.5%) (86). Strains 
TA98, TA100 and TA1535 and E. coli WP2uvrA were incubated with five test 
concentrations between 313 and 5000 µg/plate in the presence and absence of 
phenobarbital–5,6-benzoflavone-induced rat liver S9 in the first and repeat assays 
with the preincubation method. After growth inhibition was found in the range-
finding test for S. typhimurium TA1537 at 1250 µg/plate in the absence of S9 
and at 5000 µg/plate in the presence of S9, strain TA1537 was tested in the main 
studies with six concentrations between 39.1 and 1250 µg/plate in the absence 
of S9 and between 156 and 5000 µg/plate in the presence of S9. No genotoxicity 
was observed in either assay in any tester strain under the conditions used. The 
positive and negative controls provided the appropriate responses in the tester 
strains. 

Forward mutation in mouse lymphoma L5178Y/TK+/– cells

In a forward mutation assay compliant with OECD test guideline 490, 
monosodium L-glutamate monohydrate (No. 1420; purity 98.5–101.5%) was 
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assessed for mutagenicity in mouse lymphoma cells (79). Four concentrations 
of monosodium L-glutamate monohydrate ranging from 238 to 1900 µg/mL 
were incubated with L5178Y/Tk+/–-3.72c mouse lymphoma cells for 3 h in the 
absence or presence of S9 prepared from the livers of male rats induced with 
phenobarbital–5,6-benzoflavone and for 24 h in the absence of S9. Monosodium 
L-glutamate monohydrate did not induce a statistically significant increase 
in mutant frequency with or without S9 at any tested concentration and was 
therefore considered non-mutagenic under the experimental conditions. The 
positive and negative controls provided the appropriate mutant frequencies.

Chromosome aberrations

Betaine monohydrate (No. 2265) was not clastogenic when tested at 1000, 3333 
or 10 000 µg/mL in human peripheral blood lymphocytes for 3 h in the presence 
of S9 prepared from Fischer 344 rats induced with Aroclor-1254, and without S9 
for 24 h in a chromosome aberration assay that complied with GLP guidelines 
established by the United Kingdom, OECD, USFDA and the Japanese Ministry 
of Health, Labour and Welfare (77). The authors reported > 50% cytotoxicity at 
all selected concentrations in the range-finding assay in the presence of S9; the 
relative mitotic index was between 52% and 54.7% at concentrations of 1000 and 
10 000 µg/mL, respectively. An increase in the mitotic index was noted in the 
absence of S9 at concentrations of 1000–10 000 µg/mL relative to the control, 
with no further explanation. The positive (mitomycin C and cyclophosphamide) 
and negative controls provided the appropriate responses. 

In an in vitro chromosome aberration assay that was not compliant 
with GLP, six concentrations of monosodium glutamate (No. 1420) between 
250 and 8000 μg/mL induced chromosomal aberrations after incubation with 
human peripheral blood lymphocytes for 24 or 48 h in the absence of metabolic 
activation (80). The most frequently observed aberrations were chromatid 
and chromosome breaks, followed by dicentric chromosomes, polyploidy, 
fragments, sister chromatid unions, chromatid exchanges and endoreplication. 
The mitotic index was decreased by 41% after 24 h and 40% after 48 h of 
incubation at up to 8000 µg/mL. Significant, dose-dependent increases in the 
mean frequency of cells with structural and numerical chromosome aberrations 
and in the number of aberrations per cell were observed after 24-h incubation of  
500–8000 µg/mL and after 48-h incubation of 250–8000 µg/mL monosodium 
glutamate. The negative and positive (mitomycin C) controls gave the appropriate 
responses under the conditions of this assay. The Committee noted that the study 
has major shortcomings, which reflect significant deviations from the relevant 
OECD test guideline No. 473. They include the use of dose levels >1871 μg/ml, 
corresponding to the upper limit of 10 mM to be tested, and an inappropriate 
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treatment schedule. Further, addition of 5-bromo-2´-deoxyuridine to the culture 
medium at a concentration of 10 µg/mL is known to induce DNA damage, 
although at a low level. Moreover, the osmolality and pH of the cell cultures were 
not measured to ensure appropriate physiological conditions, and no historical 
negative control data were available to evaluate the biological relevance of the 
results obtained. The Committee considered that this study is “not reliable” (Table 
5) and was of the opinion that no conclusion could be drawn. This consideration 
is corroborated by the negative findings of a similar study by Takumi et al. (79), 
which was compliant with OECD test guideline No. 473 and in which a maximum 
dose level of 1871 µg/mL (10 mM) was used. 

In the study of Takumi et al. (79), no evidence of clastogenicity was 
observed, as no statistically significant increases in the numbers of cells with 
structural chromosome aberrations or polyploidy cells were seen in Chinese 
hamster lung cells (CHL/IU) treated with 240, 480, 950 or 1900 μg/mL of 
monosodium L-glutamate monohydrate (No. 1420; purity 98.5–101.5%) for 24 h 
in the absence of S9 and for 6 h in the absence and presence of S9 prepared from 
the livers of phenobarbital–5,6-benzoflavone-induced male rats. The positive and 
negative controls provided the appropriate responses.

In an in vitro chromosome aberration assay compliant with guidelines 
of the Japanese Ministry of Agriculture and Forestry and GLP, no evidence of 
clastogenicity was observed in Chinese hamster lung cells (CHL/IU) treated 
with 625, 1250, 2500 or 5000 µg/mL L-glutamine (No. 1430; purity 98.5–101.5%) 
for 6 h in the absence and presence of S9 metabolic activation (37). After the 
6-h incubation, the cells were incubated for an additional 18 h. Additional 
experiments with continuous exposure for 24 h and 48 h at a concentration 
of 313, 625, 1250, 2500 or 5000 µg/mL of L-glutamine were conducted in the 
absence of S9. Cytotoxicity indicated by cell-growth inhibition relative to the 
solvent control was evaluated at six concentrations of L-glutamine between 153 
and 5000 µg/mL in the presence and absence of S9. Cytotoxicity of ≤ 64.5% and 
50.5% relative to the negative control was observed at 5000 µg/mL with 24-h 
and 48-h treatment, respectively. The positive and negative controls provided the 
appropriate responses. 

In an in vitro chromosome aberration assay that was compliant with the 
guidelines of the Japanese Ministry of Health, Labour and Welfare and GLP, no 
evidence of clastogenicity was observed in Chinese hamster lung cells (CHL/
IU) treated with 422, 843 or 1686 µg/mL L-ornithine monohydrochloride (No. 
2120; batch numbers 080926 and 083019; purity ≥ 99.9%) for 6 h in the absence 
and presence of phenobarbital–5,6-benzoflavone-induced rat liver S9 metabolic 
activation and an 18-h incubation period or for 24 h and 48 h in the absence of S9 
(46). No cytotoxicity, as indicated by cell growth rate inhibition, was observed at 
eight concentrations of L-glutamine between 13 and 1686 µg/mL, relative to the 
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solvent control after a 24-h or 48-h exposure in the presence or absence of S9. The 
positive and negative controls provided the appropriate responses. 

In an in vitro chromosome aberration assay compliant with OECD test 
guidelines and GLP, no significant incidence of polyploidy was detected when 
775, 1550 or 3100 µg/mL of γ-glutamyl-L-valyl-glycine (No. 2123; batch no. 
100212(P); purity 96.5%) was incubated with Chinese hamster lung cells (CHL/
IU) for 6 h, followed by an 18-h recovery period, in the absence and presence of 
phenobarbital–5,6-benzoflavone-induced rat liver S9 or for 24 h and 48 h in the 
absence of S9, relative to the concurrent solvent control (87). The positive and 
negative controls provided the appropriate responses. γ-Glutamyl-valyl-glycine 
was considered to be non-clastogenic under the conditions tested. 

Sister chromatid exchange 

No sister chromatid exchanges were induced when Chinese hamster  lung 
fibroblast  V79 cells  were treated with phenylalanine (No. 1428) or tyrosine 
(No. 1434) for 2.5 h in the absence or presence of Aroclor 1254-induced 
rat liver S9 (82). Although the maximum concentrations tested were not 
clearly described, they appear to have been 2000 μg/mL of phenylalanine and  
1450 μg/mL of tyrosine. Data are presented as maximum increases in sister 
chromatid exchange recorded per 22 chromosomes for each substance under 
each condition tested. The sister chromatid exchange induction rates for both 
test substances were within the respective ranges of spontaneous mutation in 
the presence and absence of S9. Therefore, phenylalanine and tyrosine were 
considered to be non-mutagenic under the conditions of this test. 

Slight but statistically significant induction of sister chromatid exchange 
was observed when monosodium glutamate (No. 1420) was incubated with 
human peripheral blood lymphocytes for 24 h and 48 h at six concentrations 
between 250 and 8000 µg/mL (80). Decreases in mitotic index were reported at 
all concentrations and were up to 41% after 24-h and 40% after 48-h incubation at 
8000 µg/mL. No significant differences in replication index were found between 
any treatment group and the negative control cells. The negative and positive 
(mitomycin C) controls gave the appropriate responses under the conditions of 
this assay. The Committee noted that the study has major shortcomings, including 
use of dose levels > 1871 μg/mL, corresponding to the upper limit of 10 mM 
for testing chemicals in mammalian cells. Moreover, osmolality and pH were 
not measured to ensure appropriate physiological conditions in the treatment 
cultures, and no historical negative control data were available to evaluate the 
biological relevance of the results. Additionally, no replicate cultures were used 
to ensure a reliable statistical evaluation, as outlined in the relevant OECD test 
guideline, No. 479, which has, however, been withdrawn, as this test is no longer 
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included in batteries of genotoxicity tests. The Committee considered the study 
“not reliable” and that no conclusion could be drawn.

Micronucleus induction 

A significant increase in the frequency of micronuclei was observed when 
monosodium glutamate (No. 1420) was incubated with human peripheral 
blood lymphocytes for 48 h at six concentrations between 250 and 8000 µg/mL 
in the absence of metabolic activation; no significant increase in cytotoxicity 
was observed as compared with the negative control of distilled water (80). A 
significant increase in the frequency of micronucleated cells was observed at 
1000, 2000, 4000 and 8000 µg/mL. The negative and positive (mitomycin C) 
controls gave the appropriate responses under the conditions of this assay. The 
Committee noted that the study has major shortcomings, reflecting significant 
deviations from the relevant OECD test guideline No. 487, as it included use 
of dose levels > 1871 μg/mL, corresponding to the upper limit of 10 mM to be 
tested, an inappropriate treatment schedule and use of a non-standard procedure 
(nuclear division index) that is currently considered to be inadequate to calculate 
induced cytotoxicity, a key aspect for selection of dose levels to be scored. In 
addition, the osmolality and pH of cell cultures were not measured to ensure 
the appropriate physiological conditions of treated cultures, and no historical 
negative control data were available to evaluate the biological relevance of the 
results. The Committee considered the study “not reliable” and that no conclusion 
could be drawn.

In a more recent in vitro micronucleus assay compliant with OECD test 
guideline 487, monosodium L-glutamate monohydrate (No. 1420; purity 98.5-
101.5%,) was neither clastogenic nor aneugenic at concentrations of 468, 936 
and 1871 µg/mL in human peripheral blood lymphocytes treated for 4 h in the 
absence or presence of Aroclor 1254-induced rat liver S9 with a 20-h recovery 
period (79). The cells were also treated for a longer, continuous period of 20 h with 
a 28-h recovery period in the absence of S9 at 1200, 1500 and 1871 µg/mL. No 
statistically significant difference in cytotoxicity or micronucleus induction was 
observed between the assessed treated groups and the vehicle control under any 
treatment condition. The positive and negative controls provided the appropriate 
responses. Monosodium L-glutamate monohydrate was considered to be neither 
clastogenic nor aneugenic under the conditions of this test.

An automated in vitro micronucleus assay was conducted in duplicate 
wells of a 96-well plate with Chinese hamster ovary cells (CHO-K1) treated with 
glycine (No. 1421) at 10 concentrations from 9.8 to 5000 µg/mL for 3 h in the 
presence of an Aroclor-induced rat liver S9 with an 18–20-h recovery period (81). 
The cells were also treated continuously for a longer period of 24 h with a 22–24 h 
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recovery period, in the absence of S9. Micronucleus induction was scored by 
fluorescent microscopy in 2000 binucleated cells (1000 cells/well) at the highest 
five concentrations after both 3-h and 24-h treatment. The cytokinesis-block 
proliferation index and percentage cytotoxicity were calculated; a statistically 
significant increase in micronucleated cells of three times or more was considered 
positive, an increase by two to three times as weakly positive, and an increase of 
less than two times was considered negative. Glycine was not genotoxic under the 
conditions of this test.

DNA damage in comet assays

Significant evidence of DNA damage was observed in a modified alkaline comet 
assay with six concentrations of monosodium glutamate (No. 1420) between 250 
and 8000 µg/mL incubated with human peripheral blood lymphocytes for 1 h 
at 37 ºC, in comparison with a negative control (80). Three hundred comets per 
concentration were evaluated for DNA damage. Non-dose-dependent increases 
in the mean tail length (µm), percentage mean tail intensity and tail moment 
were observed in all treated cells. The negative and positive controls gave the 
appropriate responses under the conditions of the assay. The Committee noted 
that the study had major shortcomings, including use of dose levels > 1871 μg/mL, 
corresponding to the upper limit of 10 mM for testing chemicals in mammalian 
cells. Moreover, osmolality and pH were not measured to ensure appropriate 
physiological conditions in the cultures, and no historical negative control data 
were available to evaluate the biological relevance of the results. The Committee 
considered the study “not reliable” and that no conclusion could be drawn.

(ii) In vivo
Micronucleus induction

Betaine monohydrate (No. 2265; batch no. 50764226; purity > 98.83%) was tested 
in an in vivo micronucleus assay that complied with guidelines of the United 
Kingdom, OECD, USFDA, the Japanese Ministry of Health, Labour and Welfare 
and GLP (88). In a range-finding test, single oral doses of 500, 1000, 1500 and 
2000 mg/kg bw were administered in 0.9% saline to groups of 15 male and 15 
female Charles River CD1 mice by oral gavage. As no deaths or clinical signs 
of toxicity were observed in the range-finding study, 2000 mg/kg bw was set as 
the maximum tolerated dose for the main study, with 500 and 1000 mg/kg bw 
chosen as the low and middle dose levels. After a single administration of the 
test substance, animals in the negative control and test groups were killed 24, 48 
or 72 h later by CO2 asphyxiation; the positive control animals were killed 24 h 
after dosing. Micronucleus counts in the negative and positive control groups 
were within their respective background ranges. No dose-dependent decrease in 
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the ratio of polychromatic to normochromatic erythrocytes, indicative of bone 
marrow toxicity, were observed at any dose. Females killed 24 h after receiving 
an oral dose of 500 mg/kg bw showed a statistically significant increase in 
micronuclei; however, this was considered by the authors not to be biologically 
significant, as the increases were within the acceptable background range of 
micronucleus counts and not dose dependent. No other statistically significant 
differences in micronucleated polychromatic erythrocytes were observed 
between the test groups and the solvent control group. The authors noted that 
the frequencies of micronucleated polychromatic erythrocytes decreased in all 
groups with progressively longer sampling time after administration of the dose. 
Betaine monohydrate was considered not to be genotoxic.

In an in vivo micronucleus assay that complied with OECD test guideline 
474, a single oral dose of 500, 1000 or 2000 mg/kg bw of N-acetyl-glutamic acid 
(No. 2269; purity 99%) was administered in water to groups of five ICR mice of 
each sex by oral gavage, and the animals were killed 24 h after treatment (10). 
Two additional groups were given water or N-acetyl-glutamic acid at 2000 mg/kg 
bw in water and killed 48 h after treatment. Smears were prepared from femoral 
bone marrow and examined for micronucleated polychromatic erythrocytes. No 
deaths were observed under any test condition. The body weights of negative 
control and mice at the low and middle doses were normal throughout the study. 
No increase in the incidence of micronucleated polychromatic erythrocytes was 
observed 24 or 48 h after treatment with N-acetyl-glutamic acid over that in 
negative controls. Appropriate micronucleus counts were obtained in the negative 
and positive control groups. Under the conditions of the study, N-acetyl-glutamic 
acid (No. 2269) did not induce micronuclei.

Monosodium L-glutamate monohydrate (No. 1420; purity 98.5–101.5%) 
was tested for induction of micronuclei in bone marrow in vivo in a study that 
complied with OECD test guideline 474 (79). Groups of six male Sprague-
Dawley rats were given 0 (distilled water), 500, 1000 or 2000 mg/kg bw per day of 
monosodium L-glutamate monohydrate by gavage once daily for 2 days. The rats 
were observed for signs of toxicity, and body weight was measured throughout the 
study. No deaths, adverse clinical signs or effects on body weight were observed 
in any group. The vehicle and positive control groups showed the appropriate 
micronucleus counts. No indication of bone-marrow toxicity was observed in 
the form of a reduced ratio of polychromatic to total erythrocytes. No significant 
differences from vehicle controls were seen in the number of micronucleated 
polychromatic erythrocytes.

In an in vivo micronucleus study compliant with OECD test guideline 
474, L-aspartate (No. 1429) or N-acetyl-L-aspartic acid was administered to male 
and females ICR mice at a dose of 0 (0.5% methylcellulose in deionized water), 
333, 1000 (five of each sex per group) or 2000 mg/kg bw (seven of each sex per 
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group) by a single oral gavage (83). Body weights, clinical signs of toxicity and 
mortality were observed from the start of dosing for 48 h. Half of the mice in 
each test group were killed 24 h or 48 h after the final dose. All animals in the 
positive control group were killed 24 h after dosing. Only mice in the control and 
high-dose groups killed 48 h after the last dose were evaluated for micronucleus 
induction. No deaths, clinical signs of toxicity or significant differences in body 
weights as compared with the control group (data not shown) were observed 
during the study. No statistically significant increase in micronucleus induction 
was observed in male or female mice 24 h after administration of up to  
2000 mg/kg bw of L-aspartate, and no significant difference in micronucleus 
induction was observed between the high-dose and control groups of male and 
female mice killed 48 h after the last dose. There was no evidence of toxicity to the 
bone marrow in the form of a reduced ratio of polychromatic to total erythrocytes. 
Under the conditions of this study, L-aspartate (No. 1429) was neither clastogenic 
nor aneugenic at doses ≤ 2000 mg/kg bw.

In an in vivo micronucleus assay compliant with OECD test guideline 
474, γ-glutamyl-L-valyl-glycine (No. 2123; batch no. 100212(P); purity 96.5%) 
was tested in ICR mice (97). In a range-finding study, γ-glutamyl-L-valyl-glycine 
in water was administered orally to groups of three ICR mice of each sex once 
daily for 2 days at 250, 500, 1000 or 2000 mg/kg bw per day, and animals were 
killed by CO2 asphyxiation 24 h after the final dose. No deaths or significant 
changes in general condition or body weight were observed in the test or control 
group. In the main study, γ-glutamyl-L-valyl-glycine was administered orally 
to groups of five male ICR mice at 500, 1000 or 2000 mg/kg bw per day by 
oral gavage once daily for 2 days. No significant induction of micronuclei was 
observed as compared with the control group. The positive and negative controls 
provided the appropriate micronuclei frequencies as compared with historical 
background ranges. Under the conditions of this study, γ-glutamyl-valyl-glycine 
was not clastogenic.

DNA damage in comet assays

In an in vivo alkaline comet assay, groups of 20 male Wistar rats were separated 
into two groups: one received a control diet containing 3000 mg/kg feed of 
L-methionine (No. 1424; lot no. unspecified; purity unspecified), equivalent 
to 150 mg/kg bw per day, and the second group received DL-methionine at 
20 000 mg/kg feed, equal to 1000 mg/kg bw per day, for 6 weeks (90). Ten rats 
from each group were given an intraperitoneal injection of saline or 1 mg/kg 
bw doxorubicin (a known genotoxic agent) 24 h before euthanasia, and kidney 
cells were isolated and processed on slides for evaluation of comets. Percentage 
tail DNA, olive moment and tail length (μm) were measured. Significantly 
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reduced body weights were reported in DL-methionine-treated rats; however, no 
difference in feed intake was observed between the treated and control groups. 
Decreased percentage tail DNA, olive moment and tail length were reported in 
animals treated with DL-methionine alone as compared with control animals. As 
L-methionine did not decrease the doxorubicin-induced DNA damage, the study 
authors concluded that L-methionine is not genotoxic and had no anti-genotoxic 
effect when associated with doxorubicin. 

In another in vivo comet assay to evaluate DNA damage in the stomach, 
which was compliant with GLP, doses of 0 (control), 500, 1000 or 2000 mg/kg bw 
per day of L-methionine (85% purity; obtained from modified E. coli K-12) were 
administered to groups of five male OFA Sprague Dawley rats on 2 consecutive 
days (19). Four rats at each dose were evaluated; results were reported only for 
those at the two highest doses. No statistically significant increase in percentage 
tail DNA was observed at the two highest doses. No sign of toxicity, no decrease 
in cell viability and no statistically significant increase in necrotic cells were 
observed in treated rats as compared with the negative control. 

Combined micronucleus induction and DNA damage in comet assays

In a combined in vivo micronucleus and comet assay that did not comply with 
OECD test guidelines, groups of five male Swiss mice received single doses of 
150, 300 or 600 mg/kg bw of glutamine (No. 1430; lot no. unspecified, purity 
unspecified) by oral gavage (91). As the study was designed to evaluate additional 
treatments, the animals treated with glutamine also received an intraperitoneal 
injection of phosphate-buffered saline. A control group received phosphate-
buffered saline by oral gavage. Micronucleus induction was evaluated in 
erythrocytes in peripheral blood collected from the tail vein of animals before 
administration of a dose or vehicle (T0) and at 24 h (T1) and 48 h (T2) after 
administration; the comet assay was conducted with peripheral blood collected 
48 h after dosing. At T0, the total group frequency of micronuclei in the low- and 
high-dose groups was significantly lower than in the control group. A significant 
increase in total group micronucleus frequency was reported in the high-dose 
group 24 h after administration. No significant difference in the frequency of 
micronuclei was found between the high-dose and control groups 48 h after 
administration. In the comet assay, DNA damage was evaluated in 100 lysed cells 
per treatment based on “tail size” (length) relative to nucleoid diameter, on a 
scale of three levels of DNA migration (classes 1–3) or no migration (class 0). 
Glutamine-treated groups had significantly fewer cells with DNA damage than 
the vehicle control group. Most cells from glutamine-treated mice were classified 
in class 0, with <  5% cells in class 1; in the control group, ~16% of cells had 
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class-1 damage. Overall, glutamine showed no evidence of genotoxicity under 
the conditions of this non-standard test. 

In a combined in vivo micronucleus induction and alkaline comet assay, 
groups of six female Swiss albino mice were given feed containing 0, 3000 or  
20 000 mg/kg feed DL-methionine (No. 1424; lot no. unspecified; purity 
unspecified) for 10 weeks, equivalent to 0, 450 and 3000 mg/kg bw per day 
(89). The dietary concentrations selected corresponded to diets classified 
as methionine-deficient, control diets and methionine-supplemented diets, 
respectively. The body weights of mice fed the methionine-deficient diet were 
significantly (67%) lower than those of the control and supplemented diet groups, 
in which the body weights were similar. Induction of micronuclei was evaluated 
in peripheral blood, and the comet assay was performed with peripheral 
blood, liver and heart tissues. A significant 122% increase in the frequency of 
micronuclei was observed in the group fed the diet containing 3000 mg/kg bw 
per day methionine as compared with the control diet group. The frequency of 
micronuclei in the methionine-deficient group (0 mg/kg bw per day) was also 
higher on average than that in the control group receiving 450 mg/kg bw per day, 
but the difference did not reach statistical significance. In the comet analysis, the 
group receiving 20 000 mg/kg feed DL-methionine had a statistically significantly 
higher percentage tail intensity than the controls and methionine-deficient 
groups. No significant difference in tail intensity was observed in the heart or 
liver, but tail intensity in liver was significantly decreased by 49% in the group at  
0 mg/kg bw per day as compared with the groups at 450 and 3000 mg/kg bw per 
day. The authors concluded that dietary intake of DL-methionine at approximately 
3000 mg/kg bw per day for 10 weeks induces tissue-specific genotoxicity under 
the conditions used. They hypothesized that the effect might be associated 
with the role of methionine metabolism in methylation processes or with 
homocysteine-induced oxidative stress as a result of metabolism of methionine 
to homocysteine. The Committee noted shortcomings in the study, including a 
limited number of immature erythrocytes (1000 instead of 4000) for evaluation 
of induced micronuclei in peripheral blood lymphocytes, no appropriate method 
for assessing cytotoxicity (histopathology) and a limited number of cells scored 
for the comet assay. Moreover, no positive control substances were evaluated, 
and no historical negative control data were available to evaluate the biological 
relevance of the results of each test. The Committee considered the study to be 
“not reliable” and that no conclusion could be drawn.

In another combined in vivo micronucleus and comet assay compliant 
with GLP, no statistically significant induction of micronuclei was observed in 
the bone marrow of groups of five male and five female OFA Sprague Dawley 
rats, and no statistically significant increase in DNA tail size was observed in 
the livers of groups of four male rats treated with L-methionine (85% purity; 
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obtained from modified E. coli K-12) at 0 (vehicle), 500, 1000 or 2000 mg/kg 
bw per day by oral gavage for 3 days (19). A preliminary assay with two animals 
of each sex per group and a confirmatory assay with five animals of each sex 
per group indicated no clinical signs of toxicity after treatment for 2 days. Four 
males were selected from each group for analysis of micronuclei and DNA tail; 
the results of the comet assay were reported only for rats at the two highest doses. 
No evidence of bone marrow toxicity, as indicated by a significant decrease in 
the ratio of polychromatic to normochromatic erythrocytes, and no increase in 
necrotic or apoptotic cell counts in the trypan blue exclusion assay were observed. 
L-Methionine was not genotoxic under the conditions of this assay. The positive 
and negative controls provided the appropriate responses. 

(iii)  Conclusions on genotoxicity
As described above and summarized in Table 5, the results of in vitro and in vivo 
studies on genotoxicity for substances in this group of amino acids and related 
substances gave predominantly negative results. Sporadic positive findings 
reported by some authors (e.g. Ataseven et al. (80) for monosodium L-glutamate 
and Aissa et al. (89) for DL-methionine) were considered by the Committee to be 
due to inadequate experimental procedures. Overall, the Committee concluded 
that the amino acids and related substances evaluated are of no genotoxic concern. 

 
(e) Reproductive and developmental toxicity 
(i) L-Glutamic acid (No. 1420)
In a study of prenatal development that was compliant with USFDA guidelines 
(similar to OECD test guideline 414), groups of 25 pregnant Sprague-Dawley rats 
were treated with 0 (basal diet), 5000, 15 000 or 50 000 mg/kg feed monosodium 
L-glutamate (equal to 0, 302, 898 and 3019 mg/kg bw per day) on days 6–20 
of gestation (100). Feed intake, body weight and clinical signs were recorded 
regularly, and the pregnant rats underwent caesarean section, termination and 
necropsy on day 20 of gestation. The weights of the heart, lungs, liver, kidneys, 
spleen, adrenal glands, ovaries and uterus were recorded both before and after 
fetus removal, and the numbers of implantation sites, resorptions, live and 
dead fetuses, external abnormalities and fetal weight were recorded. The fetuses 
were also examined for skeletal and visceral abnormalities. No developmental 
or maternal effects were observed. In agreement with the study authors, the 
Committee identified an NOAEL of 50 000 mg/kg feed monosodium L-glutamate 
in the diet, the highest concentration tested, equal to 3019 mg/kg bw per day. 

In a two-generation reproductive feeding study compliant with OECD 
test guideline 416 and GLP, groups of 30 Sprague-Dawley rats of each sex were fed 
0 (vehicle), 5000, 15 000 or 50 000 mg/kg feed of monosodium glutamate, equal to 



136

W
H

O
 F

oo
d 

Ad
di

tiv
es

 S
er

ie
s N

o.
 8

0,
  2

02
2

Safety evaluation of certain food additives     Eighty-ninth  JECFA

313, 939 and 3131 mg/kg bw per day in parental males; 346, 1039 and 3496 mg/kg 
bw per day in parental females; 437, 1305 and 4404 mg/kg bw per day in first filial 
(F1) males and 467, 1422 and 4618 mg/kg bw per day in F1 females (101). No 
effects were observed on the oestrus cycle or sperm parameters in the parental 
generation. Indices of offspring viability and reproduction were similar to those 
of controls. Increases in relative (from 9% in F0 males to 17.8% in F1 females) 
and absolute (from 9.5% in F0 females to 19.7% in F1 females) kidney weights 
were observed at the highest dose in both sexes in both generations. Increases in 
the absolute and relative ovary weights in F1 females were also observed at the 
highest dose. Both absolute and relative spleen weights were reduced at weaning 
in both sexes of the F1 generation at the highest dose but not in animals of the F2 
generation. The organ weight changes were not associated with any macroscopic 
or histopathological findings. The authors identified the parental NOAELs as 939 
and 1039 mg/kg bw per day for males and females, respectively, on the basis of 
changes in kidney weights, despite the absence of correlated histopathological 
findings. In agreement with the authors of the study, the Committee identified 
reproductive and developmental NOAELs of 3131 and 3496 mg/kg bw per day 
for males and females, respectively, corresponding to the highest dietary level 
tested. 

(ii) L-Leucine (No. 1422)
In a study to assess the reproductive and developmental toxicity of L-leucine 
according to guidelines released by the Japanese Ministry of Health, Labour 
and Welfare, groups of 20 pregnant Sprague-Dawley rats were given 0 (vehicle 
controls), 300 or 1000 mg/kg bw L-leucine (No. 1422; lot no. 201FKD2; purity 
99.9%) in carboxymethylcellulose by gavage on days 7–17 of gestation, and the 
effects on embryo and fetal development were evaluated (102). Body weights and 
feed intake were measured throughout pregnancy (days 0–20), and placental and 
fetal examinations were conducted directly after delivery by caesarean section 
on day 20 of gestation. Limited clinical signs of maternal toxicity were observed 
during gestation; L-leucine had no effect on body weight; an increase in feed 
intake on days 14 and 18 of gestation was transient; and the intake of all groups 
(including controls) was comparable 3 days after the last administration of 
L-leucine solution. There were no effects on the weight or the number of live-
born fetuses, the number of corpora lutea, the quality of the placenta or the 
implantation index. Fetal toxicity was also assessed in a number of external, 
skeletal and visceral examinations. No adverse effects were noted, and there was 
no effect on the sex ratio or other external abnormalities. In agreement with the 
authors of the study, the Committee identified an NOAEL for maternal and fetal 
toxicity of 1000 mg/kg bw per day, the highest dose tested. 
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(iii) Taurine (No. 1435)
In a developmental toxicity study, seven Wistar dams fed a standard laboratory 
diet were given drinking-water containing 1.5% taurine (No. 1435; lot no. 
unspecified; purity unspecified) (equivalent to 1500 mg/kg bw per day according 
to USFDA default conversion factors (103)) in a study designed to evaluate 
whether taurine supplementation improved outcomes associated with diets 
linked to obesity (“obesogenic diet”: high fat, high fructose) (104). The study 
design included a group of eight animals that received taurine in drinking-
water at the same concentration with the “obesogenic diet”. Dams received 
treatments from day 1 of gestation to weaning of offspring 3 weeks after delivery 
in order to investigate maternal and neonatal effects. Litter sizes were adjusted 
to eight pups after birth, and plasma and liver samples were collected from the 
excluded pups after decapitation. After the lactation period, dams were fasted 
overnight, anaesthetized with intraperitoneal sodium pentobarbitone and killed 
by decapitation. Maternal body weights and feed and water intakes were recorded 
daily, and litter size, sex ratio and birth weights were recorded at birth. Histological 
analysis was conducted of the left lobe of maternal livers. Significantly increased 
neonatal mortality was observed in the group that received taurine in drinking-
water and basal diet (7.1%) as compared with the untreated control group (1.4%). 
Although the body weights of dams and offspring in the taurine-treated group 
and the untreated control group did not differ when both received basal diet, 
a statistically significant interaction was reported between diet and taurine in 
weaning male offspring. A statistically significant interaction between diet and 
taurine was also reported in decreased levels of β-hydroxybutyrate in male and 
female pups; however, the biological significance of these observations is unclear, 
and they may be spurious findings in the absence of dose–response data. Similarly, 
the toxicological significance of the reported increase in neonatal mortality is 
unclear in the absence of dose–response data or a historical control range (40). 
No significant, taurine-related effects were found on maternal body weights, 
liver weights, total percentage of fat, litter birth or weaning weights, maternal 
or neonatal plasma lipid or glucose parameters or maternal liver histology. No 
differences between taurine-treated and untreated control groups were found in 
gene expression related to maternal hepatic lipid or glucose metabolic profile, in 
maternal or neonatal hepatic injury or in cytokine profile. 

(iv) L-Methionine (No. 1424)
L-Methionine (No. 1424; purity 85%; obtained from modified E. coli K-12) was 
administered to groups of pregnant Sprague-Dawley rats at 0 (vehicle controls), 
125, 250 or 500 mg/kg bw per day by oral gavage on days 6–19 of gestation in a 
non-GLP-compliant preliminary study (seven per group) and a GLP-compliant 
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main (10 per group) study of embryo-fetal developmental toxicity (19). In dams 
and fetuses in the preliminary study, no deaths, abnormalities or significant 
differences in body weight gain, clinical signs of toxicity, macroscopic findings, 
uterine weights or litter data were observed as compared with the control group. 
The mean numbers of implantation sites in high-dose females were slightly 
lower because two dams had only two or three implantation sites. Macroscopic 
observation of dark areas in fetuses in all treatment groups and an instance of 
omphalocoele in one middle-dose fetus were considered incidental findings, and 
the same doses were tested in the main study. In the main study, no differences 
in deaths, clinical signs of toxicity or body weight were observed between treated 
and control groups. One female was killed on day 15 of gestation because of signs 
of spontaneous abortion, as evidenced by blood in the cage and near genitalia; 
necropsy revealed a large number of corpora lutea in the ovaries of this animal. 
No significant differences in body weight gain or clinical signs of toxicity were 
observed in treated dams. Upon necropsy, slightly lower mean uterine weight 
was observed in the high-dose group, attributed to one female with only three 
live fetuses, and significantly fewer implantation sites in middle- and high-dose 
dams. Fetal weights were slightly but significantly lower in all treated groups, 
by up to 9% at the highest dose, than in the control group. Middle- and high-
dose fetuses were slightly smaller according to caudo-cranial measurements 
and had significantly lower placental weights than the control group. Decreased 
limb size, swollen and dark abdomen and missing anus and tail were observed 
in one high-dose fetus and dark areas of the placenta in all treatment groups. 
Notable inter- and intra-litter variation in ossification was observed in all groups, 
and slightly lower ossification was observed in low- and high-dose fetuses than 
in the control group, which was associated with lower fetal body weights. The 
Committee identified a maternal NOAEL of 500 mg/kg bw per day, the highest 
dose tested, and an NOAEL for embryo-fetal developmental of 250 mg/kg bw per 
day on the basis of slightly reduced fetal weights and slightly delayed ossification 
at this dose. 

(f ) Special studies
(i) L-Glutamic acid (No. 1420)
In a 9-month study, adult male Wistar rats were treated with 0 (drinking-water; 
20/group) or 2000 mg/kg bw per day (10 per group) monosodium glutamate 
(No. 1420; lot no. unspecified; purity 99%) in drinking-water (105, 106). The 
concentration in drinking-water was adjusted according to water consumption 
and body weights and represented 0.6–2.0% monosodium glutamate, equivalent 
to 6000–20 000 mg/L. The mean actual intake of monosodium glutamate was 
approximately 2100 mg/kg bw per day, of which sodium intake was 290 mg/kg bw 
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per day. Feed intake was recorded once a week, and body weights were recorded 
every 2 weeks. Urine samples were collected from 12-h-fasted animals 1 week 
before termination. Blood samples were collected at necropsy, and kidneys were 
collected for histopathology. Treated rats had significantly greater water intake 
than controls and received more sodium through dietary administration of the 
test substance than controls. Kidney stones composed of calcium phosphate 
were observed in three of 10 treated rats. In two of the three rats, flattened, 
atrophic renal papillae out of proportion to the cortex were reported, indicative 
of hydronephrosis due to the kidney stones. Microscopic examination of kidney 
tissue revealed intra-luminal white crystalline deposits in two of 10 treated 
rats. All five of the affected rats had hyaline casts and flattening of the tubular 
epithelium, which the authors acknowledged could be strain- and age-specific 
effects. Treated rats also had significantly more interstitial fibrosis than controls. 
Significantly increased urinary pH, excretion volume, ionic calcium phosphate 
products, sodium and citrate levels as well as serum creatinine and potassium 
levels were reported in treated rats as compared with controls. Significantly less 
urinary ammonia and magnesium were reported in treated rats than in controls. 
The authors suggested, on the basis of cited studies, that the alkaline urine was 
the result of higher bicarbonate production from glutamate metabolism in kidney 
cells (107, 108), while the decreased ammonium excretion and increased anionic 
excretion were presumed to be compensatory to increased urinary pH (109, 
110). Increased urinary pH and urinary sodium were also observed in previous 
3-month feeding studies with up to 60  000 mg/kg monosodium glutamate in 
feed (27, 52, 54), in two of which bladder epithelial hyperplasia and cysts were 
also observed, which were attributed to the increased urinary sodium (52) or 
alkaline urine (54). In a 2-year carcinogenicity study with ≤ 50 000 mg/kg feed of 
monosodium glutamate, increased urinary pH and sodium with a corresponding 
decrease in urinary potassium were noted at ≥ 25 000 mg/kg feed, while bladder 
calculi deposits were observed in females only and were associated with diffuse 
papillary hyperplasia (53). Sharma et al. (105, 106) argued that the findings of 
their study were not the result of high sodium intake, because the kidney stones 
consisted of calcium phosphate deposits, and the subsequent hydronephrosis and 
increased serum creatinine and potassium levels were not observed in studies 
with high sodium intake. 

Groups of 10 virgin female Charles Foster rats were treated with 0, 
800, 1600 or 2400 mg/kg bw per day of monosodium glutamate (No. 1420; lot 
no. unspecified; purity ≤ 99%) by oral gavage for 30 or 40 days (111). Vaginal 
smears, serum hormone levels and ovarian tissue levels of oxidative stress 
enzymes were analysed. No significant change in the total duration of oestrus 
cycles was observed in treated rats as compared with controls; however, dose-
related changes were reported in oestrus phases after administration for 30 days, 
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including decreased duration of pro-oestrus, oestrus and metoestrus phases 
and a significantly increased dioestrus phase in all treated rats. In the 40-day 
study, pro-oestrus and oestrus phases were significantly decreased in high-dose 
rats, and decreased metoestrus and increased diestrous phases were observed 
in all treated rats. Dose-dependent decreases in nucleated, cornified and non-
nucleated epithelial cells were observed in smears from treated rats in the pro-
oestrus, oestrus and metoestrus phases as compared with control rats, and 
significant, dose-dependent increases in leukocyte and aggregated leukocyte 
counts were found in smears from treated rats in the dioestrus phase as compared 
with controls. Significant increases were reported in serum activity of luteinizing 
hormone, mainly in high-dose rats, and in follicle-stimulating hormone and 
oestradiol levels in all treated rats in the 30-day study as compared with controls. 
In the 40-day study, luteinizing and follicle-stimulating hormone activities were 
significantly increased in rats at the middle and high doses, and oestradiol levels 
were significantly higher in all treated rats than in controls. Significant, dose-
dependent increases in the numbers of primordial and primary follicles, in the 
size of Graafian follicles, granulosa and thecal cells and in granulosa and thecal 
cell layer diameters were observed in the ovaries of treated rats as compared with 
controls, with significant decreases in corpus luteum size. In the 30-day study, 
significant, dose-dependent increases were reported in superoxide dismutase, 
glutathione S-transferase and catalase activities in the ovaries of treated rats 
and significant decreases in glutathione peroxidase and glutathione reductase 
activities in all treated rats as compared with controls, while malondialdehyde 
levels were significantly decreased in mid- and high-dose rats. During the  
40-day study, significant, dose-dependent increases in catalase and glutathione 
S-transferase activities and significant decreases in glutathione peroxidase, 
glutathione reductase activities and malondialdehyde were observed in all 
treated rats as compared with controls. Significantly higher superoxide dismutase 
activity was observed in rats at the middle and high doses than in controls. The 
authors suggested that the significant differences in the duration of the oestrus 
cycle and in ovarian tissue architecture were due to monosodium glutamate-
related changes in secretion of pituitary luteinizing and follicle-stimulating 
hormone and of ovarian progesterone and oestrogen. They presumed that the 
increased antioxidant enzyme activities were an adaptive response to elevated 
levels of luteinizing and follicle-stimulating hormones and oestradiol. They also 
postulated that monosodium glutamate increased the number of ovarian follicles 
by reducing oxidative damage, as suggested by decreased glutathione reductase, 
glutathione peroxidase and malondialdehyde, and reduced the size of the corpus 
luteum by reducing luteinizing and follicle-stimulating hormone and oestradiol 
levels in the diestrous phase. 
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In a 28-day study of reproductive toxicity, groups of eight male rats were 
treated with 0 (vehicle), 60 or 120 mg/kg bw per day monosodium glutamate 
(No. 1420; lot no. unspecified; purity 95%) in distilled water (112). No differences 
in body weights were seen between treated and control groups. Significantly 
increased abnormal sperm morphology and significantly decreased sperm count, 
motility and viability were observed at the highest intake level. Significantly lower 
absolute weights of the testes, epididymis, prostate and seminal vesicles were 
observed in treated rats than in control rats. At the highest intake, histopathology 
revealed missing spermatids and thinner germinal epithelium linings in the 
testes, degenerative alteration of epithelial cells and reduced spermatozoa mass 
in the epididymis, less prostatic fluid in the lumen, thinner, less folded epithelium 
of the prostate and smaller nuclei as well as irregular and uneven epithelium of 
the seminal vesicles as compared with controls. Decreased spermatid density 
in the seminiferous tubules, reduced spermatozoan mass in the epididymal 
lumen, atrophy of the prostate lumen and decreased mucosal folding of the 
seminal vesicles were observed in the group with middle intake as compared 
with controls. When antioxidant enzyme activities and oxidation products were 
assessed in testis tissues, significantly decreased superoxide dismutase activity 
and increased malondialdehyde levels were reported in treated animals as 
compared with control rats. A significant decrease in reduced glutathione and 
increased advanced oxidation protein product levels were reported only at the 
highest dose. Significantly lower luteinizing hormone activity was reported at 
the highest dose than in controls. The authors suggested that the results indicate 
significant oxidative stress and an adverse effect on the reproductive organs of 
male rats. 

(ii) L-Glycine (No. 1421)
L-Glycine (No. 1421; lot no. unspecified; purity unspecified) was tested in mouse 
embryo cultures in a study designed to assess the potential of glycine to prevent 
hyperglycaemia-induced embryopathy (113). Early somite mouse embryos were 
cultured in one of four media: a standard medium, a hyperglycaemic medium  
(50 mM glucose), a medium with 50 mM glucose and 1 mM glycine and the 
standard medium with 1 mM glycine. Addition of glycine alone to the culture 
medium did not affect embryonic development under these experimental 
conditions. Embryos cultured in hyperglycaemic medium had a higher incidence 
of malformations than controls. Addition of 1 mM glycine decreased the number 
of central nervous system malformations, and the hyperglycaemic medium 
reduced embryonic growth, as evidenced by a decreased yolk sac diameter, 
crown–rump and head lengths, DNA content and lipid peroxidation, as indicated 
by the whole-embryo content of malondialdehyde, a lipid oxidation product. The 
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authors hypothesized that the protective effects of glycine are due to its antioxidant 
effects, its ability to prevent antiglycation and/or other protective mechanisms.

(iii) L-Methionine (No. 1424) and taurine (No. 1435)
In a study to investigate the possible hepatotoxicity of hyperhomocysteinaemia, 
groups of male Wistar rats were fed a diet high in methionine (No. 1424; lot 
no. unspecified; purity unspecified) with and without taurine (No. 1435; lot no. 
unspecified; purity unspecified) in drinking-water for 6 months (114). Taurine 
was added to determine whether it protects against hepatotoxicity induced by 
a high methionine diet. The rats were fed a control diet (six per group), control 
diet and 15 g/L taurine in drinking-water (equivalent to 300 mg/kg bw per day; 
six per group), a high-methionine diet (20 000 mg/kg feed; eight per group) or 
a high-methionine diet with taurine in drinking-water (eight per group). At the 
end of the treatment period, plasma and liver samples were analysed for the 
presence of homocysteine, lipid oxidation markers and liver injury enzymes 
(ALT and AST). Plasma homocysteine levels and ALT and AST activities were 
significantly increased in the group fed the high-methionine diet, with increases 
in hepatic malondialdehyde and diene conjugates and decreases in hepatic 
reduced glutathione levels, glutathione peroxidase and glutathione S-transferase 
activities but no change in superoxide dismutase activity. The authors suggested 
that the results indicate that a high-methionine diet induces oxidative stress 
in the liver. Hepatic tissue damage was assessed for markers of apoptosis and 
necrosis by immunohistochemistry and for changes in nitrotyrosine levels 
by western blotting. Histopathology showed an increase in the number of 
lymphocytes and in hepatocyte degeneration and microvesicular steatosis, 
confirming that a high-methionine diet damages the liver. The authors concluded 
that hepatocyte apoptosis and nitrotyrosine formation were increased in animals 
fed a high-methionine diet. Taurine alone was reported to have no effect on the 
parameters evaluated and to cause no increase in necrotic or apoptotic events in 
the liver but alleviated the effects of the high-methionine diet when administered 
concomitantly. 

(iv) Taurine (No. 1435)
In an 8-week study of testicular toxicity, groups of 10 Wistar rats were treated with  
100 mg/kg bw per day of taurine (No. 1435; lot no. unspecified; purity 
unspecified) by gavage to investigate whether taurine protects against testicular 
and sperm toxicity induced by nandrolone decanoate, an anabolic steroid (115). 
There was no untreated control group, but a group that received saline by gavage 
with a single weekly intramuscular injection of peanut oil and benzyl alcohol  
(90/10 v/v) was included as a control for administration of nandrolone decanoate 
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by intramuscular injection. Additional groups received intramuscular injections 
of 10 mg/kg per week nandrolone decanoate alone or in combination with 
100 mg/kg bw per day taurine by gavage. Blood and testes were collected for 
analysis of serum testosterone, testicular enzyme activity, sperm characteristics, 
organ weight and histopathology after anaesthesia with ether. No significant 
difference in testis weight, sperm count, sperm viability, sperm motility, sperm 
abnormalities or increases in lactase dehydrogenase activity, serum testosterone, 
steroidogenic enzyme activity (3-β-hydroxysteroid dehydrogenase and 
17-β-hydroxysteroid dehydrogenase), testicular malondialdehyde levels, nitric 
oxide levels or superoxide dismutase activity were observed, and no differences 
were found in gene expression of TNF-α, ICAM-1, MMP-9 and cytochrome c, 
or in the 8-hydroxy-2-deoxyguanosine content of DNA from taurine-treated 
rats in comparison with the control group. In rats treated with nandrolone or a 
combination of taurine and nandrolone, significant differences from the control 
group were seen in all these parameters. The authors concluded that taurine 
abolished the nandrolone decanoate-induced deleterious effects and protected 
rat sperm and testis from injury by its antioxidant, anti-inflammatory and anti-
apoptotic effects. A single-cell alkaline phosphatase comet assay conducted 
on cells from the testes of treated rats showed no significant differences in the 
percentage of tailed cells, tail length, percentage of tail DNA or tail moment 
between taurine-treated and control rats. Rats treated with nandrolone or a 
combination of taurine and nandrolone showed significant increases in these 
parameters of DNA damage as compared with the control group. 

(v) L-Arginine (No. 1438)
In a 28-day study, groups of four adult male albino Wistar rats were given distilled 
water, 60 mg/kg bw per day of L-arginine (No. 1438; lot no. unspecified; purity 
unspecified), 90 mg/kg bw per day of glutamate (No. 1420; lot no. unspecified; 
purity unspecified), 15 mg/kg bw per day monosodium glutamate (No. 1420; 
lot no. unspecified; purity unspecified), 60 mg/kg bw per day of L-arginine 
and 90 mg/kg bw per day glutamate or 60 mg/kg bw per day of L-arginine and 
15 mg/kg bw per day of monosodium glutamate by oral gavage (42). The aim 
of the study was to determine possible alterations in serum biochemistry and 
liver histology induced by arginine, glutamate or monosodium glutamine alone 
or arginine in combination with glutamate or monosodium glutamate. Rats 
were killed 24 h after the 28-day treatment, and blood and liver samples were 
collected for haematology and histology. Rats treated with arginine, glutamate 
or monosodium glutamate alone showed significantly increased ALT activity, 
whereas rats treated with arginine plus glutamate or monosodium glutamate 
showed significantly decreased ALT activity. All treated groups had significantly 
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higher AST activity and AST:ALT ratio than controls, although the increase was 
consistently lower in the group treated with arginine than in the other groups. 
Moderate haemorrhaging and haemosiderosis, mild-to-moderate hepatic 
necrosis in the periportal areas and mild fibroplasia with mononuclear leukocyte 
infiltration were observed in the livers of treated rats.
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1. Evaluation

1.1 Introduction
The Committee evaluated an additional seven flavouring agents in the group 
of phenol and phenol derivatives for the first time. In addition, the Committee 
considered new data on four previously evaluated flavouring agents in this group 
and data on oregano oil with the principal constituents carvacrol (No. 710) and 
thymol (No. 709). 

The Committee evaluated 48 members of this group of flavouring agents 
at its fifty-fifth meeting (Annex 1, reference 149), 13 members at its seventy-
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third meeting (Annex 1, reference 202), 3 members at its seventy-sixth meeting 
(Annex 1, reference 211) and 4 members at its seventy-ninth meeting (Annex 1, 
reference 220). The Committee concluded that all 68 flavouring agents were of no 
safety concern at the estimated dietary exposures.

The additional flavouring agents in this group evaluated at 
the present meeting are (±)-homoeriodictyol sodium salt (No. 2256), 
(±)-naringenin (No. 2257), (2R)-3´,5-dihydroxy-4´-methoxyflavanone (No. 
2258), 7,8-dihydroxyflavone (No. 2259), (2S)-3´,7-dihydroxy-8-methyl-4´-
methoxyflavan (No. 2260), (R)-5-hydroxy-4-(4´-hydroxy-3´-methoxyphenyl)-
7-methylchroman-2-one (No. 2261) and 3-(3-hydroxy-4-methoxyphenyl)-1-
(2,4,6-trihydroxyphenyl)propan-1-one (No. 2262). Four of these agents (Nos 2256, 
2257, 2258 and 2260) have been reported to occur naturally in Yerba santa, citrus 
juices, Sophora (Fabaceae), Dracaena cambodiana and Lycoris radiate (1–7). 

Six of the seven additional members of this group were evaluated 
according to the revised procedure for the safety evaluation of flavouring agents 
(Annex 1, reference 230). 

1.2 Assessment of dietary exposure
The total annual volume of production of the seven additional flavouring agents 
in the group of phenol and phenol derivatives is 1050 kg in Latin America and 
937 kg in the USA. All of the annual production volume in Latin America is 
accounted for by (±)-naringenin (No. 4797), and 91.9% of the annual production 
volume in the USA is accounted for by 3-(3-hydroxy-4-methoxyphenyl)-1-
(2,4,6-trihydroxyphenyl)propan-1-one (No. 4872).

Dietary exposures were estimated by both the single-portion exposure 
technique (SPET) and the maximized survey-derived intake (MSDI) method, 
and; the higher of the two values for each flavouring agent is reported in Table 
1. The SPET and MSDI method values are in the range of 360–12000 and 
0.01–89 μg/day, respectively. The estimated daily dietary exposure was highest 
for (±)-naringenin (No. 4797) (the SPET value obtained for non-alcoholic soft 
beverages).

Annual volumes of production of this group of flavouring agents and 
the daily dietary exposures calculated using both MSDI and SPET methods are 
summarized in Table 2. 

1.3 Absorption, distribution, metabolism and elimination 
Information on the absorption, distribution, metabolism and elimination of 
flavouring agents in the group of phenol and phenol derivatives is provided in 
the monographs of the fifty-fifth, seventy-third, seventy-sixth and seventy-ninth 
meetings (Annex 1, references 174, 203, 212, 221). Additional information was 
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available for this meeting on three of the new flavouring agents (Nos 2257, 2260 
and 2261).

Glycoside conjugates of polyphenols are hydrolysed on the brush border of 
or within small intestine epithelial cells. Polyphenols are rapidly but incompletely 
absorbed after oral administration and metabolized in the gastrointestinal tract 
and in the liver after absorption. Polyphenols are metabolized by hydrolysis, 
sulfation, glucuronidation and/or methylation. Those conjugates excreted 
into urine are eliminated rapidly. The molecular weight of some conjugates is 
high enough that a portion is also excreted into bile. The biliary metabolites 
can undergo enterohepatic circulation (transfer into the intestine, hydrolysis, 
reabsorption and reconjugation primarily in the liver, with excretion in urine), 
which accounts for the relatively slow urinary excretion sometimes observed. 
Metabolites that are not hydrolysed and absorbed in the small intestine may 
undergo further metabolism in the large intestine, where the microflora cleave 
conjugates and the resulting aglycones undergo ring cleavage, leading to phenolic 
acid and cinnamic acid derivatives (13), which are also ultimately excreted in the 
urine. 

1.4 Application of the revised procedure for the safety evaluation of 
flavouring agents
Step 1. There are no structural alerts for genotoxicity for the additional flavouring 
agents (Nos 2256, 2257, 2258, 2259, 2260, 2261 and 2262) in this group. Chemical-
specific genotoxicity data on previously evaluated flavouring agents in this group 
and on six of the seven new flavouring agents (Nos 2256–2259, 2261 and 2262) 
do not indicate that they are potentially genotoxic; however, the Committee was 
concerned that one of the seven new flavouring agents (No. 2260) is potentially 
genotoxic, and it was therefore not further considered with the revised procedure 
for the safety evaluation of flavouring agents.

Step 2. In applying the revised procedure to the six remaining flavouring 
agents (Nos 2256–2259, 2261 and 2262), the Committee assigned one agent (No. 
2256) to structural class II and five (Nos 2257–2259, 2261 and 2262) to structural 
class III (14).

Step 3. Dietary exposures were determined with the MSDI method and 
SPET and are presented in Table 2. 

Step 4. The higher estimated dietary exposure for the one flavouring 
agent in structural class II (No. 2256) is below the threshold of toxicological 
concern (i.e. 540 μg/person per day). The Committee therefore concluded that 
flavouring agent No. 2256 would not pose a safety concern at the currently 
estimated level of dietary exposure. 
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The highest estimated dietary exposures of the five flavouring agents in 
structural class III are above the threshold of toxicological concern (i.e. 90 μg/
person per day), and their evaluation proceeded to Step 5 of the revised procedure.

Step 5.  For (±)-naringenin (No. 2257), the NOAEL of 968 mg/kg 
bw per day for the structurally related substance (±)-eriodictyol (No. 2172) 
in a 90-day dietary study in male and female rats (8) provides an adequate 
MOE (4800) relative to the SPET estimate of 12  000 μg/day. The NOAEL of  
968 mg/kg bw per day for (±)-eriodictyol (No. 2172) is also appropriate for 
assessing the structurally related flavouring agents (2R)-3´,5-dihydroxy-4´-
methoxyflavanone (No. 2258), 7,8-dihydroxyflavone (No. 2259) and (R)-5-
hydroxy-4-(4´-hydroxy-3´-methoxyphenyl)-7-methylchroman-2-one (No. 
2261). The NOAEL of 986 mg/kg bw per day provides adequate MOEs of 9600, 
29 500 and 12 900 relative to the SPET estimates of 6000, 2000 and 4500 μg/day, 
respectively, for these substances when used as flavouring agents.

For 3-(3-hydroxy-4-methoxyphenyl)-1-(2,4,6-trihydroxyphenyl)propan- 
1-one (No. 2262), the NOAEL of 750 mg/kg bw per day for the structurally related 
substance neohesperidin dihydrochalcone in a 90-day dietary study in male and 
female rats (9) provides an adequate MOE (15 000) relative to the SPET estimate 
of 3000 μg/day when it is used as a flavouring agent. 

Table 1 summarizes the evaluations of the six flavouring agents in the 
group of phenol and phenol derivatives (Nos 2256–2259, 2261 and 2262). 

1.5 Consideration of combined intakes from use as flavouring agents
The Committee previously considered the potential combined intake of this group 
of phenol and phenol derivatives and did not identify any safety concern. As the 
MSDI values for the six additional flavouring agents in this group (Nos 2256–
2259, 2261 and 2262) are low (0.01–89 μg/day), they would make a negligible 
contribution to the combined intake of this group.

1.6 Consideration of secondary components
One flavouring agent in this group (No. 2256) has a minimum assay value of  
< 95% (Table 3). The major secondary components (±)-eriodyctiol-7-methyl ether, 
present at 3–5%, and (±)-homoeriodictyol-7-methyl ether, present at 1–2%, are 
structurally related to (±)-eriodictyol (No. 2172). These secondary compounds 
are considered not to present a safety concern when consumed as components 
of No. 2256 used as a flavouring agent at its current estimated dietary exposure.
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1.7 Consideration of additional data on previously evaluated 
flavouring agents
The Committee considered additional data on four previously evaluated 
flavouring agents in this group. New studies of short-term toxicity (No. 2172 and 
oregano oil with the primary constituents Nos 709 and 710) and of genotoxicity 
(Nos 702, 709 and 710) support the conclusions of the previous evaluations that 
these flavouring agents are of no safety concern.

1.8 Conclusions
Studies of absorption, distribution, metabolism and elimination, acute toxicity, 
short-term and long-term toxicity and genotoxicity were available for the previous 
evaluations of 68 substances in this group of phenol and phenol derivatives 
(Annex 1, references 174, 203, 212, 221). None of the agents in this group raised 
a safety concern. 

For the evaluation of six further flavouring agents, studies of absorption, 
distribution, metabolism and elimination (Nos 2257 and 2261) and of genotoxicity 
(Nos 2259, 2261 and 2262) were available. Studies of absorption, distribution, 
metabolism and elimination and genotoxicity were also available for No. 2260, 
for which the evaluation was not completed at this meeting. 

The Committee concluded that the six flavouring agents (Nos 2256, 2257, 
2258, 2259, 2261 and 2262) would not give rise to safety concerns at the current 
estimated dietary exposures. 

The Committee also concluded that the additional data presented in this 
addendum further support the safety of the 68 previously evaluated flavours in 
this group. 

For (2S)-3´,7-dihydroxy-8-methyl-4´-methoxyflavan (No. 2260), clear 
positive findings were observed in an in vitro micronucleus test that were not 
resolved by the results of an in vivo bone marrow micronucleus test in mice, in 

JECFA No. Flavouring agent
Minimum 
assay value Secondary components

Comments on secondary 
components

2256 (±)-Homoeriodictyol, 
sodium salt

> 90% Secondary constituents: 3–5% 
(±)-eriodictyol-7-methyl ether; 1–2% 
(±)-homoeriodictyol-7-methyl ether

Structurally related (±)-eriodictyol (No. 
2172) was previously evaluated by the 
Committee as of no safety concern at the 
estimated dietary exposure when used as 
a flavouring agent.

Table 3
Summary of the safety evaluation of the secondary components of flavouring agents with 
minimum assay values of < 95%
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which no proof of systemic or target tissue exposure was provided. The evaluation 
of flavouring agent No. 2260 was not completed because of the genotoxic concern, 
and additional investigation is required.

2. Relevant background information

2.1 Additional considerations on exposure
Annual volumes of production and dietary exposures estimated both as the 
MSDI and with SPET are reported for each flavouring agent in Table 2.

2.2 Biological data
2.2.1 Biochemical data: hydrolysis, absorption, distribution, metabolism and 
excretion
Information on the absorption, distribution, metabolism and elimination of 
these agents (Nos 2257, 2260 and 2261) has been reported since submission of 
the most recent monograph (Annex 1, references 150, 203, 212 and 221). 

(a) (±)-Naringenin (No. 2257)
In a series of studies on biotransformation, (±)-naringenin (No. 2257; Fig. 1) 
was administered to rats and rabbits orally and by intravenous injection, and 
metabolites were identified in the bile, urine and plasma. In rats, the principal 
biliary metabolites were glucuronide and sulfate conjugates on the phenolic 
hydroxyl at the C7-position of naringenin, and naringenin 7-glucuronide was 
identified in blood. Urine also contained glucuronide and sulfate conjugates with 
the phenolic hydroxyl group at the C4´-position of naringenin (15–17). Faecal 
samples also contained p-hydroxyphenylpropionic acid (16, 18).

In a metabolism study, bile duct-cannulated Wistar rats were dosed 
orally with 200 mg/kg bw of naringenin, and bile was collected for 30 h (15). 
Another group of rats received a total of 1200 mg/kg bw of naringenin by gavage 
over 6 days in doses of 200 mg/kg bw, and their urine was collected. A third 
group of rats was treated with 60 mg/kg bw of naringenin, and blood samples 
were drawn over 24 h. The biliary metabolites were identified as naringenin 
7-glucuronide, naringenin 7-sulfate and the mixed conjugates naringenin 
7-sulfate-4´-glucuronide and naringenin 7-glucuronide 4´-sulfate. The major 
urinary metabolites were identified as naringenin 4´-glucuronide and naringenin 
7,4´-disulfate. In plasma, the primary metabolite was naringenin 7-glucuronide. 
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To measure tissue distribution, groups of male Sprague-Dawley rats (three 
at each dose and time) were given 0, 10 or 50 mg/kg bw of 3H-naringenin by gavage 
and killed 2 h or 18 h after dosing (16). Two additional groups of rats received 
unlabelled naringenin at 50 mg/kg bw at the same intervals for identification of 
naringenin metabolites. The gastrointestinal tract no longer contained 47% and 
87% of the radiolabel after 2 and 18 h, respectively. The radiolabel was detected 
in all tissues analysed but was found predominantly in plasma or recovered 
from urine or faeces. The main metabolites identified in plasma and tissues were 
naringenin glucuronides 2 h after dosing and the aglycone of naringenin 18 h 
after dosing. The metabolites identified in urine and faeces were naringenin 
glucuronides, unchanged naringenin and p-hydroxyphenylpropionic acid.

To determine whether there is a stereoselective preference for 
biotransformation of (±)-naringenin, groups of six male Sprague-Dawley rats 
were treated with 20 mg/kg bw of (±)-naringenin by intravenous injection (5), 
and urine and serum were monitored for 120 h. The urinary and serum half-lives 
of (+)- and (-)-naringenin were 3.5 and 12.5 h, respectively, indicating that the 
metabolism of naringenin is not stereoselective in rats.

In a pharmacokinetics study, white New Zealand rabbits were treated 
with 25 mg/kg bw of naringenin by gavage or intravenous injection, and their 
serum was monitored for the disappearance of naringenin over time (19). The 
bioavailability of naringenin after gavage was 4% for free naringenin and 8% 
for total (free plus conjugated) naringenin. The rabbits that received naringenin 
by gavage had higher concentrations of glucuronic acid and sulfate conjugates 
in plasma than those treated by intravenous injection, presumably due to 
conjugation of naringenin in the gastrointestinal tract after oral administration.

(b) (2S)-3´,7-Dihydroxy-8-methyl-4´-methoxyflavan (No. 2260)
In a metabolism study in vitro, rat and human hepatocytes were incubated 
with 10 μM (2S)-3´,7-dihydroxy-8-methyl-4´-methoxyflavan (No. 2260), and 

Fig.1
Structure of naringenin
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reaction aliquots were stopped at 0, 60, 120 and 240 min (20). The compound 
was rapidly transformed by both rat and human hepatocytes; < 3% of the parent 
compound remained in rat hepatocytes after 60 min, and < 5% was present in 
human hepatocytes after 2 h. Cell viability at these times was 78% and 69%, 
respectively (initial viability, 92% and 93%, respectively; 71% after addition of 
the parent compound). The metabolites identified by mass spectrometry profiles 
were glucuronide conjugates of the parent compound and the dehydrogenated 
metabolites and their corresponding glucuronide conjugates. While no 
human-specific metabolites were detected, one direct glucuronide conjugate 
with phenolic hydroxyl at either C7 or C3´ was abundant in incubated human 
hepatocyte samples and was the major human metabolite observed. The authors 
of the report were, however, apparently unable to determine whether it was the 
C7 or the C3´ glucuronide. The same metabolite was detected in incubated rat 
hepatocytes but in only trace amounts. 

(c) (R)-5-Hydroxy-4-(4´-hydroxy-3´-methoxyphenyl)-7-methylchroman-2-one (No. 2261)
In a similar metabolism study in vitro, 10 μM (R)-5-hydroxy-4-(4´-hydroxy-3´-
methoxyphenyl)-7-methylchroman-2-one (No. 2261) was incubated with rat and 
human hepatocytes and the reactions stopped at 0, 60, 120 and 240 min (21). In 
the rat hepatocytes, > 95% of the compound had been metabolically transformed 
by 60 min, and > 99% by 120 min. In the human hepatocytes, > 92% and > 
99% of the substrate had been consumed by 60 and 120 min, respectively, with 
no detectable substrate at 4 h. The viability of the rat and human hepatocytes 
at 120 min was 80% and 62%, respectively (initial viability of 88% and 82%, 
respectively; 80% upon addition of the parent compound). Fifteen metabolites 
were detected in the final pooled rat and human hepatocyte incubations. Mass 
spectrometry demonstrated that the major metabolites were hydroxylation and 
hydrogenation products of (R)-5-hydroxy-4-(4´-hydroxy-3´methoxyphenyl)-
7-methylchroman-2-one and their corresponding glucuronide and sulfate 
conjugates and sulfate and glucuronide conjugates of the compound itself. The 
compound was hydrolysed to its open lactone ring derivative to a greater extent in 
the presence of rat and human hepatocytes than in incubations with inactivated 
hepatocytes. Mass spectrometry indicated that the major metabolites in 
incubated human hepatocytes were hydroxylated, hydrogenated and glucuronide 
derivatives; a lactone hydrolysis product that formed an open neoflavanoid; and a 
direct glucuronide conjugate of the parent substance. 

2.2.2 Toxicological studies
Information on the short- and long-term toxicity and genotoxicity of No. 2172 
and oregano oil containing Nos 709 and 710 as principal constituents has been 
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reported since submission of the most recent monograph (Annex 1, references 
150, 203, 212 and 221).

(a) Short-term toxicity
The results of short-term studies of toxicity with (±)-eriodictyol (No. 2172) 
and oregano oil, an essential oil containing the structurally related principal 
constituents carvacrol (>  55%) (No. 710) and thymol (>5%) (No. 709), are 
described below.

(i) (±)-Eriodictyol (No. 2172) 
In a 90-day dietary study compliant with OECD test guidelines, groups of 10 
Crl:Sprague-Dawley CD IGS rats of each sex at each concentration were fed diets 
calculated to provide daily intakes of 0 (control), 250, 500 and 1000 mg/kg bw 
per day of eriodictyol (No. 2172, purity 98%; lot no. 20100007) (8). The diets 
were calculated to provide average daily intakes of 241, 487 and 968 mg/kg bw 
per day for males and 244, 491 and 983 mg/kg/day for females over the course 
of the study (days 0–91). All rats were subjected to ophthalmic examination 
before initiation of the study and on day 88. They were assessed daily for viability, 
gross signs of toxicity and behavioural changes. Body weights were recorded on  
day 0 and weekly thereafter. Food consumption was recorded at the time of body 
weight measurements. Blood was drawn on day 85 for clinical chemistry and 
haematology, and urine was collected at the same time for urinalysis. Blood was 
collected to determine coagulation parameters on day 94 for males and day 95 
for females. Gross necropsy was performed on all animals. Selected organs and 
tissue types were taken from all control and high-intake animals and processed 
for histopathology. 

No differences in deaths or changes in ophthalmological parameters, 
body weight, bodyweight gain, food consumption or food efficiency were 
observed between test groups and controls, and no clinical observations were 
associated with treatment. A mammary carcinoma was observed in one female 
at 500 mg/kg bw per day from day 56, which was interpreted as a spontaneous 
finding by the study director. Urinalysis gave unremarkable results for both 
males and females, and females showed no remarkable haematological findings. 
Males at all intake levels had decreased absolute reticulocyte counts and red 
cell distribution widths, which were small. Decreased total white blood cell and 
absolute neutrophil counts were noted in males at 500 and 1000 mg/kg bw per 
day. Males in the high intake group had increased albumin and mean chloride 
levels, and females at the high intake had increased mean calcium and inorganic 
phosphate levels, but the differences were within the historical control levels in 
the testing laboratory. Increased absolute and relative kidney and liver weights 
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were observed in animals at the high intake but with no associated histological 
findings. The Committee identified NOAELs for eriodictyol in the diet for  
90 days as 968 mg/kg bw per day for males and 983 mg/kg bw per day for females, 
corresponding to the highest levels tested.

(ii) Oregano oil-containing structurally related principal constituents carvacrol (No. 710) 
and thymol (709)
In a 90-day study compliant with OECD test guideline 408 (22), groups of  
10 Crl:W1(Han)(type outbred) Wistar rats of each sex per group were fed diets 
calculated to provide 0, 1000, 2000 or 4000 mg/kg feed (equivalent to 0 (vehicle 
controls), 50, 100 or 200 mg/kg bw per day) of oregano oil (lot no. OR2015; 
containing 55.8% carvacrol and 5.1% thymol) incorporated into gel prepared 
from neutral gelatin according to Mellado-Garcia et al. (23). The rats were 
observed throughout the study for viability, signs of toxicity and behavioural 
changes. Body weights and food consumption were recorded on day 1 and weekly 
thereafter until sacrifice. Blood samples were collected from all animals after an 
overnight fast on day 90 and subjected to haematology and clinical chemistry. All 
animals underwent gross necropsy, and major tissues and organs were collected, 
weighed and preserved. All high-dose and vehicle control animals were subject to 
detailed necropsy, and selected tissues were examined histopathologically. 

No deaths were attributable to exposure to oregano oil, and the clinical 
observations throughout the study were unremarkable. Body weight gain 
and food and water consumption were comparable in control and test groups 
throughout the study. Haematology revealed a statistically significant decrease in 
red blood cell distribution width among females at 200 mg/kg bw per day. Clinical 
biochemistry showed a statistically significant decrease in serum glucose in males 
at 50 mg/kg bw per day and a statistically significant increase in serum glucose 
in females at 200 mg/kg bw per day. Gross necropsy revealed no remarkable 
changes. Females at 50 mg/kg bw per day had a statistically significant increase 
in ovary weights, and females at 200 mg/kg bw per day had a slight increase in 
kidney weights when compared with those at 100 mg/kg bw per day. None of the 
changes in haematology, clinical biochemistry or organ weight had correlated 
histopathology, and they were considered not to be adverse by the study authors. 
The Committee identified a NOAEL for oregano oil containing 55.8% carvacrol 
administered orally to rats of 200 mg/kg bw per day, the highest level tested. 
Intake of 200 mg/kg bw per day of oregano oil corresponds to an approximate 
dietary exposure of 112 mg/kg bw per day of carvacrol. 
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(b) Genotoxicity 
Studies of genotoxicity in vitro and in vivo reported for phenol and phenol 
derivatives are summarized in Table 4 and described below. 

In vitro
(i) Reverse mutation
No mutagenicity was observed in a reverse mutation assay compliant with GLP 
when Salmonella typhimurium strains TA1535, TA1537, TA98 and TA100 and 
Escherichia coli WP2uvrA were incubated with eight test concentrations of 
7,8-dihydroxyflavone (No. 2259; lot RD39404; purity 99%) at 1.58–5000 μg/plate 
in the absence or presence of a phenobarbital/benzoflavone-induced rat liver (S9) 
metabolic activation system in the plate incorporation method (24). Precipitation 
and/or toxic effects such as lawn thinning and/or formation of microcolonies 
were observed in all test strains at concentrations of 1580 and/or 5000 μg/plate in 
both the absence and presence of metabolic activation. The positive and negative 
controls provided the appropriate responses in the tester strains. 

No evidence of genotoxic potential was observed in a reverse mutation 
assay compliant with OECD test guideline 471 and GLP when S. typhimurium 
strains TA1535, TA1537, TA98 and TA100 and E. coli WP2uvrA were incubated 
with seven concentrations of (2S)-3´,7-dihydroxy-8-methyl-4´-methoxyflavan 
(No. 2260; Lot 9; > 98% purity) between 5 and 5000 μg/plate in the absence or 
presence of a phenobarbitol/5,6-benzoflavone-induced rat liver (S9) metabolic 
activation system in the plate incorporation method (25). 

In a repeat assay with the preincubation method, seven concentrations 
of (2S)-3´,7-dihydroxy-8-methyl-4´-methoxyflavan between 5 and 5000 μg/
plate were incubated with S. typhimurium strains TA100 and TA98 and E. coli 
WP2uvrA and eight concentrations in S. typhimurium at 1.5–5000 μg/plate in 
the absence and presence of S9 (25). In the absence of S9, toxicity was observed 
at ≥ 500 μg/plate in strains TA100 and TA1537 and at ≥ 1500 μg/plate in strain 
TA1535. In the presence of S9, background lawn thinning and/or reductions in 
the number of revertant colonies were observed in strain TA98 at 5000 μg/plate, 
in TA100, TA1535 and TA1537 at 1500 μg/plate and in E. coli WP2 at ≥ 500 μg/
plate. Similar toxicity patterns were seen in both the plate incorporation and the 
pre-incubation tests. Precipitation was observed on all plates at ≥ 1500 μg/plate 
without S9 and at 5000 μg/plate with S9.

No evidence of genotoxic potential was observed in a reverse mutation 
assay compliant with OECD test guideline 471 and GLP when S. typhimurium 
strains TA1535, TA1537, TA98 and TA100 and E. coli WP2uvrA were incubated 
with seven concentrations of (R)-5-hydroxy-4-(4´-hydroxy-3´-methoxyphenyl)-
7-methylchroman-2-one (No. 2261; lot 9; > 98% purity) at 5–5000 μg/plate in the 
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Phenol and phenol derivatives (addendum)

absence or presence of a phenobarbitol/5,6-benzoflavone-induced rat liver (S9) 
metabolic activation system in the plate incorporation method (26). Toxicity was 
observed in the forms of lawn thinning and/or a reduction of revertant colony 
numbers in strains S. typhimurium TA100 and TA1535 and E. coli WP2uvrA at 
5000 μg/plate in the presence or absence of S9 as well as in TA1537 at 5000 μg/
plate in the absence of S9 and at 500 μg/plate and higher in the presence of S9. 

In a repeat assay with the preincubation method, five concentrations 
of (R)-5-hydroxy-4-(4´-hydroxy-3´-methoxyphenyl)-7-methylchroman-2-one 
were incubated with S. typhimurium strains TA1535, TA1537, TA100 and TA98 
and E. coli WP2uvrA at 50–5000 μg/plate in the absence and presence of S9, with 
the exception of strain TA1537, with which eight concentrations between 1.5 and 
5000 μg/plate were tested (25). Two test strains (TA98 and TA1537) showed signs 
of toxicity at ≥ 1500 μg/plate and the others at 5000 μg/plate only, in the absence 
of S9; in the presence of S9, toxicity was observed at ≥ 150 μg/plate in TA1537, 
at ≥ 500 μg/plate in TA1535 and only at 5000 μg/plate in all other strains. A 
third reverse mutation test was performed on the basis of the observed excessive 
cytotoxicity at 5000 µg/plate in the pre-incubation test in TA98 and TA1537 in 
the absence of S9 and in TA1535 in the presence of S9. Each was tested with 
seven concentrations of (R)-5-hydroxy-4-(4´-hydroxy-3´-methoxyphenyl)-7-
methylchroman-2-one between 5 and 5000 μg/plate. Cytotoxicity was observed 
at 5000 μg/plate. Precipitation was observed on all plates at 5000 μg/plate in the 
absence of S9 in all three tests. There was no evidence of an increased incidence of 
reverse mutations on any of the plates scored with either the plate incorporation 
or the preincubation method. 

No evidence of genotoxic potential was observed in a reverse mutation 
assay compliant with OECD test guideline 471 and GLP when S. typhimurium 
strains TA1535, TA1537, TA98 and TA100 and E. coli WP2uvrA were incubated 
with six test concentrations of 3-(3-hydroxy-4-methoxyphenyl)-1-(2,4,6-
trihydroxylphenyl)propan-1-one (No. 2262; batch no. HN_162_019_RW1; 
purity 96.3%) between 3.16 and 1000 µg/plate in the presence or absence of an 
Aroclor 1254-induced rat liver (S9) metabolic activation system in the plate 
incorporation method (29). In a repeat assay with the preincubation method, six 
test concentrations between 3.16 and 1000 µg/plate were tested in the absence 
or presence of an S9 metabolic activation system. Toxicity was observed in both 
the plate incorporation and preincubation studies with and without metabolic 
activation, as evidenced by thinning of the background lawn and a > 50% 
reduction in the number of revertants at 1000 µg/plate in all test strains. The 
positive and negative controls provided the appropriate responses in the tester 
strains (29). 

In a reverse mutation assay compliant with OECD test guideline 471, 
no evidence of genotoxic potential was observed when S. typhimurium strains 
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TA98, TA100, TA1535 and TA1537 and E. coli WP2uvrA were incubated with 
eight concentrations of p-tolyl 3-methylbutyrate (No. 702; lot no. 1001614963; 
98% purity) at 1.5 –5000 μg/plate in the absence and presence of an Aroclor 
1254-induced rat liver (S9) metabolic activation system in the plate incorporation 
method (30). TA98 showed a 1.7-times maximum increase in reverse mutations 
in the presence of S9, but the increase was not concentration-dependent and 
was within the 95th percentile of historical control data for this strain. In a 
confirmatory assay, the same test strains were incubated with six concentrations 
of p-tolyl 3-methylbutyrate between 15 and 5000 μg/plate in the absence or 
presence of S9. No increase in reverse mutation was seen for any strain at any 
concentration tested.

In a reverse mutation assay compliant with OECD test guideline 471, no 
mutagenicity was observed when S. typhimurium TA97A, TA98, TA100, TA102 
and TA104 were incubated with five concentrations of thymol (No. 709; 99.5% 
purity) at 2.35–37.6 μg/plate (calculated from a molecular weight of 150.22) in 
the absence and presence of an Aroclor 1254-induced rat liver (S9) metabolic 
activation system with the plate incorporation method (32). The number of 
revertants was not increased in any strain under the conditions tested. 

In the same study, the strains were tested with five concentrations of 
carvacrol (No. 710; 98% purity) at 4.35–60.1 μg/plate1 in the absence or presence 
of S9 with the plate incorporation method. This test indicated mutagenic potential 
in strain TA98 with and without S9. In strain TA97A without S9, random 
concentrations of carvacrol increased reverse mutations, with no concentration-
dependence; the highest concentration tested did not increase revertants (32). 

No evidence of genotoxic potential was observed in a reverse mutation 
assay compliant with OECD guideline 471 and GLP in which S. typhimurium 
strains TA1535, TA1537, TA98 and TA100 and E. coli WP2uvrA were incubated 
with seven test concentrations of carvacrol (No 710; lot no. R-80439; > 99% 
purity) between 5 and 5000 μg/plate in the absence or presence of an Aroclor 
1254-induced rat liver (S9) metabolic activation system in the plate incorporation 
method (38). In a confirmatory assay, the same test strains were incubated with 
seven concentrations of carvacrol between 31.3 and 2000 μg/plate in the absence 
and presence of S9 (38). In the first test, all test strains showed precipitation at 
5000 μg/plate in the presence of S9, and all test strains showed cytotoxicity at ≥ 
1600 μg/plate in the presence and absence of S9. Cytotoxicity was also reported 
in TA100 in the absence of S9 and in TA1535 in the absence and presence of 
S9 at 500 μg/plate. In the confirmatory assay, cytotoxicity was observed in all 
the S. typhimurium test strains at ≥ 1000 μg/plate and in E. coli WP2uvrA at  

1 The concentration is expressed in µM in the publication by Llana-Ruiz-Cabello et al. (26). The Committee 
believed that the correct unit is µmol.
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2000 μg/plate with and without S9. Cytotoxicity was also reported in TA1535 in 
the presence of S9 at 500 μg/plate. No increased incidence of reverse mutation 
was seen with carvacrol under the test conditions. All positive and negative 
controls behaved as expected.

In a non-compliant two-strain Ames assay, no genotoxicity was observed 
when S. typhimurium strains TA98 and TA100 were incubated with four 
concentrations of origanum oil (containing 74% carvacrol, No. 710) between 0.01 
and 0.50 μL/plate in the absence and presence of a 3-methylcolanthrene-induced 
rat liver (S9) metabolic activation system in the plate incorporation method (39). 
The same report indicated an increase in revertants when S. typhimurium strains 
TA98 and TA100 were incubated with five concentrations of carvacrol (No. 710; 
99% purity) between 0.01 and 1.00 μL/plate in the absence or presence of S9 in 
the plate incorporation method; however, the increases were not concentration-
dependent. The authors noted that 1 µL/plate of carvacrol was slightly toxic in 
both strains. 

(ii) Forward mutation 
In a forward mutation assay, no genotoxic potential was observed in two 
experiments when mouse lymphoma L5178Y/Tk± cells were incubated with 
six concentrations of thymol (No. 709; 99.5% purity) between 1.17 and  
37.6 μg/mL (calculated from a molecular weight of 150.22) for 4 h without 
metabolic activation (33). A slight reduction in relative total growth was observed 
in the first experiment at the two highest concentrations. 

In a similar assay, no significant increase in the induction of mutations 
was observed when mouse lymphoma L5178Y/Tk± cells were incubated 
with six concentrations of carvacrol (No. 710; 98% purity) between 9.39 and  
225 μg/mL (calculated from a molecular weight of 150.22) for 4 h without 
metabolic activation in two experiments (33). Additionally, six concentrations 
of carvacrol between 9.39 and 225 μg/mL were incubated with mouse lymphoma 
L5178Y/Tk± cells for 24 h in two experiments. A concentration-dependent 
reduction in relative total growth was observed at both 4 h and 24 h. Under the 
conditions tested, carvacrol did not induce forward mutations. 

(iii) In vitro micronucleus formation
In a report with no certificate of compliance or quality assurance, an in vitro 
micronucleus induction assay was conducted in Chinese hamster ovary 
K1 (CHO-K1) cells (27). (2S)-3´,7-Dihydroxy-8-methyl-4´-methoxyflavan 
(No. 2260; 99% purity) was incubated at concentrations of 7.8–130 μM  
(2.2–37 μg/mL, calculated from a molecular weight of 286.33) for 4 h in the 
presence of a rat liver metabolic activation system (S9) and at concentrations 
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of 16–250 μM (4.6–72 μg/mL) continuously for 24 h in the absence of S9. 
Cytotoxicity of 56% and 67% was determined at the highest concentrations in the 
presence and absence of S9, respectively. No increase in micronucleus frequency 
was observed in the presence of S9; however, significant increases were observed 
in the presence of S9, with a positive trend. No historical control ranges were 
reported. Despite some limitations, which include the absence of short treatment 
without S9 metabolic activation, the Committee considered the outcome of the 
study to be clearly positive for the induction of micronuclei in mammalian cells 
in vitro.

In a similar report without a compliance or a quality assurance 
certificate, CHO-K1 cells were incubated with (R)-5-hydroxy-4-(4´-hydroxy-
3´-methoxyphenyl)-7-methylchroman-2-one (No. 2261; batch no. 9; purity 
not stated) at concentrations of 31–500 μM (9.3–150 μg/mL, calculated from a 
molecular weight of 286.33) for 4 h in the presence of S9 and continuously for 
24 h at the same concentrations in the absence of S9 (28). Cytotoxicity of 36% 
and 40% was determined at the highest concentrations evaluated in the presence 
and absence of S9, respectively. The frequency of micronucleus induction was 
not significantly increased in the presence or absence of S9 when compared with 
controls. 

In an in vitro micronucleus induction assay compliant with OECD 
test guideline 487 and GLP, no increase in the rate of micronucleus induction 
was observed when human peripheral blood lymphocytes (HPBL) were 
incubated with 60, 100 or 200 µg/mL of p-tolyl 3-methylbutyrate (No. 702; batch 
no.1001614963; purity 98%) for 4 h with a 20-h recovery period in the presence of 
Aroclor 1254-induced rat liver (S9) metabolic activation system and with 60, 120 
or 140 μg/mL p-tolyl 3-methylbutyrate in the absence of S9 (31). The percentage 
cytotoxicity at the highest concentrations evaluated was 16% and 53% in the 
presence and absence of S9, respectively. When 20, 60 or 80 μg/mL of p-tolyl 
3-methylbutyrate were incubated with HPBL in the absence of S9 continuously 
for 24 h, a cytotoxicity of 53% was observed at the highest concentration. The 
authors of the report stated that p-tolyl 3-methylbutyrate did not increase the 
incidence of micronuclei under the conditions of the study. 

In an in vitro micronucleus induction assay compliant with OECD test 
guideline 487 and GLP, no increase in the rate of micronucleus induction was 
observed when HPBL were incubated with 15, 50 or 70 µg/mL of thymol (No. 
709; batch no. VE00152424; purity 100%) for 4 h with a 20-h recovery period 
in the presence of an Aroclor 1254-induced rat liver (S9) metabolic activation 
system and with 15, 50 or 85 μg/mL thymol in the absence of S9 (41). The 
percentage cytotoxicity determined at the highest concentrations was 55% and 
51% in the presence and absence of S9, respectively. When 3.25, 15 or 50 μg/mL 
of thymol were incubated with HPBL in the absence of S9 continuously for 24 h, 
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the percentage cytotoxicity was 55% at the highest concentration. The authors 
reported that thymol did not increase the incidence of micronuclei under the 
conditions of this study. 

In an in vitro micronucleus induction assay compliant with OECD test 
guideline 487 and GLP, no increase in the rate of micronucleus induction was 
observed when HPBL were incubated with 25, 70 or 85 µg/mL of carvacrol (No. 
710; batch no. VE00128328; purity 100%) for 4 h with a 20-h recovery period 
in the presence of an Aroclor 1254-induced rat liver (S9) metabolic activation 
system and with 25, 85 or 122 μg/mL in the absence of S9 (41). The percentage 
cytotoxicity at the highest concentrations was 60% and 51%, respectively. When 
3.25, 7.5 or 50 μg/mL of carvacrol were incubated with HPBL in the absence 
of S9 continuously for 24 h, a cytotoxicity of 51% was observed at the highest 
concentration. The authors of the report stated that carvacrol did not increase the 
incidence of micronuclei under the conditions of this study. 

In an in vitro micronucleus induction assay compliant with OECD 
test guideline 487 and GLP, no increase in the number of binucleated cells was 
reported when mouse lymphoma L5178Y/Tk± cells were incubated with five 
concentrations of thymol (No. 709; 99.5% purity) between 15.6 and 250 μM  
(2.35–37.6 μg/mL, calculated from a molecular weight of 150.22) continuously 
for 24 h in the absence of S9 and with exposure of 3–6 h, followed by a 21-h 
recovery period in the presence of S9 prepared from livers of rats treated with 
either Aroclor 1254 or phenobarbital plus β-naphthoflavone (as outlined in 
OECD 487) (33). Induction of micronuclei was not increased over that in 
concurrent controls.

In a similar study, mutagenic potential was indicated at the highest 
concentration tested when mouse lymphoma L5178Y/Tk± cells were incubated 
with five concentrations of carvacrol (No. 710; 98% purity) between 43.75 and  
700 μM (6.6–105.2 μg/mL, calculated from a molecular weight of 150.22) 
continuously for 24 h in the absence of S9 and with an exposure of 4 h 
followed by a 20-h recovery period in the presence of S9 (33). No micronucleus 
induction was seen in the tests with 4-h exposure and 20-h recovery in the 
presence of S9; however, a statistically significant increase in the presence of 
micronuclei was seen after 24 h of continuous exposure in the absence of S9 at  
105.2 μg/mL when compared with negative controls. The authors concluded 
that the generally negative findings in both assays suggest marginal effects on 
micronuclei induction, with no biological relevance. The Committee agreed with 
the authors’ conclusion.
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(iv) DNA strand breaks 
No increase in DNA strand breaks was detected when human colon carcinoma 
(Caco-2) cells were incubated with three concentrations of thymol between 
62.5 and 250 μM (9.39–37.6 μg/mL, calculated from a molecular weight of 
150.22) in standard and enzyme-modified (endonuclease III (Endo III) and 
formamidopyrimidine glycosylase (FPG)) comet assays (32). The cells were 
treated with thymol for 24 or 48 h and then processed for the assays. The 
Committee noted that the results of this study cannot be considered reliable 
because of the long treatment periods (24 and 48 h).

Similarly, Caco-2 cells were incubated with three concentrations 
of carvacrol between 115 and 460 μM (17.3 and 69.1 μg/mL, calculated from 
a molecular weight of 150.22) for 24 and 48 h in standard and Endo III- and 
FPG-modified comet assays (32). The standard and the Endo III-modified assays 
showed no strand breaks at any concentration tested for either 24 or 48 h. After 
the 48-h exposure, however, FPG treatment of cells exposed to 460 μM caused 
a statistically significant increase in DNA strand breaks. The Committee noted 
that the results of this study cannot be considered reliable because of the long 
treatment periods (24 and 48 h).

In a non-GLP-compliant in vitro comet assay, HPBL were incubated 
with nine concentrations of thymol between 5 and 2000 µM (0.75–300 μg/mL, 
calculated from a molecular weight of 150.22) or 10 concentrations of carvacrol 
between 0.5 and 2000 µM (0.075 and 300 μg/mL, calculated as above) for  
30 min (35). Thymol induced strand breaks at ≥ 200 µM, while carvacrol induced 
strand breaks at ≥ 100 µM when compared with concurrent negative controls. 
DNA damage was graded visually from microscopic images of 200 randomly 
selected lymphocytes per test concentration, as 0 (no damage), 1 (low damage), 
2 (medium damage), 3 (high damage) or 4 (very high damage). This method is 
currently considered to be obsolete as it is insufficient for correct estimation of 
DNA breakage. In addition, in the absence of negative historical control data, the 
outcome of the study cannot be considered reliable. 

In a non-GLP-compliant assay for DNA damage, human leukaemia 
K562 cells were incubated with three concentrations of carvacrol between 100 
and 200 μM (15–30 μg/mL, calculated from a molecular weight of 150.22) or four 
concentrations of thymol between 100 and 400 μM (15–60 μg/mL, calculated 
as above) continuously for 24 h (36). The assay showed no induction of DNA 
strand breaks with thymol, but a statistically significant increase in DNA damage 
was seen with carvacrol when compared with negative controls. The Committee 
noted that these results cannot be considered biologically meaningful in the 
absence of data on historical controls.
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In an enzyme-modified in-vitro comet assay, V79 Chinese hamster lung 
fibroblast cells were incubated with three concentrations of carvacrol or thymol 
of 1, 5 or 25 μM (0.15, 0.75 or 3.76 μg/mL each, calculated from a molecular 
weight of 150.22) for 30 min before processing, with or without treatment with 
FPG after processing (37). No evidence of DNA strand breaks (reported as tail 
moment) was seen with carvacrol, with or without FPG treatment; however, a 
significant increase in DNA strand breaks was seen with thymol at 25 μM in 
the absence of FPG treatment. The increase in DNA tail moment was no longer 
observed after FPG treatment. The Committee noted that, overall, the positive 
finding observed in the absence of FPG treatment should also have been found 
in its presence and considered that the results are not biologically relevant and 
can be attributed to chance.

In a non-GLP-compliant in vitro assay to assess the ability of carvacrol to 
induce DNA damage, cultured primary rat neurons and mouse neuroblastoma 
cells (N2a) were incubated with six concentrations of carvacrol between  
10 and 400 μg/mL (42). No DNA damage was observed in either cell model at any 
concentration tested.

(v) Sister chromatid exchange
In an assay to detect sister chromatid exchange that was not compliant with GLP 
or any other published guidance, HPBL were incubated with four concentrations 
of carvacrol (No. 710; 99% purity) between 0.1 and 5 μL/mL for 48 h (40). No 
statistically significant increase in the occurrence of sister chromatid exchanges 
was seen. 

In vivo
(vi) Micronucleus induction  
In a study to evaluate clastogenic activity, (2S)-3´,7-dihydroxy-8-methyl-4´-
methoxyflavan (No. 2260; 99% purity) was tested for its potential to induce 
micronuclei in polychromatic erythrocytes from mouse bone marrow (43). 
Groups of three male and three female Hsd:ICR (CD-1) mice per group were 
given 0 (vehicle), 125, 250, 500, 1000, 1500 or 2000 mg/kg bw per day of (2S)-3´,7-
dihydroxy-8-methyl-4´-methoxyflavan in 1% aqueous carboxymethylcellulose 
by gavage and were killed 24 and 48 h after dosing. The bone marrow was 
sampled and prepared for micronucleus assessment. No deaths were reported. 
The only clinical sign of toxicity was piloerection observed at 1500 and 2000 
mg/kg bw per day. Micronucleus induction was assessed in three dose groups 
(500, 1500 and 2000 mg/kg bw per day) in three animals of each sex per group 
killed at 24 and 48 h. There was no evidence of cytotoxicity to the bone marrow 
in the form of a reduction in polychromatic erythrocyte count at any dose. No 
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statistically significant increase in the induction of micronuclei in bone marrow 
was detected. The Committee noted, however, some limitations to the study, such 
as use of only three animals per sex per group and scoring of only 2000 immature 
erythrocytes per animal instead of 4000. In addition, systemic exposure was not 
clearly demonstrated, in the absence of relevant clinical signs or direct bone 
marrow toxicity. Overall, the outcomes of this study, although negative, cannot 
exclude potential genotoxicity of the test compound.

(vii) Combined micronucleus induction and DNA strand breaks
In a combined in vivo micronucleus induction and a standard and enzyme-
modified comet assay compliant with OECD test guidelines 474 and 489, five 
Wistar (Rj Han:WT) rats of each sex per dose were given 0 (vehicle), 81, 256 or 
810 mg/kg bw of carvacrol (No. 710; 99% purity) by gavage in corn oil at 0, 24 or 
45 h (44). After 48 h, the animals were killed, and bone marrow, stomach, liver and 
lung tissue were harvested and examined histopathologically. The bone marrow 
was prepared for assessment of micronucleus induction. A significant decrease 
in the ratio of polychromatic to normochromatic erythrocytes was reported in 
males at 256 mg/kg bw and in males and females at 810 mg/kg bw, indicating 
toxicity to the bone marrow. Induction of micronucleated erythrocytes was not 
increased at any concentration of carvacrol. Liver and stomach tissues processed 
for standard and enzyme-modified (Endo III and FPG) comet assays showed no 
increase in DNA strand breaks in either the standard or the enzyme-modified 
comet assays at any concentration of carvacrol. 

In a combined micronucleus induction and comet assay compliant with 
OECD test guidelines 474 and 408, groups of five male and five female Wistar 
rats at each dose were treated with 50, 100 or 200 mg/kg bw per day of oregano 
oil containing 55.8% carvacrol and 5.14% thymol incorporated into gel prepared 
from neutral gelatin according to Mellado-Garcia et al. (23) for 90 days (45). 
After day 90, femoral bone marrow was isolated, fixed and stained for analysis, 
and peripheral blood lymphocytes, stomach and liver samples were collected 
and processed for analysis in standard and enzyme-modified comet assays. The 
frequency of micronucleus induction in the bone marrow of rats administered 
oregano oil was not increased, and the occurrence of DNA strand breaks was not 
increased in the three tissues analysed in the standard or the Endo III- and FPG-
modified comet assays. 

(viii) Conclusions on genotoxicity
As described above and summarized in Table 4, this group of phenol and phenol 
derivatives gave uniformly negative results in GLP-compliant bacterial reverse 
mutation assays. The results of most previously evaluated studies of genotoxicity 
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(Annex 1, reference 150) with phenols and phenol derivatives used as flavouring 
agents were negative for the induction of reverse mutations in the absence or 
presence of S9. Additionally, as reported in the previous addenda to this group 
(Annex 1, references 203, 212, 221), the results of reverse mutation assays were 
uniformly negative. 

In the studies available for the present addendum, members of the group 
of phenols and phenol derivatives generally showed no genotoxic potential. 
Erratic positive findings were observed with thymol in two non-GLP-compliant 
in vitro comet assays (35, 37); however, these were countered by negative results 
in one bacterial reverse mutation assay (32), one in vitro gene mutation assay in 
mouse lymphoma cells (33) and two in vitro micronucleus tests (33, 34). 

With carvacrol, positive findings were obtained in a limited bacterial 
reverse mutation assay (39), one in vitro micronucleus test (33) and three in 
vitro comet assays (32, 35, 36); however, the Committee judged these results to 
be unreliable and they were countered by the negative results obtained in two 
bacterial reverse mutation assays (32, 38), one in vitro gene mutation assay in 
mouse lymphoma cells (33), two in vitro micronucleus tests (33, 34) and one in 
vivo OECD-compliant combined micronucleus test and comet assay in Wistar 
rats (44). 

Clear positive findings were observed in an in vitro micronucleus test 
with (2S)-3´,7-dihydroxy-8-methyl-4´-methoxyflavan, despite some limitations 
of the study (27). These findings cannot be countered by the results of an in vivo 
bone marrow micronucleus test in mice that provided no proof of systemic or 
target tissue exposure (43). 

Overall, the weight of the evidence supports a conclusion that this group 
of phenol and phenol derivatives has no genotoxic potential, with the exception of 
(2S)-3´,7-dihydroxy-8-methyl-4´-methoxyflavan (No. 2260), for which genotoxic 
concern cannot be ruled out; additional investigation is required. In view of the 
absence of proof of systemic and bone marrow exposure in the in vivo bone 
marrow micronucleus test in mice (43), the Committee recommended a follow-
up testing strategy that should include determination, based on mode of action, 
of whether the test item is clastogenic or aneugenic in an in vitro micronucleus 
test with the fluorescence in situ hybridization technique to detect centromeres in 
the induced micronuclei. If a clastogenic mode of action is identified, an in vivo 
comet assay (compliant with OECD test guideline 489) in cells at the site of contact 
(e.g. duodenum) is recommended. If an aneugenic mode of action is identified, 
no further in vivo investigation is required because no validated alternative in 
vivo assays other than the bone marrow micronucleus test are available. In this 
case, aneugenicity will be considered a threshold genotoxic effect. 
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1. Sucrose esters of fatty acids and sucrose oligoesters 
types I and II
The Committee considered studies of dietary exposure to sucrose esters of fatty 
acids (INS 473) (SEFs) and sucrose oligoesters types I and II (INS 473a) (SOEs). 
SEFs are authorized for use in 50 food categories at maximum permitted levels 
(MPLs) ranging from 200 mg/kg up to 20 000 mg/kg, as specified in the Codex 
GSFA (1). SOEs are authorized for use in all but seven of the same food categories 
at the same MPLs. The MPLs for SEFs and SOEs in the same food categories are 
valid for single use of the two additives or in combination, with sucroglycerides 
(INS 474).

SEFs and SOEs were on the agenda of the present meeting of the 
Committee at the request of the Fifty-first CCFA (2). Only an evaluation 
of exposure was requested. SEFs have been evaluated by the Committee at 
several meetings (Annex I, references 131 and 956), but dietary exposure was 
evaluated at none of those meetings. SOEs were evaluated by the Committee at 
its 71st meeting (Annex I, reference 196), when dietary exposure to SOEs of the 
populations of Japan and the USA was evaluated together because the functional 
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uses of types I and II were similar and there was common use in some food 
categories. Dietary exposure was calculated from typical and maximum use levels 
for SOEs and mean food consumption derived from national nutrition surveys 
for 11 food categories. The mean dietary exposure estimates based on typical 
use levels were 1.9 mg/kg bw per day for Japan and 2.5 mg/kg bw per day for the 
USA; the corresponding estimates based on maximum use levels were 3.7 and  
4.6 mg/kg bw per day. The Committee concluded that these were overestimates of 
dietary exposure, because not all foods in each food category will contain SOEs 
and consumers will not consistently select those foods that contain the food 
additives. At its 71st meeting, the Committee also estimated dietary exposure to 
SOEs on the basis of a maximum use level of 5000 mg/kg in all food categories in 
which SOEs are authorized in the USA, combined with mean food consumption 
data for that country. The mean dietary exposure was 0.8 mg/kg bw per day, and 
the 90th percentile exposure was 1.6 mg/kg bw per day. The Committee noted 
that this estimate of mean dietary exposure was of the same order of magnitude 
as the estimates for the population of the USA per capita on the basis of poundage 
data.

For the current meeting, the sponsor provided the highest technical use 
levels for the sum of SEFs and SOEs for 46 food categories in the GFSA. The 
Committee noted that the sponsor provided use levels of SEFs or SOEs in two 
food categories with no MPLs in the GSFA, namely “02.1.2 Vegetable oils and 
fats” and “05.1.4 Cocoa and chocolate products”. As determined at the Fifty-first 
session of the Codex Committee on Food Additives (2), however, SEFs may be 
used in food category “02.1.2 Vegetable oils and fats” as emulsifiers in cooking 
oils for anti-spattering purposes at a maximum level of 2000  mg/kg. There is 
no provision for use of SEFs and SOEs in food category “05.1.4 Cocoa and 
chocolate products”. The highest technical use levels are listed in Table 1 with the 
corresponding MPLs.

The Committee evaluated estimates of dietary exposure to the sum of 
SEFs and SOEs provided by the sponsor and estimates of dietary exposure to SEFs 
for the populations of Europe (3) and the USA (4). As refined estimates of dietary 
exposure to the sum of the two compounds were available, the Committee did 
not use the budget method (5–7) to calculate a theoretical high level of exposure 
to the sum of SEFs and SOEs associated with the use levels provided by the 
sponsor. Further, the Committee did not assess international dietary exposure 
with the use levels provided and the commodity-based food consumption data of 
the Global Environment Monitoring System – Food Contamination Monitoring 
and Assessment Programme database cluster diets, the FAO/WHO CIFOCOss 
database or individual food consumption from the FAO/WHO Global Individual 
Food consumption data Tool (GIFT). The reasons were that:
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 ■ many of the recorded foods are raw food commodities, whereas food 
additives are added to processed foods only;

 ■ description of the foods was often not specific enough to make a 
relevant link between these foods and the use levels provided; and

 ■ the assessment would have resulted in highly conservative estimates 
of exposure in view of the large number of wide food categories for 
which use levels were provided, and the use levels provided were 
highest technical use levels only (Table 1).

Furthermore, significant time would have been required to evaluate all 
foods recorded in each dietary survey in the GIFT for matching with the use 
levels.

2. Estimated dietary exposure
The sponsor provided poundage data and dietary exposure estimates for the sum 
of these food additives for Japan. In addition, the Committee considered dietary 
exposure estimates of SEFs for Europe (3) and the USA (4). The Committee 
did not consider the poundage data, because more refined estimates of dietary 
exposure were available.

2.1 Estimates provided by the sponsor 
The sponsor provided estimates of dietary exposure to the sum of SEFs and 
SOEs for Japan. Exposure was estimated from individual food consumption data 
collected in 2005–2007 in a research project of the Japanese Ministry of Health, 
Labour and Welfare (8), combined with MPLs from the GSFA and the highest 
reported technical use levels. Exposure was estimated for two scenarios. The first 
scenario was based on the MPLs, supplemented with technical use levels for:

 ■ two food categories for which the MPL was lower than the technical 
use level, namely “12.2.1 Herbs and spices” and “14.1.5 Coffee, coffee 
substitutes, tea, herbal infusions, and other hot cereal and grain 
beverages, excluding cocoa” (Table 1); and

 ■ two food categories with no MPL (“02.1.2 Vegetable oils and fats” and 
“05.1.4 Cocoa and chocolate products”).

In this scenario, 52 food categories were considered. The second scenario 
was based on the highest reported technical use levels for 46 food categories, 
including the additional information (Table 1). For example, exposure via 
the food category “07.2 Fine bakery wares (sweet, salty, savoury) and mixes” 
was calculated from a use level of 10  000 mg/kg in mixes on a flour basis,  
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3000 mg/kg in sponge cake (final product) and 2000 mg/kg in other final products 
in this food category.

Dietary exposure to the sum of SEFs and SOEs was calculated for 
children aged 1–6 years and for the general population (ages not specified). Food 
consumption data were collected by 24-h dietary recall on three non-consecutive 
days (two weekdays, one weekend day). The amounts of food consumed were 
based on ready-to-eat weight, and a processing factor was applied if the MPL 
or technical use level was established for dry products. Dietary exposure was 
calculated by multiplying the mean consumption of each food by the relevant 
MPL or use level. These were summed to obtain mean exposure in each food 
category and then summed for all food categories to obtain overall mean exposure. 
Several food categories were merged based on the available food consumption 
data (see footnotes b, e and f of Table 1). Average body weights of 16.5 kg for 
young children and 55.1 kg for the general population were used to calculate 
mean exposure per kilogram body weight. Mean estimates of dietary exposure to 
the sum of SEFs and SOEs and the three main food categories that contributed to 
the mean exposure are listed in Table 2. 

Table 2
Mean dietary exposure to the sum of sucrose esters of fatty acids and sucrose oligoesters 
types I and II from their use as food additives for children and for the general population of 
Japan based on maximum permitted levels (scenario 1) and on highest reported technical 
use levels (scenario 2), and the three main food categories that contributed to exposure

Scenario Populationa
Mean dietary exposure
(mg/kg bw per day) Three main food categories that contributed to exposure

1 Young children (1–6 years) 65 Mixes for sauces and gravies (22%)b

Fine bakery wares and mixes (13%) 
Flavoured fluid milk drinks (11%)

General population 23 Mixes for sauces and gravies (19%) 
Fine bakery wares and mixes (11%) 
Bread and ordinary bakery wares and mixes (8%)

2 Young children (1–6 years) 25 Dairy-based desserts (e.g. pudding, fruit or flavoured yoghurt) and 
fat-based desserts excluding dairy-based dessert products of food 
category 01.7 (15%)c

Fine bakery wares and mixes (10%)
Bread and ordinary bakery wares and mixes (10%)

General population 9 Coffee, coffee substitutes, tea, herbal infusions, and other hot cereal 
and grain beverages, excluding cocoa (19%) 
Bread and ordinary bakery wares and mixes (11%)
Soybean-based beverages (8%)

a The age range of the general population was not specified.
b The sponsor assumed that mixes were eight times more concentrated than the consumed foods on the basis of instructions on foods consumed in Japan. 
c Exposure to these two food categories was merged.
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The Committee noted that no estimates of high consumer dietary 
exposure were calculated for Japan. To determine whether the mean exposures 
were conservative, the Committee calculated the mean consumption of the three 
main food categories that contributed to the exposure of children aged 1–6 years. 
These calculations were made with the exposure estimates per food category 
provided for the MPL scenario and an average body weight of 16.5 kg for children. 
The levels are listed in Table 3 with the mean consumption levels of comparable 
food categories obtained from the Comprehensive European Food Consumption 
Database for toddlers and other children (aged 1–9 years) (9). This indicated 
that the mean consumption levels used in the assessment of dietary exposure for 
Japan were lower than most of the mean levels in the Comprehensive Database, 
suggesting that the mean exposure levels calculated by the sponsor may not be 
conservative for European children. 

2.2 Estimates for the European population
In 2018, EFSA calculated dietary exposure to SEFs (E  473) from use levels 
submitted to EFSA by industry after a public call for data (3). The Committee 
noted that EFSA had also published an evaluation of SEFs in 2012 (10); however, 
as this evaluation was superseded by that in 2018, the Committee reported only 
the results of the more recent evaluation. 

The levels of use of SEFs in 18 of the 37 food categories in which SEFs 
are authorized according to Annex II to Regulation (EC) No. 1333/2008 were 
combined with individual food consumption data from the Comprehensive 
European Food Consumption Database. The Database contained data from 33 
dietary surveys in 19 European countries, covering toddlers (1–2 years), children 

Table 3
Comparison of mean consumption levels of three food categories by children aged 1–6 
years in Japan with those of comparable food categories by children aged 1–9 years in 
Europe

Japan Europea

Food category
Mean consumption 
(g/kg bw per day) Food category

Mean consumption 
(g/kg bw per day)b

Fine bakery wares and mixes 0.82 Fine bakery wares 0–3.4 (78%)
Bread and ordinary bakery wares and mixes 1.58 Bread and similar products 0.1–6.4 (84%)
Dairy-based desserts (e.g. puddings, fruit or 
flavoured yoghurt)

0.76 Dairy dessert and similar products 0.1–2.4 (70%)

a Data from the Comprehensive European Food Consumption Database for toddlers and other children.
b In brackets, percentage of mean consumption levels that exceed those in Japan. The Comprehensive Database provided 50 mean consumption levels for toddlers and 

other children.
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(3–9 years), adolescents (10–17 years) and adults (≥ 18 years). EFSA calculated 
dietary exposure to SEFs from the use levels provided for two refined exposure 
scenarios:

 ■ a “brand-loyal” consumer scenario, in which it was assumed that 
people are exposed to SEFs at the maximum reported use level for 
all foods in one food category and at the typical (mean) reported use 
level for all foods in the remaining food categories; and

 ■ a non-brand-loyal consumer scenario, in which it was assumed that 
people are exposed to SEFs at the typical (mean) reported use level 
for all foods in all food categories.

Dietary exposure to SEFs was calculated for five age groups in the 
Comprehensive European Food Consumption Database, with adults separated 
into the age groups 18–64 years and ≥ 65 years. Dietary exposure was calculated 
by multiplying the use level of SEFs per food category by the summed amounts of 
all foods in this category consumed by each individual in the Database. Exposure 
of each individual to SEFs in each food category was summed to derive total 
exposure per day and divided by the individual’s body weight. The exposure 
estimates were averaged over the number of survey days, resulting in an individual 
average exposure per day during the survey period. This was calculated for all 
individuals in each survey and population group and resulted in distributions of 
individual exposures. The mean and 95th percentile of exposure were calculated 
per survey and per population group. The dietary exposure estimates are listed 
in Table 4.

The exposure assessment for Europe included 18 of the 37 food categories 
in which SEFs are authorized according to Annex II to Regulation (EC) No. 
1333/2008. EFSA (3) noted that information from Mintel’s Global New Products 
Database, an online database of newly introduced packaged goods onto the 
worldwide market, indicated that most of the foods for which SEFs were listed on 
the labels were included in the exposure assessment.

EFSA considered the brand-loyal scenario to be the most relevant for 
assessing the safety of SEFs because of possible loyalty to brands of certain types 
of flavoured drinks in which use of SEFs is authorized. These included aniseed-
based, dairy-based, coconut and almond drinks. In this scenario and in the non-
brand-loyal scenario, the main contributing food category for all age groups was 
“07.2 fine bakery wares”; food category “14.1.4 flavoured drinks” contributed 
largely to the exposure of all age groups except infants. 

Dietary exposure to SEFs of consumers of special foods for medical 
purposes and of food supplements was also calculated. These estimates were, 
however, considered not critical for assessing the safety of SEFs because they 
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did not exceed those in the brand-loyal scenario. In addition, EFSA calculated 
dietary exposure to SEFs based on MPLs in Annex II to Regulation (EC)  
No 1333/2008. The Committee did not consider this estimate, as it was deemed 
overly conservative.

2.3 Estimates for the population of the USA
Dietary exposure to seven emulsifiers, including SEFs, added to foods in the 
USA was calculated in 2017 (4). Exposure was estimated by combining food 
consumption data for the general population aged 2–99 years with maximum 
use levels. Relevant data on food consumption were obtained from the 2003–
2010 National Health and Nutrition Examination Survey 2-day dietary intake 
survey, and maximum use levels were obtained from sources including the US 
Code of Federal Regulations, the Generally Recognized as Safe (GRAS) inventory 
of the Food and Drug Administration or reports of the Select Committee on 
GRAS Substances, the GSFA and from publicly available sources. The source(s) 
used to calculate dietary exposure to SEFs was (were) not specified. Exposure 
was calculated by multiplying maximum use levels of SEFs per food with the 
amounts consumed by each individual in the dietary survey. The exposure of each 
individual to SEFs in each food category was summed to derive the total exposure 
per day. The exposure estimates were averaged over the 2 days of survey and 
divided by the individual’s body weight, resulting in individual mean exposure 
per day calculated for each individual in the survey, resulting in a distribution of 
individual mean exposures. Overall and the 90th percentile mean exposure were 

Table 4
Dietary exposure to sucrose esters of fatty acids from their use as food additives in the 
European population according to two exposure scenarios

Scenarioa and 
exposure levelb

Dietary exposure (mg/kg bw per day)c

Infants 
(12 weeks–11 months)

Toddlers
(12–35 months)

Children
(3–9 years)

Adolescents
(10–17 years)

Adults
(18–64 years)

Adults 
(≥ 65 years)

Brand-loyal scenario
Mean 0.2–13.6 3.0–54.6 8.1–51.6 3.2–25.9 1.8–15.6 1.7–14.0
High 0.8–57.1 11.1–123.6 19.6–124.3 8.6–59.6 6.3–41.7 5.6–34.9
Non-brand-loyal scenario
Mean 0.1–6.6 1.7–42.7 4.6–38.7 1.8–16.9 0.9–8.3 0.9–7.2
High 0.4–27.6 6.3–96.7 11.4–112.6 4.7–42.6 3.4–23.4 2.8–19.4

From reference 3
bw, body weight; P95, 95th percentile
a For a description of the two scenarios, see text.
b  High exposure: 95th percentile.
c  Range represents the lowest and highest estimates for each age group in the dietary surveys.



197

Sucrose esters of fatty acids (INS 473) and sucrose oligoesters type I and type II (INS 473a)

calculated. Overall mean exposure of the US population to SEFs was 9 mg/kg bw 
per day, and the 90th percentile mean exposure was 18 mg/kg bw per day. The 
foods that contributed most to exposure were not identified.

2.4 Overview of estimated dietary exposure
Table 5 summarizes estimated dietary exposure to the sum of SEFs and SOEs 
in Japan, Europe and the USA. The mean estimates for Japan are based on the 
MPLs from the GFSA and the highest reported technical use level for the sum of 
both additives. No high consumer exposure estimates were available for Japan. 
The mean and high estimated exposure of the populations of Europe and the 
USA were based on (maximum) use levels of SEFs only. As the MPLs in the 
GFSA apply to both single and combined uses of SEFs and SOEs, the estimates 
of dietary exposure to SEFs for Europe and the USA were considered also to 
represent dietary exposure to the sum of the two food additives. 

All the estimates of dietary exposure are overestimates of the actual mean 
or high exposure in Europe, Japan and the USA. In all exposure scenarios, it was 
assumed that all foods that could contain the food additives did in fact contain 
SEFs and/or SOEs. SEFs and SOEs are used mainly as emulsifiers or stabilizers in 

Table 5
Estimated dietary exposure to the sum of sucrose esters of fatty acids and sucrose 
oligoesters, types I and II

Country and levels

Dietary exposure (mg/kg bw per day)a

Childrenb General populationc

Mean High Mean High
Japan
    MPL 65b – 23 –
    Use leveld 25 – 9 –
Europe
    Use levele

Brand-loyal scenario 3.0–54.6 11.1–124.3 0.2–54.6 0.8–124.3
Non-brand loyal scenario 1.7–42.7 6.3–112.6 0.1–42.7 0.4–112.6

USA
Maximum use levele – 9 18

Source: Sponsor and references 3 and 4
bw, body weight; MPL, maximum permitted level
a High exposure: 95th percentile for Europe and 90th percentile for the USA
b Children aged 1–6 years in Japan and 1–9 years in Europe.
c The general population of Europe comprises infants (12 weeks–11 months), toddlers (12–35 months), children (3–9 years), adolescents (10–17 years), adults 

(18–64 years) and older adults (≥ 65 years); the general population of the USA covers the ages of 2–99 years. The age range of the general population of Japan was 
not specified.

d Use levels of sucrose esters of fatty acids and sucrose oligoesters, types I and II combined
e  Use levels of sucrose esters of fatty acids
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foods; however, not all foods contain emulsifiers or stabilizers, and, for those that 
do, other food additives with the same functions in foods are available. SEFs and 
SOEs constituted 15% of all food additives used mainly as emulsifiers in Japan in 
2013. At its 71st meeting, the Committee noted that SOEs are expected to account 
for ≤ 10% of the total market share of emulsifiers (Annex I, reference 196). In 
addition, EFSA (3) noted that Mintel’s Global New Products Database indicated 
that SEFs are listed on the labels of only a small percentage of foods. For example, 
a maximum of 3.1% of all foods in the two food categories that contribute most 
to dietary exposure to SEFs in Europe were labelled as containing SEFs. Overall, 
SEFs were listed on the labels of only 0.2% of the foods in categories in which use 
of SEFs is authorized. These foods were or had been available on the European 
market between January 2012 and October 2017. Another factor that contributed 
to the overestimates was the assumption that, when SEFs or SOEs are used, they 
are always present at the highest reported use levels. The Committee also noted 
that the use levels for the food categories “07.2 fine bakery wares” and “14.1.4 
flavoured drinks” in the European exposure assessment were higher than those 
provided by the sponsor.

The high (90th percentile) estimate of exposure to SEFs of 19 mg/kw 
bw per day for the general population aged 2–99 years in the USA was within 
the ranges of estimated high (95th percentile) exposure of the adult European 
population, 3.4–23.4 mg/kg bw per day for adults aged 18–64 years and  
2.8–19.4 mg/kg bw per day for adults aged ≥ 65 years. As the age range of 2–99 
years comprises mainly adults, this estimate was considered to represent the 
exposure of the adult population of the USA to SEFs.

As only the European estimates of exposure included high exposure of 
children, and the mean consumption levels of the food categories that contribute 
most to the exposure of Japanese children aged 1–6 years were lower than most of 
the mean food consumption levels available in the Comprehensive European Food 
Consumption Database for children aged 1–9 years, the Committee considered 
that the high exposure of 113 mg/kg bw per day for children aged 3–9 years in the 
non-brand loyal scenario was the most suitable for evaluating dietary exposure 
to the sum of SEFs and SOEs. The non-brand loyal estimate was selected because 
SEFs and SOEs are predominantly used as emulsifiers or stabilizers in foods 
for which other food additives with the same functions are available and SEFs 
and SOEs are not expected to influence the taste or appearance of foods. The 
Committee noted that EFSA recommended that more detailed information 
be collected on the use of SEFs in foods belonging to the two categories that 
contribute most to exposure in order to refine the exposure assessment.
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Sucrose esters of fatty acids (INS 473) and sucrose oligoesters type I and type II (INS 473a)

3. Evaluation
At its 49th meeting, the Committee established a group ADI of 0–30 mg/kg 
bw for SEFs and sucroglycerides. The ADI was established on the basis of their 
potential to induce laxative effects in adult volunteers at doses > 30 mg/kg bw 
per day, without application of an uncertainty factor (Annex 1, reference 131). 
At its 71st meeting, the Committee noted that some of the components of SEFs 
may be present in significant amounts in SOEs and established a group ADI of  
0–30 mg/kg bw for SEFs, SOEs and sucroglycerides (Annex 1, reference 196).

The high estimate of dietary exposure to the sum of SEFs and SOEs of 
113 mg/kg bw per day for children aged 3–9 years exceeded the group ADI of 
0–30 mg/kg bw per day by a factor of about 4. The Committee also noted that 
the high estimates of dietary exposure of some other age groups also exceeded 
the ADI. 

The Committee noted that the high estimates of dietary exposure are 
conservative, predominantly because of the assumptions that: 

 ■ all foods that could contain SOEs and SEFs do in fact contain these 
food additives, whereas other food additives with the same functions 
in foods are available; and

 ■ when SEFs or SOEs are used, they are always present at the reported 
use levels.

Therefore, the Committee considered that more refined estimates of 
dietary exposure should be provided. 

4. Recommendations
To refine the estimates of dietary exposure to SEFs and SOEs, either alone or 
summed, the Committee recommends that the sponsors submit information on:

 ■ typical or mean and high use levels in foods in which the food 
additives are used; and

 ■ foods (or food categories) in which the use of SEFs and/or SOEs is 
permitted but in which they are never used.

In both cases, the information should be as specific as possible, and 
the foods should be classified according to the FoodEx2 classification system, 
which is that used for the CIFOCOss and GIFT food consumption databases, 
or another appropriate system. The Committee did not use the CIFOCOss and 
GIFT databases to assess dietary exposure to SEFs and SOEs, partly because 
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calculations of exposure would have been laborious in view of the number of 
broad food categories for which use levels were provided. In order to use these data 
for assessing dietary exposure to food additives that are present in large numbers 
of food categories, a table should be developed to map the foods recorded in both 
databases according to the FoodEx2 classification to the food categories of the 
GSFA. That would ensure that mapping was also consistent between meetings of 
JECFA.

The Committee recommends that more detailed information on the use 
of SEFs and SOEs in foods and a mapping table be made available within 2 years.
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Reports and other documents resulting from previous 
meetings of the Joint FAO/WHO Expert Committee on 
Food Additives

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). 

2. 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). 

3. 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). 

4. Specifications for identity and purity of food additives (food colours) (Fourth 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. II. Food colours, Rome, Food and Agriculture Organization of the 
United Nations, 1963 (out of print). 

5. 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). 

6. 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). 

7. 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). 

8. 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). 

9. 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). 

10. Specifications for identity and purity and toxicological evaluation of food colours. FAO Nutrition Meetings 
Report Series, No. 38B, 1966; WHO/Food Add/66.25. 
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11. 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). 

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. FAO 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. FAO 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 antioxidants (Fifteenth report 
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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. FAO 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. FAO 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. 

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. 
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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 antioxidant, 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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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. 
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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 
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72. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives Series, No. 20. 
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Abbreviations and acronyms used in the monographs  

ADI  acceptable daily intake
ALT  alanine aminotransferase
AMP  adenosine 5´-monophosphate
AST  aspartate transaminase
BIBRA  British Industrial Biological Research Association
BLAST  basic local alignment search tool
bw  body weight
CAS  Chemical Abstracts Services
CCFA  Codex Committee on Food Additives
CHO-K1  Chinese hamster ovary cells K1
CIFOCOss Chronic Individual Food Consumption database summary statistics
DMSO  dimethyl sulfoxide
EFSA  European Food Safety Authority
EHC  Environmental Health Criteria 
Endo III  endonuclease III
FAO  Food and Agriculture Organization of the United Nations
FPG  formamidoprimidine glycosylase
GEMS/Food Global Environment Monitoring System, Food Contamination 
  Monitoring and Assessment Programme
GIFT  Global Individual Food consumption data Tool
GLP  good laboratory practice
GRAS  generally recognized as safe
GSFA  General Standard for Food Additives 
INS  international numbering system
IOFI  International Organization of the Flavor Industry
IPRU  inositol phosphate-releasing unit
IPTG  isopropyl β-D-thiogalactopyranoside 
JECFA  Joint Expert Committee on Food Additives 
LC/MS/MS liquid chromatography with tandem mass spectrometry
LOAEL  lowest-observed-adverse-effect level
LOQ  limit of quantification
MOE  margin of exposure
MPL  maximum permitted level
MSDI  maximized survey-derived intake 
NOAEL  no-observed-adverse-effect level
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OECD  Organization for Economic Co-operation and Development
PI-PLC  phosphatidylinositol-specific phospholipase C 
SD  standard deviation
SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis
SEF  sucrose ester of fatty acids
SOE  sucrose oligoester
SPET  single portion exposure technique 
TMDI  theoretical maximum daily intake
TOS  total organic solids
TRS  Technical Report Series
U  unit
USA  United States of America
USFDA  US Food and Drug Administration
WHO  World Health Organization
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ANNEX 4

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 

Adenosine 5´-monophosphate 
deaminase from Streptomyces 
murinus

N Negative results were observed in genotoxicity tests, and a NOAEL of 500 
mg/kg bw per day (equal to 69 mg TOS/kg bw per day) was identified in a 
13-week oral toxicity study. Comparison of the dietary exposure estimate 
of 0.075 mg TOS/kg bw per day with the NOAEL of 69 mg TOS/kg bw per 
day gives a margin of exposure (MOE) of 920. 

The Committee concluded that the AMP deaminase enzyme 
preparation from S. murinus would not pose a health concern 
when used in the applications specified, at the levels specified 
and in accordance with good manufacturing practice.

D-Allulose 3-epimerase from 
Arthrobacter globiformis expressed in 
Escherichia coli

N Negative results were observed with D-allulose in genotoxicity tests. A 
NOAEL of 1100 mg TOS/kg bw per day was identified, the highest dose 
tested in a short-term (90-day) oral toxicity study in rats. When the 
dietary exposure estimate for the highest consumers (90th percentile for 
infants and children) of 0.38 mg TOS/kg bw per day was compared with 
the NOAEL of 1100 mg TOS/kg bw per day, an MOE of nearly 3000 was 
calculated. 

The Committee established an ADI “not specified” for D-allulose 
3-epimerase from A. globiformis M30 expressed in E. coli K-12 
W3110 when the enzyme is used in the applications specified, at 
the levels specified and in accordance with good manufacturing 
practice.

Carbohydrate-derived fulvic acid 
(CHD-FA)

Noa The Committee concluded that the available data are inadequate 
for evaluating the safety of CHD-FA. 

The Committee assessed the chemical and technical information received 
and concluded that there was insufficient information to prepare 
specifications for CHD-FA. 

Jagua (genipin-glycine) blue (Jagua 
blue)

Rb The Committee considered that the new toxicological data and additional 
characterization of the test compound provided adequate information to 
complete the safety evaluation of Jagua blue. The new 12-month study 
of rats exposed in utero was conducted for a longer exposure time and 
at higher doses of Jagua blue, as recommended by the Committee at 
its 84th meeting. Although no new toxicokinetics study was available, 
newly developed analytical methods for the dimers provided acceptable 
characterization of the test article, thus reducing the uncertainty of the 
safety assessment due to limited biochemical information. 
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Food additive Specifications
Acceptable daily intakes (ADIs) and other toxicological and 
dietary exposure conclusions 

An ADI of 0–11 mg/kg bw was established by the Committee 
for Jagua blue, on a blue-polymer basis. This ADI was based on the 
absence of treatment-related long-term toxicity and of reproductive and 
developmental toxicity in the 12-month rat dietary study with in-utero 
exposure, in which the NOAEL was identified as 1127 mg/kg bw per day 
of the blue polymer, the highest dose tested. The ADI was established by 
applying an uncertainty factor of 100 to the NOAEL.

The Committee noted that the upper end of the high-level dietary 
exposure estimate for Jagua blue, on a blue-polymer basis, for infants and 
toddlers of 11.5 mg/kg bw per day is in the region of the upper bound 
of the ADI. In view of the conservative nature of the dietary exposure 
assessments, in which it was assumed that all foods contained Jagua blue 
on a blue-polymer basis at the maximum use level, and because the ADI 
was based on a NOAEL that was the highest dose tested, the Committee 
concluded that the estimated dietary exposure to Jagua blue, on a blue-
polymer basis, does not represent a health concern. 

Lipase from Mucor javanicus N Negative results were obtained in genotoxicity tests, and no treatment-
related adverse effects were seen at the highest dose tested (800 mg TOS/
kg bw per day) in a 13-week study of oral toxicity in rats. A comparison 
of the estimated dietary exposure of 0.84 mg TOS/kg bw per day with 
the highest dose tested of 800 mg TOS/kg bw per day gives an MOE of at 
least 900. 

The Committee established an ADI “not specified” for the lipase 
enzyme preparation from M. javanicus, used in the applications 
specified and in accordance with good manufacturing practice. 

Phosphatidylinositol-specific 
phospholipase C expressed in 
Pseudomonas fluorescens (PI-PLC)

N Negative results were obtained in genotoxicity tests, and no treatment-
related adverse effects were seen with PI-PLC enzyme concentrate at the 
highest dose tested (1871 mg TOS/kg bw per day) in the 13-week study 
of oral toxicity in rats. A comparison of the highest estimated dietary 
exposure of 0.01 mg TOS/kg bw per day with the highest dose tested of 
1871 mg TOS/kg bw per day gives an MOE of at least 187 100.

The Committee established an ADI “not specified” for the 
PI-PLC enzyme preparation expressed in P. fluorescens, used 
in the applications specified and in accordance with good 
manufacturing practice.

Riboflavin from Ashbya gossypii Noc Because of time constraints, the assessments of safety and 
dietary exposure were not completed.

(continued)

N: new specifications; R: existing specifications revised 
a No specifications were prepared. Information is required to prepare specifications (see Annex 4).
b The specifications were revised and the tentative status removed.
c As the evaluation was postponed, specifications will be published later (see Annex 4).
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Annex 4

Food additives Conclusions on dietary exposure
Sucrose esters of fatty acids (INS 473) 
(SEFs) and sucrose oligoesters type I 
and type II (INS 473a) (SOEs)

At its 49th meeting, the Committee established a group ADI of 0–30 mg/kg bw for SEFs and sucro-
glycerides on the basis of their potential to induce laxative effects in adult volunteers at doses > 30 
mg/kg bw per day, without applying an uncertainty factor. At its 71st meeting, the Committee noted 
that some of the components of SEFs may be present in significant amounts in SOEs and established a 
group ADI of 0–30 mg/kg bw for SEFs, SOEs and sucroglycerides.
The high dietary exposure estimate of the sum of SEFs and SOEs of 113 mg/kg bw per day for children 
aged 3–9 years exceeds the group ADI of 0–30 mg/kg bw per day by a factor of about 4. The Commit-
tee also noted that the dietary exposure estimates for some other age groups also exceeded the ADI. 
The Committee noted that the high dietary exposure estimates are conservative, predominantly due 
to the assumptions that 
• all foods that could contain SOEs and SEFs do in fact contain these food additives, whereas other 

food additives with the same functions in foods are available; and
• when SEFs or SOEs are used, they are always present at the reported use levels.
Therefore, the Committee considered that more refined dietary exposure estimates 
should be provided.

Food additives assessed only for dietary exposure

Food additive Specifications
Magnesium stearate (INS 470(iii)) Ra

Polyvinyl alcohol (INS 1203) Rb

Sorbitan esters of fatty acids (INS 491, INS 492, INS 495) Noc

Food additives considered for specifications only

Flavouring agents evaluated by the revised Procedure for the Safety Evaluation of 
Flavouring Agents

R: existing specifications revised 
a For the assay of magnesium, the reference to the ICP-AES method was replaced by a general term, to read “Use a method appropriate to the specified level”.
b The solubility criterion was changed to “practically insoluble or insoluble in ethanol”. For additional remarks, see Annex 4.
c No specifications were prepared. Information is required to prepare specifications (see Annex 4).

Flavouring agent No. Specifications Conclusion based on current estimated dietary exposure
Structural class I
Betaine 2265 N No safety concern
N-Acetyl-glutamate 2269 N No safety concern
L-Cysteine methyl ester hydrochloride 2270 N No safety concern
Glutamyl-2-aminobutyric acid 2266 N No safety concern
Glutamyl-norvaline 2268 N No safety concern
Glutamyl-norvalyl-glycine 2267 N No safety concern

A. Amino acids and related substances
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Flavouring agent No. Specifications Conclusion based on current estimated dietary exposure
Structural class I
(±)-Homoeriodictyol sodium salt 2256 N No safety concern
(±)-Naringenin 2257 N No safety concern
(2R)-3´,5-Dihydroxy-4´-methoxyflavanone 2258 N No safety concern
7,8-Dihydroxyflavone 2259 N No safety concern
(2S)-3´,7-Dihydroxy-8-methyl-4´-
methoxyflavan

2260 N Genotoxicity data for this agent raise concern about potential 
genotoxicity

(R)-5-Hydroxy-4-(4´-hydroxy-3´-
methoxyphenyl)-7-methylchroman-2-one

2261 N No safety concern

3-(3-Hydroxy-4-methoxyphenyl)-1-(2,4,6-
trihydroxyphenyl)propan-1-one

2262 N No safety concern

Flavouring agents considered for specifications only

Food additive No. Specifications
4-Hydroxy-2,3-dimethyl-2,4-nonadienoic acid γ-lactone 2002 Ra

γ-Caryophyllene oxide 1575 Rb

2-Acetyl-1-pyrroline 1604 Rc

(2E,6E/Z,8E)-N-(2-Methylpropyl)-2,6,8-decatrienamide 2077 Rd

4-Hexen-3-one 1125 Re

d-Carvone 380.1 Rf

2-Pentylfuran 1491 Rg

3-(2-Furyl)acrolein 1497 Rh

2-Phenyl-3-(2-furyl)prop-2-enal 1502 Ri

2-Acetyl-5-methylfuran 1504 Rj

3-Acetyl-2,5-dimethylfuran 1506 Rk

4-(2-Furyl)-3-buten-2-one 1511 Rl

Ethyl 3-(2-furyl) propanoate 1513 Rm

Phenethyl 2-furoate 1517 Rn

B. Phenol and phenol derivatives

R: revised
a The specific gravity was revised to 0.950–1.000 at 20 °C, and the assay minimum was maintained at 93%, with a change of the secondary component from 1–2% 

3,4-dimethyl 5-ketobutanoic acid γ-lactone to 2–3% 3,4-dimethylfuran-2,5-dione.
b The melting-point was revised to 55–63 °C and the assay minimum to 95% (sum of isomers). Specifications for the isomeric composition were also established: 

84–89% (1R,4R,6R,10S) (CAS No. 1139-30-6), 7–9% (1R,4R,6S,10S) (CAS No. 60594-22-1), 0.3–2% (1R,4S,6S,10S) (CAS No. 103475-43-0) and 1–2% humulene-
1,2-epoxide

c The assay minimum was revised to 90%, with a secondary component of ≤ 5–6% 5,6-dihydro-2-methyl-3-(4H)-pyridinone
d The isomeric composition was updated to be 73–80% (2E,6Z,8E), 15–18% (2E,6E,8E), 3–7% (2E,6Z,8Z), 1–2% (2Z,6Z,8E) and 1–2% (2Z,6E,8E). 
e The assay minimum was set to 95% (sum of isomers), and the specifications for the isomeric composition were established as: 90–95% trans-4-hexen-3-one and 

1–5% cis-4-hexene-3-one. 
f The refractive index was revised to 1.496–1.502 and the specific gravity to 0.956–0.961.
g The refractive index was revised to 1.445–1.451 and the assay minimum to 95%. 
h The melting point was revised to 42–54 °C.
I The physical form and odour were revised.
j The specific gravity was revised to 1.065–1.074 and the assay minimum to 95%; the physical form and odour were also revised.
k The specific gravity was revised to 1.034–1.048, and the physical form and odour were also revised. 
l The melting-point was revised to 28–40 °C, and the physical form and odour were also revised.
m The physical form and odour were revised, and specifications for the refractive index and the specific gravity were established as 1.455–1.462 and 1.051–1.058, 

respectively. 
n The refractive index was revised to 1.540–1.550 and the specific gravity to 1.138–1.150; the physical form and odour were updated. 
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ANNEX 5

Summary of the safety evaluation of secondary 
components of flavouring agent with minimum assay 
values of less than 95%

JECFA No. Flavouring agent
Minimum 
assay value Secondary components Comments on secondary components

Aliphatic lactones
2002 4-Hydroxy-2,3-dimethyl-2,4-

nonadienoic acid γ-lactone
93% 3,4-Dimethylfuran-2,5-dione 

(2–3%)
The SPET value for No. 2002 is 62.5 µg/day, 
and 3% of this value is 2 µg/day, which is 
below the class III threshold of toxicological 
concern.

Aliphatic and aromatic amines and amides
1604 2-Acetyl-1-pyrroline > 90% 5,6-Dihydro-2-methyl-3-(4H)-

pyridinone (5–6%)
The SPET value for No. 1604 is 160 µg/day, 
and 6% of this value is 10 µg/day, which is 
below the class III threshold of toxicological 
concern.

Phenol and phenol derivatives
2256 (±)-Homoeriodictyol, sodium 

salt
> 90% Eriodictyol-7-methyl ether 

(3–5%); Homoeriodictyol-7-
methyl ether (1–2%)

Structurally related (±)-eriodictyol (No. 
2172) has been evaluated by the Committee 
and found to be of no safety concern at 
estimated dietary exposure when used as a 
flavouring agent.
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ANNEX 6

Corrigenda

Reference Food additive Original text Revised text Corrigendum
FNP 37 (1986); 
FNP 52 (1992)

Calcium disodium 
ethylenediamine-
tetraacetate

CAS No. 662-33-9 CAS No. 62-33-9 (anhydrous)
6766-87-6 (dihydrate)

Correction to CAS No. 
(for the anhydrous 
form)
CAS No. for hydrated 
forms; chemical 
formula and formula 
weight for anhydrous 
and monohydrate also 
included 

INS 385 23411-34-9 (hydrated)
Chemical formula Chemical formula
C10H12CaN2Na2O8 . 2H2O C10H12CaN2Na2O8 (anhydrous)

C10H12CaN2Na2O8 · H2O  
(monohydrate)  
C10H12CaN2Na2O8 · 2H2O 
(dihydrate) 

Formula weight Formula weight
410.31 374.37 (anhydrous)

392.31 (monohydrate)
410.31 (dihydrate)

FNP 52 Add 8 
(2000)

Pentasodium triphosphate 
INS 451(i)

Dowex F x 8 Dowex 1 x 8 Correction to the resin 
in the procedure of 
method of assay

FNP 52 Add 11 
(2003) 

Talc
INS 553(iii)

A range of length: width 
ratios of 20:1 to 100:1 or 
higher for fibres longer 
than 5 m

A range of length: width ratios 
of 20:1 to 100:1 or higher for 
fibres longer than 5 µm

Length of fibre 
corrected 

FAO JECFA 
Monographs 3 
(2006)

Annatto extracts (norbixin-
based)
INS 160b(ii)
1. Alkali processed norbixin, 

acid precipitated
2. Alkali processed norbixin, 

not acid precipitated
3. Solvent extracted norbixin

CAS Nos
cis-Norbixin: 542-40-5
cis-Norbixin dipotassium salt: 
33261-80-2 
cis-Norbixin disodium salt: 
33261-81-3 

CAS Nos
cis-Norbixin: 626-76-6
cis-Norbixin dipotassium salt
cis-Norbixin disodium salt:

Correction to the CAS 
No. of cis-norbixin 
and deletion of the 
incorrect CAS Nos for 
the dipotassium and 
disodium salts



This volume contains monographs prepared at the eighty-

ninth meeting of the Joint FAO/WHO Expert Committee 

on Food Additives (JECFA), which met virtually on 2–11 

June 2020. 

The toxicological and dietary exposure monographs in 

this volume summarize the safety and dietary exposure 

data on eight specific food additives (adenosine 

5´-monophosphate deaminase from Streptomyces 

murinus, D-allulose 3-epimerase from Arthrobacter 

globiformis expressed in Escherichia coli, jagua (genipin-

glycine) blue (addendum), lipase from Mucor javanicus 

and phosphatidylinisotol-specific phospholipase C 

expressed in Pseudomonas fluorescens). Two addenda 

summarize the safety and dietary exposure data on two 

groups of related flavouring agents (amino acids and 

related substances and phenol and phenol derivatives). 

An exposure assessment is presented for sucrose esters 

of fatty acids (INS 473) and sucrose oligoesters type I 

and type II (INS 473a).

This volume and others in the WHO Food Additives 

series contain information that is useful to those who 

produce and use food additives and veterinary drugs and 

those involved in the control of contaminants in food, 

government and food regulatory officers, industrial 

testing laboratories, toxicological laboratories and 

universities.
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