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FSA Research and Evidence 

The Food Standards Agency (FSA) and Food Standards Scotland (FSS) 
received an application for the authorisation of a new food additive 
glycolipids (AM-1) under Regulation (EC) No 1331/2008. The glycolipids 
compound is produced by the fermentation of the edible mushroom 
Dacryopinax spathularia, strain MUCL 53181 (internal identifier: FU50088). 
The views of the Joint Expert Group on Additives, Enzymes, and other 
Regulated Products (AEJEG), Advisory Committee on the Microbiological 
Safety of Food (ACMSF) and Committee on Toxicity of Chemicals in Food, 
Consumer Products and the Environment (COT) were considered in this 
safety assessment which represents the opinion of the FSA and FSS on the 
authorisation of a new food additive glycolipids (AM-1). The advice of 
AEJEG can be found in the corresponding Committee Advice Document. 
The FSA and FSS concluded there were no toxicity, genotoxicity or other 
safety concerns for glycolipids produced using specifically the strain MUCL 
53181 and agreed on a No Observed Adverse Effect Level (NOAEL) of 1000 
mg/kg bw per day based on the 90-day rat study, and the use of a total 
uncertainty factor of 300 to give an Acceptable Daily Intake (ADI) of 3.3 mg/
kg bw per day. 

This is a joint FSA and FSS publication. 

1. Introduction 
The Food Standards Agency (FSA) and Food Standards Scotland (FSS) have 
undertaken a safety assessment for application regarding the use of 
glycolipids as a new food additive, submitted by the company, LANXESS 
Deutschland GmbH under Regulation (EC) No 1331/2008. 

https://doi.org/10.46756/001c.172055


The glycolipids compound is produced by the fermentation of the edible 
mushroom Dacryopinax spathularia, strain MUCL 53181 (internal 
identifier: FU50088). The product undergoes microfiltration to remove 
fungal cells, is purified, then pasteurised and spray-dried. 

The resulting substance, glycolipids, has antimicrobial effects and, thus, is 
proposed for use as a preservative in beverages. 

Table 1. Table showing products included in this assessment 

Title Product type Intended use/s Intended dose/intake 

AM-1 
Glycolipids 

Food Additive Preservative in 
beverages 

10 mg/L for normal use 
Up to 50 mg/L for maximum 
use 

2. Assessment 
2.1. Overview 
As part of the Regulated Products authorisation process, the Joint Expert 
Group on Additives, Enzymes, and other Regulated Products (AEJEG) were 
requested by the FSA and FSS to provide advice on the application for the 
safety of the Application of glycolipids (AM-1) for use as a new food additive 
under Regulation (EC) No 1331/2008. 

The glycolipids compound is produced by the fermentation of the edible 
mushroom Dacryopinax spathularia, strain MUCL 53181 (internal identifier: 
FU50088). 

Satisfactory information regarding proposed specifications, details of the 
manufacturing process, presence of impurities, stability of the additive and 
fate in foods, dietary exposure assessment, and toxicological data, were 
submitted. 

The AEJEG concluded that no concern was raised from the manufacturing 
process. The AEJEG considered that the toxicological information provided 
by the applicant that formed the basis of the risk assessment was 
satisfactory. 

The AEJEG raised concerns, which were subsequently endorsed by both the 
COT and ACMSF, that a chronic consumption of beverages containing the 
AM-1 additive could lead to the ingestion of a small dose of a product which 
retains antimicrobial properties even after deacylation. 

To address these concerns, a study on the faecal and caecal matter of SD 
rats, treated by oral gavage up to 1000mg/kg/bw/day over 90 days was 
then provided. This was reviewed by the FSA/FSS which concluded that the 
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results do not indicate any biologically meaningful changes in microbiome 
composition at doses as high as 1000mg/kg bw/day following 90 days of 
exposure. 

Overall, the FSA and FSS concluded there was no toxicity, genotoxicity or 
gut microbiome concerns for glycolipids produced using the strain MUCL 
53181 and agreed on a NOAEL of 1000 mg/kg bw per day based on the 
90-day rat study, and the use of a total uncertainty factor of 300 to give an 
ADI of 3.3 mg/kg bw per day. 

2.2. Identity and characterisation of the 
product 
The Applicant has proposed the use of glycolipids from Dacryopinax 
spathularia in accordance with the EFSA guidance for submission of food 
additives (EFSA, 2012) this food additive belongs to the category of 
“Additives derived from botanical sources”. 

The Applicant proposed the following names for the food additive: 

Throughout the application the applicant provided an alternative name 
for the glycolipid product, as AM-1, this is used as an identifier for the 
glycolipids to ensure consistency with the EFSA’s Scientific Opinion adopted 
on 4 May 2021 (EFSA, 2021). In the European Union, Switzerland, Norway, 
Liechtenstein, New Zealand, Australia, Mexico, the United States and other 
jurisdiction, AM-1 is marketed under the specific trademark name 
Nagardo©. For clarity, the term AM-1 will be used to refer to glycolipids 
from this point forwards. 

AM-1 is produced via fermentation of the edible mushroom Dacryopinax 
spathularia, strain MUCL 53181 (internal identifier: FU50088). This was 
collected in French Guiana, an Overseas Department of the French 
Republic, and obtained before 12 October 2014. The applicant stated that 
the strain MUCL 53181 has optimum performance and yield in the 
fermentation process. Only this one specific strain is used to produce the 
AM-1; and this strain is the property of IMD Natural Solutions GmbH, who 
are part of the Lanxess company. 

The AEJEG Members highlighted that the safety assessment and its 
conclusions should apply to glycolipids produced using specifically the 
strain MUCL 53181. 

i. Glycolipids 

ii. AM-1 

• Name: Glycolipids 
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The full classification of Dacryopinax spathularia is: 

AM-1 is a mixture of structurally related long-chain glycolipid congeners, 
with the glycolipids contributing ≥ 93% on dry weight basis, calculated as 
sodium salts. The three main components are provided below in Figure 1. 

• Source: Dacryopinax spathularia strain MUCL 53181 

• E number: E 246 

• Synonyms: AM-1 

• Chemical name: Long-chain glycolipid congeners 

• CAS number: 2205009-17-0 

• Solubility: 10 g/L in water 

• Molecular formula: variable, depending on the acyl groups 

• Molecular weight: variable, depending on the acyl groups 

• Kingdom: Fungi 

• Division: Basidiomycota 

• Subdivision: Basidiomycotina 

• Class: Dacrymycetes 

• Order: Dacrymycetales 

• Family: Dacrymycetaceae 

• Genus: Dacryopinax 
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Figure 1. Structures of three main components of AM-1. 

The remaining components are congeners of the major components, 
sharing the saturated C26:0 fatty acid and the glucopyranosyl-(→)-
xylopyranosyl-(→)- xylopyranosyl trisaccharide moiety but differing in the 
acylation pattern, i.e. the number and position of acyl groups attached to 
the sugar units; the acyl groups are usually acetate and isovalerate. 

For certain batches of AM-1 the minor component 
3-hydroxy-3-methylglutarate (HMG) has been noted as an acyl unit instead 
of acetate and isovalerate; the average calculated concentration of HMG is 
< 1.5% (w/w). 

AM-1 has the following normalised glycolipid profile (Figure 2) as 
determined by high-performance liquid chromatography – mass 
spectrometry (HPLC-MS): 

Figure 2. AM-1 normalised glycolipid, as extracted from Applicant’s Technical Dossier. 

The AEJEG was satisfied that the analytical results for five non-consecutive 
batches of commercially representative AM-1 demonstrated conformance 
to specifications and consistency of AM-1 manufacturing. 

An updated specification was provided to the AEJEG after the original 
Application submission to align with the EFSA approved Glycolipids (E246) 
Specification. 
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2.3. Specification 
Property Value 

Product AM-1 

CAS-No 2205009-17-0 

Chemical Description Glycolipids from Sweet Osmanthus Ear (Dacryopinax spathularia) 

Characteristic Specification Unit 

Appearance, visual Beige to light brown powder Complies 

Olfactory assessment Weak, characteristic Complies 

Shake-Flask Aqueous solubility (10 g/L) Complies 

Turbidity meter (Turbidity (10 g/L in 
water)) 

≤ 28 NTU 

Potentiometric (pH value (10 g/L in 
water)) 

5.0 – 7.0 pH 

Karl Fischer titration (Water content) < 5.0 %(m) 

Kjeldahl (N × 6.25) (Total Protein) < 3.0 %(m) 

Gravimetric (Total fat) < 2.0 %(m) 

AAS (Sodium) 1.7 – 3.3 %(m) 

Gas chromatography (Total glycolipids 
(dry weight basis)) 

≥ 93.0 
%(m) as 
sodium salt 

HPLC-MS 
Identity (standard chromatogram and 
mass spectra) 

Complies 

ICP-MS Arsenic (As) ≤ 1.00 mg/kg 

ICP-MS Cadmium (Cd) ≤ 0.10 mg/kg 

ICP-MS Mercury (Hg) ≤ 0.10 mg/kg 

ICP-MS Nickel (Ni) ≤ 2.00 mg/kg 

ICP-MS Lead (Pb) ≤ 0.70 mg/kg 

Microbial purity - TAMC (Total Aerobic 
Microbial Count) 

≤ 100 CFU/g 

Microbial purity - TYMC (Total Yeast/Mold 
Count) 

≤ 10 CFU/g 

Microbial purity - Coliforms ≤ 3 MPN/g 

Microbial purity - Escherichia coli ≤ 3 MPN/g 

Microbial purity - Salmonella spp. Absent in 25 g Complies 

The Applicant highlighted that the European Commission had not found 
it necessary to include the glycolipid profile in the specifications. 
Furthermore, the Applicant raised that the OECD Technical Guideline 105 
on Water Solubility could not be followed as AM-1 is comprised of a 
mixture of glycolipids. As a consequence, AM-1 is also a biosurfactant 
which does not exhibit classical molecular solubility and this usually makes 
it impossible to determine maximum solubility of the compound. The 
solubility was instead verified at a fixed concentration (10 g/L) in what 
the Applicant refers to as a ‘shake-flask’ test to visually confirm solubility. 
The solution properties of AM-1 were then corroborated by turbidity 
measurements using the same solution, which the Applicant noted is an 
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approach accepted by EFSA (EFSA, 2021). The Applicant defined the 
solubility close to application of the product and to ensure that the value 
reported is of practical relevance for food manufacturers. This value is 
complemented by the determination of turbidity of the same aqueous 
solution, guaranteeing no cloudy solutions are accepted and avoids 
subjective appraisal of turbidity, which would lead to non-reproduceable 
results. 

The AEJEG accepted the method used by the Applicant, and it was noted 
overall the AEJEG considered the product to be water miscible. 

The final product was tested for Coliforms instead of Enterobacteriaceae 
to verify good hygienic practice in the specification of AM-1 (glycolipids). 
With the applicant stating that “both methods are common parameters 
to account for good hygienic practice and are, in practice, regarded to be 
equivalent”. The Applicant further stated “Coliforms belong to the family of 
Enterobacteriaceae and are proposed to be monitored with an even stricter 
value of ≤ 3 MPN/g. We are convinced that the Most Probable Number 
(MPN) method is suitable because it is performed in a liquid solution rather 
than a dry powder. The liquid broth represents the intended use of AM-1”. 

The free fat content listed as <2% was clarified to refer to free fat that did 
not include the fatty acids which are part of (and bound in) the glycolipids; 
fatty acids which are part of (and bound in) the glycolipids are included in 
the specified minimum content of 93% for glycolipids. The AEJEG suggested 
that the specification could instead be labelled as ‘free fat content’ to avoid 
confusion. The AEJEG also suggested that this issue should be flagged to 
risk managers for their consideration. 

2.4. Information on particle size, particle 
size distribution and other physicochemical 
characteristics 
AM-1 is not an ‘engineered nanomaterial’ as defined in Article 3 2. (f) of 
assimilated Regulation (EU) 2015/2283 of the European Parliament and 
of the Council on novel foods. Laser diffraction analysis (LDA) provided 
the particle size distribution, and scanning electron microscopy (SEM) was 
used to verify the laser diffraction results and, additionally, investigate if 
nano-scale material is present as clusters or adsorbed onto larger-scale 
particles. Both techniques were carried out in parallel on six representative 
batches produced in 2019 or 2020. 

LDA shows that the mean particle size was 42.8 µm. The values Dx (10) 
(the size below which10% of the material is present) showed clearly that 
10% of the samples had a size of 10.3 µm or less (the average Dx (10) 
of all samples is 14.9 µm). SEM confirmed that AM-1 consists essentially 
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of spherical particles averaging a few tens of micrometres in size, which 
corresponded with the mean particle size determined by LDA. Only a few 
small particles could be seen on the large crystals, which have particle sizes 
of 200 nm or more. 

2.5. Manufacturing Process 
Fermentation of Dacryopinax spathularia strain MUCL 53181 is conducted 
using glucose as the carbon source in an aerobic submerged culture. 
Starting from a cryogenic working cell bank (WCB), a series of seed cultures 
are grown in shake flasks and then in bioreactors with increasing volumes 
to obtain sufficient living fungal cells to inoculate the main culture. This 
main culture is conducted in fed-batch mode, with start and feed media 
both consisting of glucose and small amounts of yeast extract (commercial 
extract of autolysed Baker’s yeast, Saccharomyces cerevisiae). The culture is 
maintained at 30°C for several days until maximum titre of glycolipids is 
achieved. The feed is stopped, and the cells are further cultivated until no 
free glucose is found in the culture medium. 

Fungal cells are quantitatively removed by microfiltration, followed by 
acidic precipitation of the glycolipids. The precipitate is washed with water 
and neutralized using sodium hydroxide solution. Spray or freeze-drying 
leads to the final product as an off-white, water miscible powder. The 
presence of any remaining intact fungal cells from the source organism 
Dacryopinax spathularia is excluded. This is assured by the design of the 
microfiltration step and has been confirmed by viable fungal cell count 
(using preferred growth conditions for Dacryopinax spathularia strain MUCL 
53181) as well as microscopic control of representative batches. 

The Applicant provided an overview of the manufacturing process as 
provided in Figure 3. The production process follows Good Manufacturing 
Practices (GMP) and Quality Management compliant with Food Safety 
Scheme FSSC22000, including a Hazard Analysis and Critical Control Point 
(HACCP). 
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Figure 3. Manufacturing Process Flow Diagram for AM-1. 

The Applicant later provided further information stating “microscopic 
investigations did not reveal any cell[s] (viable or not) and confirmed the 
absence of any viable fungal cell[s] in the product, therefore strongly 
suggesting that no cells of the production organism are present in the 
commercial product AM-1. These study results corroborate the conclusion 
based on the production process, which physically excludes the presence 
of cells by a series of filtration steps, including microfiltration.” 

Full reports and figures were provided by the Applicant to support these 
claims and the AEJEG deemed these acceptable. 

After pasteurisation, the product is spray dried. The resulting powder is 
then directly mixed in a powder mixer and packaged in a clean room. 
Cleaning procedures and environmental monitoring are in place to 
reasonably prevent any microbial re-contamination. 

The Applicant claimed the risk of contamination with pathogenic microbes 
after pasteurisation is rated to be negligible. Nevertheless, appropriate 
controls are included in the specification of the material to verify microbial 
purity for each batch. 

2.6. Presence of impurities 
The Applicant stated that no impurities other than those listed in the 
specification (protein, fat, water, and sodium chloride) have been observed 
or are expected. The Applicant provided analytical results regarding the 
presence of heavy metals and microorganisms for five non-consecutive 
batches. 
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The Applicant stated by-products are not expected based on the 
manufacturing process as the AM-1 powder enters the powder mixer 
directly from the spray-dryer before this it is pasteurised and concentrated. 
The efficiency of this pasteurisation step was validated by total plate count 
of a minimum n=5 batches. Sampling is done at the beginning, three 
intermediate time points and end of the packaging process, and sub-
samples are combined into one composite sample. 

The composite sample is divided in two parts, and each is analysed for 
a full set of parameters as listed on the Specification in two independent 
laboratories; two-class attribute plans are used for microbial detection and 
enumeration. 

The AEJEG had concerns that as the product is always dispersed in water 
for application in the form of a stock solution, there may contamination 
with pathogenic bacteria such as Listeria. The Applicant responded that 
due to AM-1 being applied as a 1% aqueous stock solution, microorganisms 
susceptible to AM-1 would be killed immediately during stock solution 
preparation. Therefore, there is no hazard identified regarding Gram-
positive food pathogens like Listeria, Bacillus or Staphylococcus. 

AM-1 has reduced or no antimicrobial efficacy against Gram-negative 
pathogenic bacteria. The absence of E. coli, other coliform bacteria and 
Salmonella is confirmed by microbiological sampling and testing. To 
include a generic (“horizontal”) test for aerobic bacteria, which might 
potentially not grow in the specific (“vertical”) assays, total aerobic plate 
count (TAMC) is performed. Further, AM-1 is efficacious against vegetative 
fungal cells, but it is not sporicidal. To address the presence of fungal 
spores, total yeast / mould count (TYMC) is included. 

The Applicant therefore concluded that their setup of production control 
including pasteurization and a cleanroom packaging, besides additional 
analytical data, ensures the high microbial purity of AM-1. 

Heavy metals arsenic (As), lead (Pb), nickel (Ni), cadmium (Cd) and mercury 
(Hg), thresholds have been provided within the specification. Furthermore, 
analytical results for each batch have been given in the Certificate of 
Analysis (COA), the levels permitted in the specification are given in Table 
2. 

Table 2. Heavy metals thresholds provided within the specification. 

Heavy Metal Specification 

As <= 1.00 mg/kg 

Pb <= 0.70 mg/kg 

Ni <= 2.00 mg/kg 

Cd <= 0.10 mg/kg 

Hg <= 0.10 mg/kg 
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Based on the composition and the method of manufacture, the Applicant 
stated the presence of the following impurities can be excluded; alcohol 
(ethanol), benzene, 1,4-dioxan, dioxins, ethylene oxide, formaldehyde, 
Genetically Modified Organisms (GMOs), gluten, glycol ethers, nitrite, 
nitrosamines and pesticides. 

The lyophilised fungal fermentation broth (two independent batches) and 
the glycolipid product AM-1 (two independent batches) were both analysed 
for the presence of mycotoxins, and no mycotoxins were detected. 
Methods of analysis included HPLC, HPLC with tandem MS (HPLC/MS-MS), 
HPLC with a fluorescence detector (HPLC-FLD) and liquid chromatography 
with a triple quadrupole MS (LC-MS/MS). 

Details of the 4 batches that were analysed for potential mycotoxin content 
at the two specialised analytical laboratories, the test reports, limits of 
quantitation and certificates of analysis were provided and reviewed by the 
AEJEG, who concluded these were acceptable. 

The Applicant claimed, based on a literature research and results of their 
in-house analytics, the presence of antibiotics has been excluded. Small 
molecular weight components other than glycolipids and carotenoids, 
which are the only other known secondary metabolites that are produced 
by strain MUCL 53181, were searched for extensively using HPLC-MS, HPLC 
with ultra-violet spectroscopy (HPLC-UV) and HPLC with an evaporative 
light scattering detector (HPLC-ELSD), however no traces were found. 
Furthermore, the anti-bacterial bioassays showed only moderate anti-
bacterial activity in the presence of the glycolipids. Removal of the 
glycolipids from the fermentation broth (e.g. by acidic precipitation) also 
removed the anti-bacterial activity. Therefore, all credible evidence 
available supports the absence of any medically or clinically relevant 
antibiotics in the fermentation broth of strain MUCL 53181. 

Two fermentation samples of Dacryopinax spathularia strain FU50088, four 
AM-1 batches produced at pilot-scale and four commercial batches 
produced in industrial-scale were subjected to analysis by the dereplication 
method at a concentration of 1 g/L or 10 g/L respectively. Four 
representative fungal antibiotics had been previously used to determine 
the detection limit. 

The mass spectra of the antibiotics and all chromatographs of all samples 
showing all detector signals were provided to the AEJEG. 

The signals visible in the different chromatogram traces are summarised 
in Table 3. In chromatograms of the positive electrospray ionization (ESI) 
trace some signals are system-intrinsic signals from the LCMS (artefacts). 
These were detectable in all analyses recorded with this LCMS system and 
method, including blank runs. Therefore, the Applicant concluded these 
peaks did not represent components in the analysis samples. 
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Table 3. Peak assignment for the chromatograms of fermentation samples and AM-1 batches 
black: Signals detected in fermentation samples and in AM-1 batches grey: Signals detected in 
fermentation samples only - not in the AM-1 batches. 

Retention 
time [min] 

Detectable by MW [Da] Compound / 
compound class 

Remarks 

0.9 ELSD, ESI pos 
and ESI neg 

Sodium format In presence of formic acid, 
which is used as buffer in 
the mobile phase, the 
sodium present in AM-1 
appears here. 

0.9 ELSD, ESI pos 
and ESI neg 

180, 342 Carbohydrates 
(mono- and 
disaccharides) 

Nutrient medium 
components 

3.5-11 ESI pos and 
ESI neg 

Ca. 
300-800 

Unknown Nutrient medium 
components 

12-19 ELSD, ESI pos 
and ESI neg 

Ca. 
850-1150 

AM-1 glycolipids Depending on the 
molecular weight and the 
corresponding structure, 
AM-1 glycolipids elute 
within this retention time 
range. 
At higher sample 
concentrations, the 
retention time range 
appears broader because 
minor glycolipid congeners 
become more visible. 

16.4 ESI pos 521 
Lipids, monoacyl 
glycerides 

Probably (residual) 
constituents of the fungal 
cell wall. Trace amounts 
only. 

16.8 ESI pos 497 
Lipids, monoacyl 
glycerides 

Probably (residual) 
constituents of the fungal 
cell wall. Trace amounts 
only. 

18.1 ESI pos 521 
Lipids, monoacyl 
glycerides 

Probably (residual) 
constituents of the fungal 
cell wall. Trace amounts 
only. 

18.2 ESI pos 519 
Lipids, monoacyl 
glycerides 

Probably (residual) 
constituents of the fungal 
cell wall. Trace amounts 
only. 

20.5 ESI pos 281 Oleamide Oleic acid amide. Trace 
amounts. 

21.9 ESI neg 920 Lipids Lipids, not further 
identified 

10.9* BPC pos 

16.3* BPC pos 

17.3* UV, BPC pos 

23.7* BPC pos 

* Artefact signals of the analytical system (these artefacts appear also in the blank sample and therefore do not 
belong to the analysis samples) 
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The assigned signals listed are not present in all the samples. However, if 
there were signals at a given retention time and detector, the identified 
metabolites were identical across all samples. 

Some residual lipids were detectable in the final product batches, 
alongside minor amounts of polar metabolites in the fermentation 
samples. The detection limit for fungal antibiotics for the applied 
methodology was found to be 1 mg/L or below, and a MS detector was 
used as reference for exclusion of the presence of antibiotics or other low-
molecular weight components. 

Considering the limit of detection (LOD) of <1 mg/L and the sample 
concentrations of max. 10 g/L, compounds present at 0.01% of dry weight 
or more are expected to be found. 

During project development, various AM-1 glycolipids had been isolated as 
pure components by preparative chromatography. No metabolites other 
than glycolipids were ever observed. 

The AEJEG determined this information was acceptable. 

2.7. Stability, reaction and fate in foods to 
which the additive is added. 
2.7.1. Dry powder 
AM-1 as a dry powder stored in a closed container is stable at 
temperatures of 40°C and at an ambient temperature of 20 °C for at least 
three years without any detectable degradation or modification of its own 
composition as shown in Table 4 and Table 5. 

Table 4. AM-1 Stability as a dry powder over 36 months at 20°C (ambient). 

Storage 
[Stability over time (months)] 

Recovery [%] Appearance 

0 95.1 Solid powder, light ivory 

6 94.7 Solid powder, light ivory 

12 95.6 Solid powder, light ivory 

24 94.8 Solid powder, light ivory 

36 94.9 Solid powder, light ivory 

Table 5. AM-1 Stability as a dry powder over 36 months at 40°C. 

Storage 
[Stability over time (months)] 

Recovery [%] Appearance 

0 95.3 Solid powder, light ivory 

6 96.5 Solid powder, light ivory 

12 94.7 Solid powder, light ivory 
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Storage 
[Stability over time (months)] 

Recovery [%] Appearance 

24 95.8 Solid powder, light ivory 

36 97.1 Solid powder, light ivory 

Full details of this study and the analytical sample preparation, dilution 
schemes, LCMS setup and determination of stability in [%] from the 
glycolipid profile were submitted to the AEJEG via an RFI response. The 
AEJEG determined that the study design and the results were acceptable. 

Analytical Results 
Physical Stability 
Colour and appearance of the samples were assessed over 36 months; no 
visual changes of the test item were observed at any storage temperature 
and time point. 

Recovery (glycolipid quantification) 
Percent recovery determined by LCMS-based glycolipid quantification did 
not show any change or loss in the glycolipid content at any temperature 
during the test period. Figure 4, raw data was provided by the applicant to 
the AEJEG. 

Figure 4. Percent recovery of glycolipids. 
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Chemical stability (Glycolipid profile) 
The AM-1 glycolipid profile was found unchanged at all temperatures 
throughout the test period of 36 months. Figure 5, raw data was provided 
to the AEJEG by the applicant. 

Figure 5. Percent stability of glycolipids. 

No degradation or hydrolysis of glycolipids, and no change in 
physicochemical properties was found. The Applicant therefore concluded 
that AM-1 as a dry powder was stable at 6 °C, 20 °C, and 40 °C for at least 
36 months. 

When stored as a dry powder in a closed container (HDPE drums) at 
temperatures of 40°C and below, no detectable degradation or 
modification of its composition occurs. This was overviewed in the 
recommended storage conditions as outlined in the Safety Data Sheet, 
which was provided to the AEJEG by the applicant. 

The applicant stated that “Parameters such as light, or oxygen have no 
or negligible effects on the glycolipids since the fatty acid and the 
trisaccharide do not offer a target for a chemical reaction with oxygen or 
light such as autoxidation of the fatty acid. As no UV chromophore or light-
sensitive chemical structure is present, no impact of light or oxygen on 
storage stability is expected.” 

The AEJEG determined this was acceptable. 
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2.7.2. Aqueous solution 
Long term stability tests over 3 years were carried out on the product in 
aqueous solution. Details of the study set up were provided to the AEJEG 
and determined to be acceptable. 

Results 
Physical Stability 
Colour and viscosity of the samples were assessed over 36 months, and 
the findings are summarised in; Table 6, Table 7, Table 8, Table 9 and Table 
10. 

Table 6. Visual appearance of AM-1 solutions at a concentration of 25 mg/l initially and after storage. 
If not depicted otherwise, colour and viscosity were unchanged at each time point. 

Time 
6 °C 
Colour 

6 °C 
Viscosity 

20 °C 
Colour 

20 °C 
Viscosity 

40 °C 
Colour 

40 °C 
Viscosity 

0 h colorless liquid colorless liquid colorless liquid 

12 m 

24 m yellowish 

36 m yellowish 

Table 7. Visual appearance of AM-1 solutions at a concentration of 0.15% initially and after storage. 
If not depicted otherwise, colour and viscosity were unchanged at each time point. 

Time 
Colour 
at 6 °C 

Viscosity 
at 6 °C 

Colour 
at 20 °C 

Viscosity 
at 20 °C 

Colour 
at 40 °C 

Viscosity 
at 40 °C 

0 h colorless, 
turbid 

liquid colorless, 
turbid 

liquid colorless, 
turbid 

liquid 

12 m 

24 m sediment sediment 

36 m sediment sediment 

Table 8. Visual appearance of AM-1 solutions at a concentration of 0.5% initially and after storage. 
If not depicted otherwise, colour and viscosity were unchanged at each time point. 

Time 
Colour 
at 6 °C 

Viscosity 
at 6 °C 

Colour 
at 20 °C 

Viscosity 
at 20 °C 

Colour 
at 40 °C 

Viscosity 
at 40 °C 

0 h pearl 
white 

liquid pearl 
white 

liquid pearl 
white 

liquid 

12 m light ivory 

24 m sediment sediment light ivory 

36 m sediment sediment light ivory 

Table 9. Visual appearance of AM-1 solutions at a concentration of 1.5% initially and after storage. 
If not depicted otherwise, colour and viscosity were unchanged at each time point. 

Time 
Colour 
at 6 °C 

Viscosity 
at 6 °C 

Colour 
at 20 °C 

Viscosity 
at 20 °C 

Colour 
at 40 °C 

Viscosity 
at 40 °C 

0 h ivory slightly ivory slightly Ivory liquid 
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Time 
Colour 
at 6 °C 

Viscosity 
at 6 °C 

Colour 
at 20 °C 

Viscosity 
at 20 °C 

Colour 
at 40 °C 

Viscosity 
at 40 °C 

viscous viscous 

12 m sediment sediment grey sediment 

24 m sediment sediment grey sediment 

36 m sediment sediment grey sediment 

Table 10. Visual appearance of AM-1 solutions at a concentration of 10% initially and after storage. 
If not depicted otherwise, colour and viscosity were unchanged at each time point. 

Time 
Colour 
at 6 °C 

Viscosity 
at 6 °C 

Colour 
at 20 °C 

Viscosity 
at 20 °C 

Colour 
at 40 °C 

Viscosity 
at 40 °C 

0 h ochre-
yellow 

viscous ochre- 
yellow 

viscous ochre-
yellow 

slightly 
viscous 

12 m gel increased 
viscosity 

ochre-
brown 

sediment 

24 m brown-
beige 

gel brown-
beige 

increased 
viscosity 

beige solid 

36 m brown-
beige 

gel brown-
beige 

jelly beige solid 

The AEJEG reviewed the information in Table 3 (Stability) in addition to the 
detailed explanation of the data and photographs of the colour changes 
(Table 4) provided by the Applicant and determined this was acceptable. 

Chemical Stability 
AM-1 is a mixture of glycolipids, all belonging to the same structural class 
and differing in the number and type of small organic acids attached 
as esters to the sugar units. Over time partial hydrolysis of these esters 
(deacylation) occurs. 

Graphs and raw data were provided to the AEJEG, who agreed with the 
Applicant that degradation of the glycolipid core structure (i.e. 
deglycosylation) had not been observed in any of the test samples. 

The Applicant stated that “Non-acylated and monoacylated glycolipids 
(herein referred to as “deacylated glycolipids”) also exhibit antimicrobial 
properties, although with slightly lower potency. Therefore, a stability value 
in this assay of e.g. 90% does not correspond to a loss of 10% of 
antimicrobial activity. Instead, reduction of antimicrobial activity is 
significantly lower than % hydrolysis”. 

Conclusions 
At 6 °C, no change of the AM-1 glycolipid profile was detectable for the first 
twelve months. After 24 and 36 months, only very minor hydrolysis of acyl 
units (<5%) was found in all samples. 
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Physical effects such as sedimentation were found to be fully reversible by 
stirring at 60°C for 10-15 min so were not regarded as a sign of instability. 
Hydrolysis of AM-1 solutions in pure water was found to occur in a time-
dependent manner above 6°C. 

In conclusion, AM-1 solutions in pure water were regarded as chemically 
stable for 1-2 months when stored at room temperature. After 3 months 
or longer storage periods, deacylation of more than 5% of the glycolipids 
had occurred, leading to a modified but still biologically active product. 
Degradation of the glycolipid core structure had not been observed. 
Increased viscosity and sedimentation were observed but were regarded 
as reversible effects. 

At 40 °C, hydrolysis of ester units proceeds faster than at ambient 
temperature. After 1 month, 5-10% of the glycolipids had been hydrolysed 
to mono- and deacylated glycolipids. The hydrolysis rate was similar for 
all AM-1 concentrations, being circa. 55-70% within 12 months. With 
increasing incubation time, the rate was reduced to 15-20% for the 12-25 
months period. After 25 months a plateau was reached, and further 
hydrolysis could be detected only to a minor extent. 

In conclusion, at 40°C AM-1 solutions in pure water were regarded as 
chemically stable for 2-7 days when stored. At the end of the test period, 
non-esterified glycolipids are the predominant species, ensuring at least a 
basic antimicrobial effect. Other degradation products were not observed 
in significant amounts. Visually, darkening of the samples was observed 
for all concentrations. Sedimentation occurred at 1.5% and 10% AM-1 (12 
months), solidification at 10% AM-1 level only (24 months). 

The Applicant recommended that AM-1 solutions be stored under 
refrigerated (4 – 8°C) conditions for up to 1 year, e.g. for use in a laboratory 
environment. Longer storage periods of AM-1 solutions in industrial 
beverage production would not be required, are not feasible, not intended 
and not foreseen. Instead, AM-1 powder would be dissolved into a stock 
solution on the day of production. 

2.7.3. Beverage Applications 
The stability of AM-1 in beverages was tested in 110 commercially obtained 
beverages chosen from different categories, including carbonated soft 
drinks (CSD), fruit drinks (FD), enhanced waters, sport drinks, energy 
drinks, syrups and various ready-to-drink teas and stored for 3 months 
at ambient temperature. “Analysis was conducted via HPLC-MS due to 
technique being able to differentiate between individual glycolipid 
congeners of the glycolipid mixture”. Degradation of the glycolipids to its 
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principal components: glucose, xylose and long chain fatty acids (LCFA) did 
not occur in any beverage. Details of the study design and analysis were 
provided to the AEJEG and determined to be acceptable. 

AM-1 was determined to be stable in beverage applications of various pHs 
under typical storage conditions, with the hydrolysis of the ester moieties 
of the glycolipids dependent on the pH value and cloudiness of the 
individual beverage. Beverages with low pH generally showed a higher 
degree of ester hydrolysis compared to cloudy fruit juices, and beverages 
with a pH greater than 3.5 showed low degrees of ester hydrolysis. Figure 
6 in which a percentage of 100% corresponds to a complete deacylation 
of the glycolipid mixture, raw data was also provided to the AEJEG for all 
substances. 

Figure 6. Percent of non-acylated (i.e. hydrolysed) glycolipids versus pH value for AM-1 in various 
beverages preserved with AM-1, after 3 months storage at ambient temperature. [CSD = 
carbonated soft drinks, FD = fruit drinks]. 

Results 
The ratio of deacylated glycolipids in a glycolipid mixture is a measure for 
AM-1 stability in beverages: the lower the ratio of non-acylated glycolipids 
the more stable the glycolipid mixture. The Applicant claimed the 
preserving properties of partially deacylated glycolipids are still very good 
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but slightly reduced compared to the initial material. This was shown by 
antimicrobial tests; however, the data were not reported in the dossier 
submitted to the FSA. 

Hydrolysis of ester moieties of the glycolipids was found, to a degree, 
to be dependent on the pH value and cloudiness of the beverage: those 
with a pH >3.5 showed only low degrees of ester hydrolysis compared to 
carbonated soft drinks of lower pH. 

The Applicant highlighted how it was important to note that “even after 
deacylation, the glycolipid structures as such remain intact. There have 
been no findings of deglycosylation of glycolipids in the analysed 
beverages, i.e. there is no decomposition of glycolipids into long-chain fatty 
acids (LCFA) and sugar units”. 

The Applicant also confirmed that the long-chain glycolipids of AM-1 were 
not prone to oxidation due to the fatty acid backbone being fully saturated, 
and no other chemical units prone to oxidation being present. The 
applicant stated that the presence of oxygen will impact microbial growth 
and risk for a beverage, but not the stability of AM-1. 

Furthermore, the long-chain glycolipids were not degraded by the 
influence of light and do not contain UV/VIS chromophores such as 
unsaturated fatty acids or aromatic rings and were therefore not expected 
to be degraded by the impact of sunlight. 

2.7.4. Hydrolysis in aqueous solutions 
The Applicant claimed the hydrolysis of ester moieties proceeds in a time, 
pH, and temperature dependent manner, shifting towards deacylated 
glycolipids as shown in Figure 7. The hydrolysis products are acetate and 
isovalerate which are normal constituents of the human diet and if 
absorbed are rapidly eliminated and may be metabolised to CO2. 

Figure 7. Hydrolysis mechanism for AM-1 glycolipids. 
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The Applicant stated that longer incubation times, lower pH values (<3.5) 
and higher temperatures (≥40°C) all favour the hydrolysis of acetyl and 
isovaleryl ester moieties of the AM-1 glycolipids, increasing the ratio of 
deacylated glycolipids present in the mixture. The best antimicrobial 
efficacy is observed for the acylated glycolipids, and partial or full 
deacylation reduces the potency. However, even the fully deacylated long-
chain glycolipids maintain very similar antimicrobial properties, with only 
slightly (2-fold) higher Minimum Inhibitory Concentrations (MICs). 

At the point in time when partial deacylation has occurred in beverage 
applications, it is expected that the residual viable cell count is already 
zero or close to zero (e.g. only very few remaining spores). Therefore, the 
conclusion is that the antimicrobial properties of the deacylated glycolipids 
are suitable for their intended use. 

There are no degradation products of safety concern associated with AM-1 
for both the bulk material or when formulated in low pH beverage 
application under the typical storage and use conditions. The hydrolysis 
mechanism and resulting products are expected to be the first step of 
degradation in the gastrointestinal tract following ingestion of AM-1 and is 
consistent with experimental results in simulated gastric / intestinal fluid 
and in rodents. 

The hydrolysis of AM-1 containing the 3-hydroxy-3-methylglutarate (HMG) 
acyl unit has been covered in the safety assessment of exposure to this 
constituent and is presented within the toxicity section. 

Chemically, AM-1 glycolipids can be described as biosurfactants having a 
hydrophobic long-chain fatty acid backbone and hydrophilic trisaccharide 
unit. Therefore, physical interactions with the beverage matrix such as 
adsorption effects are expected to occur and explain the different dosages 
required for AM-1 to be applied in different beverage matrices. However, 
no chemical reactivity has been observed for the glycolipids and no 
chemical interaction is expected based on the low reactivity (almost 
inertness) of the saturated chemical structures of the components. This 
is supported by the stability data for AM-1 in beverages and in solution, 
where a change of the glycolipid composition has been shown due to 
partial deacylation, but the full amount/concentration of the product was 
shown to be persistently present throughout the product’s shelf life. 

2.8. Existing authorisations and previous 
risk assessments 
AM-1 has been authorised for use in Europe, Canada, Australia and New 
Zealand. It has been assessed as GRAS (‘generally recognised as safe’) 
within the United States. The Applicant confirmed that the same studies 
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had been submitted to EFSA, Health Canada (HC) and Food Standards 
Australia New Zealand (FSANZ), with differing Acceptable Daily Intakes 
(ADIs) established by these regulating bodies. 

2.8.1. Australia and New Zealand (FSANZ) 
AM-1 has been authorised in Australia and New Zealand by the Food 
Standards Australia New Zealand (FSANZ) in 2021 in Amendment No. 198 
to the Australia New Zealand Food Standards Code. 

FSANZ had assessed an Application from LANXESS Deutschland GmbH 
to amend the Australia New Zealand Food Standards Code (the Code) 
to permit the use of a long-chain glycolipid mixture [AM-1] derived from 
Dacryopinax spathularia (‘jelly mushroom glycolipids’) for use as a food 
additive (preservative) in non-alcoholic beverages. 

The maximum permitted levels of jelly mushroom glycolipids to be 
permitted in the associated non-alcoholic beverages categories are: 

The ADI was based on the lowest NOAEL identified in animals, 500 mg/
kg bw per day in Beagle dogs. FSANZ applied an uncertainty factor (UF) of 
10 for extrapolation from animals to humans, an UF of 10 for variability 
between humans, and an UF of 3 allowing for extrapolation from a 

1. 100 mg/kg for fruit and vegetable juices and fruit and 
vegetable juice products 

2. 50 mg/kg for water based flavoured drinks; 

3. 20 mg/kg for Formulated Beverages; 

4. 10 mg/kg for coffee, coffee substitutes, tea, herbal infusions 
and similar products; 

5. 100 mg/kg for non-alcoholic beer. 

In a 90-day Good Laboratory Practice (GLP)-compliant study 
in Sprague Dawley rats, no adverse effects were found at 
the highest dose administered, equivalent to 1201 and 
1423 mg/kg bw per day in male and female rats, 
respectively. In a 90-day GLP-compliant study in Beagle 
dogs, a significant reduction (relative to that of controls), 
in group mean cumulative bodyweight gain was seen in 
female dogs, with a corresponding but non-significant 
reduction in group mean food consumption, at 1000 mg/kg 
bw per day. This observation was considered to be adverse 
by FSANZ. FSANZ considered that the No Observed Adverse 
Effect Level (NOAEL) for this study was 500 mg/kg bw per 
day. 
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subchronic study to chronic exposure, for a total UF of 300. An uncertainty 
factor of 3, rather than 10, was selected because there was a clear NOAEL 
at 500 mg/kg bw per day, and the effect is minimal at twice that value, 
although the dogs were at an age when growth is rapid and energy 
requirement is high. The ADI was established by division of the lowest 
NOAEL (500 mg/kg bw per day) by the total UF (300), approximately 
equalling 1.6, and rounded to 2.0 mg/kg bw per day. 

FSANZ approved the use of ‘sweet osmanthus ear glycolipids’ which was 
considered a more appropriate term for AM-1 as a food additive in non-
alcoholic beverage categories at the maximum permitted levels sought. 
The Amendment No. 198 to Food Standards Code permitting the use of 
AM-1 was gazetted in Australia (No. FSC 139, 26 March 2021) and published 
in the New Zealand Gazette. 

2.8.2. Canada (HC) 
Health Canada’s Food Directorate received a food additive submission 
seeking approval for the use of long-chain glycolipids [AM-1] from 
Dacryopinax spathularia MUCL 53181 as a preservative in certain 
standardized and unstandardised non-alcoholic beverages. This request 
was approved in June 2022. The requested maximum use levels range from 
25 parts per million (ppm) to 100 ppm in the finished beverage. 

The Food Directorate concluded that information related to the safety and 
efficacy of long-chain glycolipids from D. spathularia MUCL 53181 supports 
its use as an antibacterial agent and an antifungal/antimycotic agent in the 
beverages of interest in the below Food Categories. 

Health Canada established an ADI of 2.5 mg/kg bw, noting its use as a 
preservative as proposed does not pose any chemical, microbiological, 
nutritional or toxicological safety concerns. 

The ADI established by Health Canada is defined as a “Regulatory ADI”, a 
term which Health Canada have used themselves. Based on the existing 
data, Health Canada had established an ADI that was sufficiently high to 
support the requested Application of glycolipids for the following food 
categories: 

Table 11. Health Canada’s permitted food categories and levels. 

Food category Maximum permitted 
level (MPL) (mg/L) 

Caffeinated energy drinks; Sports drinks; Unstandardized fermented tea 
beverages; Unstandardized tea beverages 

50 

Concentrated (naming the fruit) juice, except frozen concentrated orange 
juice; (naming the fruit) Juice; (naming the fruits) Juice; Unstandardized 
vegetable juices 

100 
in juices as consumed 

Concentrates for unstandardized non-alcoholic carbonated beverages; Non-
carbonated sweetened flavoured water-based beverages with vitamin and 

25 
in beverages as 
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Food category Maximum permitted 
level (MPL) (mg/L) 

mineral nutrients added; Unstandardized non-alcoholic carbonated 
beverages 

consumed 

Concentrates for unstandardized non-alcoholic non-carbonated flavoured 
water-based beverages; Mixes for unstandardized non-alcoholic non-
carbonated flavoured water-based beverages; Unstandardized fruit-based 
beverages; Unstandardized fruit and vegetable-based beverages; 
Unstandardized vegetable-based beverages; Unstandardized non-alcoholic 
non-carbonated flavoured water-based beverages 

80 
in beverages as 

consumed 

The results of the premarket assessment support the safety and efficacy 
of long-chain glycolipids from D. spathularia MUCL 53181 for use as a 
preservative as set out in the table above (Table 11). Health Canada 
therefore proposed to enable the uses of this new food additive as shown 
above. The Food Inspection Agency Canada (FIAC) also approved the 
synonym Glycolipids for labelling in Canada. 

The Applicant highlighted to the AEJEG that “the MPLs [Maximum 
permitted level] approved by Health Canada are significantly higher than 
those requested for in the UK and include fruit juices as a category which 
has not been applied for in the UK. Health Canada considered a Regulatory 
ADI of 2.5 mg/kg bw to be sufficiently high to approve the MPLs as listed in 
the above table” (Table 11). 

The Applicant also reported to the FSA that Health Canada has confirmed 
that they would revise the ADI if they received Applications for higher MPLs 
and/or additional food categories. Health Canada also confirmed that they 
would align the ADI of glycolipids with an ADI established by JECFA as soon 
as it is available. 

The AEJEG was not provided with confirmation in writing of the actual 
statements made by Health Canada. Following discussion, the AEJEG noted 
a difference in interpretation regarding the information provided by Health 
Canada. The AEJEG disagreed with the Applicant that the Health Canada 
ADI was linked to the proposed use levels and, subsequently, that they are 
subject to change. 

2.8.3. EFSA 
In 2021 the EFSA Panel on Food Additives and Flavourings (FAF) provided a 
scientific opinion on the safety of long-chain glycolipids from Dacryopinax 
spathularia (also called AM-1) as a food additive. 

Considering the available dataset the Panel established an ADI of 10 mg/
kg bw per day based on a range of NOAELs between 1,000 and 1,423 mg/
kg bw per day (the highest doses tested), from the reproductive and a 
prenatal developmental toxicity study in rats and 90-day studies in rats and 
dogs (Bitzer et al., 2018). 
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At the proposed maximum use levels, the exposure estimates ranged at 
the mean from 0.01 to 1.07 mg/kg bw per day and at the p95 from 0 to 3.1 
mg/kg mg/kg bw per day. This data set was reported by EFSA (2021) and 
although it is noted that the range for the p95 starts at a lower value than 
that for the mean this was all the data provided by the Applicant. 

At the proposed typical use levels, the exposure estimates ranged at the 
mean from < 0.01 mg/kg bw per day to 0.23 mg/kg bw per day and at the 
p95 from 0 to 0.64 mg/kg bw per day. 

The EFSA Panel noted that the highest estimate of exposure of 3.1 mg/
kg bw per day in toddlers is within the established ADI of 10 mg/kg bw 
per day and concluded that the exposure to long-chain glycolipids from 
Dacryopinax spathularia did not raise a safety concern at the uses and use 
levels proposed by the Applicant. 

Commission Regulation (EU) 2022/1037 of 29 June 2022 amending Annex 
II to Regulation (EC) No 1333/2008 of the European Parliament and of the 
Council and the Annex to Commission Regulation (EU) No 231/2012 as 
regards the use of glycolipids as a preservative in beverages came into 
force on the 20 July 2022. 

2.8.4. United States 
AM-1 had been assessed as generally recognised as safe (GRAS) in 
accordance with section 201(s) (21 U.S.C. § 321(s)) of the Federal Food, 
Drug, and Cosmetic Act (21 U.S.C. § 301 et. Seq.) of the United States 
of America. The Applicant provided further details of this evaluation. 
However, the AEJEG considered as the system works differently in the USA, 
and as it possible for companies to self-certify an ingredient as GRAS as 
opposed to this being determined by the FDA, it was agreed that the GRAS 
status would have limited impact on the AEJEG conclusions. 

2.8.5. Applicant’s comments on differences of 
the evaluation between FSANZ and EFSA. 
The Applicant provided a comment to the AEJEG regarding the differences 
between the FSANZ and EFSA evaluation conclusions, “FSANZ applied a 
NOAEL of 500 mg/kg bw per day (instead of 1,000) and a safety factor 
of 300 (instead of 100) because of their interpretation of the toxicological 
data. EFSA did not concur with FSANZ’s assessment and determined the 
NOAEL to be 1,000 mg/kg bw per day and saw no need to deviate from the 
usual safety factor of 100”. 
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2.8.6. Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) 
the FSA/FSS note that at the 100th meeting in June 2025, JECFA considered 
and assessed the safety of glycolipids. The Joint FAO/WHO Committee 
concluded that the estimated dietary exposures did not raise any safety 
concerns. 

2.9. Proposed normal and maximum use 
levels. 
The Applicant proposed AM-1 be used in the following categories of food 
(Table 12) according to Annex II Part D of Regulation (EC) No 1333/2008 on 
food additives with the following use levels: 

Table 12. Proposed use levels of AM-1 provided by the applicant. 

Food category Normal 
use level 

Maximum 
proposed use 

level 

14.1.4 Water-based flavoured drinks, incl. sport, energy, 
electrolyte and particulated drinks 

10 mg/l 50 mg/l 

14.1.5.2 Other (only liquid tea concentrates and liquid fruit 
and herbal infusion concentrates) 

10 mg/l 20 mg/l* 

14.2.1 Beer and malt beverages 
(only alcohol free) 

10 mg/l 50 mg/l 

* Maximum level applies to the ready-to-drink products and their mixes and concentrates after preparation and 
ready for consumption. 

2.10. Dietary exposure assessment and 
data on dietary sources 
The Applicant submitted dietary exposure estimates for glycolipids (AM-1) 
based on the proposed maximum and normal use levels using EFSA’s Food 
Additive Intake Model (FAIM). Calculations were performed on 11th January 
2022, with an ADI of 0-10 mg/kg bw per day based on the 1000 mg/kg bw 
per day NOAEL from the 90-day oral toxicity study in Beagle dogs (Bitzer, 
Henkel, Nikiforov, Rihner, & Henderson, 2017) and a safety factor of 100 
for AM-1 used to calculate the margin of safety. This original exposure 
assessment is provided in Appendix 1. 

It was noted that when running these calculations, the values calculated by 
the AEJEG were higher than those presented by the Applicant. The AEJEG 
considered this could be due to the version of the model used by the 
Applicant in their submission or the way they have assigned the use levels 
to the specific food commodities. 

Safety Assessment on AM-1 Glycolipids Used as a New Food Additive (RP1457)

FSA Research and Evidence 26



The AEJEG agreed the recalculated exposures (performed by the AEJEG) 
should be utilised for the Committee Advice Document on AM-1. 

The recalculated dietary exposures have been presented below based on 
the following use levels and inputs into the EFSA’s FAIM tool revision. 21 
(calculations performed in June 2024): 

Based on the maximum use levels, dietary exposures were provided in 
Table 13. 

Table 13. Maximum use, Minimum and Maximum Mean, and 95th percentile dietary exposure per 
age class (Per kg bw day) as calculated by the AEJEG. 

Population Group Min 
Average 

Max 
Average 

Min 
95th 

Max 
95th 

Infants 
(0-11 months) 

0.009 0.255 0.000 0.875 

Toddlers 
(12 months -3 years) 

0.024 1.044 0.100 3.078 

Other children 
(4-12 years) 

0.069 0.978 0.339 2.159 

Adolescents 
(12 -17 years) 

0.065 0.573 0.305 1.342 

Adults 
(18 -under 65 years) 

0.080 0.384 0.296 1.317 

Elderly (from 65 to less than 75 years old) and very 
elderly (75 years old and over) 

0.026 0.241 0.117 0.678 

Based on the typical use levels, dietary exposures were provided in Table 
14. 

Table 14. Typical use, Minimum and Maximum Mean, and 95th percentile dietary exposure per age 
class (Per kg bw day). 

Population Group Min 
Average 

Max 
Average 

Min 
95th 

Max 
95th 

Infants 
(0-11 months) 

0.003 0.117 0.000 0.375 

Toddlers 
(12 months -3 years) 

0.005 0.223 0.020 0.637 

Other children 
(4-12 years) 

0.017 0.209 0.080 0.457 

Adolescents 
(12 -17 years) 

0.014 0.131 0.068 0.297 

Adults 
(18 – under 65 years) 

0.017 0.106 0.068 0.281 

Elderly (from 65 to less than 75 years old and very 
elderly (75 years old and over) 

0.010 0.097 0.046 0.214 

These intakes were marginally higher than the estimates provided by the 
Applicant and the AEJEG considered this as the worst-case scenario. It 
was also noted that intakes for UK consumers (based on the Applicant’s 
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submission) were lower than the intakes presented above for the critical 
EU diet for each corresponding consumer group. The AEJEG noted that the 
reliance on non-UK exposure estimates added a degree of uncertainty that 
was assumed to lead to an overestimate of exposure. 

The Applicant also indicated that intakes may be overestimated due to it 
not being possible to distinguish between alcohol-containing and alcohol-
free variants within category 14.2.1 (beer and malt beverages). However, 
the AEJEG also considered that the consumption patterns of non-alcoholic 
and alcoholic beverages should be viewed as similar. Nevertheless, it 
should be noted that this food category does not contribute to the 
exposure of the critical consumer (toddler). 

The highest exposure based on the maximum use level was 3.08 mg/kg bw 
per day (max 95th Percentile for toddlers). However, this intake is reduced 
to 0.64 mg/kg bw per day when considering typical use levels, and the 
AEJEG agreed this reflected a more realistic scenario when considering 
long-term/lifetime exposures. 

Exposure was compared to the ADI agreed by the AEJEG of 3.3 mg/kg bw 
per day, based on the NOAEL of 1000 mg/kg bw per day for the 90-day rat 
study (LPT, 2015) with an uncertainty factor of 100 x 3 (to account for the 
subchronic nature of the study). 

The AEJEG noted intakes for all consumers are below this level for both the 
typical and maximum use levels. It is recognised that the maximum use 
level scenario is highly conservative, and typical use is more representative 
of lifetime exposure. 

2.10.1. Exposure to contaminants 
For inclusion in the Committee Advice Document, the AEJEG performed a 
dietary exposure calculation for the heavy metals present in the product. 

Maximum exposures to toxic elements (arsenic, lead, nickel, cadmium 
and mercury) from the use of these glycolipids were estimated from their 
maximum limits provided in the specification and the maximum 95th 
percentile exposure for the maximum use levels for toddlers. Calculations 
and reference points for each element have been provided in Table 15. 

Table 15. Maximum exposures to toxic elements (arsenic, lead, nickel, cadmium and mercury) and 
reference points. 

Toxic 
element 

Specification 
(mg/kg) 

Maximum exposure (from 
3.08 µg/kg bw per day at 

95th percentile) 

BMDL01 / TDI / TWI 
(µg/kg bw per day) 

MOE / 
MOS / 
%TDI / 
%TWI 

Arsenic 1 0.0031 0.3-8 (BMDL01; 
(EFSA CONTAM 
Panel, 2009b)) 

97-2580 
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Toxic 
element 

Specification 
(mg/kg) 

Maximum exposure (from 
3.08 µg/kg bw per day at 

95th percentile) 

BMDL01 / TDI / TWI 
(µg/kg bw per day) 

MOE / 
MOS / 
%TDI / 
%TWI 

Lead 0.7 0.0062 0.5 (BMDL01; (EFSA 
CONTAM Panel, 

2010)) 

227 

Nickel 2 0.0062 13 (TDI; (EFSA 
CONTAM Panel, 

2020)) 

0.05 % 

Cadmium 0.1 0.0031 2.5 (TWI; (EFSA 
CONTAM Panel, 

2009a)) 

0.01 % 

Mercury 0.1 0.0031 4 (TWI; (EFSA 
CONTAM Panel, 

2012)) 

0.008 % 

The AEJEG noted that the reference points for arsenic were based on 
carcinogenicity and that EFSA had indicated the MOE should be 10,000, 
and for lead the MOS/MOE should be 1 or greater with the reference point 
based on a BMDL01 of 0.5 μg/kg bw per day (EFSA CONTAM Panel, 2010). 

Arsenic levels were considered by the AEJEG as a potential concern as the 
margin of exposure (MOE) for arsenic was 2,500, where a normal value 
of 10,000 would be expected when based on the Benchmark Dose Level 
(BMDL). However, Members acknowledged that other agencies did not 
consider this to be a significant issue. Levels of the other metals did not 
give rise to any safety concerns. 

2.10.2. Exposure in other sources 
Glycolipids such as AM-1 are part of the normal human diet, the most 
abundant sources being eggs, dairy and cereal. Sphingolipids are 
important components of the cell membrane, glycerolipids and 
phosphoglycerolipids (both having shorter lipid chain lengths than AM-1) 
are abundant membrane lipids and as such part of the human diet. 

The Applicant was asked to provide clarification whether the use of the 
additive will produce exposure to any other toxicologically relevant 
substances, e.g. from potential residues of degradation products, reaction 
products, and contaminants. The Applicant replied that “the potential 
degradation products of AM-1 are simple components such as small 
organic acids, glucose and fatty acids, all of which are of no toxicological 
concern”. 
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2.11. Biological and toxicological data 
2.11.1. Historical Consumption 
Glycolipids are part of the normal human diet, with the most abundant 
sources identified as eggs and dairy products, cereals and soybeans (Leray, 
2015). The fruiting bodies of the producer organism (Dacryopinax 
spathularia) are edible and have traditional use as food in many countries 
in Asia and Africa. Furthermore, a field guide to foraging mushrooms in 
Oregon (USA) includes a recipe with Dacryopinax spathularia alongside 
identification of this edible mushroom (Meuninck, 2017), showing use as 
food in the USA. 

Dacryopinax spathularia is listed in the Food and Agriculture Organization 
of the United Nations (FAO) compendium on edible mushrooms (Boa, 
2004) with proven food use documented in China (Zhishu et al., 1993), 
Indonesia (Ellen, 2008) and Cameroon (van Dijk et al., 2003). 

The Applicant claimed the presence of AM-1 as a constituent in collected 
fruiting bodies of Dacryopinax spathularia had been confirmed by HPLC-
MS analyses. Further, AM-1 was also found in small fruiting bodies of the 
producer strain MUCL 53181 grown on wood substrate in the laboratory. 

2.11.2. Applicant’s Safety Assessment of AM-1 
Production Organism 
The safety of the AM-1 production organism Dacryopinax spathularia MUCL 
53181 was assessed by the Applicant utilising scientific procedures 
outlined by Pariza and Johnson (2001) for safety evaluation of microbial 
enzyme preparations used in food processing. Using the paradigm, the 
AM-1 ingredient may be considered the “test article” that is produced by 
a mushroom fermentation culture, which is comparable to an enzyme 
preparation produced by a microbial culture. 

Based on the Pariza and Johnson (2001) Decision Tree Analysis of AM-1 
Production Organism the Applicant concluded that Dacryopinax spathularia 
MUCL 53181 is considered safe for use in the production of AM-1 as an 
ingredient for human consumption. 

2.11.3. Toxicological studies (Toxicokinetics and 
Toxicity) 
Literature papers, as well as study reports were provided; all safety studies 
have been performed by LANXESS or its subsidiaries using glycolipids 
(AM-1) as a test material. 
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2.11.4. Absorption, Distribution, Metabolism and 
Excretion (ADME) Profile of AM-1 
Male and female Sprague Dawley rats aged 8-10 weeks were used to 
evaluate the pharmacokinetics, excretion balance (mass balance as a 
measurement of test-article equivalents in excreta samples), and tissue 
distribution of [14C]-AM-1 and [14C]-Long Chain Fatty Acid (LCFA) 
equivalents following single or repeated administration. The study was 
performed in compliance with GLP Regulations, and the study protocol was 
designed in general accordance with U.S. FDA Redbook Guideline Redbook 
II Guidelines, Toxicological Principles for the Safety Assessment of Food 
Ingredients, Chapter V B, Metabolism and Pharmacokinetic Studies (FDA, 
1993), and OECD Guideline 417. 

Based on previous in-vitro experiments in simulated gastric fluid and in 
pharmacokinetics studies in rats with [13C]-AM-1, it was hypothesized that 
AM-1 passes mostly unchanged to the lower GI tract after ingestion. Within 
the lower intestine, predominantly the ester linkages and partially the 
glycosidic linkages are prone to hydrolysis by microflora, to its components 
glucose, xylose, acetate, isovalerate and long chain fatty acids (LCFA) 
molecules, as shown in Figure 8. 

Figure 8. Proposed degradation of AM-1 to LCFA. First (step a), sequential hydrolysis of ester 
groups occurs. According to the Applicant, total hydrolysis, i.e. deglycosylation towards the free 
fatty acids is observed only when heated with strong acids or by microbial transformation. 

Since it was anticipated that its minor components, glucose, xylose, 
acetate, and isovalerate, would be further metabolized rapidly and 
incorporated for normal physiological functions, the major hydrolysis 
component of AM-1, i.e., LCFA, was studied in parallel to AM-1. This 
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approach allowed the pharmacokinetics, excretion balance, and tissue 
distribution experiments to elucidate the ultimate fate of the parent 
compound, AM-1, by also studying its major hydrolysis product, LCFA. 

For all study phases, rats received equimolar doses of either [14C]-AM-1 or 
[14C]-LCFA via oral or intravenous (IV) administration calculated on a mg/
kg body weight basis using a dosage volume of 10 ml/kg for the oral route 
and 2 ml/kg for the IV route. This was followed by collection of biological 
samples at specified intervals. Details regarding the respective molecular 
weights (MW) used, dose groups, number of animals, and samples 
collected in each phase of the study are presented below. 

For the repeated dose phases, rats received a single daily oral dose of 
either AM-1 or LCFA for 14 consecutive days followed by a single oral 
dose of [14C]-AM-1 or [14C]-LCFA. Following dosing in the pharmacokinetic 
phase, blood samples were collected from 3 animals/sex rotating among 
3 sub-groups at selected time points through to 72 h post-dosing. In the 
excretion balance phases, expired air, activated carbon (from the activated 
carbon trap for volatile organic compounds), urine, faeces, cage rinse, cage 
wash, and select carcass samples were analysed for total radioactivity by 
liquid scintillation counting (LSC). 

At approximately 1, 2, 4, 8, 24, 48, and 168 h post-dosing, 1 animal/sex/
QWBA group was anesthetised with isoflurane and a whole blood sample 
of approximately 4 mL was collected via cardiac puncture into tubes 
containing K3EDTA as the anticoagulant. Concentrations of radioactivity 
were calculated in a range of selected tissues for both sexes. 
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Table 16. Experimental design and group assignment during a pharmacokinetics, excretion balance, and tissue distribution study of [14C]-AM-1 and [14C]-LCFA in Sprague 
Dawley rats. Pharmacokinetic Phase, on blood samples. 

Group Route 
Test 

Substance 

MW 
(g/

mol) 

Dose 
Concentration 

(mg/mL) 

Target Dosage 
Level 

(mg/kg bw)* 

Target Dosage 
Level 

(mmol/kg bw) 

Dosage 
Volume 

(mL/kg bw) 

Approximate 
Radioactivity 

(µCi/kg)** 

Number of 
Animals 

1 Oral AM-1 985 10 100 0.10 10 100 9M/9F 

2 Oral LCFA 455 4.6 46 0.10 10 100 9M/9F 

3 IV AM-1 985 5 10 0.010 2 60 9M/9F 

4 IV LCFA 455 2.3 4.6 0.010 2 24 9M/9F 

QWBA = quantitative whole-body autoradiography 
* Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 99% to 101% of target mg/kg dosage level. 
** Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 76% to 97% of target µCi/kg radioactivity. 

Table 17. Experimental design and group assignment during a pharmacokinetics, excretion balance, and tissue distribution study of [14C]-AM-1 and [14C]-LCFA in Sprague 
Dawley rats. Single Dose – Excretion Balance Phase, Urine, Faeces and Expired Air samples. 

Group Route 
Test 

Substance 

MW 
(g/

mol) 

Dose 
Concentration 

(mg/mL) 

Target Dosage 
Level 

(mg/kg bw)* 

Target Dosage 
Level 

(mmol/kg bw) 

Dosage 
Volume 

(mL/kg bw) 

Approximate 
Radioactivity 

(µCi/kg)** 

Number of 
Animals 

5 Oral AM-1 985 10 100 0.10 10 100 3M/3F 

6 Oral LCFA 455 4.6 46 0.10 10 100 3M/3F 

QWBA = quantitative whole-body autoradiography 
* Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 99% to 101% of target mg/kg dosage level. 
** Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 76% to 97% of target µCi/kg radioactivity. 

Safety Assessment on AM-1 Glycolipids Used as a New Food Additive (RP1457)

FSA Research and Evidence 33



Table 18. Experimental design and group assignment during a pharmacokinetics, excretion balance, and tissue distribution study of [14C]-AM-1 and [14C]-LCFA in Sprague 
Dawley rats. Single Dose – QWBA Phase, on Blood, and Carcass for QWBA samples. 

Group Route 
Test 

Substance 

MW 
(g/

mol) 

Dose 
Concentration 

(mg/mL) 

Target Dosage 
Level 

(mg/kg bw)* 

Target Dosage 
Level 

(mmol/kg bw) 

Dosage 
Volume 

(mL/kg bw) 

Approximate 
Radioactivity 

(µCi/kg)** 

Number of 
Animals 

7 Oral AM-1 985 10 100 0.10 10 100 7M/7F 

8 Oral LCFA 455 4.6 46 0.10 10 100 7M/7F 

QWBA = quantitative whole-body autoradiography 
* Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 99% to 101% of target mg/kg dosage level. 
** Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 76% to 97% of target µCi/kg radioactivity. 

Table 19. Experimental design and group assignment during a pharmacokinetics, excretion balance, and tissue distribution study of [14C]-AM-1 and [14C]-LCFA in Sprague 
Dawley rats. Repeated Dose – Excretion Balance Phase, on Urine, Faeces and Expired Air samples. 

Group Route 
Test 

Substance 

MW 
(g/

mol) 

Dose 
Concentration 

(mg/mL) 

Target Dosage 
Level 

(mg/kg bw)* 

Target Dosage 
Level 

(mmol/kg bw) 

Dosage 
Volume 

(mL/kg bw) 

Approximate 
Radioactivity 

(µCi/kg)** 

Number of 
Animals 

9 Oral AM-1 985 10 100 0.10 10 100 3M/3F 

10 Oral LCFA 455 4.6 46 0.10 10 100 3M/3F 

QWBA = quantitative whole-body autoradiography 
* Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 99% to 101% of target mg/kg dosage level. 
** Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 76% to 97% of target µCi/kg radioactivity. 
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Table 20. Experimental design and group assignment during a pharmacokinetics, excretion balance, and tissue distribution study of [14C]-AM-1 and [14C]-LCFA in Sprague 
Dawley rats. Repeated Dose - QWBA Phase, on Blood, and Carcass for QWBA samples. 

Group Route 
Test 

Substance 

MW 
(g/

mol) 

Dose 
Concentration 

(mg/mL) 

Target Dosage 
Level 

(mg/kg bw)* 

Target Dosage 
Level 

(mmol/kg bw) 

Dosage 
Volume 

(mL/kg bw) 

Approximate 
Radioactivity 

(µCi/kg)** 

Number of 
Animals 

11 Oral AM-1 985 10 100 0.10 10 100 7M/7F 

12 Oral LCFA 455 4.6 46 0.10 10 100 7M/7F 

QWBA = quantitative whole-body autoradiography 
* Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 99% to 101% of target mg/kg dosage level. 
** Actual doses administered in mass balance phase (Groups 5, 6, 9, 10) ranged from 76% to 97% of target µCi/kg radioactivity. 
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Results 

Table 21. Pharmacokinetics of test article equivalents in group 1 following an oral dose of [14C]-
AM-1 at 100 mg/kg. 

PK Parameter (Units) Males Females 

AUClast (h*µg equiv./g) 119 140 

AUCinf (h*µg equiv./g) 147 NC 

DN AUClast 1.19 1.40 

AUCinf Extrap (%) 19.1 NA 

Cmax (µg equiv./g) 2.46 3.06 

Tmax (h) 8 24a 

T1/2 (h) 27 NA 

Rsq 0.998 NA 

F (%) 10.7 12.7 

In Group 1 females the 24 h time point demonstrated an unusually high standard deviation between the three 
samples. This inter-animal variability and differences between groups in a standard sampling design led to a 
slightly higher value at 24 h post-dosing versus the 8 h Tmax observed in Group 1 males. 
AUClast = area under the analyte concentration versus time curve from the time of dosing to the time of the 
last concentration > Lower limit of quantification (LLOQ); AUCinf = estimate of the area under the concentration 
versus time curve from the time of dosing to infinity; DN = Dose normalized; AUCinf Extrap = percentage of AUCinf 
due to extrapolation from Tlast infinity; Cmax = maximum measured concentration of the analyte in matrix; Tmax 
= sampling time at which Cmax was reached; T1/2 = half-life for the analyte in matrix; Rsq = R-squared (coefficient 
of determination); F = Bioavailability. 

Table 22. Pharmacokinetics of test article equivalents in group 2 following an oral dose [14C]-LCFA 
at 46 mg/kg. 

PK Parameter (Units) Males Females 

AUClast (h*µg equiv./g) 112 101 

AUCinf (h*µg equiv./g) 141 131 

DN AUClast 2.44 2.19 

AUCinf Extrap (%) 20.1 23.2 

Cmax (µg equiv./g) 3.39 2.88 

Tmax (h) 4 2 

T1/2 (h) 30.3 32.6 

Rsq 0.992 0.986 

F (%) 12.6 8.98 

AUClast = area under the analyte concentration versus time curve from the time of dosing to the time of the 
last concentration > Lower limit of quantification (LLOQ); AUCinf = estimate of the area under the concentration 
versus time curve from the time of dosing to infinity; DN = Dose normalized; AUCinf Extrap = percentage of AUCinf 
due to extrapolation from Tlast infinity; Cmax = maximum measured concentration of the analyte in matrix; Tmax 
= sampling time at which Cmax was reached; T1/2 = half-life for the analyte in matrix; Rsq = R-squared (coefficient 
of determination); F = Bioavailability. 

Circulating radioactivity at Cmax was equal to <0.1% (AM-1 equivalents) 
and 0.2% (LCFA equivalents) of the administered dose, if the approximate 
amount of circulating plasma in a 250g rat is assumed to be 7.8g. The 
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initial phase in the pharmacokinetic (PK) profile, whose primary character 
is determined by absorption, differed between AM-1 and LCFA equivalents, 
Tmax was much earlier for LCFA equivalents (Figure 9). 

Figure 9. Mean concentration of test substance equivalents in rat plasma (μg/g) following oral 
administration of [14C]-AM-1 or [14C]-LCFA. 

This was interpreted as indicating that orally administered LCFA was 
directly and rapidly absorbed, whereas AM-1 underwent several hydrolysis 
steps before its components were absorbed: therefore, accounting for the 
time delay in Tmax for AM-1. Furthermore, based on the kinetic profiles 
after intravenous administration, slow absorption of AM-1 followed by 
hydrolysis in the circulation may be occurring. There was approximately 
a 2-fold difference in the dose-normalized AUClast between AM-1 
(approximately 1.3) and LCFA (approximately 2.3) equivalents, which is 
proportional to the higher molecular weight of AM-1. However, there was 
no apparent difference in the terminal elimination phase half-life between 
AM-1 and LCFA equivalents, which was determined to be approximately 
30h. 
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Pharmacokinetic parameters for the [14C]-AM-1 and [14C]-LCFA IV-dose 
groups are presented in Table 23 and Table 24. 

Table 23. Pharmacokinetics of test article equivalents in group 3 following an IV Dose of [14C]-AM-1 
at 10 mg/kg. 

PK Parameter (Units) Males Females 

AUClast (h*µg equiv./g) 87.6 88.4 

AUCinf (h*µg equiv./g) 111 110 

AUCinf Extrap (%) 20.9 19.8 

DN AUCinf 11.1 11.0 

C0 (µg equiv./g) 89.1 109 

Cl (g/min/kg) 1.51 1.51 

Vss (g/kg) 3900 3770 

T1/2 (h) 32.8 31.1 

Rsq 0.986 0.982 

Table 24. Pharmacokinetics of test article equivalents in group 4 rats following an IV Dose of [14C]-
LCFA at 4.6 mg/kg. 

PK Parameter (Units) Males Females 

AUClast (h*µg equiv./g) 68.4 76.5 

AUCinf (h*µg equiv./g) 88.6 112 

AUCinf Extrap (%) 22.7 31.9 

DN AUCinf 19.3 24.4 

C0 (µg equiv./g) 8.26 8.48 

Cl (g/min/kg) 0.866 0.682 

Vss (g/kg) 2470 2540 

T1/2 (h) 35.3 47.9 

Rsq 0.998 0.985 

Higher C0 for AM-1 versus LCFA equivalents is tentatively attributed to 
a transient contribution from glucose, xylose, acetate, and isovalerate, 
following the hydrolysis of AM-1. Due to the short half-lives of these 
compounds, they are rapidly removed from circulating blood unlike LCFA, 
therefore resulting in the initially higher C0 for AM-1 compared with LCFA, 
followed by similar plasma concentrations for both substances. 

There is approximately a 2-fold difference in the dose-normalized AUCinf 
between AM-1 (approximately 11) and LCFA (approximately 22) 
equivalents, which mirrors the two-fold difference in molecular weight of 
these compounds. Due to the similarity of the PK analysis, subsequent 
tissue distribution and the excretion balance behaviour, it was concluded 
that an equivalent concentration of LCFA (the ultimate hydrolysis product 
of AM-1) was present in the systemic circulation following equimolar 
administration of AM-1 and LCFA, suggesting that AM- 1 can be hydrolysed 
to LCFA in the circulation following an intravenous dose. 
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As the molecule is uniformly labelled, the calculations transforming 
administered radioactivity assume that test article equivalents result from 
AM-1 (average MW = 985) following administration of AM-1, when it is likely 
that there is a two-fold concentration of AM-1-derived LCFA (average MW = 
455) with similar total mass. 

Thus, as a function of moles of test article administered, the 
pharmacokinetic behaviour of AM-1 and LCFA equivalents following 
intravenous administration were virtually indistinguishable (Figure 10 and 
Figure 11). 

Figure 10. Mean concentration of test substance equivalents in rat plasma (μg/g) following IV 
administration of [14C]-AM-1 (Bitzer, Henkel, Nikiforov, Rihner, & Thomas, 2017) 
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Figure 11. Mean concentration of test substance equivalents in rat plasma (μg/g) following IV 
administration of [14C]-LCFA (Bitzer, Henkel, Nikiforov, Rihner, & Thomas, 2017) 

There was no apparent difference in the terminal elimination phase half-
life between AM-1 and LCFA equivalents, which was determined to be 
approximately 37h (overall average). The similarity between AM-1 and LCFA 
equivalents in the terminal elimination phase following intravenous 
administration also indicates that AM-1 is at least partially hydrolysed in 
the circulation to LCFA. 

Approximately 88% to 101% of the administered dose was recovered in 
expired air, urine, faeces, and carcass from male or female rats following 
single or repeated oral administration of [14C]-AM-1 at 100 mg/kg or single 
or repeated oral administration of an equimolar dose of [14C]-LCFA at 46 
mg/kg. There appeared to be no difference in the excretion of AM-1 or 
LCFA equivalents based on sex (males versus females) or single versus 
repeated exposures. Approximately 15% to 21% of the recovered 
radioactivity was captured in the CO2 trap for expired air, approximately 
1% to 3% of the recovered radioactivity was in the urine, and 
approximately 63% to 83% of the dose was eliminated in faeces. Possible 
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sources of CO2 include intestinal metabolism of hydrolysis products by 
microbiota. It is likely that only a very small fraction of the AM-1 is 
hydrolysed before elimination: if a significant fraction were hydrolysed, 
then a strong contribution of the metabolites (other than LCFA) on the PK 
and excretion balance would be seen, especially differences in the percent 
of dose in the urine. Approximately 2% of the recovered radioactivity was 
in the carcass of the selected animals assessed. The majority of both test 
articles was eliminated in the faeces without absorption. 

The apparent oral bioavailability of AM-1 and LCFA equivalents 
(approximately 11%; overall average for males and females combined) 
determined in the pharmacokinetic phase may reflect the absorption of 
degradation products of AM-1 and LCFA formed in the gut, including CO2 
(which must be present systemically to be eliminated in the expired air), 
monosaccharides (from AM-1 only) and short chain fatty acids (SCFA). 
Quantitative analysis of the disposition of the radioactivity into the possible 
metabolic products formed prior to or after absorption is not practical 
due to the number of radiolabelled species and the number of absorption, 
distribution, and elimination processes occurring concurrently. However, 
the existing data support the conclusion that oral bioavailability of both 
AM-1 and LCFA equivalents is very low with ≤0.2% of the administered dose 
present in the plasma at Cmax, and less than 3.5% of the dose recovered in 
the urine. 

[14C]-AM-1 or [14C]-LCFA derived radioactivity was detected by quantitative 
whole-body autoradiography in all tissues measured. Cmax and AUClast for 
[14C]-AM-1- and [14C]-LCFA derived radioactivity were highest in the tissues 
of the gastrointestinal tract, as expected following oral administration. 

Eyes, testes, and brain showed only very low concentrations at a few time 
points in selected animals. The remaining tissues had concentrations of 
test article equivalents ranging from just above the LLOQ to <30,000 ng/g 
(excluding gastrointestinal tract), which represented a low concentration 
relative to the administered dose, and no target tissues were identified. 
Tmax was variable, depending on the tissue but generally correlated with 
the plasma or whole blood Tmax and was often earlier for LCFA than for 
AM-1. 

For the majority of the tissues, T1/2 was considered not to be reportable or 
was an approximation; however, both AM-1 and LCFA concentrations were 
below the limit of quantification by 168h following either single or repeated 
dosing, suggesting tissue half-lives of approximately 24-40h, which is 
consistent with the observed plasma T1/2. Tissue: plasma ratios (calculated 
using AUClast) indicated that test article equivalents in tissue were primarily 
associated with the perfusion of tissues by whole blood and were < 0.7 for 
poorly perfused tissues. In addition to the similarity in tissue distribution 
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between AM-1 and LCFA, there was no notable impact of single versus 
repeated dosing on the tissue distribution of either test article. Variations 
in the concentrations of AM-1 equivalents in tissues of the GI tract are 
expected based on individual variability in intestinal motility depending on 
the rat and when diet was ingested. The high concentrations in the various 
tissues of the GI tract, low concentration of circulating radioactivity, and 
low concentrations in the remaining tissues are consistent with low oral 
bioavailability, which suggests only a small portion of the administered 
AM-1 was absorbed into the systemic circulation, as was also evident in the 
autoradioluminograms. 

Conclusion 
The applicant concluded that AM-1 and LCFA and their gastrointestinal 
tract metabolites are poorly absorbed by the oral route and are primarily 
eliminated in the faeces without absorption. The pharmacokinetic, tissue 
distribution and excretion balance data derived are consistent with an 
interpretation that following ingestion, AM-1 is partially hydrolysed to its 
components, glucose, xylose, acetate, isovalerate and LCFA. The likely 
small primary metabolites glucose, xylose, acetate, and isovalerate are 
expected to have a fast absorption and high bioavailability but rapid 
clearance and thus expected to contribute marginally to the observed test 
article equivalents in blood and tissues after oral administration of AM-1. 
These results support an interpretation that systemic exposure to AM-1 
or its metabolites would be very limited following oral ingestion. AM-1 is 
proposed for use as a food ingredient with antimicrobial / preservative 
properties without offering nutritional, taste or other technical benefits to 
foods or beverages. Therefore, limited absorption of AM-1 is a desirable 
property and serves to minimise exposure of the consumer to AM-1 or 
its major hydrolysis product, LCFA. In addition to limited exposure after 
a single dose, there was no change to the pharmacokinetics, distribution, 
and elimination after repeated exposures, which is positive regarding its 
application as a food ingredient where repeated ingestion is expected. 
Furthermore, because rapid hydrolysis and elimination of AM-1 occurs in 
vivo, the antimicrobial properties of the parent material would be absent 
or greatly diminished in the lower intestines so there is low concern for 
disruption of healthy gut microflora. 

2.11.5. Antimicrobial properties of AM-1 in the 
gut 
An analysis of the effects of AM-1 supplementation on the rat gut 
microbiome was submitted. 

The study evaluates microbiome composition in rats following 90 days 
of exposure to AM-1 using 16S rRNA gene sequencing. The faecal and 
caecal samples analysed for microbiome effects were obtained from a 
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90-day OECD 408 toxicity study conducted on Sprague-Dawley rats. No 
adverse findings were identified in the study animals that would call into 
question the suitability of those animals for microbiome assessment, or 
the reliability of the resulting faecal and caecal microbiome data. 

Doses tested were 333 mg/kg bw/day, 666 mg/kg bw/day and 1,000 mg/
kg bw/day (highest dose), corresponding to approximately 523-, 1,046- and 
1,570-fold higher exposures than the highest anticipated dietary exposure, 
respectively. Further details on Exposure estimates can be found in Section 
2.10. 

Faecal samples were collected on Days 44 and 90, and caecal contents 
collected on Day 91. A total of 120 samples were analysed using 16S 
rRNA amplicon sequencing to characterise the gut microbiota. Across the 
parameters assessed, there was little to no evidence of treatment-related 
effects on alpha diversity, beta diversity, or overall microbial community 
composition. 

The study is not without limitations: it did not assess functional endpoints 
such as short-chain fatty acid production, microbial metabolism of AM-1, 
intestinal barrier integrity, absolute microbial abundance, or potential 
effects in human microbiota systems, but rather focusses on microbiome 
compositional analysis. In addition, the use of 16S sequencing does not 
provide strain-level resolution or direct information on microbial function. 
It is acknowledged that these limitations introduce uncertainty and mean 
that the study cannot fully address every theoretical concern that has been 
raised regarding potential microbiome effects. 

However, the study did not identify any substantial perturbations of the 
gut microbial ecosystem, even at dose levels considerably higher than 
anticipated human dietary exposure. The results provide reassuring 
evidence that AM-1 does not produce significant adverse effects on the gut 
microbiota in this animal model. 

Overall, the report findings indicate that on AM-1 supplementation for 90 
days at doses up to 1,000 mg/kg bw/day, there is little to no detectable 
effect on microbiome diversity, microbiome structure, or taxonomic 
composition of the rat gut microbiota. 

The FSA/FSS overall concluded that there are no significant concerns 
regarding the proposed uses of AM-1 of the gut microflora at the 
acceptable daily intake of 3.3mg/kg bw/day (details of the ADI can be found 
in section 2.13). 
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2.11.6. Genotoxicity 
Genotoxicity of AM-1 was investigated by the Applicant in three studies: an 
in-vitro bacterial mutation assay (Ames test), an in-vitro human lymphocyte 
study (Micronucleus Test) and in-vitro mouse lymphoma assay. 

In vitro bacterial mutation assay (Ames) 
The Applicant conducted a study (TNO Triskelion, 2012) according to OECD 
TG 471 investigating the ability of AM-1 to induce reverse mutations in 
Salmonella typhimurium. This study was GLP compliant. 

Five strains (TA98, TA100, TA1535, TA1537 and the Escherichia coli strain 
WP2uvrA) were exposed to AM-1 at five dose levels 62 – 5000 µg/plate. The 
plate-incorporation test with strain TA1537 was repeated at dose levels of 
19, 38, 75, 150 and 300 µg/plate due to excessive cytotoxicity at dose levels 
≥185 µg/plate in the first test. 

Three bacterial reverse mutation tests were performed with dimethyl 
sulfoxide (DMSO) as a negative control, in the absence and presence of a 
metabolic activation system (S9-mix). After 48 to 72 hours of incubation at 
37°C, the revertant colonies were scored. 

The His+ and Trp+ revertants, respectively, were counted, toxicity was 
defined as a reduction by at least 50% in the number of revertant colonies 
and/or a clearing of the background lawn of bacterial growth as compared 
to the negative control and/or occurrence of pinpoint colonies. 

In all tests, the mean numbers of His+ and Trp+ revertant colonies of the 
negative controls in all strains used were within the nominal acceptable 
range, except for the negative control for strain WP2 uvrA, in the presence 
of S9-mix, in the first test. The number of revertants was just above this 
range (62 instead of 60); this slight deviation was considered to be 
acceptable and not to influence the outcome of the study. 

There were no test article-related increases in the mean number of 
revertant colonies compared to the background spontaneous reversion 
rate (negative control) in any strain tested either with or without the S9 
mix. 

It was concluded that the results obtained with the test article in 
Salmonella typhimurium strains TA1535, TA1537, TA98, TA100 and 
Escherichia Coli strain WP2uvrA, in both the absence and presence of the 
S9 mix indicate that AM-1 is not a base pair substitution or frameshift 
mutagen under the experimental conditions employed. 

Full test conditions and study reports were supplied to the AEJEG and 
found to be acceptable. 
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In-vitro human lymphocyte study (Micronucleus Test) 
The Applicant conducted a study (TNO Triskelion, 2012) according to OECD 
TG 487 investigating the potential of AM-1 to induce micronuclei in 
binucleated cultured human lymphocytes, in both the absence and 
presence of a metabolic activation system (S9-mix). This study was GLP 
compliant. 

After a preliminary dose range finding cytotoxicity test, AM-1 was dissolved 
in DMSO and tested at concentrations of up to 700 and 1000 µg/mL in 
both the absence and presence of S9 for the 4 hour (pulse treatment) 
incubation. In the 20-hour (continuous treatment) incubation assay 
without metabolic activation, AM-1 was tested at concentrations up to 900 
µg/ml. 

For the main in vitro micronucleus test, both the 4-hour (pulse) incubation 
and the 20-hour (continuous) treatment groups were performed 
simultaneously; duplicate cultures were used. 

After 48 hours, cells were harvested by low-speed centrifugation and 
resuspended in fresh medium, the test article (or control) was added. 
Incubations were continued for 4 hours (pulse treatment) or for 20 hours 
(continuous treatment). After incubation the culture medium was 
removed, the cells were washed twice before incubation for an additional 
20 hours (pulse treatment) and 28 hours (continuous treatment) prior to 
being harvested (second cell-cycle). Based on the evaluation of cytotoxicity 
in all treatment groups (±S9 pulse and-S9 continuous), three dose levels 
of the test article together with the negative control and positive control, 
were analysed for micronucleus induction in bi-nucleated lymphocytes. At 
the end of the recovery period the cells in each culture were harvested and 
processed. Two thousand (2000) binucleated cells per concentration (1000 
per culture) were examined for the presence of micronuclei. 

The dose levels selected for the treatment with and without metabolic 
activation have been provided in Table 26. 

Table 26. Dose levels and Treatment and Recovery Time summary for the In vitro micronucleus 
assay 

Treatment / Recovery Time 
(Hrs) 

Dose Levels (µg/mL) 

4 / 20 (-S9) 0, 100, 200, 400 

4 / 20 (+S9) 0, 300, 500, 700 

20 / 28 (-S9) 0, 600, 800, 900 
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Outcomes of the negative and positive control demonstrated all criteria for 
a valid test were met. Dose related cytotoxicity was observed in both pulse 
treatment (± S9) and continuous treatment (-S9) groups. Furthermore, the 
highest concentrations selected for micronuclei analysis were within the 
testing guidelines specified range of 55 ±5% cytotoxicity. 

The Applicant concluded that under the experimental conditions 
employed, AM-1 was not clastogenic and / or aneugenic to cultured human 
lymphocytes. 

Full test conditions and the study report were supplied to the AEJEG and 
were found to be acceptable. 

In vitro mouse lymphoma assay 
The Applicant conducted a study (WIL Research, 2016) which was OECD TG 
490 compliant. The study was GLP compliant except for the test item being 
research grade and that the analytical characterisation conducted by the 
supplier was non-GLP, yet the COA for the batch was generated using a 
validated method and established under standard operating procedures. 

The study was performed to evaluate the mutagenic activity of AM-1 in 
an in-vitro mammalian cell gene mutation test with L5178Y/TK +/- mouse 
lymphoma cells, in both the absence and presence of a metabolic 
activation system (S9-mix). 

After a preliminary dose range finding cytotoxicity test, AM-1 was dissolved 
in the solvent DMSO and tested at concentrations of up to 450 and 800 
µg/mL in the presence and absence of S9 for the 3-hour respectively 
incubation. In the 24-hour incubation assay without metabolic activation, 
AM-1 was tested at concentrations up to 500 µg/ml. The highest doses that 
were tested gave a cell survival of approximately 10-20% and survival at 
the lowest doses was approximately the same as of the cells in the solvent 
control. 

Methyl methanesulfonate (MMS) was used as a direct acting mutagen and 
cyclophosphamide (CP) was used as an indirect acting mutagen as positive 
controls. 

In the main study cultures (106 cells/ml for 3-hour treatment and 1.25x 105 

cells/ml for 24 hour treatment) were incubated with either AM-1, negative 
or positive controls. All incubations were carried out in a humid 
atmosphere (42-90%) containing 5 ± 0.5% CO2 in the air in the dark. After 
exposure cells were separated from treatment solutions by centrifugation, 
cells in the final suspension were counted with a coulter particle counter, 
remaining cells were cultured for two days after the treatment period for 
expression of the mutant phenotype. 
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Two days after the end of the treatment with the test article the cells were 
plated for determination of the cloning efficiency (CEday2) and the mutation 
frequency (MF). These were then incubated for 10–12 days, stained and 
scored with the naked eye or by light microscopy. 

In the absence of S9 mix, AM-1 did not induce a significant increase in the 
mutation frequency in the 3-hour exposure, which was then confirmed in 
an independent experiment with modification in the duration of treatment 
(24-hour exposure). In the presence of S9 in the 3-hour exposure AM-1 
did not induce a significant increase in the mutation frequency. Results for 
both positive and negative controls demonstrated all criteria for a valid test 
were met. 

The Applicant concluded that AM-1 is not mutagenic in the TK mutation 
test system, both with and without metabolic activation under the 
experimental conditions employed. 

Full test conditions and the study reported were supplied to the AEJEG and 
found to be acceptable. 

2.11.7. Toxicity testing (subchronic, chronic and 
carcinogenicity) 
Subchronic (Repeated Dose) Toxicity Studies with AM-1 

90-Day Oral (Drinking Water Administration) Toxicity 
Study in Rats 
The Applicant conducted a 90-day oral toxicity study (drinking water 
administration) (LPT, 2015) according to OECD TG 408 in male and female 
CD Crl:CD(SD) rats. This study was GLP compliant. 

A preliminary dose range-finding toxicity study with a maximum dose level 
of 1% AM-1 tested in drinking water for 14 days was performed no test 
article-related signs of systemic toxicity were noted. Following this 
preliminary dose, range-finding study a 90 day study was undertaken in 
which groups of animals were orally administered the vehicle control and 
test article (AM-1) diluted with tap water at concentrations of 0%, 0.15%, 
0.5% and 1.5% (0, 1.5, 5.0 and 15mg/mL respectively) for 90 days. 

A standard listing of clinical chemistry and urinalysis parameters were 
analysed in accordance with the applicable testing guidelines of OECD 408 
and FDA Redbook. 

On Day 91 (main study, one day after the last administration of the test 
article) or Day 119 (recovery phase, 28 days following cessation of test 
article administration), a complete gross necropsy was performed on all 
animals euthanised under CO2 anaesthesia and exsanguinated. The 
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organs and tissues of all main study animals of the control and high-dose 
(1.5% AM-1) treatment groups and any prematurely deceased animals 
were examined microscopically after preparation of paraffin sections and 
haematoxylin and eosin (H&E) staining. The stomachs of all main study 
animals in the low- and mid-dose (0.15% and 0.5%) treatment groups 
as well as all recovery animals were examined histologically due to 
observations in the stomach/forestomach of the main study animals in the 
high-dose (1.5% AM-1) group. Additional microscopic examinations were 
performed on the heart, liver, and one kidney (males and females using 
Oil Red O staining) and on one testis and one epididymis (males only 
using periodic acid-Schiff (PAS) staining) from the main study animals in the 
control and high-dose (1.5% AM-1) treatment groups. 

One of 30 female rats treated with 1.5% AM-1 via the drinking water died 
during test day 14 after blood withdrawal for laboratory examinations. 
The death of the animal was regarded as incidental and related to the 
stress caused by the isoflurane anaesthesia during the blood withdrawal 
procedure. The animal was in a poor physical condition due to fairly low 
food and drinking water consumption during the first test week. The death 
of the animal was regarded to be a secondary effect and not related to 
the treatment with the test item, as no premortem behavioural changes 
were noted. Neither the macroscopic inspection at necropsy nor the 
histopathological examination revealed any test item-related organ 
changes that could be correlated with the premature death of the animal. 
None of the male animals of the high dose group treated with 1.5% AM-1 
via the drinking water nor any other female rats of the high dose group 
died prematurely during the treatment period. 

A decrease in drinking water consumption was noted for male and female 
rats treated with 1.5% AM-1 via drinking water, particularly in weeks 1 and 
2. The drinking water consumption of the rats treated with 0.5% or 1.5% 
AM-1 decreased throughout the treatment period in a dose-dependent 
manner, which is most likely due to a fairly high viscosity and/or a 
decreased palatability of the drinking water containing 0.5% or 1.5% AM-1. 

The food consumption of both male and female rats treated with 1.5% 
AM-1 was decreased in study week 1, and the body weight of the 1.5% dose 
male animals was marginally below the body weight of the control animals 
from study week 1 and throughout the treatment period. The differences 
detected were only statistically significant during the first 6 weeks of the 
study, female bodyweights for the 1.5% dose were unaffected. 

It is well known in the scientific literature that under normal circumstances 
rats maintain a fairly constant ratio of food intake to water intake. Thus, 
reduced water intake is associated with reduced food intake and a 
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reduction in body weight gain. This voluntary reduction in food intake and 
thus growth supports the constant ratio of body weight to lean body mass 
(Collier & Knarr, 1966; Crampton & Lloyd, 1954; Jackson & Smith, 1931). 

The statistically significant differences in relative food consumption 
compared to the control group are not considered to be test item-related, 
as depicted in Table 27. 

Table 27. Statistically significant differences in relative food consumption in comparison to the 
control group considered not to be test item-related. Reference table number 6-1 in original study 
report. 

Group/ Sex 
Increase / 
Decrease 

Test 
week(s) 

Statistical significance Reason 

3 m Decrease 6, 7, 11 p ≤ 0.05 A, B 

4 m Decrease 2, 7, 8, p ≤ 0.05 A, B 

4 m Decrease 10, 11 p ≤ 0.05 A, B 

4 m Decrease 5, 6 p ≤ 0.01 A, B 

4 f Decrease 7, 8, 9 p ≤ 0.05 A, B 

4 f Decrease 12 p ≤ 0.01 A, B 

m: male 
f: female 
A: the slight alteration in comparison to control animals is without any biological relevance according to historical 
LPT background data 
B: the slight alteration in comparison to the control animals is regarded to be a secondary effect related to the 
reduced drinking water consumption 

The body weight, body weight gain and body weight at autopsy were not 
affected in the male and female animals treated with 0.15% or 0.5% AM-1 
and in the female animals treated with 1.5% AM-1. The body weight of the 
male animals treated with 1.5% AM-1 was marginally reduced (statistically 
significant at p ≤ 0.01 or p ≤ 0.05) in test weeks 1 to 6 (test days 8, 15, 22, 29, 
36 and 43) by 5-7% compared to the control group. This decrease in body 
weight corresponds to the initial decreased food and drinking water intake 
during the first one or two test weeks. Although the food and drinking 
water intake of the rats normalised as of test weeks 2 (food consumption) 
and 3 (water consumption) onwards, respectively, the body weight of the 
male high dose animals remained marginally below the body weight of the 
control group animals (less than 5%) throughout the treatment period. 

At autopsy body weight of the male animals treated with 1.5% AM-1 via 
drinking water was reduced by 2.1% compared to the control group (no 
statistical significance). 

In conclusion, the slightly reduced body weight of the male animals treated 
with 1.5% AM-1 is considered to be due to the reduced food and drinking 
water intake of the rats and not due to a systemic toxic effect of the test 
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item. This is supported by the fact that the body weight of these animals 
almost completely recovered compared to the control group during the 
study. 

In contrast to the effects reported in this drinking water study, repeated 
oral administration of AM-1 via gelatine capsule administration at up to 
1000 mg/kg bw per day was well tolerated in Beagle dogs (study 
summarized below) and only minimal differences in food consumption 
(not statistically significant) and cumulative body weight gain were noted 
in the high-dose (1000 mg AM-1/kg bw per day) females. Therefore, the 
differences observed in the present drinking water study were considered 
to be an artefact of the route of dose administration related to high 
viscosity, surfactancy, and reduced palatability, and not an indication of 
systemic toxicity of the test article. 

The statistically significant differences noted for selected clinical pathology 
parameters such as Erythrocytes (RBC), Hematocrit (%), MCV (fL), MCH, 
Albumin, Globulin, Protein, Calcium, Sodium, Chloride, ALAT, and LDH were 
regarded as secondary stress-related effects due to decreased drinking 
water intake and the resulting slight dehydration of the animals and not 
due to a direct systemic toxic effect of the test article. Consistent patterns 
that would suggest biological significance were not observed for several 
statistically significant parameters, since the results were within the 
laboratory’s historical control data ranges, were not dose-related, and/or 
lacked correlation with histopathological findings. 

No adverse test article related effects were noted on haematological and 
serum chemistry parameters, urinalysis, eyes or optic region, relative body 
weight at necropsy and absolute organ weights at any dose levels at the 
end of the treatment period. There were no test article related changes 
upon macroscopic inspection, microscopic examination of all scheduled 
organs and tissues of the 1.5% dose, gross lesions of the 1.5% dose animals 
and the stomachs of the 0.15% and 0.5% dose rats did not reveal any 
morphological changes that are considered to be related to the 
administration of the test article. 

A very small number of macroscopic changes were noted in the kidney 
(tissue enlargement), thymus (red discolouration), uterus (dilated, filled 
with clear liquid), ovaries (cystic) and eyes (reduced in size) of individual 
animals of both the test item-treated groups and the control group at 
termination at the end of the treatment period and the recovery period. 
These changes are considered to be incidental findings due to the low 
number of animals affected and lack of a dose-response relationship. 
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The tissue enlargement of the right kidney noted in 1 of 20 male animals 
treated with 1.5% AM-1 via the drinking water at termination correlated 
with a benign nephroblastoma. However, this finding was considered to be 
incidental and without any toxicological relevance as only one animal of the 
high dose group was affected. 

The gross lesions of groups 2 and 3 (females: group 2: 1/20 animals: ovaries 
cystic, 2/20 animals: uterus dilated, filled with clear liquid; females: group 
3: 2/20 animals: uterus dilated, filled with clear liquid), except stomachs, 
were not examined. 

No test item-related effects were noted on the relative (to body weight 
at necropsy) and absolute organ weights of the male and female animals 
treated with 0.15%, 0.5% or 1.5% AM-1 via the drinking water compared to 
the control group, either at termination at the end of the treatment period, 
or at the end of the recovery period. 

The statistically significant (at p ≤ 0.05 or p ≤ 0.01) increase observed for 
the relative and absolute stomach weights in the intermediate and high 
dosed female animals compared to the control group at the end of the 
treatment period is regarded to be without any toxicological relevance, as 
they were not clearly dose-related, not consistent between sexes and no 
histopathological findings were noted which could be correlated to this 
finding. 

Statistically significant differences in absolute or relative organ weights at 
scheduled termination on test day 91 which were not considered to be test 
item-related are given in Table 28 and Table 29. 

Table 28. Statistically significant differences in relative stomach weights at test day 91 in 
comparison to the control group which study authors considered not to be test item-related. 

Organ 
Ref. 
table no. 

Increase / 
Decrease 

Group / 
Sex 

Statistical significance Reason 

Stomach 14-1 Increase 3 f p ≤ 0.01 A, B 

Stomach 14-1 Increase 4 f p ≤ 0.05 A, B 

m: male 
f: female 
A: The slight alteration in comparison to control animals is without any biological relevance 
B: Lacking dose dependence 

Table 29. Statistically significant differences in absolute organ weights at test day 91 in comparison 
to the control group which study authors considered not to be test item-related. 

Organ 
Ref. 
table no. 

Increase / 
Decrease 

Group / 
Sex 

Statistical significance Reason 

Epididymis, 
left 

15-1 Increase 3 m p ≤ 0.05 A, B 

Stomach 15-1 Increase 3 f p ≤ 0.01 A, B 
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Stomach 15-1 Increase 4 f p ≤ 0.05 A, B 

m: male 
f: female 
A: The slight alteration in comparison to control animals is without any biological relevance 
B: Lacking dose dependence 

Statistically significant differences in absolute or relative organ weights at 
recovery termination on test day 119, which were not considered to be test 
item-related, are given in Table 30 and Table 31. 

Table 30. Statistically significant differences in relative heart and ovary weight at test day 119 in 
comparison to the control group which authors considered not to be test item-related. 

Organ 
Ref. 
table no. 

Increase / 
Decrease 

Group / 
Sex 

Statistical significance Reason 

Heart 14-1 Decrease 4 m p ≤ 0.05 A, B 

Ovary, right 14-1 Decrease 4 f p ≤ 0.05 A, B 

m: male 
f: female 
A: The slight alteration in comparison to control animals is without any biological relevance 
B: The weights of these organs (absolute and relative) in the treated groups were not significantly different from 
the controls at the terminal necropsy (test day 91) 

Table 31. Statistically significant differences in absolute brain weights at test day 119 in 
comparison to the control group which authors considered not to be test item-related. 

Organ 
Ref. 
table no. 

Increase / 
Decrease 

Group / 
Sex 

Statistical significance Reason 

Brain 15-1 Decrease 4 f p ≤ 0.05 A, B 

m: male 
f: female 
A: The slight alteration in comparison to control animals is without any biological relevance 
B: The weights of these organs (absolute and relative) in the treated groups were not significantly different from 
the controls at the terminal necropsy (test day 91) 

At the end of the 28-day recovery period the mean body weights for 
the 1.5% dose were within the range of the control group, supporting 
the conclusion that the slightly decreased body weights of the 1.5% dose 
observed during treatment were associated with reduced intake of the 
treated drinking water. 

Clinical parameters in the 1.5% dose groups animals were comparable to 
control group values at the end of the 28-day recovery period with the 
exception of certain parameters in males (Red Blood Cells (RBC), Large 
Unstained Cells (LUC), Mean Corpuscula Volume (MCV), Mean Corpuscular 
Haemoglobin (MCH), plasma albumin and calcium levels and LUC and 
thromboplastin time (TPT) in females. Changes in these parameters appear 
to be spurious statistical variations and without biological relevance due 
to only slight differences from controls, some occurred due to the control 
values being on the high or low end of the historical control range. 
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The Applicant concluded minor variations in some parameters such as 
body weight and select clinical chemistry were evaluated and considered 
to be incidental and secondary to the observed reduced drinking water 
consumption / mild dehydration due to the reduced palatability of the test 
article treated drink water. 

Therefore, the no observed adverse effect level (NOAEL) for systemic 
toxicity was considered to be 1.5% AM-1 in drinking water, equivalent to 
1201 and 1423 mg/kg bw per day for male and female rats, respectively. 
This NOAEL is corroborated by the results of a 90-day subchronic oral 
(capsule administration) toxicity study of AM-1 in Beagle dogs in which no 
adverse effects were observed at doses up to 1000 mg/kg bw per day. 

The AEJEG were satisfied there was no toxicity concern and the NOAEL of 
1000 mg/kg bw per day was agreed by the AEJEG. 

90-Day Oral (Capsule Administration) Study in dog 
The Applicant conducted a subchronic toxicity study (2016) according to 
OECD guideline 409 evaluating AM-1 in a 90-day oral study in male and 
female Beagle dogs. The study was GLP compliant except for the 
characterisation analysis of the test item conducted by the supplier, this 
was not conducted to GLP or GMP standards but conducted according to 
the suppliers established standard procedures. 

Oral administration was chosen as this is the intended route of exposure, 
the move to using a capsule to administer the test substance was to 
mitigate the palatability issues observed in the rat 90-day study (LPT, 2015). 

The test article was administered by oral capsule at doses of 150, 500, 1000 
mg/kg bw per day for 90 days, with control group animals receiving the 
same number of empty capsules as the high dose (1000mg/kg bw per day) 
group. Each animal received an approximate 5 – 15mL flush of water using 
a graduated syringe following administration. 

A standard listing of clinical chemistry and urinalysis parameters were 
analysed in accordance with the applicable testing guidelines of OECD and 
FDA Redbook. A complete gross necropsy was performed on all animals, 
the organs and tissues of all animals of the control and high-dose 
treatment groups were examined microscopically after preparation of 
paraffin sections and haematoxylin and eosin (H&E) staining. Gross lesions 
were examined microscopically from all animals. 

There were no test article-related deaths or changes in behaviour or 
external appearance of the study animals, however there were clinical 
observations attributed to the capsule administration method including 
emesis, clear or frothy (white) material around the mouth and salivation. 
Abnormal (soft or mucoid) faeces and diarrhoea were noted occasionally 
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and occurred in similar incidence in the control groups; therefore, these 
observations were not considered test article related. A single occurrence 
of tonic convulsions was noted in 150mg/kg/day group Male (ID number 
9921) on Study Day 88. This observation was a single occurrence in the 
low-dose group, and it was not likely to be related to test substance 
administration. 

A minimal test article related reduction in body weight compared to the 
control group, determined to be not statistically significant at any weekly 
interval, was observed in the 1000 mg AM-1/kg bw per day group for 
females; this was approximately 6% by study week 12. The cumulative 
body weight gains in the 1000mg AM-1/kg bw per day group for females 
were statistically significantly lower than the control group, and a minimal 
reduction in food consumption was also observed, although when 
compared to the control group this was not statistically significant. 

The AEJEG commented how the body weight change occurred in the week 
one female group, however the same group showed a weight gain in the 
following weeks. Members agreed that the effect noted was likely to be a 
palatability issue. 

It was speculated that AM-1, which has surfactant properties at high 
aqueous concentrations, may have made the dogs feel unwell for some 
time after dosing because of high concentrations in the stomach contents 
after release from administered capsules, resulting in slightly lessened 
appetite. No other test article-related effects on food consumption or body 
weights were noted. 

Statistically significant changes were noted infrequently for some 
haematological, coagulation, or serum chemistry parameters; however, 
these differences were not considered test article related as they were 
minimal and/or lacked a dose response, or values were similar to those 
measured during acclimation or were within the laboratories’ historical 
control ranges. Additionally, inconsistent statistically significant findings 
may also be related to random variation seen in studies with small group 
sizes. No test article-related effects were noted on the urinalysis 
parameters. The Applicant concluded there were no gross necropsy 
observations that were considered to be associated with the 
administration of the test substance. 

Higher epididymides weight relative to final bodyweight was noted in the 
150 and 1000 mg/kg/day group males, higher heart weight relative to final 
body weight was noted in the 150 mg/kg/day group females, and higher 
liver weight relative to final body weight was noted in the 150 and 1000 mg/
kg/day group females. All differences noted in organ weights between the 
control group and the treated groups were not considered test substance 
related due to the lack of a dose dependent relationship. 
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The microscopic examination of all scheduled organs and tissues of the 
1000mg AM-1/kg bw per day group for male and female animals and gross 
lesions from all animals showed no signs of test article-related histologic 
alterations. Histological changes were considered to be incidental findings 
or were related to some aspect of the experimental manipulation other 
than administration of the test article. 

One 1000 mg/kg/day group female had portal vein hypoplasia, yet this 
finding was considered to be a congenital alteration and not related to 
the test substance. There were no test substance-related changes in the 
prevalence, severity, or histologic character of those incidental tissue 
alterations. 

In conclusion, oral administration of AM-1 to sexually mature Beagle dogs 
at dose levels of 150, 500, and 1000 mg/kg bw per day for a minimum of 
91 days was well tolerated at all dosages. Test substance-related changes 
were limited to minimal effects on food consumption and body weights in 
the 1000 mg/kg bw per day group females, however, mean body weights 
for the high dose group females were not statistically significantly different 
from controls during any weekly interval of the study. 

The NOAEL was considered to be 1000 mg/kg bw per day, which was the 
highest dosage level tested. This NOAEL is corroborated by the results of 
the 90-day oral (drinking water administration) toxicity study in rats (i.e. 15 
mg/mL in drinking water, equivalent to 1201 and 1423 mg AM-1/kg bw per 
day for male and female rats, respectively), in which observed differences 
in drinking water consumption, body weights, and clinical pathology 
parameters were considered incidental to the route of dose administration 
and viscosity of the drinking water containing higher concentrations of 
AM-1. 

The AEJEG noted that whilst the original study report concluded the same 
NOAEL figures as above, the study also concluded that the no-observed-
effect level (NOEL) was considered to be 1000mg/kg/day for males and 
500mg/kg/day for females. 

Graphical representation of endpoints for which statistically significant 
differences were observed but argued away was later provided by the 
Applicant, in addition to comparisons of these graphs with historical 
controls. 

The AEJEG was not satisfied with the information provided on the 90-day 
dog study and commented that they did not agree with FSANZ that there 
was a clear effect from this study. The AEJEG concluded that there was 
little toxicity noted. The AEJEG also highlighted that this was not a long-
term study and that the low number of animals used meant that the results 
could not be considered statistically significant. 
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The AEJEG were more satisfied with the rat study for determining the 
NOAEL. This was due to the study design having more animals in each test 
group in comparison to the dog study, giving more statistical significance 
to the results. Members also agreed the rat study was more comparable 
with how humans would consume the product as this was added to the 
rats’ drinking water, as opposed to taken in the form of a capsule in the 
dog. 

Chronic toxicity and carcinogenicity 

Assessment of Mutagenicity and Carcinogenicity 
Potential for AM-1 
The Applicant stated based on the chemical structural characteristics of 
AM-1, (glycolipid mixture with no reactive groups), there was low potential 
for carcinogenicity or mutagenicity from dietary intake of this material. 
The metabolism profile for AM-1 was well understood and allowed the 
conclusion that there are no carcinogenic or mutagenic metabolites of 
AM-1 formed in vivo. No target organs were identified and no accumulation 
were found in the ADME study. Finally, genotoxic studies did not indicate 
any risk for mutagenic (or carcinogenic) effects. 

Chronic toxicity of AM-1 
The Applicant stated, based on the results of the performed Tier-1- and 
Tier-2 testing as laid out in the EFSA guidance (EFSA, 2012) (ADME, 
genotoxicity, acute toxicity, irritation and sensitization studies, subchronic 
toxicity, reproductive and developmental toxicity), there was a lack of 
systemic availability demonstrated and an absence of genotoxicity in vitro, 
none of the triggers for justifying the need for a chronic toxicity study were 
activated. 

Assessment of Mutagenicity and Carcinogenicity 
Potential for AM-1 
The Applicant stated based on the chemical structural characteristics of 
AM-1, (glycolipid mixture with no reactive groups), there was low potential 
for carcinogenicity or mutagenicity from dietary intake of this material. 
The metabolism profile for AM-1 was well understood and allowed the 
conclusion that there are no carcinogenic or mutagenic metabolites of 
AM-1 formed in vivo. No target organs were identified and no accumulation 
was found in the ADME study. Finally, genotoxic studies did not indicate 
any risk for mutagenic (or carcinogenic) effects. 
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Chronic toxicity of AM-1 
The Applicant stated, based on the results of the performed Tier-1- and 
Tier-2 testing as laid out in the EFSA guidance (EFSA, 2012) (ADME, 
genotoxicity, acute toxicity, irritation and sensitization studies, subchronic 
toxicity, reproductive and developmental toxicity), there was a lack of 
systemic availability demonstrated and an absence of genotoxicity in vitro, 
none of the triggers for justifying the need for a chronic toxicity study were 
activated. 

2.11.8. Reproductive and developmental toxicity 
Rat Two-Generation Reproduction Toxicity Study with AM-1 

The Applicant conducted a Two-Generation Reproduction Toxicity study 
in Crl:CD(SD) rats (2016) according to OECD TG 416. The study was GLP 
compliant except for the characterisation analysis of the test item 
conducted by the supplier which was not conducted to GLP or GMP 
standards but conducted according to the suppliers established standard 
procedures. 

The study consisted of 3 test article treated groups and one control group, 
composed of 25 rats/sex/group. AM-1 was administered daily by oral 
gavage for at least 70 consecutive days prior to mating. Dosing levels were 
150, 500 and 1000 mg/kg bw per day. F0 animals were 6 weeks old at the 
initiation of test article administration, the test article was administered to 
offspring selected to become the F1 parental generation following weaning 
i.e., beginning on post-natal day (PND) 21. 

The F0 and F1 males continued to receive the test article throughout mating 
and through the day prior to euthanasia. The F0 and F1 females continued 
to receive the test article throughout mating, gestation, and lactation, and 
through the day prior to euthanasia. Offspring (25/sex/group) from the 
pairing of the F0 animals were selected by PND 21 to constitute the F1 
generation. Non-selected F1 pups and all surviving F2 pups were 
euthanized on PND 21. F0 males and females were dosed for 128–133 
consecutive days, and F1 males and females were dosed for 138–148 
consecutive days. 

Individual F0 and F1 male body weights were recorded weekly throughout 
the study and prior to the scheduled necropsy. Once evidence of mating 
was observed, female body weights were recorded on Gestation Days 0, 4, 
7, 11, 14, 17, and 20 and on Lactation Days 0 (when possible), 1, 4, 7, 11, 
14, 17, and 21. 
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F0 and F1 male and female food consumption was measured weekly except 
during cohabitation. For females with evidence of a positive mating, food 
consumption was measured during gestation and lactation at the same 
intervals as body weight measurements. 

Vaginal lavages were performed daily and evaluated microscopically to 
determine the stage of the oestrous cycle of each F0 and F1 female for 
21 days prior to cohabitation and continuing until evidence of mating was 
observed or until the end of the mating period. 

The F0 and F1 animals were paired on a 1 male to 1 female basis within 
each treatment group after a minimum of 70 days of treatment. Positive 
evidence of mating was confirmed and was defined as Gestation Day 0. All 
females were allowed to deliver naturally, and the day of parturition was 
designated PND 0. Beginning on PND 0, pups were sexed and examined 
for gross malformations, and the numbers of stillborn and live pups were 
recorded. Individual gestation length and mating, fertility, copulation, and 
conception indices were calculated. 

A minimum of 1 male and 1 female F1 pup/litter from each treatment 
group were randomly selected prior to weaning (PND 21) to comprise the 
F1 generation (25 rats/sex/group). 

Following the completion of weaning of the F1 and F2 offspring, all surviving 
F0 and F1 adults received a detailed physical examination, females received 
a vaginal lavage to determine state of the oestrous cycle and all were 
euthanised. 

Spermatogenic endpoints (sperm motility [including progressive motility], 
morphology, and numbers) were recorded for all F0 and F1 males, and 
ovarian primordial follicle counts were recorded for all F1 females in the 
control and high dose groups and for all F1 females suspected of reduced 
fertility. For females that delivered or had macroscopic evidence of 
implantation, the numbers of former implantation sites were recorded. 
The number of unaccounted-for sites was calculated and the numbers 
of corpora lutea and former implantation sites were also recorded for 
females necropsied during gestation through Lactation Day 4. 

The testing guideline-required list of tissues and organs were weighed 
and/or retained from all parental F0 and F1 rats. Microscopic evaluations 
were performed on select tissues for all parental F0 and F1 animals in the 
control and high-dose groups and for all animals found dead. Reproductive 
organs of the F0 and F1 adult rats suspected of reduced fertility were 
examined microscopically. Gross lesions were examined from all animals 
in all groups. 
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A few non-test article-related deaths occurred in the F0 and F1 generations 
which were considered the likely result of the intubation error based on 
macroscopic findings noted at necropsy (including dark red discoloration 
and/or areas of the lungs, lungs that were not fully collapsed, and/or foamy 
tracheal contents) and microscopic finding of inflammation, haemorrhage, 
and/or oedema of the lungs in multiple animals that may have been 
related to inadvertent pulmonary aspiration of the test article during or 
following gavage. 

Test article-related increased incidences of rales and red and/or clear 
material around the nose and/or mouth were noted in the 150, 500, and 
1000 mg/kg/day group F0 and F1 males and females compared to the 
control group occasionally at the detailed physical examinations or daily 
examinations, and more frequently at 1-2 hours following dose 
administration. These findings were generally noted in a dose-related 
manner throughout the treatment period for both generations. Red and/
or clear material findings around the nose and/or mouth are common 
following oral gavage administration and although dose-responsive, these 
observations only occasionally persisted to the detailed physical 
examinations or daily examinations, and therefore were considered non-
adverse in the absence of other signs of systemic toxicity. The increased 
occurrence of rales 1-2 hours following dose administration was attributed 
to the surfactant properties of the test article combined with oral gavage 
dosing and was not considered specific to the test article. Similar 
observations of respiratory distress related to aspiration of an irritant 
dosing material, especially following treatment with the more 
concentrated/viscous suspensions at higher doses, were reported in rat 
and rabbit developmental toxicity studies conducted with ethyl lauroyl 
arginate (i.e. LAE) via gavage (EFSA, 2007). 

No test article-related effects on mean body weights and body weight 
gains (including body weights during gestation and lactation) were noted 
in the 150, 500, and 1000 mg/kg/day group F0 males and females or the 
F1 females. The values in the test article-treated groups were generally 
similar to the control group values for the pre-mating period (females) or 
the entire generation (males). 

Significantly (p < 0.05 or p < 0.01) lower mean body weight gains were 
transiently observed in the 150 mg/kg/day group F0 males during Study 
Days 28–35 and the 500 mg/kg/day group F0 males during Study Days 0–7, 
28–35, and 70–77. In addition, a significantly (p < 0.01) higher mean body 
weight gain was noted in the 150mg/kg/day group F0 males during Study 
Days 63–70. A significant (p< 0.01) mean body weight loss was noted in 
the 1000mg/kg/day group F0 females during Study Days 63-70. These were 
not attributed to test article administration because they were transient, 
did not occur in a dose-related manner, and/or had no effect on mean 
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absolute body weights. Other differences from the control group were 
slight, did not occur in a dose-related manner, and/or were not statistically 
significant. 

Mean maternal body weights and body weight gains were unaffected by 
test article administration during gestation. Differences between the 
control, 150, 500, and 1000mg/kg/day groups were slight and not 
statistically significant apart from a significantly (p < 0.01) lower mean body 
weight gain noted in the 1000mg/kg/day group compared to the control 
group during Gestation Days 11–14, Figure 12. 

Figure 12. Maternal body weights (g; Mean ± SD) during a developmental toxicity study of jelly 
mushroom glycolipids (AM-1) in rats. 

Mean maternal body weights and body weight gains were unaffected by 
test article administration during lactation. Differences between the 
control, 150, 500, and 1000mg/kg/day groups were slight and not 
statistically significant apart from a significantly (p < 0.05) lower mean body 
weight gain which was noted in the 500mg/kg day group when compared 
to the control group during Lactation Days 1–4. The transient reduced 
mean body weight gain for both exceptions to gestation and lactation 
given above did not affect mean absolute body weights or the overall body 
weight gain in these groups, and therefore was not attributed to test article 
administration. 

Test article-related lower mean body weight gains were noted in the 150, 
500, and 1000 mg/kg/day group F1 males during PND 21–28, when pups 
were just weaned and first receiving oral gavage doses of the test article, 
the differences from the control group were significant (p < 0.05 or p < 
0.01). 

Safety Assessment on AM-1 Glycolipids Used as a New Food Additive (RP1457)

FSA Research and Evidence 60



Mean body weight gains were generally similar to the control group 
throughout the remainder of the study, with the exception of a few 
significantly (p < 0.05 or p < 0.01) lower body weight gains that were 
transient and/or not dose related. Mean body weight gains in the 150, 500, 
and 1000mg/kg/day group males were lower (not statistically significant) 
than the control group when the overall pre-mating period (PND 21–98) 
and entire generation (PND 21-161) were evaluated. As a result of the 
initial lower mean body weight gains during PND 21 28, mean body weights 
for F1 males were between 4.0% and 7.1% lower than the control group 
throughout the study (Figure 13). These differences were not considered 
adverse because the mean body weights in these groups at termination 
(PND 161) were only 5.4% to 6.1% lower than the control group, 
demonstrating that the initial effects were ameliorated over the course of 
the generation. 

Figure 13. Weekly F1male body weights (g; Mean ± SD) during a 2-generation reproduction toxicity 
study of jelly mushroom glycolipids (AM-1) in rats. 

Mean food consumption evaluated as g/animal/day, and food efficiency 
in the 150, 500, and 1000 mg/kg/day groups for the F0 and F1 males and 
females was unaffected by test article administration throughout the study 
(including gestation and lactation). Within the 1000mg/kg/day F1 males 
group a significantly (p < 0.05) lower mean food efficiency value was noted 
during the last week of the study. However, mean food consumption and 
body weight gain in this group were comparable to the control group 
during this interval, and therefore the lower mean food efficiency was not 
considered test article-related. 

No test article-related effects on F0 and F1 reproductive performance, 
including mating and fertility, male copulation and female conception 
indices, oestrous cycle lengths, pre-coital intervals, gestation length, the 
process of parturition and spermatogenesis parameters (motility, 

Safety Assessment on AM-1 Glycolipids Used as a New Food Additive (RP1457)

FSA Research and Evidence 61



progressive motility, testicular and epididymal sperm concentration, 
sperm production rate, and the percentage of morphologically normal 
sperm), were observed at any dosage level. In addition, there were no 
test article-related macroscopic or microscopic findings or effects on organ 
weights noted for F0 and F1 males and females at any dosage level, or on 
the F1 female primordial follicle counts. 

The mean number of pups born, live litter size, percentage of males per 
litter at birth, and postnatal survival through PND 21 were unaffected by 
administration of the test article to the F0 and F1 parental animals at all 
dosage levels. The F1 and F2 pups did not display any effects of test article 
exposure as evaluated by their general physical condition, body weights, 
necropsy findings, or organ weights. 

Based on the lack of effects on F0 and F1 reproductive performance 
(mating, fertility, copulation and conception indices, oestrous cyclicity, and 
spermatogenic endpoints), the no-observed-adverse-effect level (NOAEL) 
for parental reproductive toxicity of AM-1 when administration orally via 
gavage to Crl:CD(SD) rats was 1000 mg/kg/day. There were no adverse 
effects on survival, clinical observations, body weight or food consumption 
parameters, macroscopic or microscopic findings, or organ weights for F0 
or F1 males and females at any dose level. 

Based on these results, a dosage level of 1000 mg/kg/day was considered 
to be the NOAEL for F0 and F1 parental systemic toxicity. There were no 
test article-related effects on F1 and F2 postnatal survival, development, 
or growth during the pre-weaning period, and therefore, the NOAEL for 
neonatal toxicity was considered to be 1000 mg/kg/day. 

The AEJEG commented that some observed effects or statistically 
significant differences had been disregarded without clear reason. The 
AEJEG requested the Applicant to provide clear reasoning on the 
justification of why effects and statistically significant differences have 
been disregarded. 

In response the Applicant provided clarification to the AEJEG on the 
endpoints such as food intakes and body weights for all generations for 
which some of the statistically significant effects and changes had been 
disregarded. Other endpoints the AEJEG requested clarification on were 
PND 0 Litter Data and Postnatal Survival, Organ Weights, F1 male and 
female food consumption and food efficiency and F2 PND 0 Litter Data and 
Postnatal Survival. 

The AEJEG found the explanation acceptable and agreed with the 
conclusions of the study report. 
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2.11.9. Other Toxicity 
Allergenicity 
The Applicant provided the allergenicity claims and considerations as 
presented below. 

Glycolipids were not identified as food allergens or mediators of food 
allergy in comprehensive scientific opinions by authoritative bodies (e.g. 
(EFSA, 2014; NIAID, 2011)). AM-1 does not contain,nor does the equipment 
used to process AM-1 contain, any of the food allergens listed in Annex II 
of the Regulation (EC) 1169/2011 of Food Information to Consumers. 

AM-1 may contain up to 3% total protein content, which is associated 
with non-viable cell debris originating from the production organism, 
Dacryopinax spathularia, but does not contain any other introduced protein 
that would be expected to result in an allergic reaction. 

Exposure to red mammalian meat containing the oligosaccharide 
galactose-α-1,3-galactose (α-Gal) expressed in glycoproteins or glycolipids 
has previously caused allergic reactions among individuals who have 
become sensitized to α-Gal after tick bites (Steinke et al., 2015; Wolver et 
al., 2012), however, α-Gal or similar carbohydrates are not present in the 
AM-1 glycolipid mixture. 

To the best knowledge of the Applicant, food types listed as major food 
allergens do not contain glycolipids similar to AM-1. 

The presence of glycolipid type compounds such as sphingomyelin, which 
belong to the class of sphingolipids has been reported in food such as milk, 
eggs, and soybeans (Fujino et al., 1970; Jyonouchi et al., 2011; Leray, 2015; 
Newberg & Chaturvedi, 1992). 

The ability for milk-derived sphingomyelin to engage invariant natural killer 
T cells (iNKTs) and T-cell receptors (TCRs) has been reported, although the 
role of iNKTs in food allergy is still not fully understood (Jyonouchi et al., 
2011). However, the Applicant claims these molecules are very different in 
their chemical structures and molecular properties compared to AM-1. 

A single investigation regarding the potential for peanut glycolipid antigens 
to activate immune mechanisms related to food allergy was identified in 
the NIH Research Portfolio Online Reporting Tool (RePORT) (Umetsu, 2010); 
however, the results of this research have not been reported and the 
Applicant claims peanut “lipid and lipid-carbohydrate complexes described 
in the grant abstract are not considered to be similar to AM-1 glycolipids”. 

Finally, AM-1 is not well absorbed via the oral route and there were no 
test article-related effects on any haematological parameters related to 
immune system responses in the repeat-dose oral toxicity studies in rats 
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and dogs. However, the AEJEG noted that this was not a sufficient 
argument as effects may occur at very low doses and not be seen at very 
high doses. 

AM-1 was also non-sensitising in dermal sensitisation studies in animals 
and humans summarised previously; however, the relevance of dermal 
sensitization models to distinguish allergenic from non-allergenic food 
extracts is still questionable (Selgrade, et al., 2009). 

In consideration of the above information, it can be concluded that there is 
negligible potential for AM-1 to induce symptoms of food allergy. 

The AEJEG considered the Applicant’s conclusion satisfactory. 

Additional toxicity testing 
The Applicant also provided the below toxicity studies, which have been 
summarised with the conclusion in Table 32. 

Table 32. Additional toxicity studies provided to the AEJEG for RP1457, and their conclusions. 

Study Conclusion 

Acute oral toxicity 
with AM-1 
(Schmifd, 2012) 

A single oral Application of the test item IM-11 to rats at a dose of 2000 mg/kg 
bodyweight was associated with no signs of toxicity and no mortality. 

Acute Dermal 
Toxicity and 
Irritation Studies 
(Ghioni, 2011c) 

The positive control satisfied acceptance criteria as an irritant (≤50 %) whereas 
for the test item the mean tissue viability was >50% justifying classification as a 
non-irritant. 

In vitro Skin 
Corrosion Test: 
Human Skin 
Model Test 
(Heppenheimer, 
2013) 

The threshold for corrosivity (50% after the 3 minutes exposure and 15% after 
the 1-hour exposure) was not reached, the test item was not considered to be 
corrosive. 

Dermal 
Sensitisation Study 
in Guinea Pigs 
(Buehler Method) 
(Lowe, 2013) 

The Buehler Method was chosen as replacement for the common local lymph 
node assay (LLNA), which is known to be technically unsuitable for amphiphilic 
compounds such as AM-1. AM-1 is not considered to be a contact sensitiser. 

Dermal 
Sensitisation 
Study; Human 
Repeat Insult 
Patch Test (HRIPT) 
(Tatsene, 2013) 

The test material (AM-1), was tested at a dilution of 0.5% in distilled water, no 
adverse reactions of any kind were noted during the course of the study and 
therefore AM-1 was considered a non-primary irritant and non-primary 
sensitiser to the skin. 

Acute Eye 
Irritation Test 
(Ghioni, 2011b) 

AM-1 did not significantly reduce the cell viability compared to the negative 
control, and therefore AM-1 was not considered to be an eye irritant. 

Phototoxicity 
Study 
(Ghioni, 2011a) 

The Mean Photo Effect (MPE) for the test item was calculated as 0.03; therefore, 
AM-1 is classified as not phototoxic. 

The AEJEG was satisfied with the studies provided and the conclusions 
made. 
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2.12. Risk Assessment of 
3-hydroxy-3-methylglutarate (HMG) 
2.12.1. Safety of HMG 
The presence of glycolipids containing 3-hydroxy-3-methylglutarate (HMG) 
as an acyl unit has been noted in certain batches of AM-1, including those 
batches of AM-1 tested in the 90-day rat and dog toxicity studies, rat ADME 
study, and rat developmental and reproductive toxicity studies. HMG is a 
minor hydrolysis product of a minor component of AM-1 with a calculated 
average concentration of <1.5% (w/w). 

It was noted that the Applicant calculated an average concentration of 
<1.5% (w/w) within their Technical Dossier however the Applicant also 
provided documentation in which they calculate the theoretical maximum 
amount of HMG obtained from AM-1 to be <2.52% (w/w). 

The maximum ratio of HMG-bearing glycolipids is fixed as <17% by the 
internal specification of AM-1 (verified analytically by HPLC-MS analysis of 
each batch), referring to a maximum of <2.25% (w/w) HMG that could 
be theoretically released by hydrolysis. HMG as an acyl unit is present in 
various plant metabolites, some of which occur in edible plant parts. HMG-
CoA (HMG bound as thioester to coenzyme A) is a primary metabolite in 
terpene biosynthesis, ketogenesis, and leucine degradation pathways. 

Two groups of HMG-containing glycolipid congeners can be distinguished 
based on their molecular weights and are shown in Figure 14 and Figure 
15. 

Figure 14. Group 1 Chemical structure- HMG-containing glycolipid congener. 
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Figure 15. Group 2 Chemical structure- HMG-containing glycolipid congener. 

The maximum HMG amounts in percentage weight are calculated 
assuming a worst-case scenario of 100% hydrolysis of the acyl units, and 
assuming the maximum amount of HMG bearing glycolipids being present 
as fixed in the internal specification. Furthermore, this is based on a 
hypothetical glycolipid content of 100% in the product with water, protein, 
fat and sodium chloride content not considered, despite their actual 
presence lowering the total HMG content. 

Internal specification of AM-1: <17% (sum of HMG-containing glycolipids 
Group I & II). Calculated theorical maximum amount of HMG obtained from 
AM-1: <2.52% (w/w) . 

Based on HPLC-MS analysis data of the glycolipid composition batches 
used for the rat and ADME studies, dog and reproductivity toxicity studies, 
and a representative industrial scale batch were shown to have maximum 
HMG levels of 0.9% (w/w), 1.5% (w/w) and 1.7% (w/w) respectively after 
complete hydrolysis. 

2.12.2. Chemical structure and identifiers of 
HMG 
IUPAC Name: 3-Hydroxy-3-methylpentanedioic acid 
Chemical Name: 3-Hydroxy-3-methylglutaric acid (HMG) 
Synonyms: Dicrotalic acid, Mevalon, Medroglutaric acid 
International Nonproprietary Name (INN): Meglutol 
Chemical Abstracts Service Registry Number (CAS RN): 503-49-1 
Registry of Toxic Effects of Chemical Substances (RTECS): MA3753000 

The chemical structure of HMG is shown in Figure 16. 
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Figure 16. Chemical Structure of HMG. 

The Applicant claimed HMG is expected to be completely metabolised in 
the fatty acid pathway and tricarboxylic acid cycle like other dicarboxylic 
acids. HMG is a component of 3-hydroxy-3-methylglutaryl-coenzyme A 
(HMG-CoA) which is an intermediate in primary metabolism particularly in 
the mevalonate and ketogenesis pathways as well as leucine biosynthesis. 

HMG is considered a naturally occurring constituent of human physiology 
and according to guidance in the FDA Redbook (1993) Concern Level 
paradigm, it would be classified as structure category A – of lowest 
concern. 

The distribution of radioactivity after oral administration of 14C-HMG in 
male Swiss albino mice showed 14C-HMG was promptly and almost 
complete absorbed (Savoie & Lupien, 1975a). Radioactivity was observed 
in organs responsible for cholesterol synthesis (liver, intestinal wall) and 
with rapid and pronounced uptake of radioactivity also seen in the kidney. 
The authors concluded that the kidney is not only the main excretory 
route of HMG but also represents an important site of distribution for the 
compound (Savoie & Lupien, 1975a). 

Toxicological investigations of HMG have been performed in pregnant rats 
and mice, (Savoie & Lupien, 1975b). Pregnant female Long Evans rats were 
administered daily intraperitoneal (i.p.) or oral gavage doses of HMG at 75, 
250, and 500 mg/kg bw per day on Gestation Days (GD) 7-11. Pregnant 
female Swiss mice were administered Intraperitoneal injections (1600 mg/
kg bw per day) or oral gavage (3700 mg/kg bw per day) doses of HMG 
on GD 8 and 10. Euthanasia and laparotomy were performed on 
approximately half of the pregnant rats on GD 21 while the remaining rats 
were allowed to deliver their offspring. All mice were terminated on GD 20 
for performance of laparotomy. There were no effects of HMG treatment 
on reproductive performance of the dams, and no gross malformations 
of the fetuses or offspring were observed. The numbers of resorptions, 
percentage of live offspring after one month (evaluated in rats only), and 
fetal weights (reported for mice only) were not significantly different than 
controls (Savoie & Lupien, 1975b). 
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HMG was evaluated in 36 patients for its effect on plasma lipids in a 
double-blind human clinical trial (Lupien et al., 1979). Treatment groups 
were placebo, 0.750 g, 1.5 g, 2.25 g, and 3 g/day, there were no clinical or 
biological adverse effects due to the administration of HMG for 8 weeks. 
Hematologic, hepatic, renal, and metabolic function tests were clinically 
unaltered (Lupien et al., 1979). 

Since HMG is an analogue of glutaric acid, glutaric acid provides additional 
information supporting the safety evaluation of HMG. When teratology 
studies were performed with glutaric acid in rats at 125, 400 and 1300 
mg/kg and in rabbits at 40, 160 and 500 mg/kg, no adverse effects on 
pregnancy and no embryotoxic or teratogenic effects were observed 
(Bradford et al., 1984). Glutaric acid was tested in vitro in the Umu 
genotoxicity assay (Sakagami, et al., 1989) and in a rat in vivo bone marrow 
chromosomal aberrations assay (San Sebastian, 1989) at oral gavage doses 
as high as 2,750 mg/kg with negative results in both instances. 

No adverse test-article related effects were observed in the toxicology and 
ADME studies (Bitzer, Henkel, Nikiforov, Rihner, & Henderson, 2017; Bitzer, 
Henkel, Nikiforov, Rihner, & Leuschner, 2017; Bitzer, Henkel, Nikiforov, 
Rihner, & Thomas, 2017; Herberth, 2017b, 2017a) performed using AM-1 
test articles containing HMG at theoretical levels of 0.88% and 1.50% 
(calculated maximum theoretical amounts after complete hydrolysis based 
on measured amounts of HMG-containing glycolipids). 

2.12.3. Potential Consumer Exposure to HMG 
Assuming the unlikely event of complete hydrolysis the mean 
concentration of HMG can be calculated as 1.5% (w/w) as previously 
discussed, as glycolipids constitute approximately 93% of the AM-1 product 
and based on the exposure assessment previously conducted for AM-1, 
the potential dietary intake of HMG through consumption of formulated 
beverages containing AM-1 is calculated as follows: 

For toddlers for which the highest exposure to AM-1 was identified (max. 
95th percentile): 

2.4 mg AM-1/kg bw per day x 93% glycolipids x 1.5 % (w/w) HMG = 33.5 μg 
HMG/kg bw per day. 

For adults for the min. 95th percentile 

0.547 mg AM-1/kg bw per day x 93% glycolipids x 2.52% HMG (w/w) = 7.6 
μg HMG/kg bw per day. 

However, excretion balance data from the rat ADME study indicates that 
AM-1 [14C] equivalents in urine and exhaled CO2 are less than 
approximately 20% of the administered dose (following an oral dose 
approximately 16-20% of recovered radioactivity was captured as expired 
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CO2 and approximately 1% was in urine) and therefore, potential exposure 
to HMG is expected to be significantly lower, the exposure has been 
recalculated below: 

For toddlers for which the highest exposure to AM-1 was identified (max. 
95th percentile): 

2.4 mg AM-1/kg bw per day x 93% glycolipids x 2.52% (w/w) HMG x 20% 
administered dose = 11.2 μg HMG/kg bw per day. 

For adults for the min. 95th percentile 

0.547 mg AM-1/kg bw per day x 93% glycolipids x 0.96% (w/w) HMG x 20% 
administered dose = 1.5 μg HMG/kg bw per day. 

Both exposures are below the Threshold of Toxicological Concern (TTC) of 
30 μg/kg bw per day which can be applied in the absence of genotoxicity 
and for HMG as a substance falling into Cramer Class I (according to EFSA 
and WHO Review of the Threshold of Toxicological Concern (TTC) approach 
and development of new TTC decision tree, published 10 March 2016). 

The AEJEG recalculated exposures using the recalculated exposure values 
of 3.08 mg/kg bw per day for the toddler, which produced a highest 
exposure for toddlers of 72.2 µg/kg bw per day, which exceeds the TTC of 
30 µg/kg bw per day for a Cramer Class I compound. 

For toddlers for which the highest exposure to AM-1 was identified (max. 
95th percentile): 

3.08 mg AM-1/kg bw per day x 93% glycolipids x 2.52% (w/w) HMG x 20% 
administered dose = 72.2 μg HMG/kg bw per day. 

The AEJEG also noted that the Applicant assumed 20% internal exposure 
(based on urinary excretion and CO2 exhalation), which is not typically 
accounted for in exposure calculations for TTC and would lower the 
exposure to 14.4 µg/kg bw per day. 

If this approach was accepted, intakes for HMG would be below the TTC 
threshold. Nevertheless, the AEJEG noted that there were some 
uncertainties in adjusting for internal exposure in the use of TTC and that 
work in this area is ongoing. Therefore, whilst the concept of systemic 
dose/internal exposure was recognised as a relevant concept, together 
with a conservative assumption of 20 % internal exposure compared to 
what was reported in the study, it was recognised that there were still 
uncertainties in this approach. 
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2.12.4. Conclusion on HMG 
The Applicant concluded HMG may be present as an acyl group of a minor 
portion of AM-1 glycolipids, meaning HMG may be theoretically freed via 
hydrolysis with an average theoretical concentration of <1.5% (w/w) in 
AM-1 batches. Results of organ distribution, reproduction, and 
developmental toxicity studies in two species (rat and dog) and a human 
clinical study support the safety of HMG. Furthermore, supporting 
teratology and genetic toxicity data on the structural analogue glutaric 
acid further supports the safety of HMG. Dietary intake calculations using 
conservative assumptions in potential exposures to HMG from use in AM-1 
in the requested categories show these falls below the Threshold of 
Toxicological Concern (TTC). Considering all these factors, the presence of 
HMG as a potential hydrolysis product of a minor component of AM-1 is 
not a safety concern. 

The AEJEG disagreed with the Applicant’s approach to use a 20% 
administered dose when calculating exposure to HMG for adults in the 
95th percentile. An exceedance in the Threshold of Toxicological Concern 
(TTC) was also noted for toddlers using the updated exposure values. 

2.12.5. Overall conclusion of the safety of the 
proposed use 
The Applicant stated the in vitro genetic toxicity studies with AM-1 were 
all negative, confirming that AM-1, a glycolipid structure with no structural 
alerts for genotoxic metabolites has low potential for mutagenicity or 
carcinogenicity. AM-1 is poorly absorbed following oral intake and any that 
is absorbed appears to be rapidly hydrolysed to non-toxic compounds 
that are easily excreted. AM-1 hydrolysis products; glucose, xylose, acetate, 
isovalerate and long chain fatty acids are naturally occurring in the human 
diet and if absorbed may be ultimately metabolised to CO2. 

Subchronic toxicity and multi-generation reproductive toxicity studies 
established high NOAELs with only minor non-adverse effects observed. 
These were concluded to be related to the surfactant and unpalatable 
properties of AM-1 and/or an artefact of the oral gavage route of 
administration. 

Due to the well-defined ADME and PK profile of AM-1 in rodents, alongside 
the results of oral subchronic studies in both rats and dogs, it can also be 
concluded that chronic toxicity and carcinogenicity are not endpoints of 
safety concern for AM-1. 

AM-1 and its ultimate hydrolysis product LCFA are poorly absorbed by the 
oral route and are primarily eliminated in the faeces without absorption. 
The Applicant stated absorbed components appear to be completely 
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metabolized to CO2 and expired. There were no metabolites of safety 
concern identified for AM-1 or LCFA and no accumulation of these in 
tissues. Furthermore, the Applicant claimed, due to the rapid hydrolysis 
and elimination of AM-1 that occurs in vivo, the antimicrobial properties 
of the parent material would be absent or greatly diminished in the lower 
intestines so there is low concern for disruption of healthy gut microflora. 

An in vivo rat study was submitted to investigate potential effects on the 
gut microbiota. Although assessment of microbiome-related outcomes 
remains an evolving area of science, the study did not identify substantial 
perturbations of the gut microbial ecosystem, including at exposure levels 
considerably higher than anticipated human dietary exposure. 

AM-1 has low potential for systemic toxicity with oral repeated dose 
(90-day) NOAELs of ≥1200 mg/kg bw per day in rats (oral drinking water 
administration) and ≥ 1000 mg/kg bw per day in dogs (oral capsule 
administration), the highest dose levels tested, demonstrating that chronic 
toxicity and carcinogenicity are not of safety concern for AM-1. 

AM-1 was determined to be non-genotoxic based on the results of an 
adequate range of in vitro genetic toxicity assays both in bacteria and 
mammalian cells including human lymphocytes. 

AM-1 is not a reproductive or developmental toxicant as confirmed in the 
developmental and two generation reproduction study in rodents via oral 
gavage administration. Furthermore, the NOAELs of ≥1000 mg/kg bw per 
day determined by these toxicity studies are consistent with the NOAELs of 
the 90-day oral toxicity studies, providing additional confidence that there 
are no toxicological concerns. 

2.13. Acceptable Daily Intake (ADI) for AM-1 
The Applicant stated to be conservative the lowest NOAEL (1000 mg/kg bw 
per day) determined in the 90-day rat and dog toxicity studies would be 
utilised to derive of an Acceptable Daily Intake (ADI) for AM-1. 

The Applicant used a default safety factor of 100-fold was used, based 
on an interspecies factor of 10 and an intra-species factor of 10. Due to 
the lack of chemical structural alerts, low oral bioavailability, simple and 
common hydrolysis products, and rapid and complete elimination of any 
metabolites; the Applicant did not consider an additional safety factor for 
the calculation of the ADI. The Applicant based their ADI on the 90-day 
toxicity study in Beagle dogs. 

The AEJEG agreed with the use of the NOAEL of 1000 mg/kg bw per day, 
however, Members agreed on this level supported by the results of the 
90 Day Rat study due to the study design and concluded this is more 
comparable with how humans would consume the product. 
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Members disagreed with the Applicant’s approach to the ADI and instead 
agreed an additional uncertainty factor of 3 to allow for extrapolation from 
a subchronic study to chronic exposure should be utilized as well as a 
factor of 10 for intra-species variation and 10 for inter-species variation. 
This gave a total uncertainty factor of 300, producing an ADI of 3.3 mg/kg 
bw per day, (Table 33). 

Table 33. AEJEG’s Acceptable Daily Intake for AM-1 from Totality-of-Evidence. 

Basis of ADI Key Data Safety Factor ADI for AM-1 

90-day Rat Study (LPT, 
2015) 

NOAEL: 1000 mg/kg bw per 
day 

300 3.3 mg/kg bw per 
day 

The provisional ADI (3.3 mg/kg bw per day) established by the AEJEG was 
based solely on the toxicological data provided. The AEJEG did not consider 
the potential antimicrobial effects of the AM-1 and this aspect was not 
considered in establishing this ADI. 

2.14. Documentation gathered 
The use of glycolipids from Dacryopinax spathularia as a food ingredient 
was a new Application. The Applicant stated when performing literature 
searches for Dacryopinax spathularia in PubMed only 9 results were 
obtained, the 5 of these were publications by Bitzer et al. and were the 
only ones considered relevant for the safety assessment of AM-1 as a food 
ingredient (Bitzer, Henkel, Nikiforov, Rihner, & Henderson, 2017; Bitzer, 
Henkel, Nikiforov, Rihner, & Leuschner, 2017; Bitzer, Henkel, Nikiforov, 
Rihner, & Thomas, 2017). The AEJEG noted the Bitzer papers are written 
based on the study reports and testing of AM-1. 

2.15. Safety evaluation strategy and 
corresponding testing strategy 
The safety evaluation strategy and the corresponding testing strategy was 
built on EFSA’s Scientific Opinion Guidance for submission for food additive 
evaluations (EFSA, 2012). It included details on the chemistry and 
specifications of AM-1, lists and detailed existing authorisations and 
evaluations (US GRAS), and specified the proposed use of AM-1 as a 
preservative. 

The toxicological studies for AM-1 include Tier 1- and Tier 2-testing as 
directed in the EFSA additive guidance (EFSA, 2012) (ADME, genotoxicity, 
acute toxicity, irritation and sensitization studies, sub-chronic toxicity, 
reproductive and developmental toxicity). There were no triggers for 
justifying the need for Tier 3-testing. 
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The safety assessment also included the edible jelly fungus Dacryopinax 
spathularia that is used to produce AM-1, this has a history of use as food, 
including being listed in the corresponding FAO compendium. 

The exposure assessment calculated by the Applicant using EFSA’s Food 
Additive Intake Model (FAIM), both with normal use level, requested 
maximum use levels, individual use in the requested food categories and 
combined use in all food categories. Exposure from natural sources, food 
fortification, supplements or any other uses can be excluded as the there 
are no other known natural sources of the AM-1 glycolipids other than the 
producer organism (excluding its fruiting bodies). 

2.15.1. Relevant published papers and 
unpublished studies including the individual raw 
data 
The Applicant stated there were no new risk assessment data available 
which would affect the results of the existing risk assessments carried out. 

The ADME and PK profile established for AM-1 in rodents, as well as the 
results of in vitro genetic toxicity studies with AM-1 and oral subchronic 
toxicity studies with AM-1 in rats and dogs, confirmed that chronic toxicity 
and carcinogenicity are not endpoints of safety concern for AM-1; 
therefore, chronic toxicity and carcinogenicity studies with AM-1 were not 
performed. 

The Applicant claimed that available study results showed low oral 
absorption, no accumulation, and no toxicological endpoints of safety 
concern further support the conclusion that AM-1 exposure presents no 
health hazards to humans; therefore, a clinical safety study of AM-1 was 
not considered necessary for safety evaluation of the proposed uses. The 
Applicant claimed that as glycolipids such as AM-1 are part of the normal 
human diet and the fruiting bodies of the AM-1 production organism 
Dacryopinax spathularia had a history of use as food. 

3. Conclusion 
The FSA and FSS have undertaken a review of the AM-1 product using the 
scientific dossier provided, in addition to data relied upon by the applicant. 
The FSA and FSS concluded there were no toxicity, genotoxicity or other 
safety concerns for glycolipids produced using specifically the strain MUCL 
53181 and agreed on a No Observed Adverse Effect Level (NOAEL) of 1000 
mg/kg bw per day based on the 90-day rat study, and the use of a total 
uncertainty factor of 300 to give an Acceptable Daily Intake (ADI) of 3.3 mg/
kg bw per day. 
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The FSA and FSS consider that there are no concerns over the safety of 
AM-1 for the proposed uses. 

Abbreviations 
Abbreviation Definition 

ADI Acceptable daily intake. (This ADI does not consider the potential 
antimicrobial effects of AM-1) 

AEJEG Joint Expert Group on Additives, Enzymes and other Regulated products 

ACMSF Advisory Committee on the Microbiological Safety of Food 

COT The Committee on Toxicity of Chemicals in Food, Consumer Products and 
the Environment 

CSD Carbonated Soft Drinks 

CoA Certificate of Analysis 

CP Cyclophosphamide 

GMP Good Manufacturing Practices 

EC European Commission 

E. coli Escherichia coli 

EFSA The European Food Safety Authority 

EM Electron Microscopy 

EU European Union 

FAF The EFSA Panel on Food Additives and Flavourings 

FAIM Food Additive Intake Model 

FAO The Food and Agriculture Organization 

FD Fruit Drinks 

FDA The United States Food and Drug Administration 

FSANZ Food Standards Australia New Zealand 

GLP Good Laboratory Practice 

GLs Glycolipids 

GMO Genetically Modified Organism 

GRAS Generally Recognized as Safe 

HACCP Hazard Analysis of Critical Control Points 

HC Health Canada 

HMG 3-hydroxy-3-methylglutarate 

HMG-CoA 3-hydroxy-3-methylglutaryl-coenzyme A 

HPLC-MS High performance liquid chromatography coupled with mass spec 

Long Chain Fatty Acid Long Chain Fatty Acid 

Lower limit of 
quantification 

Lower limit of quantification 

Mutation Frequency Mutation Frequency 

mg/kg Milligram per kilogram 

mg/kg bw per day mg per kg body weight per day 

MIC Minimum Inhibitory Concentrations 

ML Maximum permitted level 

MMS Methyl methanesulfonate 

MPN/g Most probable number per gram 
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Abbreviation Definition 

MW – Molecular 
Weights 

Molecular Weights 

ng/kg bw per day nanograms per kilogram of body weight per day 

NOAEL No observed adverse effect level 

PND Postnatal Day 

SCFA Short Chain Fatty Acids 

TSH Thyroid-Stimulating Hormone 

WHO World Health Organization 
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Appendix A: Dietary exposure 
assessment and data on dietary 
sources 
Exposure to AM-1 has been estimated based on the proposed maximum 
and normal use levels using EFSA’s FAIM tool, calculations were performed 
on 11th January 2022. An ADI of 0-10 mg/kg bw per day for AM-1 is used to 
calculate the margin of safety. 

Category 14.1.4 (combination of 14.1.4.1 Flavoured drinks with sugar 
and 14.1.4.2 Flavoured drinks with sweetener) 

Normal use level of 10 mg/l 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.026 0.3 0.000 0.0 0.159 1.6 

Toddlers 0.000 0.0 0.135 1.4 0.000 0.0 0.481 4.8 

Other 
children 

0.011 0.1 0.151 1.5 0.051 0.5 0.380 3.8 

Adolescents 0.014 0.1 0.113 1.1 0.060 0.6 0.267 2.7 

Adults 0.004 0.0 0.048 0.5 0.025 0.3 0.171 1.7 

Elderly/very 
elderly 

0.001 0.0 0.013 0.1 0.008 0.1 0.059 0.6 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 

Maximum proposed use level of 50 mg/l 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.128 1.3 0.000 0.0 0.794 7.9 

Toddlers 0.000 0.0 0.674 6.7 0.000 0.0 2.404 24.0 

Other 
children 

0.053 0.5 0.755 7.6 0.256 2.6 1.901 19.0 

Adolescents 0.069 0.7 0.564 5.6 0.300 3.0 1.336 13.4 

Adults 0.021 0.2 0.238 2.4 0.126 1.3 0.855 8.6 

Elderly/very 
elderly 

0.006 0.1 0.067 0.7 0.038 0.4 0.297 3.0 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 

Category 14.1.5 
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Normal use level of 10 mg/l 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.053 0.5 0.000 0.0 0.244 2.4 

Toddlers 0.000 0.0 0.064 0.6 0.000 0.0 0.304 3.0 

Other 
children 

0.000 0.0 0.067 0.7 0.000 0.0 0.184 1.8 

Adolescents 0.002 0.0 0.057 0.6 0.011 0.1 0.161 1.6 

Adults 0.009 0.1 0.106 1.1 0.021 0.2 0.248 2.5 

Elderly/very 
elderly 

0.020 0.2 0.121 1.2 0.054 0.5 0.246 2.5 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 

Maximum proposed use level of 20 mg/l 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.105 1.1 0.000 0.0 0.489 4.9 

Toddlers 0.000 0.0 0.127 1.3 0.000 0.0 0.607 6.1 

Other 
children 

0.001 0.0 0.134 1.3 0.000 0.0 0.368 3.7 

Adolescents 0.003 0.0 0.113 1.1 0.021 0.2 0.321 3.2 

Adults 0.017 0.2 0.212 2.1 0.042 0.4 0.496 5.0 

Elderly/very 
elderly 

0.039 0.4 0.243 2.4 0.109 1.1 0.491 4.9 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 

Category 14.2.1 

Normal use level of 10 mg/l 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0 

Toddlers 0.000 0.0 0.001 0.0 0.000 0.0 0.000 0.0 

Other 
children 

0.000 0.0 0.001 0.0 0.000 0.0 0.000 0.0 

Adolescents 0.000 0.0 0.009 0.1 0.000 0.0 0.058 0.6 

Adults 0.004 0.0 0.049 0.5 0.022 0.2 0.219 2.2 

Elderly/very 
elderly 

0.001 0.0 0.024 0.2 0.006 0.1 0.102 1.0 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 
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Maximum proposed use level of 50 mg/l 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0 

Toddlers 0.000 0.0 0.003 0.0 0.000 0.0 0.000 0.0 

Other 
children 

0.000 0.0 0.006 0.1 0.000 0.0 0.000 0.0 

Adolescents 0.000 0.0 0.046 0.5 0.000 0.0 0.288 2.9 

Adults 0.180 1.8 0.244 2.4 0.112 1.1 1.094 10.9 

Elderly/very 
elderly 

0.005 0.1 0.119 1.2 0.030 0.3 0.512 5.1 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 

Combined exposure from categories 14.1.4 (combination of 14.1.4.1 
and 14.1.4.2). 14.1.5. and 14.2.1 

Normal use level for all three categories 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.078 0.8 0.000 0.0 0.273 2.7 

Toddlers 0.000 0.0 0.184 1.8 0.000 0.0 0.630 6.3 

Other 
children 

0.014 0.1 0.169 1.7 0.068 0.7 0.405 4.1 

Adolescents 0.019 0.2 0.141 1.4 0.092 0.9 0.301 3.0 

Adults 0.026 0.3 0.167 1.7 0.078 0.8 0.341 3.4 

Elderly/very 
elderly 

0.022 0.2 0.153 1.5 0.062 0.6 0.272 2.7 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 

Maximum proposed use level for all three categories 

Population 
Group 

Min 
Average 

% 
ADI 

Max 
Average 

% 
ADI 

Min 
95th 

% 
ADI 

Max 
95th 

% 
ADI 

Infants 0.000 0.0 0.233 2.3 0.000 0.0 0.865 8.6 

Toddlers 0.000 0.0 0.731 7.3 0.000 0.0 2.474 24.7 

Other 
children 

0.069 0.7 0.791 7.9 0.327 3.3 1.907 19.1 

Adolescents 0.089 0.9 0.634 6.3 0.336 3.4 1.428 14.3 

Adults 0.087 0.9 0.536 5.4 0.264 2.6 1.328 13.3 

Elderly/very 
elderly 

0.049 0.5 0.402 4.0 0.144 1.4 0.788 7.9 

Minimum and Maximum Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) 
and % of ADI. 
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Maximum proposed use level for all three categories – UK data ONLY (extracted from FAIM) 

Population Group Average % ADI 95th percentile % ADI 

Infants 0.035 0.4 0.208 2.1 

Toddlers 0.347 3.5 1.083 10.8 

Other children 0.387 3.9 1.131 11.3 

Adolescents 0.361 3.6 0.854 8.5 

Adults 0.367 3.7 0.966 9.7 

Elderly/very elderly 0.277 2.8 0.661 6.6 

Mean and 95th percentile dietary exposure per age class (mg/day per kg body weight) and % of ADI. 

The Applicant highlights that in FAIM it is not possible to distinguish: 

• between subcategories 14.1.5.1 Coffee, coffee extracts and 
14.1.5.2 Other in category 14.1.5 Coffee, tea, herbal and fruit 
infusions, chicory; tea, herbal and fruit infusions and chicory 
extracts; tea, plant, fruit and cereal preparations for 
infusions, as well as mixes and instant mixes of these 
products, and 

• between alcoholic and alcohol-free variants in category 
14.2.1 Beer and malt beverages 

Therefore, the exposure assessments above provide a gross 
overestimation for subcategory 14.1.5.2 and category 14.2.1. 

Even with the overestimation in the above category’s the exposure to AM-1 
from all requested food categories alone and combined is below the 0 – 10 
mg/kg bw per day ADI for all ages groups including the 95th percentile. 

• The exposure of the maximum 95th percentile of toddlers 
does not exceed 25% of the ADI of AM-1. 

• The exposure of the maximum 95th percentile of other 
children does not exceed 12% of the ADI of AM-1. 
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