
1

revista del com
ité científico nº 22

Section of Food Safety and Nutrition

Elena Alonso Lebrero, José Manuel Barat Baviera, María 

Pilar Conchello Moreno, Ramón Estruch Riba, María Antonia 

Ferrús Pérez, Guillermina Font Pérez, Susana Guix Arnau, 

Arturo Hardisson de la Torre, Ángeles Jos Gallego, Ascensión 

Marcos Sánchez, Amelia Marti del Moral, Olga Martín Belloso, 

María Aránzazu Martínez Caballero, Alfredo Palop Gómez, 

Gaspar Pérez Martínez, José Luis Ríos Cañavate, Gaspar Ros 

Berruezo, Jesús Ángel Santos Buelga, Jesús Simal Gándara, 

Josep Antoni Tur Marí

Technical Secretary

Vicente Calderón Pascual

Reference number: AECOSAN-2015-008

Report approved by the Section of Food Safety and 

Nutrition of the Scientific Committee on plenary session 

November, 18th 2015

Working group

Guillermina Font Pérez (Coordinator)

José Manuel Barat Baviera (Active carbon coordinator)

Arturo Hardisson de la Torre (Amino acides coordinator)

Amelia Marti del Moral (Lipoic acid coordinator)

Gaspar Pérez Martínez (Lactulose coordinator) 

José Luis Ríos Cañavate (Monascus purpureus coordinator)

 Jesús Simal Gándara (Hydroxymethylbutyrate coordinator)

Ramón Estruch Riba, Ángeles Jos Gallego

Arantxa Martínez Caballero, Gaspar Ros Berruezo

Report of the Scientific Committee of the Spanish Agency for 
Consumer Affairs, Food Safety and Nutrition (AECOSAN) on 
the conditions of use of certain substances to be used in food 
supplements-4 

Translated from the original published in the journal: Revista del Comité Científico de la AECOSAN, 22, pp: 79-131

Abstract 

Food supplements are foods, the purpose of which is to supplement the normal diet and which 

consist of concentrated nutrient sources (vitamins and minerals) or other substances with a 

nutritional or physiological effect, alone or in combination. The supplements are marketed in 

dosage form and are only supplied to the end consumer prepacked. In no event should they 

replace the use of medicines without suitable medical supervision. They should only be used to 

supplement the diet and, on the whole, their usage is not required if the individual has a varied 

and balanced diet, which cannot be replaced. 

In Spain, food supplements are regulated by Royal Decree 1487/2009, which transposed 

Directive 2002/46/EC on the approximation of the laws of the Member States relating to food 

supplements into Spanish law. However, only the use of vitamins and minerals is currently 

regulated. Therefore the Scientific Committee has been asked to make an assessment of the 

proposal to authorise certain substances other than vitamins and minerals in the manufacture 

of food supplements. The substances proposed by the Spanish Agency for Consumer Affairs, 

Food Safety and Nutrition (AECOSAN) are L-aspartic acid, L-citrulline, glycine, L-proline, 

L-serine, L-arginine-L-aspartate, L-lysine-L-aspartate, L-lysine-L-glutamate, N-acetyl-L-cysteine, 

N-acetyl-L-methionine, hidroxymethylbutyrate, lipoic acid, Monascus purpureus, activated 

carbon and lactulose. 

The Scientific Committee has assessed each proposal, analysing the characteristics and 

sources of each substance, and the nutrition, metabolism and safety and has concluded, in each 

case, whether that submitted by the AECOSAN is acceptable from a safety viewpoint for use 

as a food supplement. In no event is the assessment intended as a guarantee of the biological 

efficiency of the substances and the estimated doses. The Scientific Committee states that, in any 
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case individuals undergoing medical treatment must seek medical advice as to the suitability of 

taking food supplements, given the possibility of interactions in certain cases. In addition, in the 

case of food supplements with an antioxidant effect, it should be noted that in certain conditions 

and at high doses, these compounds may behave as pro-oxidants.
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1. Introduction

The Spanish Agency for Consumer Affairs, Food Safety and Nutrition (AECOSAN) has drawn up 

a new proposal to authorise certain substances other than vitamins and minerals for use in the 

manufacture of food supplements and their corresponding maximum daily quantities for inclusion 

in a new Annex III of Royal Decree 1487/2009 (BOE, 2009). In this respect, the Management Board 

of the AECOSAN has asked the Section of Food Safety and Nutrition of the Scientific Committee 

to assess, as on previous occasions, the different proposals to authorise the use of certain 

substances in the manufacture of food supplements.

In accordance with that stated in previous reports, food supplements are foods, the purpose 

of which is to supplement the normal diet and which consist of concentrated nutrient sources 

(vitamins and minerals) or other substances with a nutritional or physiological effect, alone or in 

combination. Supplements are marketed in dose form in capsules, pastilles, tablets, pills, sachets 

of powder, ampoules of liquid, drop dispensing bottles and other similar forms of liquids and 

powders designed to be taken in small unit quantities. 

As foods, they are subject to the legislation applicable to other food products, such as 

Regulation (EC) No 178/2002 (EU, 2002a) laying down procedures in matters of food safety, 

Regulation (EC) No 1924/2006 (EU, 2006a) on nutrition and health claims made on foods and 

Regulation (EC) No 258/1997 (EU, 1997) concerning novel foods. Prior authorisation is not required 

for their marketing, only a notification of their placement on the market, although in some Member 

States of the European Union including Austria, the Netherlands, Sweden or the United Kingdom, 

this notification is not obligatory (FVO, 2011).

Royal Decree 1487/2009, of 26 September, relating to food supplements transposed into 

Spanish Law Directive 2002/46/EC (EU, 2002b) on the approximation of the laws of the Member 

States relating to food supplements and established, among other aspects, the requirements 

for the marketing of food supplements, including their labelling, presentation and advertising. In 

addition, it established in Annex I which vitamins and minerals can be used in the manufacture of 

food supplements, specifying in Annex II the substances or salts that may be used as sources of 

vitamins or minerals so that these nutrients are available for the organism. 

With respect to substances other than vitamins and minerals, the foreword to Royal Decree 

1487/2009 establishes that until maximum levels of nutrients or other substances with a nutritional 

or physiological effect used as ingredients of food supplements are established in the European 

Union, the reports pertaining to the Scientific Committee on Food (SCF) will be considered 

together with those from other international bodies of recognised scientific standing. 

Moreover, the foreword to Directive 2002/46/EC indicates that substances that have been 

approved by the Scientific Committee on Food, on the basis of the said criteria, for use in the 

manufacture of foods intended for infants and young children and other foods for particular 

nutritional uses can be used in the manufacture of food supplements. 

In this respect, Regulation (EC) No 953/2009 (EU, 2009) establishes the substances that may be 

added for specific nutritional purposes in foods for particular nutritional purposes and Directive 

2006/141/EC (EU, 2006b) on infant formulae and follow-on formulae and its transposition in Spain 
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through Royal Decree 867/2008 (BOE, 2008) regulates the inclusion of certain substances in the 

basic composition of infant formulae.  

At the moment, the European Commission does not expect to regulate the use of substances 

other than vitamins and minerals in food supplements and therefore some Member States, 

including Belgium, Denmark and Italy, apply the guidelines existing prior to Directive 2002/46/EC 

or have subsequently drawn up national provisions. Safety assessment reports are also available 

for certain substances, prepared by national assessment bodies, as is the case in France, or the 

European Food Safety Authority (EFSA).  

In addition, the approval of a health claim for a particular substance in the framework 

of Regulation (EC) No 1924/2006 does not suppose a guarantee of its safety as the EFSA only 

assesses the cause-effect relation between the intake of a set quantity of a substance and the 

effect that it is alleged to have. Therefore, the authorisation of a health claim does not imply 

that its safety has been assessed and, as indicated in the Regulation which establishes a list of 

authorised health claims for foods other than those referring to the reduction of disease risk and 

to children’s development and health (article 13.1), this claim authorisation is not an authorisation 

to market the substance which is the subject of the claim, nor is it a ruling on the possibility of 

using the substance in food products nor the classification of a certain product as food (EU, 2012). 

At present, in Spain it is possible to market food supplements containing substances authorised 

in other Member States under the principle of mutual recognition in the European Union, which 

guarantees the free movement of goods and services without having to harmonise the national 

legislation of the Member States. Consequently, the sale of a product legally manufactured 

in a Member State cannot be banned in another Member State, even though the technical or 

qualitative conditions differ from those imposed on the products. The only exception is in those 

cases of general interest such as the protection of health, consumers or the environment, as 

is the case of food supplements that are considered as medicinal products by the competent 

authority of a Member State and which, consequently, cannot be marketed as food supplements 

although considered as such in another Member State. 

Royal Decree 1487/2009, of 26 September, relating to food supplements currently only 

considers vitamins and minerals among the substances authorised for use in the manufacture 

of food supplements in Spain. The lack of regulation relating to the manufacture in Spain of 

food supplements containing substances other than vitamins and minerals has prevented their 

manufacture at national level, but not their marketing through the use of the authorisation obtained 

in another Member State and the corresponding mutual recognition. Therefore, AECOSAN has 

drawn up several requests for evaluation relating to certain substances other than vitamins and 

minerals for use in the manufacture of food supplements and their corresponding maximum daily 

quantities for inclusion in a new Annex III of Royal Decree 1487/2009.

To continue the work to update Royal Decree 1487/2009, of 26 September, relating to food 

supplements, AECOSAN has asked the Section of Food Safety and Nutrition of the Scientific 

Committee to assess the suitability of certain substances as food supplements in order to include 

them in Annex III of this Royal Decree.
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2. Proposal

AECOSAN has prepared the following proposal for substances other than vitamins and minerals 

which may be authorised for use in the manufacture of food supplements (Table 1).

Table 1. Substances and maximum quantities proposed by AECOSAN for their use in the manufacture of 
food supplements

Proposed substance Proposed maximum daily quantity

L-aspartic acid -

L-citrulline -

Glycine -

L-proline -

L-serine -

L-arginine-L-aspartate -

L-lysine-L-aspartate -

L-lysine-L-glutamate -

N-acetyl-L-cysteine 300 mg

N-acetyl-L-methionine -

Hydroxymethylbutyrate 3 g

Lipoic acid -

Monascus purpureus 10 mg (Monacolin K)

Active carbon 2 g

Lactulose 10 g

3. Evaluation of the proposals

3.1 General considerations

For food supplements, as for all other foods, nutritional and/or health claims may not be made 

unless approved in accordance with Regulation (EC) No 1924/2006.

The assessment of EFSA in the framework of Regulation (EC) No 1924/2006 is solely based on 

the study of the cause and effect relation between the intake of a certain substance and the effect 

it is alleged to have (efficiency and dose at which the effect occurs) and in no event supposes 

the approval of said substance for its use in the food sector nor it is an evaluation of its safety. 

Consequently, the request for the report by the Scientific Committee with respect to the 

substances to be included in a new Annex III concerning other substances which may be used 

in the manufacture of food supplements (Royal Decree 1487/2009) is confined to their safety in 

the doses proposed for use in the manufacture of food supplements, given that their efficiency is 

assessed and regulated at European level in the scope of Regulation (EC) No 1924/2006.

Food supplements are intended to supplement the normal diet and provide an additional 

amount of vitamins, minerals or other substances with nutritional or physiological effect. The 

supply of a concentrated quantity of nutrients or other substances may suppose a risk if taken in 
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excess by the population who consume them. Furthermore, in the case of pregnant or lactating 

mothers, children, the elderly and the sick, food supplements should only be used if there are 

reasons to justify their use, as the safety assessment of their use refers to adults with a normal 

physiological situation. 

In no event should they replace the use of medicines without suitable medical supervision. 

Individuals receiving treatment with medicines containing substances present in food 

supplements should seek medical advice to avoid the possibility of an overdose. 

The consumption of supplements containing substances found naturally in foods may result 

in a total intake which is higher than the maximum quantity established for these substances 

in their use as a food supplement. They should only be used to supplement the diet and, on the 

whole, their usage is not required if the individual has a varied and balanced diet, which cannot 

be replaced.
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4. Amino acids

4.1 Proposal

The AECOSAN has recommended the inclusion of different amino acids in Royal Decree 1487/2009 

without specifying a maximum daily quantity, except in the case of N-acetyl-L-cysteine. The 

application is based on the fact that they are accepted for use in the preparation of foods intended 

for special medical purposes, as established in the Annex to Regulation (EC) No 953/2009.

4.2 L-aspartic acid

L-aspartic acid is a non-essential amino acid, which means that it can be synthesised in the 

body. The body is able to synthesise 80 % of all the amino acids and the remaining 20 % must be 

obtained from the diet.

L-aspartic acid is present in frequently consumed foods of animal or plant origin and is a 

metabolite of the sweetener aspartame.

4.2.1 Characteristics and sources

L-aspartic acid has a molecular weight of 133.1 g/mol. It has the following molecular structure 

(Figure 1):

Figure 1. Molecular structure of L-aspartic acid.

The blood plasma concentration ranges between 0.01 and 0.3 mg/100 and in urine (mg/24 

hours) the concentration is 165 mg, where 2 mg are in free form and 163 mg in conjugated form 

(Hernández and Sastre, 1999). Aspartic acid is found in cereals and pulses (chick peas, lentils and 

soya), tubers such as the potato, nuts including peanuts and seafood such as salmon and prawns.

The additive aspartame, used as a sweetener, is an exogenous source of L-aspartic acid, as it 

metabolises in aspartic, phenylalanine and quantities of methanol (Gil, 2005).

4.2.2 Nutrition and metabolism

L-aspartic acid is reversibly linked to oxaloacetate via the enzyme aspartate aminotransferase. 

This amino acid intervenes in the synthesis of purine and pyrimidine bases and in ureogenesis 

(Gil, 2005).

As all amino acids it suffers two biotransformation reactions. One transamination reaction, 

catalysed by transaminases, in which one amino acid is converted into another. This type of 

reaction takes place in the cell cytosol and in the mitochondrions. Essentially the transaminases 
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are alanine aminotransferase and aspartate aminotransferase, both of which require pyridoxal 

phosphate as a cofactor. This is derived from vitamin B6 or pyridoxin.

The second reaction is the oxidative deamination, which takes place in the mitochondrions. 

Here, the enzyme glutamate-dehydrogenase acid eliminates the amino group from glutamic acid. 

Consequently urea is formed and the carbonated chains are products of glycolysis and the Krebs 

cycle. The product of the deamination of aspartic is fumarate.

Aspartic acid also intervenes in the DNA metabolism and has neurotransmission functions (Gil, 

2005).

4.2.3 Safety

Excess L-aspartic acid may cause neurotoxicity in animals, in particular hypothalamic lesions 

in rats (Schnainker and Olney, 1974). In humans, according to the Food and Nutrition Board 

(FNB/IOM, 2002), no adverse effects have been reported when supplements of 8 g per day are 

administered in addition to dietary aspartic.

Tada et al. (2008), carried out a subchronic toxicity study in rats, in which the authors established 

a NOAEL (No Observed Adverse Effect Level) for female rats of 715.2 mg/kg/day and of 696.6 mg/

kg/day for male rates. Considering the lowest NOAEL of 696.6 mg/kg/day (700 mg/kg/day) and 

taking an uncertainty factor of 100, the ADI (Acceptable Daily Intake) is 7 mg/kg/day. 

For an individual weighing 70 kg, this would permit a daily intake of 490 mg of L-aspartic acid. 

It should be noted that this amino acid forms part of the basic dietary food and is eaten as a 

metabolite of the sweetener aspartame.

4.2.4 Conclusion

The Scientific Committee concludes that, based on the information available to date and taking 

into account the general considerations reflected in this report, there are subchronic toxicity 

trials in rats from which it is possible to estimate that a maximum daily quantity of 490 mg of 

L-aspartic is acceptable from the safety point of view for use as a food supplement.

In addition, it should be noted that this amino acid forms part of the basic dietary food and is 

eaten as a metabolite of the sweetener aspartame.
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4.3 L-citrulline

4.3.1 Characteristics and sources

L-citrulline is an a-amino acid belonging to the group of non-protein amino acids. It corresponds to 

(2S)-2-amino-5-(carbamoylamino) pentanoic acid and its chemical formula is C6H13N3O3 (Figure 2):

Figure 2. Molecular structure of L-citrulline.

It is found in high levels in certain cucurbits including water melon, cucumber, pumpkin, courgette, 

etc. (Kaore and Kaore, 2014), and in certain algae such as Grateloupia vulgaris (Curis et al., 2005).

It is also present in vegetables including onions and garlic, and in protein foods such as fish, 

meat, pulses and milk.

4.3.2 Nutrition and metabolism

L-citrulline is a non-essential amino acid and a precursor to L-arginine which forms part of the 

urea cycle. 

Three enzymes intervene in the metabolism of free citrulline: nitric oxide synthase (NOS) and 

ornithine carbamoyltransferase (OCT) which produce citrulline, and argininosuccinate synthase 

(ASS) which transform citrulline into arginine. The tissue distribution of these enzymes results 

in three metabolic routes for citrulline. Firstly, in the liver citrulline is synthesized by the OCT 

and metabolised by the ASS for the production of urea. Secondly, in the majority of tissues that 

produce NO, citrulline is recycled to arginine via ASS to increase the availability of arginine for 

the production of NO. Lastly, in third place, citrulline is synthesised in the intestine from glutamine 

(through the OCT), released to the blood stream and converted into arginine in the kidney (by 

the ASS). In this way, the circulating citrulline is in fact a disguised form of arginine to prevent 

capture by the liver (Curis et al., 2005).

Various proteins contain citrulline as a result of a post-translational modification. These 

citrulline residues are generated by a family of enzymes called Peptidyl-Arginine Deiminases 

(PAD), which convert arginine into citrulline in a process called citrullination or deimination. 

Proteins which normally contain citrulline residues include: myelin basic protein (MBP), filaggrin, 

and several histone proteins, while other proteins such as fibrin and vimentin may be citrullinated 

during cell-death and tissue inflammation.
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4.3.3 Safety

There are few available toxicity studies with L-citrulline. Pradilla et al. (2012) did not find symptoms 

of systemic or neuronal toxicity in a histopathological analysis on mice exposed intraperitoneally 

to up to 200 mg/kg every 8 hours for 90 days.

Studies conducted on humans do not reveal any toxic effects from citrulline. The highest oral 

doses used are 0.18 g/kg/day (approximately 12.6 g/day considering 70 kg weight) for 7 days (Thibault 

et al., 2011) and 15 g in a single dose (Moinard et al., 2008). Nevertheless, the latter advised a dose of 

10 g for use in clinical practice as higher doses did not imply a greater benefit. Longer-term studies 

of supplementation, for example Figueroa et al. (2015) do not mention adverse effects after oral 

administration of 6 g/day of L-citrulline for 8 weeks to elderly women. Similarly, Rajantie et al. (1980) 

did not observe signs of toxicity in children treated for 2 years with 2-2.8 mg/day.

EFSA has published a scientific opinion regarding the verification of health claims relating 

to citrulline-malate: faster recovery from muscular fatigue after exercise, with negative 

results (EFSA, 2014). In the application, a daily dose of 2-3 g for children and 3-6 g for adults is 

recommended, where the target population is healthy children above the age of 6 years and 

adults. It should be taken with meals, and must not be taken during pregnancy and breastfeeding. 

It must not be taken for more than 4 weeks.

As indicated above, L-citrulline is a precursor of L-arginine. Unlike arginine which is extensively 

captured by the liver and metabolised to urea, the citrulline synthesised in the intestine passes 

freely through the liver and is captured by the kidney (Osowska et al., 2004). In this organ, 

approximately 80 % of citrulline is transformed to arginine (Kaore and Kaore, 2014). A number 

of authors consider L-citrulline is a good alternative to supplementation with arginine (Hartman 

et al., 1994) (Osowska et al., 2004) as the latter is an ureagenesis catalyst (Curis et al., 2005). For 

L-arginine, AECOSAN recommended a maximum daily quantity of 3 g for use as a food supplement 

(AECOSAN, 2012) although an Observed Safe Level (OSL) could be established of 20 g/day with a 

sufficient level of confidence.  

4.3.4 Conclusion

No data has been found in the scientific bibliography of adverse effects or clinical alterations 

due to the oral intake of L-citrulline, therefore it is not possible to establish a NOAEL/LOAEL 

for its oral administration. In 2012, AECOSAN recommended a maximum daily intake of 3 g for 

L-arginine which was considered acceptable by the Scientific Committee given that there is an 

Observed Safe Level (OSL) of 20 g/day. Given that L-citrulline is a precursor of this, the same 

value of 3 g is acceptable from the safety point of view for use as a food supplement, as studies of 

supplementation exist with higher long-term doses that do not give signs of toxicity. 
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Oral citrulline does not affect whole body protein metabolism in healthy human volunteers: Results of a 
prospective, randomized, double-blind, cross-over study. Clinical Nutrition, 30, pp: 807-811.

4.4 Glycine 

Glycine is classified as a non-essential amino acid for mammals due to the fact that it is 

synthesized endogenously. However, the quantity of glycine synthesized in vivo is known to 

sometimes be insufficient and in the event of chronic glycine deficiency the adverse effects 

described include effects on growth and the immune system (De Koning et al., 2003) (Lewis et 

al., 2005). Consequently, the classification of glycine as a conditionally essential amino acid in 

humans is currently under consideration mainly to ensure optimum growth (Wu et al., 2013). 

4.4.1 Characteristics and sources

Glycine is a small amino acid found in the hydrophobic interior of proteins. The rest is polar, and 

not charged. Glycine has the simplest chain, one hydrogen atom. The molecular weight of this 

amino acid is 75.07 g/mol and its molecular structure is as follows (Figure 3):
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Figure 3. Molecular structure of glycine.

Its isoelectric point is 5.97. It is found in food of animal origin such as meat, fish, eggs and dairy 

products and in food of plant origin including pulses, vegetables, potatoes, fruit and wholegrain 

cereals.

Glycine has multiple physiological functions. It is the main component of collagen and elastin 

which are the most abundant proteins in the body. Glycine is the precursor to various important 

metabolites of low molecular weight including porphyrins, purines, glutathione, the heme group 

and creatine. 

Glycine is important as an inhibitory neurotransmitter in the Central Nervous System (CNS), 

and has a significant role in the nervous tissue, and also in epigenetic regulation. Consequently, 

some authors have described glycine as a functional amino acid in the field of nutrition (Zhong 

et al., 2003).

Three phases have been identified for the synthesis of glycine in animals and in humans (Wang 

et al., 2013). Glycine is synthesized from: 1) serine, via serine hydroxymethyltransferase (SHMT); 

2) choline, via the formation of sarcosine; and 3) threonine, via the threonine dehydrogenase 

pathway.  

4.4.2 Nutrition and metabolism

The metabolism of glycine occurs in three pathways: 1) decarboxylation and deamination of the 

glycine by a complex enzymatic system, 2) conversion into serine by the enzyme SHMT, and 3) 

conversion into glyoxylate by D-amino acid oxidase (Figure 4).
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Figure 4. Biochemical pathways for glycine metabolism. Source: (Wang et al., 1985).

Glycine and serine have a related metabolism, as both are derived from glyceric acid-3-P, which is 

an intermediary of glycolisis. This acid is oxidised and then transaminated to form the 3-P-serine, 

which forms serine as a result of hydrolysis of the phosphate group. Glycine is synthesized from 

serine, in a reaction in which tetrahydrofolate is converted to N5,N10-Methylene tetrahydrofolate, 

leaving a remainder of glycine (Gil, 2005).

Glycine has a non-GABAergic receptor, which is common with other amino acids including 

b-alanine, taurine, L-alanine, L-serine and proline. This receptor is found in the postsynaptic 

neuronal membranes (Matilla et al., 2002).

Glycine is also an amino acid which forms part of the conjugation or Phase II reactions in 

the biotransformation of toxins and drugs. Via the enzyme glycine N-acetyltransferase, it forms 

conjugates with xenobiotics that are easily eliminated. In this way, benzoic acid and salicylic acid 

are conjugated by glycine (Repetto and Repetto, 2009).

4.4.3 Safety

At present there are not enough toxicity studies of this amino acid in animals and humans 

to provide an analysis in order to establish a NOAEL. Future studies may help to clarify the 

nature of the morphological alterations in brain cells induced by the administration of 

glycine. The Federation of American Societies for Experimental Biology for the Food and Drug 

Administration (FDA/FASEB, 1993) indicates that the consumption of amino acids in the form 

of dietary supplements may pose a risk for various population groups including women of 

reproductive age, children, adolescents, the elderly and the sick. It should be noted that glycine 

is synthesised by the body and is also present in food of animal and plant origin. From a safety 

point of view there is not data that permits the establishment of a daily intake for humans. The 
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EFSA (2014) indicates that high concentrations of glycine to the order of 20 g/kg of food is safe 

for dogs and cats.

The role of glycine and other excitatory amino acids is queried in the production of 

neurodegeneration in humans. The application of long-term therapies with glycine in cases of 

schizophrenia is associated with neurotoxic effects. Neuronal death has been observed induced 

by ischemia with high levels of glutamate, glycine and g-aminobutyric acid (Baker et al., 1991) 

(Globus et al., 1991).    

The first studies conducted on animals used in research with the aim of collecting data on the 

neurotoxic potential of glycine were carried out by Shoham et al. (1999). Rats treated for 2 weeks 

with a glycine dietary supplement, doses of 0.8 g/kg/day and four times higher, 3.2 g/kg/day, than 

the highest glycine dose employed in clinical trials did not demonstrate effects on rat brain cell 

morphology. Nevertheless, in a more prolonged treatment, with regimens of 1 g/kg/day or 5 g/kg/

day for 5 months, although there was no evidence of neuronal degeneration, a reduction of the 

voltage-sensitive Ca++ channels (Class B, N-type) was observed in specific regions of the brain 

that may be due to a general adaptation to long-term treatment with glycine (Shoham et al., 2001). 

4.4.4 Conclusion

The Scientific Committee considers that the available toxicological information is insufficient to 

determine the maximum daily quantity of glycine that might be considered safe in its use as a 

food supplement.
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4.5 L-proline

4.5.1 Characteristics and sources

L-proline is a protein amino acid whose a-amino is not a primary amine but a secondary amine. It 

corresponds to the (S)-pyrrolidine-2-carboxylic acid and the chemical formula is C5H9NO2. It has 

the following molecular structure (Figure 5):

Figure 5. Molecular structure of L-proline.

Food rich in L-proline include gelatine, pork rind, soya protein, some cheeses and powdered milk.

4.5.2 Nutrition and metabolism

L-proline is a non-essential amino acid formed from glutamate and which can generate glutamate 

in its metabolisation.

The glutamic semialdehyde, formed reversibly from glutamate via glutamate kinase and 

dehydrogenase, can be reversibly transformed into pyrroline-5-carboxylate to connect with the 

formation of proline via the pyrroline carboxylate reductase (Lehninger et al., 1995).

It is a fundamental amino acid in the structure of collagen, especially after its post-translational 

formation in hydroxyproline, with the assistance of vitamin C (Sánchez de Medina, 2010).

Hyperprolinemia is a congenital metabolic disorder produced when the amino acid proline is 

not able to correctly degrade, resulting in an increase in its blood and urine levels. Two forms 

have been described, type I and type II, due to deficiencies in the activities of proline oxidase 

and 1-pyrroline-5-carboxylic acid dehydrogenase, respectively (Wise and Netto, 2011). In clinical 

practice, these patients show different phenotypes, certain neurological, renal and/or auditory 

defects while others are asymptomatic (Mitsubuchi et al., 2008) (Ferreira et al., 2014).
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4.5.3 Safety

A number of toxicity studies for proline exists. Kampel et al. (1990) exposed rats to an oral dose 

of 50 mg/kg/day (~9 mg/day) of D-proline and L-proline for one month. Severe histopathological 

changes were observed in the liver (fibrosis and necrosis) and in the kidney (severe tubular 

lesions) in the group exposed to D-proline, while the group exposed to L-proline did not reveal 

any lesions. Serum parameters such as GOT, GPT, alkaline phosphatase, gGT, LDH, HBDH 

and creatine were also significantly high in comparison with the control group and the group 

exposed to L-proline. The toxicity therefore seems to be specific to the D isomer, although the 

authors concluded that the toxic effects were not due to D-proline, as it could not be found in 

the tissues and the serum, but to some metabolic intermediary of the conversion of the D to 

the L-proline.

Tada et al. (2010) conducted a subchronic study (90 days) administered orally to rats exposed 

to 0, 0.625, 1.25, 2.5 and 5 % of L-proline in the diet. No mortality or clinical signs were observed. 

Nevertheless significant changes were observed in certain parameters of the haematology and 

clinical biochemistry, in the final weight of females at 0.625 %, in the relative weight of the male 

spleen above 2.5 % and in the liver of the group at 5 %, etc. However, no damage was observed 

in the histopathological study that could be associated with the treatment. They concluded that 

the damage, although attributable to the treatment, was insignificant from a toxicological point of 

view. Therefore, a NOAEL was established as the dose administered to the group of 5 % of dietary 

L-proline, 2 772.9 mg/kg/day for males and 3 009.3 mg/kg/day for females (approximately 194 g/day 

in humans considering the worst case and a weight of 70 kg). 

There has long been evidence to suggest that L-proline may act as a neuronal modulator or 

transmitter in the central nervous system (Takemoto and Semba, 2006). There appears to be 

a causal relation between hyperprolinemia type II and neurological manifestations in infancy 

(Phang et al., 2001). Proline has been observed to have adverse effects on the nervous system 

(Nadler et al., 1988) (Moreira et al., 1989). Nadler et al. (1988) observed that L-proline at a dose of 

400 nmol or higher destroyed 32-66 % of the pyramidal and granular cells in rats injected in the 

hippocampus, considering this amino acid not only as a neuroexciter but also as a neurotoxin. 

Moreover, Delwing et al. (2003) observed oxidative stress in the neuronal cortex of rats exposed 

to a subcutaneous injection of 12.8 µmol/g (isomer not revealed), the dose selected to obtain 

plasma proline levels of 1-2 mM, similar to that found in patients with hyperprolinemia type II 

(Phang et al., 2001). Similarly, oxidative damage was observed in the DNA, proteins and blood 

lipids of rats in which chronic hyperprolinemia was induced experimentally, via the administration 

of between 12.8 and 18.2 µmol/g of proline (isomer not identified) between the sixth and twenty-

eighth days of life (Ferreira et al., 2014).

Other authors however consider hyperprolinemia to be innocuous. Thus, Hayasaka et al. (1985), 

in different clinical cases administered a supplementation with proline over 5 years with doses of 

up to 10 g/day for 2 years, and did not make any reference to toxic effects.

Proline was not mutagenic in the Ames test (isomer not specified), 800 mg/kg (Green and 

Savage, 1978); 2mM (L) (Sargentini and Smith, 1986), but L-proline (10, 50, 100 µg/ml) did produce 
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an increase in the exchange of sister chromatids not dependent on the concentration in human 

lymphocytes (Xing and Na, 1996).

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) assessed L-proline for use 

as a food additive and concluded that it did not give cause for concern as its intake through 

food (5 210 mg/day) was much higher (45 000 times) than as a food additive (JECFA, 2006).

4.5.4 Conclusion

Taking the study by Tada et al. (2010) as a reference, on oral administration in rats, in which 

the lower value of the NOAEL was established at 2 772.9 mg/kg/day (approximately 194 g/day in 

humans considering a weight of 70 kg) and using a corrective factor of 1 000, given that alterations 

were observed, a maximum quantity in food supplements of 2.8 mg/kg/day (approximately 200 mg/

day) of L-proline is recommended for adults. This recommendation refers to L-proline and not to 

D-proline or racemic combinations for which the level of safety is lower. Proline must not be given 

to individuals with congenital hyperprolinemia, in particular to children.
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4.6 L-serine

L-serine is classified as nutritionally non-essential amino acid. It is synthesized endogenously 

in sufficient quantities to maintain the nitrogen balance without requiring a dietary intake (Sucil, 

1984). L-serine plays a versatile role in the intermediary metabolism in eukaryotic cells. L-serine 

does not only take part in the synthesis of proteins but is also a precursor of other amino acids 

and biomolecules which are essential for cell function, differentiation, survival and proliferation. 

L-serine participates in the synthesis of glycine, L-cysteine, phosphatidylserine, sphingolipids 

and D-serine. It also participates indirectly in the biosynthesis of purines and pyrimidines. The 

physiological role of the novo synthesized L-serine in mammalian neurobiology in health and 

disease is such that the established viewpoint of non-essential amino acids should be revaluated.

4.6.1 Characteristics and sources

Serine (C3H7NO3) has a molecular weight of 105.09 g/mol; its chemical structure is shown in figure 

6: 

Figure 6. Molecular structure of serine.

L-serine is essential for the synthesis of phosphatidylserine and sphingolipids, basic components 

of the cell membrane, important for the development and functioning of the nervous system 

(Dos Santos Fagundes et al., 2001). Emerging evidence indicates that L-serine functions as a 

glia-derived trophic factor which strongly promotes the survival and differentiation of cultures 

neurons (Furuya and Watanabe, 2003). In humans, phosphatidylserine is mainly concentrated in 
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the brain where it represents 15 % of the total store of phospholipids. In general, it is linked to 

memory and is found in soya and other plant products, in dairy products, eggs, nuts and in meat. 

4.6.2 Nutrition and metabolism

Biosynthesis of serine starts from the glycolytic intermediate 3-phosphoglycerate, with 

three sequential steps started by 3-phosphoglycerate dehydrogenase (3PGDH), known as 

the phosphorylated pathway (Figure 7). Serine can also be obtained from diet and from the 

breakdown of proteins and phospholipids. Nevertheless, given that the permeability of serine 

in the hematoencephalic phase is low, the phosphorylated phase is the principal pathway and 

is particularly important in the synthesis and metabolism of serine in the brain. It is known that 

patients with 3PGDH deficiency have low serine and glycine concentrations in plasma and suffer 

from severe neurodevelopmental defects (De Koning et al., 1999) (Furuya, 2008). 

Figure 7. Synthesis of L-serine from the glycolytic intermediary (phosphorylated pathway) and its use in the 

synthesis of different biomolecules. Source: (Furuya and Watanabe, 2003).
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4.6.3 Safety

The amino acids are mainly provided in the diet not as free amino acids but as protein constituents. 

The safety of amino acids consumed in the diet do not give cause for concern as they are 

nutrients required for the synthesis of the body’s structural and functional components and are 

consumed in large quantities in food as an essential part of the diet. However, recently, there has 

been a growing interest in the consumption of individual amino acids as food supplements due to 

their beneficial effects on health and physical performance. This is the case with the amino acid 

L-serine. Little information is available regarding the safety of L-serine as a dietary supplement. 

Studies on humans indicate that four healthy subjects, treated with a single oral dose of 200 mg/

kg b.w. of serine, did not reveal any adverse effects (Pepplinkhuizen et al., 1980). Another study 

conducted on a pregnant women diagnosed with a deficiency of the 3PGDH enzyme in the foetus, 

received treatment with doses of serine of 190 mg/kg b.w., 3 times a day, for the last 20 weeks of 

the pregnancy, without observing any adverse effects in the patient, the foetus or the newborn 

child (De Koning et al., 2004). 

Jorissen et al. (2001, 2002) assess in a double-blind, placebo-controlled study on humans, 

healthy subjects with age-related memory changes, the safety of phosphatidylserine, derived 

from soya, at doses of 300 and 600 mg for 12 weeks of treatment. No signs of toxicity or effects on 

the biochemical and haematological parameters were observed and the authors concluded that 

the observed safe level of phosphatidylserine as a food supplement would be up to doses of 200 

mg, three times a day.

More recently Vakhapova et al. (2011) assessed, in elderly people with memory problems, the 

safety of a treatment with phosphatidylserine (PS) in combination with an omega-3 fatty acid 

(docosahexaenoic acid, DHA) at doses of 300 mg PS and 79 mg DHA/day for 15 weeks, or 100 

mg PS and 26 mg DHA/day for 30 weeks, in a double-blind clinical trial. No adverse effects were 

observed in the 157 participants who received 300 mg PS/day for 15 weeks. Of these patients, 

121 participants continued treatment for a further 15 weeks at doses of 100 mg PS/day. A 

reduction in diastolic blood pressure and a slight increase in body weight were observed in some 

patients and considered to be minor effects. In conclusion, the results of this study indicate that 

the consumption of phosphatidylserine (PS) at doses of 300 mg PS/day for 15 weeks are safe, 

well-tolerated and do not produce adverse effects on the parameters studied (clinical signs, 

biochemical and haematological parameters). These results and doses are within the range of 

those described earlier by Jorissen et al. (2001, 2002), and by Richter et al. (2010, 2011).

With respect to safety studies on animals used in research, Kaneko et al. (2009) conducted 

a study of subchronic oral toxicity, for 13 weeks. In male and female rats, treated orally with 

doses of 500, 1 500 and 3 000 mg/kg b.w./day, no mortality, or any effect relating to the everyday 

clinical signs, body weight and consumption of food was observed. Nor were any adverse effects 

observed at the end of the test in the blood, serum biochemical and urine tests, in the weight 

of the organs or in the histopathological examinations of all the organs. From this study it was 

concluded that a NOAEL could be established of 3 000 mg/kg b.w./day. This relatively high NOAEL 

suggests that L-serine may be well-tolerated in its long-term use as a dietary supplement.  
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As the acetylated derivative of L-serine (NAS) is one of the most common N-acetylated amino 

acids of the proteins and given that it has been estimated that approximately 90 % of the proteins 

with serine residues are like N-acetylated derivatives (Driessen et al., 1985), Van de Mortel et 

al. (2010) recently assessed the toxicity of NAS in rats. The acute oral toxicity was assessed at 

a dose constraint of 2 000 mg/kg b.w., without observing mortality or any adverse effects. The 

subchronic oral toxicity was also assessed in rats for doses of NAS, over 28 days, of 100, 500 and 

1 000 mg/kg b.w./day, observing a NOAEL for systemic toxicity of 839.7 mg/kg b.w. and of 893.6 mg/

kg b.w. for males and females, respectively. 

Lifshitz et al. (2015) conducted a toxicity test for reproduction and development, without 

observing any adverse effects. In another study, the genotoxicity and subchronic toxicity was 

assessed in rats (doses repeated at 90 days) preceded by an in-utero exposure phase with 

phosphatidylserine derived from fish phospholipids (with 49 % of phosphatidylserine); the tested 

dose levels were 1 100, 2 200 and 3 400 mg/kg b.w./day. The results showed that it is not genotoxic, 

it does not affect fertility or embryonic development. No clinical signs related to the treatment 

were observed, nor any effects on the body weight, intake of food and water, hematological 

parameters, clinical biochemistry, weight of organs and histopathological examinations for the 

1 100 and 2 200 mg/kg b.w./day doses. In the group treated with the highest dose (3 400 mg/kg 

b.w./day equivalent to 1 666 mg/kg b.w./day of phosphatidylserine), an incident was observed in 

female rats in the histopathological examinations, classified as minimal-mild, of renal multifocal 

corticomedullary mineralisation without kidney degeneration, cellular necrosis or any other 

morphological, biochemical or physiological change. Five female rats also displayed this focal 

mineralisation. The results generated in this study give a NOAEL of 2 100 mg/kg/day equivalent to             

1 029 mg/kg b.w./day of phosphatidylserine.

4.6.4 Conclusion

Therefore, the Scientific Committee concludes that, based on the information available to 

date and taking into account the considerations reflected in this report, a maximum daily 

quantity of 200 mg of L-serine is acceptable from the safety point of view for use as a food 

supplement.
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4.7 L-arginine-L- aspartate

4.7.1 Characteristics and sources
Also known as L-aspartate of L-arginine, this is L-aspartic acid salt (or (S)-2-amino-butanedioic) 
of L-arginine (or (S)-2,6-diaminohexanoic acid) (1:1). It is not naturally found in food. The molecular 
formula is C10H21N5O6 (Figure 8):
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Figure 8. Molecular structure of L-arginine-L-aspartate.

The pair of amino acids remains linked by electrostatic forces through the negative charges of 

the carboxyl groups and the positive charges of the amino groups.

4.7.2 Nutrition and metabolism

This compound does not contain a peptide bond and does not require hydrolysis to produce 

individual amino acids. It separates in solution, as occurs in the stomach, and is therefore 

absorbed in the form of individual amino acids. Its bioavailability and metabolism is equivalent 

to that of individual amino acids (SCF, 2003). Figures for L-arginine are available in a preliminary 

report from the Scientific Committee of AECOSAN (2012) and L-aspartic acid is described in the 

same document in section 4.2.

4.7.3 Safety

The safety of L-arginine was assessed by AECOSAN (2012) and that of L-aspartic acid in the 

present report. 

The use of L-aspartate of L-arginine is currently authorised in food for special medical uses 

(EU, 2013).

There are various studies in the bibliography on the beneficial effects derived from the 

administration of this substance, due to the synergic effect of both amino acids in the metabolism. 

However, in the majority of these the connection between both amino acids is not specified 

(Sallam and Steinbüchel, 2010), nor whether it is a mixture or the dipeptide, and the absorption of 

one or other takes place as a result of different mechanisms (Matthews, 1972), which might affect 

its bioavailability. Although the available studies do not focus on assessing safety, the majority 

do not refer to the detection of adverse effects due to treatment either. Nevertheless, Abel et al. 

(2005) and Colombani et al. (1999) concluded that there are no apparent reasons for using the 

supplement with arginine aspartate as an ergogenic, and Colombani et al. (1999) observed that 

the administration of 15 g/day for 14 days in long-distance runners led to a reduction in the total 

plasma amino acids level. Blazejewski et al. (2009) conducted a test on healthy volunteers, treated 
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with 30 g/day of arginine aspartate for 21 days and observed adverse reactions of a digestive 

nature (diarrhoea, flatulence and to a lesser extent headaches) together with a reduction in the 

secretion of IGF1 (insulin-like growth factor 1) and of IGFBP-3 (insulin-like growth factor-binding 

protein 3).

4.7.4 Conclusion

If the individual amino acids are considered, an Observed Safe Level (OSL) for supplementation 

with L-arginine was established at 20 g/day, and therefore the AECOSAN recommendation of a 

maximum daily quantity of 3 g of L-arginine was considered acceptable from a safety point of 

view in its use as a food supplement (AECOSAN, 2012).

With regard to L-aspartic acid the Scientific Committee concluded (section 4.2) that subchronic 

toxicity tests exist in rats from which it is possible to estimate that the daily intake of 490 mg of 

L-aspartic acid is acceptable from the safety point of view. In addition, it should be noted that this 

amino acid forms part of the basic dietary food and is also eaten as a metabolite of the sweetener 

aspartame. 

Nevertheless, for L-arginine-L-aspartate, the information available regarding its safety is 

limited and in many cases lacks an adequate characterisation of the substance used in the 

tests. Therefore, the Scientific Committee considers that the available toxicological information 

is insufficient to determine the maximum daily quantity of L-arginine-L-aspartate that might be 

considered safe in its use as a food supplement.
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4.8 L-lysine-L-aspartate

4.8.1 Characteristics and sources

Also known as L-aspartate of L-lysine, this is L-aspartic acid salt (or (S)-2-amino-butanedioic) of 

L-lysine (or (S)-2,6-diaminohexanoic acid) (1:1). It is not naturally found in food. The molecular 

formula is C10H21N3O6 (Figure 9):

Figure 9. Molecular structure of L-lysine-L-aspartate.

The pair of amino acids remains linked by electrostatic forces through the negative charges of 

the carboxyl groups and the positive charges of the amino groups.

4.8.2 Nutrition and metabolism

This compound does not contain a peptide bond and does not require hydrolysis to produce 

individual amino acids. It separates in solution, as occurs in the stomach, and is therefore 

absorbed in the form of individual amino acids. Its bioavailability and metabolism is equivalent to 

that of individual amino acids (SCF, 2003). Figures for L-lysine are available in a preliminary report 

from the Scientific Committee of AECOSAN (2012) and L-aspartic acid is described in the same 

document in section 4.2.

4.8.3 Safety

The safety of L-lysine was assessed by AECOSAN (2012) and that of L-aspartic acid in the present 

report. 
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The use of L-aspartate of L-lysine is currently authorised in food for special medical uses (EU, 

2013).

Studies of preparations composed by aspartate and lysine are very limited (Sallam and 

Steinbüchel, 2010). Only their use in the treatment of muscular fatigue and involuntary muscular 

contractions is known (Morelle and Lauzanne, 1984). No information is available regarding a 

possible interaction of effects after their joint administration.

4.8.4 Conclusion

If the individual amino acids are considered, with respect to L-lysine, the Scientific Committee 

concluded that, in line with the information available at that time, the AECOSAN recommendation 

(2012) of a maximum daily quantity of 2 250 mg of L-lysine, was acceptable from the safety point 

of view for its use as a food supplement.

With regard to L-aspartic acid, the Scientific Committee concluded (section 4.2) that subchronic 

toxicity tests exist in rats from which it is possible to estimate that the daily intake of 490 mg of 

L-aspartic acid is acceptable from the safety point of view. In addition, it should be noted that this 

amino acid forms part of the basic dietary food and is also eaten as a metabolite of the sweetener 

aspartame.

Nevertheless, for L-arginine-L-aspartate, the Scientific Committee considers that the available 

toxicological information is insufficient to determine the maximum daily quantity of L-arginine-L-

aspartate that might be considered safe in its use as a food supplement.
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4.9 L-lysine-L-glutamate

4.9.1 Characteristics and sources

Also known as L-glutamate of L-lysine, this is L-glutamic acid salt (or 2-aminopentanedioic acid) 

of L-lysine (or 2.6-diaminohexanoic acid) (1:1). It is not naturally found in food. The molecular 

formula is C11H23N3O6 (Figure 10):

Figure 10. Molecular structure of L-lysine-L-glutamate.

The pair of amino acids remains linked by electrostatic forces through the negative charges of 

the carboxyl groups and the positive charges of the amino groups.

4.9.2 Nutrition and metabolism

This compound does not contain a peptide bond and does not require hydrolysis to produce 

individual amino acids. It separates in solution, as occurs in the stomach, and is therefore 

absorbed in the form of individual amino acids. Its bioavailability and metabolism is equivalent to 

that of individual amino acids (SCF, 2003). The data for both amino acids are available in a previous 

report published by the Scientific Committee of AECOSAN (2012).

4.9.3 Safety

The safety of both individual amino acids was assessed by AECOSAN (2012). 

The use of L-glutamate of L-lysine is currently authorised in food for special medical uses (EU, 

2013).

Studies of preparations composed by glutamate and lysine are very limited and there is no 

available information regarding the possible interaction of their effects.

4.9.4 Conclusion

If the individual amino acids are considered, with respect to L-lysine, the Scientific Committee 

concluded that, in line with the information available at that time, the AECOSAN recommendation 

(2012) of a maximum daily quantity of 2 250 mg of L-lysine, was acceptable from the safety point 

of view for its use as a food supplement.

The Scientific Committee considers that L-glutamic acid is present in protein foods in the 

diet, has a low level of toxicity and adverse effects are only observed at doses of above 1.5 g. 

Therefore, the Committee concludes that a maximum quantity of 1 g/day is acceptable from a 

safety point of view for use in food supplements.

•
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Nevertheless, for L-lysine-L-glutamate, the Scientific Committee considers that the available 

toxicological information is insufficient to determine the maximum daily quantity that might be 

considered safe in its use as a food supplement.
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4.10 N-acetyl-L-cysteine

4.10.1 Proposal

The AECOSAN has recommended a maximum daily quantity for N-acetyl-L-cysteine in food 

supplements of 300 mg. The proposal is based on the fact that higher doses are considered to be 

medicinal in Spain. 

4.10.2 Characteristics and sources

N-acetyl-L-cysteine, N-acetyl-cysteine or N-acetyl-3-mercaptoalanine is an acetylated derivative 

of cysteine. Cysteine is a proteinogenic sulphur-containing amino acid which is non-essential 

polar and hydrosoluble (Mataix, 2002).

It is a crystalline whitish powder which is highly soluble in water and other polar solvents such 

as ethyl alcohol. It has the following molecular structure (Figure 11):

Figure 11. Molecular structure of N-acetyl-cysteine.
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It has a molecular weight of 163.2 g/mol. It has an antioxidant action thanks to the presence of 

-SH groups in its molecule.

L-cysteine is considered as an “anti-ageing” supplement thanks to its antioxidant properties. 

It is an indirect antioxidant, facilitating the biosynthesis of glutathione. It is able to increase the 

activity of the glutathione S-transferase enzyme by providing glutathione for the detoxification of 

peroxides, a reaction catalysed by the glutathione-peroxidase enzyme (Moldeus and Cotgreave, 

1994).

N-acetylcysteine is used as a mucolytic agent, as it is able to break the disulfide bridges of the 

proteins forming the respiratory secretions. 

In addition, it is the antidote for paracetamol or acetominophen, as it acts by donating -SH 

groups, restoring reduced levels of glutathione and preventing damage to the hepatocytes as 

a result of the oxidative stress produced by a toxic metabolite of paracetamol (p-benzoquinone 

imine) (Brayfield, 2014).

N-acetylcysteine is obtained from the acetylation of L-cysteine hydrochloride with acetic 

anhydride in an aqueous alkaline medium. The compound is determined analytically by high-

performance liquid chromatography (EFSA, 2003).

4.10.3 Nutrition and metabolism

Cysteine dioxygenase (CDO) is an important enzyme that contributes to the regulation of steady-

state intracellular cysteine levels. It is expressed in high levels in the liver, with lower levels in 

the kidney, brain and lung; CDO is an iron metalloenzyme that catalyses the addition of molecular 

oxygen to the sulfhydryl group of cysteine, yielding cysteinesulfinic acid.  

The oxidative catabolism of cysteine to cysteinesulfinate by CDO represents an irreversible 

loss of cysteine from the free amino acid pool; cysteinesulfinate is shuttled into several pathways 

including hypotaurine/taurine synthesis, sulfite/sulfate production, and the generation of pyruvate 

(Figure 12). In vivo data suggest that the liver is the organ with the highest amount of CDO protein 

expression and activity (Garcia and Stipanuk, 1992). The liver is a safeguard against the oral 

dietary intake of an excess of cysteine. Individuals with hepatic insufficiency or a deficit of the 

CDO enzyme are at greater risk from an excess intake of cysteine.
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Figure 12. Principal pathways of cysteine metabolism. Source: (Stipanuk et al., 2006).

The oral administration of N-acetyl-L-cysteine to both rats and humans is rapidly absorbed. Next 

the compound is deacetylated and circulates in the blood stream bound to plasma proteins. 

Pharmacokinetic studies on patients with respiratory disorders (Rodenstein et al., 1978) show 

that maximum plasma concentrations are obtained 2-3 hours after oral administration and that 

between 13-38 % of the oral dose administered is recovered in urine within 24 hours. Other 

studies also describe in humans that following the oral administration of 600 mg of N-acetyl-

L-cysteine, a bioavailability of 6-10 % is obtained and after the intravenous administration of 

600 mg of N-acetyl-L-cysteine a plasma half-life of elimination of 2.27 hours was observed. Oral 

administration of N-acetyl-L-cysteine, in spite of its low bioavailability, is clinically efficient; it 

undergoes enterohepatic circulation (first-pass effect) and consequently the hepatocytes have 

thiol groups for the synthesis of glutathione (Borgstrom et al., 1986).  

As N-acetyl-L-cysteine is a source of L-cysteine, from a nutritional point of view it is a precursor 

of L-cysteine and its nutritional value corresponds to this last amino acid. N-acetyl-L-cysteine 

is deacetylated to L-cysteine in tissue. The degree of this deacetylation may be affected in the 

presence of other N-acetyl derivatives as sources of their respective amino acids. The bioavailability 

of L-cysteine from N-acetyl-L-cysteine in the presence of other N-acetyl amino derivatives is 

unknown. This information is necessary to support the use of this product (EFSA, 2003).

4.10.4 Safety

The liver in mammals regulates the content of intracellular free cysteine. Levels of cysteine 

must be sufficiently high to permit the synthesis of proteins and the production of other essential 

molecules including glutathione, coenzyme A, taurine, and inorganic sulfur. At the same time, 

cysteine concentrations must be kept below the cytotoxicity threshold. High tissue levels of 

cysteine may result in an autoxidation of cysteine forming cystine, reactive oxygen species (ROS), 

oxidation of thiol groups, neurotoxicity mediated by NMDA-type glutamate receptors, and excess 

production of H2S (Stipanuk et al., 2006).
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Toxicity due to excess cysteine has been demonstrated in various animal models (Lehmann, 

1987) (Andine et al., 1991) (Lehmann et al., 1993) and high levels of cysteine due to chronic 

administration are associated with rheumatoid arthritis (Bradley et al., 1994), Parkinson’s and 

Alzheimer’s (Heafield et al., 1990), lupus erythematosus (Gordon et al., 1992), cardiovascular 

effects (Ozkan et al., 2002) and complications during pregnancy (El-Khairy et al., 2003). 

Bonamoni and Gazzamiga (1980) reviewed the acute and subchronic studies in Sprague-
Dawley rats and Beagle dogs. They also collected embryotoxicity and reproduction studies in 

rats and rabbits and an in vitro mutagenicity test. In the studies of chronic toxicity in Sprague-
Dawley rats doses of up to 1 000 mg/kg/day were observed to not affect behaviour, weight gain, 

haematology, liver and kidney function or coagulation and prothrombin time. Necropsies and 

histological examinations did not reveal any pathological lesions. Therefore, and considering the 

dose of 1 000 mg/kg as the maximum dose at which no adverse effect is observed in rodents, the 

NOAEL could be 1 000 mg/kg. Dividing the NOAEL by an uncertainty factor of 100, and considering 

70 kg as the human body weight, we have an ADI of 700 mg/day.

Available studies on humans indicate that L-cysteine is well-tolerated, however it has not been 

possible to define the maximum dose for gastrointestinal effects such as vomiting and diarrhoea. 

Doses of 1.8 g/day in patients with chronic hepatitis generate gastrointestinal upsets (Beloqui et 

al., 1993). The therapeutic dose as a mucolytic agent is 0.4-0.6 g/day (EFSA, 2003). 

4.10.5 Conclusion

The Scientific Committee concludes that, based on the information available to date that 

establishes a NOAEL and taking into account the general considerations reflected in this 

report, the AECOSAN proposal of a maximum daily quantity of 300 mg of N-acetyl-L-cysteine is 

acceptable from the safety point of view for use as a food supplement.
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4.11 N-acetyl-L-methionine

4.11.1 Proposal

N-acetyl-L-methionine is an essential source of methionine amino acid for use in food for special 

medical purposes in children over the age of 1 year and for adults. 

The AECOSAN has recommended a maximum quantity of 2.5 mg/kg/day (175 mg/day for a 

person weighing 70 kg) of N-acetyl-L-methionine in adults from the safety point of view for use 

as a food supplement.

4.11.2 Characteristics and sources

The chemical synonyms of N-acetyl-L-methionine are: L-2-acetylamino-4-(methylthio)-butyric 

acid or 2-acetylamino-4-(methylthio)-butanoic acid. It has a molecular weight of 191.25 g/mol of 

which 78 % corresponds to L-methionine. It has the following molecular structure (Figure 13):



33

revista del com
ité científico nº 22

AECOSAN Scientific Committee: Conditions of use of certain substances to be used in food supplements-4

Figure 13. Molecular formula of N-acetyl-L-methionine.

It is a crystalline whitish powder with a slight odour. N-acetyl-L-methionine is obtained from 

the acetylation of L-methionine. L-methionine is an amino acid authorised for use in food with 

nutritional purposes. The modification of L-methionine to N-acetyl-L-methionine improves the 

palatability of the product in the diet without compromising its biological value. N-acetyl-L-

methionine is recommended as a source of methionine in children and in adults. 

4.11.3 Nutrition and metabolism

The metabolism of N-acetyl-L-methionine implies hydrolysis to L-methionine due to the action 

of the acylase-I enzyme, found in many mammal tissues (intestine, liver and kidney), able to use 

amino acids from endogenous and exogenous acyl derivatives (Giardina, 1997) (Baxter et al., 

2002). This deacetylation has been demonstrated in both in vivo and in vitro studies (Francis and 

Smith, 1975). In humans, it has been observed that when orally administering equimolar quantities 

of L-methionine and N-acetyl-L-methionine to healthy male and female volunteers, the quantity of 

methionine found in plasma was similar 15 minutes after the administration of the two compounds 

(Stegink et al., 1980). These facts demonstrate that N-acetyl-L-methionine is a good source of 

L-methionine.

From a nutritional point of view, the estimated required daily intake of methionine+cysteine for 

children aged from 7 months to 18 years is to the order of 22 mg/kg b.w. and for adults it is to the 

order of 15-19 mg/kg b.w., equivalent to approximately 1 g/day for adults with a body weight of 

60 kg (IOM, 2005). The potential toxic effects of N-acetyl-L-methionine lie in an excess intake of 

methionine mainly manifested in a reduction in the intake of food and weight gain together with 

tissue injury. 

L-methionine is an essential amino acid whose metabolism implies conversion to S-adenosyl 

L-methionine by the enzyme methionine-adenosyltransferase mainly found in the liver. This 

reaction is catalysed by the ATP which donates its adenosyl group to the methionine and forms 

inorganic phosphate and pyrophosphate. The compound formed, in turn donates its methyl group 

and forms S-adenosyl L-homocysteine and its hydrolysis generates homocysteine and adenosine. 

Next the L-homocysteine in combination with serine is transformed to L-cystathionine which in 

turn is transformed to a-ketobutyrate and L-cysteine (Figure 14):
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Figure 14. Metabolism of L-methionine. Adapted from: (Laster et al., 1965).

4.11.4 Safety

There is no available data for characterising the dose-response relation for L-methionine. Data 

on the adverse effects of L-methionine from food supplements are considered insufficient for a 

dose-response assessment and to be able to derive an UL (maximum tolerable limit) for humans.

Since 1960, reports have been received of children with homocystinuria disorders who 

frequently suffer arterial and venous thrombosis (McCully, 1969). In 1985, discussions were 

already underway as to whether intolerance to methionine constituted a potential risk of arterial 

coronary disease (Murphy-Chutorian et al., 1985) and it was suggested that patients under the 

age of 30 years with hyperhomocysteinemia have a higher probability (around 50 %) of vascular 

accident (Mudd, 1985).

An important question in relation to the possible toxicity of methionine is whether it arises as a 

direct response to methionine or whether it is derived from an excess methionine load generated 

by an increase in the levels of homocysteine and consequently a vascular disorder. 

The safety of a load or excess dose of methionine has been examined in humans in 

epidemiological studies. Although a limited number of studies have been published, the conclusion 

maintained is that, although this may generate transitory complications in the alteration of 
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perception and control, no adverse vascular effects have been observed (Krupkova-Meixnerova 

et al., 2002). Single doses of methionine of 7 g produce lethargy, doses of 10.5 g cause nausea 

and vomiting (IOM, 2005). Only high doses, repeatedly administered, may pose a risk of coronary 

disease (IOM, 2005).

Examinations have also been made to determine whether a high intake of methionine in 

children could be linked to toxicity, concluding that hypermethioninemia is the result of the 

intake of a formula with a very high methionine content, resulting in a methionine intake in the 

range of 125-507 mg/kg/day, compared to an average intake of 62-97 mg/kg/day (Harvey et al., 

2003). Children with methionine intakes two to five times higher than the normal intake show 

effects on growth and extremely high methionine plasma levels, but without long-term adverse 

effects (Garlick, 2006). As methionine is an essential amino acid and can be supplemented in 

the diet, it is appropriate to ask whether a dietary intake of methionine results in an increase 

in the concentration of homocysteine and the consequent cardiovascular risk. A number of 

studies indicate that an increase of plasma homocysteine is only observed with intakes of up 

to five times the normal intake of methionine. A moderate intake of methionine does not lead to 

hyperhomocysteinemia and the consequent cardiovascular risk (Chambers et al., 1999).

Although methionine is considered to be the most toxic amino acid with relation to growth 

in animals (Benevenga and Steele, 1984), there is no evidence to indicate toxicity in humans, 

except at very high methionine levels of intake. A single dose of 100 mg/kg b.w. has been 

shown to be safe and is equivalent to seven times the daily requirement for the sulfur amino 

acids (methionine+cysteine) (WHO, 2006). However if this dose of 100 mg/kg b.w. is administered 

repeatedly for 7 days, it results in an increase in the plasma levels of homocysteine and has been 

used as an index of susceptibility to cardiovascular disease (McAuley et al., 1999). Supplements 

of vitamins B6, B12, C and folic acid protect against the effects of methionine on the levels of 

homocysteine and the vascular function (Garlick, 2006).

Although methionine is a precursor of homocysteine and of the role of homocysteine in 

cardiovascular disease, there is no evidence to suggest that the dietary intake of methionine 

(L-methionine or N-acetyl-L-methionine) within reasonable limits may cause cardiovascular lesion.

There is no available data for characterising the dose-response relation for L-methionine. Data 

on the adverse effects of L-methionine from dietary supplements are considered insufficient for a 

dose-response assessment and to be able to derive an UL (maximum tolerable limit) for humans.

For the purposes of risk assessment, in the absence of a NOAEL, or of a confidence level lower 

than the benchmark dose lower bound (BMDL), the assessment could be made with the LOAEL 

(Lowest Observed Adverse Effect Level). 

The Norwegian Scientific Committee for Food Safety (VKM) recommends the intake of 100 mg/

kg b.w. of L-methionine as the lowest observed adverse effect level (LOAEL) based on the fact 

that in humans an intake of 100 mg/kg b.w. of L-methionine is associated with somnolence, vertigo 

and a decrease or increase in blood pressure (VKM, 2013).

Given that the LOAEL recommended by the Norwegian Scientific Committee for Food Safety 

has not been justified by a dose-response study, nor do we know the exact degree of the adverse 
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effects observed, an uncertainty factor of 10 should be applied as the inter-individual human 

variation factor and an uncertainty factor of 3 for the extrapolation of a LOAEL to a NOAEL, plus a 

factor of 1 as the LOAEL has not been established in dose-response studies. This gives:  

LOAEL/40 = 100/40 = 2.5 mg/kg b.w.

Taking the human bodyweight as 70 kg we have a maximum recommended intake of 175 mg/day.

4.11.5 Conclusion

Taking the studies which establish a LOAEL of 100 mg/kg as the reference, the Scientific 

Committee considers a maximum quantity of 2.5 mg/kg/day (175 mg/day for a person weighing 

70 kg) of N-acetyl-L-methionine in adults is acceptable from the safety point of view for use as a 

food supplement.
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5. Hydroxymethylbutyrate

5.1 Proposal

The AECOSAN has recommended a maximum daily quantity for hydroxymethylbutyrate (HMB) in 

food supplements of 3 g. In Italy it is authorised in food supplements without the establishment 

of a maximum daily quantity (Italy, 2015). It is also authorised as a food supplement in Belgium.

5.2 Characteristics and sources

HMB can be supplemented in the form of a monohydrate calcium salt (commonly referred to as 

HMB calcium) or as a free acid (HMB). When the free acid is compared to the calcium salt (at 

equivalent levels of free acid of 0.8 g compared to 1 g of HMB calcium), a higher maximum plasma 

concentration (Cmax) is reached with free acid (in 76-97 %) in a shorter time (Tmax) (30 minutes); 

the area under the curve (AUC) also increases by 91-97 % (Fuller et al., 2011). To conclude, HMB 

in free acid form improves the bioavailability of the HMB. 

5.3 Nutrition and metabolism

HMB is a naturally found metabolite of the amino acid leucine: leucine is converted into its 

analogous keto (keto isocaproate or KIC) and then to HMB (through the cytosolic KIC dioxygenase 

enzyme) (Sabourin and Bieber, 1983) (Van Koevering and Nissen, 1992). It should be noted that 

the mitochondrial version of KIC dioxigenase converts KIC into the CoA derivative of isovaleric 

acid (b-hydroxyisovalerate) (Sabourin and Bieber, 1983). All the endogenous HMB derives from 

leucine (Van Koevering and Nissen, 1992), and the production of HMB is correlated with the dietary 

intake of leucine (following a first order kinetics by the cytosolic KIC dioxygenase) (Sabourin and 

Bieber, 1983) (Nissen et al., 1996) with approximately 5 % of the total leucine oxidised in vivo being 

converted to HMB (Van Koevering and Nissen, 1992). Although the HMB plasma concentration is 

1-4 μM, it may increase 5-10 times after a leucine-rich meal (Nissen et al., 1996).

5.4 Safety

Toxicological evidence indicates that the no observed adverse effect level (NOAEL, the highest 

dose not associated with toxic symptoms) for HMB in orally administered experiments on rats 

is 3 490 mg/kg for male rats and 4 160 mg/kg for female rats (Baxter et al., 2005). This implies an 

estimated equivalent in humans of 558 mg/kg and 665 mg/kg, respectively (CDER, 2005). Assuming 

a bodyweight of 70 kg, this is equivalent to 39 g (men) and 46 g (women). Other toxicological tests 
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conducted using pigs shows that doses of approximately 5 g/kg in pigs more than 4 days old did 

not change any biochemical parameters or the weight of the organs (Wilson et al., 2013).

Toxicological studies in humans indicate that approximately 6 g of HMB per day (76 mg/kg/day) 

over 8 weeks in young untrained men subjected to exercise did not reveal any adverse effects 

on the haematological parameters, hepatic enzymes and lipid profile or the kidney function 

(Gallagher et al., 2000). In addition, nor did 3 g of HMB per day for a maximum of 8 weeks in young 

people and the elderly alter the serum haematological parameters (Nissen et al., 2000). This dose 

was also safe for 1 year of administration (Baier et al., 2009). In general, this standard dose of 

HMB seems to be well-tolerated for long periods of time (according to meta-analysis studies) 

(Rathmacher et al., 2004). 

5.5 Conclusion

The free acid form is absorbed better than the calcium form, and reaches a maximum level in 

serum more quickly than the hydroxymethylbutyrate calcium salt.

It should be noted that hydroxymethylbutyrate is a metabolite of the dietary leucine in our body 

and is a mediator in a variety of effects of the leucine. Approximately 5 % of dietary leucine is 

converted to hydroxymethylbutyrate in the body.

Supplementation with hydroxymethylbutyrate with up to 3 g per day has been shown to be very 

well-tolerated. Moreover, it is thought that higher doses are equally as safe (although there have 

been fewer tests in humans). 

The Scientific Committee concludes that, based on the information available to date and taking 

into account the general considerations reflected in this report, the AECOSAN proposal of a 

maximum daily quantity of 3 g of hydroxymethylbutyrate is acceptable from the safety point of 

view for use as a food supplement.
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6. Lipoic acid

6.1 Proposal

The AECOSAN has proposed the inclusion of lipoic acid as a food supplement in a future expansion 

of the Royal Decree 1487/2009 without specifying a maximum daily allowance. Specifically, lipoic 

acid is authorised in Italy without a maximum daily allowance and with the warning that when 

taking glucose-lowering drugs is mandatory to visit a doctor before its eventual use (Italy, 2015). In 

Belgium it is also authorised for use in food supplements without the establishment of a maximum 

daily allowance. 

6.2 Characteristics and sources

Lipoic acid is a natural compound, present in the human body and in certain food.

Chemically, alpha-lipoic acid (1,2-dithiolane-3-pentanoic acid), also known as thioctic acid, is 

a non-essential fatty acid with a well-defined structure, containing two atoms of sulphur and a 

chiral centre, resulting in the enantiomeric forms R and S, as shown in figure 15: 
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Figure 15. Chemical structure of lipoic acid with its two enantiomeric forms. Source: (Shay et al., 2009).

In foods, it appears bonded to proteins (lipolysine) in low concentrations of 0.3 mg/100 g in the 

richest natural plant sources (spinach) or animal sources (kidneys). Other sources include: 

broccoli, green cabbage, lettuce and chard, and entrails such as the heart and liver. Lipolysine is 

also found in tomatoes, peas and Brussel sprouts. 

The natural compound is the R form whereas in food supplements the racemic R/S combination 

is more common. It is found in redox equilibria, the oxidised form is a closed cycle which has a 

disulfide bond and the reduced form is an open ring containing two thiol groups (dihydrolipoic 

acid).

It should be noted that trivalent arsenic is able to react with lipoic acid. In the decarboxylation 

of pyruvic acid, trivalent arsenic, which would act as toxic, is able to inhibit the lipoic acid 

responsible for the transformation of pyruvate to AcetylCoA. Lipoic acid is a thiol and this 

chemical characteristic is exploited by the trivalent arsenic to react with the same (Figure 16).

Figure 16. Reaction between lipoic acid and arsenic.

R

Lipoic acid Trivalent arsenic
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6.3 Nutrition and metabolism

Lipoic acid is synthesised in the liver, heart and kidneys (Ghibu et al., 2008), in particular in the 

mitochondria via enzymatic synthesis from octanoic acid playing a significant role in the energy 

metabolism. 

Although de novo synthesis could cover the lipoic acid demands for energy metabolism, it can 

be absorbed from dietary sources. In fact, lipoic acid is absorbed from plant and animal foods and 

is accumulated temporarily in different tissues (liver, heart and skeletal muscle). Several studies 

have shown that lipoic acid bioavailability depends on a number of factors, whether it is taken in 

the form of acid or of salt, with food or alone, etc. (Shay et al., 2009).

Moreover, there are cellular systems to transport and excrete free lipoic acid (not bonded to 

proteins). Cellular transport of lipoic acid depends on pH, being accelerated when is acidic. During 

biliar transport, lipoic acid is transform in dihydrolipoic with a high oxidant activity (Takaishi et al., 

2007), that could also be excreted.

The common metabolic pathway for in vivo lipoic acid is b-oxidation, being the principal 

metabolites: bisnorlipoate, tetranorlipoate, b-hydroxy-bisnorlipoate, and bis-methylates mercapto 

derivatives (Figure 17).

Figure 17. Metabolism of lipoic acid. Source: (Shay et al., 2009).

Lipoic acid acts mainly as cofactor for proteins involved in energy metabolism. Only the R form of 

lipoic acid is conjugated in order to conserve the lysine residues in an amide bond, thereby making 

this isoform as an essential cofactor for cellular systems, in particular for dehydrogenase enzymes, 

principally the pyruvate dehydrogenase and the branched-chain of ketoacid dehydrogenase (subunit 

E2 of PDH and of KADH), and also the 2-oxoglutarate dehydrogenase complex (Shay et al., 2009).

Both lipoic acid and dihydrolipoic acid have antioxidant properties. Moreover, dihydrolipoic 

acid has pro-oxidant properties in systems in which hydroxyl radicals are generated (Ghibu et 

al., 2008, 2009).
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6.4 Safety

Subchronic toxicity studies in rats establish a NOAEL of 60 mg/kg/day (Cremer et al., 2006). If we 

consider a mean NOAEL of 60 mg/kg/day and we use an uncertainty factor of 100, the ADI is 0.6 

mg/kg/day. For an individual weighing 70 kg, this would permit a daily intake of 42 mg of lipoic acid. 

The most frequently used dose is 600 mg/day and this is the dose approved in Japan and 

Germany for the diabetic neuropathy. In that country it has been indicated for some pathologies 

for more than 50 years. The maximum dose used is 2 400 mg/day in clinical trials and no adverse 

effects have been detected. None of them were observed with a dose of 1 800 mg/day for 6 

months (Costantino et al., 2014).

Nevertheless, there are insufficient studies to confirm its safety in children, pregnant or 

lactating women, or in individuals with diabetes, kidney or liver pathologies, and therefore for 

safety reasons, its use is not recommended in these situations. 

6.5 Conclusion

The Scientific Committee concludes that the toxicological information for lipoic acid is limited. 

Clinical trials have been conducted in healthy adult population (excluding pregnant and lactating 

women) and no adverse effects have been observed with a range of doses between 1 800 and 

2 400 mg/day in than 6 month time period. Moreover, taking as the reference the subchronic 

toxicity studies in rats with an mean NOAEL of 60 mg/kg/day, the Scientific Committee considers 

that, given the information available to date, and the general considerations listed in this report, 

a maximum quantity of 0.6 mg/kg/day (42 mg/day for a person weighing 70 kg) of lipoic acid in 

adults is acceptable from a safety point of view for use as a food supplement.
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7. Monascus purpureus
7.1 Proposal

The AECOSAN have recommended a maximum daily quantity for Monascus purpureus condi-

tioned to a maximum input of 10 mg of monacolin expressed as monacolin K. 

This proposal is based on the existence of a health claim approved by the EFSA stating that 

“monacolin K from red yeast rice contributes to maintaining normal blood cholesterol levels”. This 

claim can only be used with respect to foods which provide a daily intake of 10 mg of monacolin 

K from red yeast rice. 

In order for a product to carry this claim, the consumer will be informed that the beneficial 

effect is obtained with a daily intake of 10 mg of monacolin K, from fermented preparations of red 

yeast rice (EFSA, 2011) (EU, 2012).

7.2 Characteristics and sources

The commercial red yeast used as a supplement in phytotherapy is obtained by fermenting rice 

with a mixture of fungi of the genus Monascus, such as M. purpureus Went (Monascaceae) 

and others, which are used to obtain rice wine. The principal active compound of red yeast is 

monacolin K, an active ingredient which has been marketed with the generic name of lovastatin. 

It is also produced by other fungi such as Aspergillus terreus or Pleurotus ostreatus. 

7.3 Nutrition and metabolism

Monacolin K inhibits 3-hydroxy-methyl-glutaril (HMG)-CoA reductase, a limiting enzyme in the 

endogenous biosynthesis of cholesterol. Monacolin K is a prodrug derived from hexahydro-

naphthalene b-hydroxy-d-lactone, which is hydrolysed to mevinolinic acid, with a similar 

structure to that of HMG-CoA. Monacolin K combines with the HMG reductase, blocking the 

conversion of HMG-CoA to mevalonic acid and the subsequent synthesis of cholesterol (Castillo 

and Martínez, 2007).

The inactive compound is administered orally and is absorbed irregularly (31 %), becoming 

converted to active hydroxy-acids in the intestinal mucosa and liver. It is metabolised by the 

isozyme of cytochrome P-450 CYP3A4, which may lead to important interactions (Flórez et al., 

2014).

It has a very low bioavailability (<5 %) due to poor absorption and a first-pass hepatic metabolism. 

The bonding to plasma proteins is high (95 %), and passes the blood-brain and placental barriers. 

The maximum plasma concentration is reached after approximately 2 hours, and the half-life in 

plasma is 2.5 to 3 hours. It is eliminated through faeces and urine (Flórez et al., 2014).

The recommended dose for red yeast is two capsules twice a day. As the capsules usually 

contain 600 mg of a standardised mixture of yeast and rice, with a content of 2.4 mg of monacolin 

K, the recommended dose is 4.8 mg × 2 doses, that is, 9.6 mg/day in two intakes (Bratman and 

Girman, 2003).
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7.4 Safety

Pregnant and lactating women must not take red yeast, nor should children under the age of 12 

years. Patients with liver or kidney failure may only take it with precaution (SEFIT, 2015).

The tolerability of monacolin K, as for the other statins, is high. A significant percentage (7-

29 %) of patients treated with statins present muscular disorders (myalgia, contractions and 

loss of strength), with normal or high serum concentrations of muscular enzymes (for example, 

creatine phosphokinase). Lower percentages present fatigue, an increase in hepatic enzymes, 

peripheral neuropathy, insomnia, neurocognitive alterations and even diabetes mellitus 

(Stroes et al., 2015). A reduced percentage of patients may present a severe immune-mediated 

inflammatory myopathy. The incidence of these effects is related to the dose of statin (usually 

more than 20 mg of lovastatin or the equivalent), the type of statin, association with other 

hypolipemiant drugs (for example, gemfibrozil), age and gender, and other conditioning factors 

(Osakidetza, 2008) (Stroes et al., 2015). 

The European Atherosclerosis Society consensus document considers red yeast as effective 

and well-tolerated (Stroes et al., 2015). A meta-analysis which included 13 clinical trials concluded 

that red yeast rice is a relatively safe product for use in the treatment of dyslipidemias (Li et 

al., 2014). No differences were observed in the figures for serum creatine phosphokinase, or in 

those for glycemia among the treatment groups and those treated with the placebo. Although 

the intervention time for these studies was relatively long (between 4 weeks and 6 months), the 

equivalent doses of lovastatin were low, less than 10 mg in all the studies, except one (Huang et 

al., 2007). Moreover, it has been observed that it may be an effective and well-tolerated treatment 

in patients who are intolerant of statins (mainly myalgia), as only 5 % of the patients treated 

suffered myalgia (Osakidetza, 2008) (Halbert et al., 2010).   

Therefore, although at the established doses the undesirable effects do not appear to 

be relevant, it is necessary to conduct clinical trials with doses equivalent to 10 mg/day of 

lovastatin for a prolonged period of time (1-2 years). Until these studies have been conducted, 

monitoring is advised in the event of muscular pain. The intake of this product with grapes 

should also be avoided as its serum level could be increased 5-20 times. It may interact with 

immunosuppressants, antifungals and antibiotics (Harkness and Bratman, 2003). As the inhibitors 

of HMG-CoA reductase also reduce the synthesis of coenzyme Q10, a supplement of CoQ10 is 

recommended if intake is long-term.

7.5 Conclusion

There is no direct correlation between the administration of monacolin K at doses of 10 mg and 

possible undesirable effects. Therefore, the Scientific Committee concludes that the AECOSAN 

recommendation of a maximum daily quantity for Monascus purpureus conditioned to a maximum 

input of 10 mg of monacolin expressed as monacolin K is acceptable from the safety point of view 

for use as a food supplement.

As monacolin K is a medicine used at a standard dose of 20 and 40 mg, and in some cases an 

initial dose of 10 mg is recommended (Naci et al., 2013) (IQB, 2015), pregnant and lactating women 
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or children under the age of 12 years should not take red yeast (Osakidetza, 2008). Patients with 

liver or kidney failure may only take it with precaution and subject to medical consultation.
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8. Active carbon

8.1 Proposal

The AECOSAN has recommended a maximum daily quantity of 2 g of active carbon.

This proposal is based on the authorisation of a health claim that active carbon contributes to 

reducing excessive flatulence after eating. The claim can only be used with foods that contain 1 

g of active carbon per quantified portion. For a product to carry this claim, the consumer will be 

informed of the beneficial effects of taking 1 g of active carbon at least 30 minutes before eating 

and another gram shortly after the meal (EU, 2012).

8.2 Characteristics and sources

Active carbon is an inert material made up of carbon organised in microcrystalline form which has 

undergone an activation process resulting in a dense network with pores of diameters ranging 

between 10 and 2 000 Å (Marín, 2003). Thanks to this layout the carbon has a high absorption 

surface of 300 to 2 000 m2/g approximately (TAP, 2002), used to absorb gases and vapours from a 

mixture of gases and to dissolve and disperse substances present in liquids.

There are numerous sources for preparing active carbon, and activation may take place 

through different mechanisms. Sources of active carbon include animal bones, meat, blood, hard 

and soft wood, fruit peel, cereal, vegetable fibres, lignin, refinery and carbon waste. 

The carbon sources are treated to obtain the active carbon using a wide variety of methods, and 

differentiating between two stages: carbonisation followed by oxidation. Activation may include 

the use of synthetic acids, bases or other substances in a stream of gases such as nitrogen or 

carbon dioxide. The quality and performance can be improved by eliminating the humidity (FAO, 

1985). Microwaves or ion exchange resins may also be used (FCC, 1996).

Once the active carbon has been manufactured, it is classified according to its surface area 

and pore distribution. In 1996, the Food Chemical Codex established food grade specifications for 

active carbon (FCC, 1996).

In 2013, the EFSA published an opinion in relation to the use of active carbon for its use 

in contact with foods, concluding that active carbon should comply with the same purity 

requirements as those established for the food additive Vegetable Carbon (E-153) established 

by Directive 95/45/EC, with the exception of the ash content, which may be up to 10 % (p/p) 

(EFSA, 2013).

Four types of action are identified: absorption, mechanical filtration, ion exchange and surface 

oxidation.

8.3 Nutrition and metabolism

Active carbon is considered inert from the nutritional point of view, and is therefore not expected 

to be absorbed by the body. 

In addition, the huge absorbent potential of active carbon must be considered, hence its 

two best-known applications: its use in overcoming aerophagia, meteorism and flatulence, 

and in treating intoxications, thanks to its capacity for absorbing toxic substances. This same 
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characteristic means that prolonged use is not to be advised due to possible interference in the 

absorption of certain nutrients. 

8.4 Safety

From the safety point of view regarding the use of active carbon, no toxicological studies of the 

product have been found that permit a strict scientific assessment of this aspect.

Nevertheless, its use as a medicine to treat the same symptoms as those for which it is 

considered efficient when used as a food supplement is known. When used as a medicine, the 

technical specification sheet shall indicate that it may damage the intestinal motility. The sheet 

shall also indicate that “preclinical research has not revealed any toxic effects of the active 

ingredient”, nevertheless this preclinical research has not been published.

In addition, from a safety point of view, it is necessary to know the size of the particle of the food 

supplement, paying special attention to the possible presence of nanoparticles.  

8.5 Conclusion

The Scientific Committee considers that the available toxicological information is insufficient to 

determine the maximum daily quantity of active carbon that might be considered safe in its use 

as a food supplement.
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9. Lactulose

9.1 Proposal

The AECOSAN has recommended a maximum daily amount of lactulose of 10 g.

This proposal is based on the authorisation of a health claim that lactulose contributes to the 

acceleration of bowel transit. This claim may only be used for food which contains at least 10 g 

of lactulose per quantified portion. In order for a product to carry this claim, the consumer will 

be informed that the beneficial effect is obtained after an intake of 10 g of lactulose in one single 

dose (EFSA, 2010) (EU, 2012).

With respect to its use as a food supplement, lactulose is considered as such in Belgium and 

Italy. 

In other countries of the European Union including Slovenia, the United Kingdom, Sweden and 

the Czech Republic, it has a medicinal use. 

At present in Spain it is considered as a medicine according to the Spanish Agency of 

Medicines and Health Products. The technical specification sheets for the different medicines, in 

all cases, recommend daily doses of between 10 and 20 g in one or two intakes, reaching 30 g/day 

in the case of hepatic encephalopathy. 

9.2 Characteristics and sources

Lactulose is a disaccharide with the formula 4-O-b-D-Galactopyranosyl-b-D-fructofuranose 

(EFSA, 2010). 

This non-digestible carbohydrate is not found as such in nature, although it can be obtained 

through the alkaline isomerisation of lactose or by enzyme-catalysed synthesis (Illanes, 2011).

With regard to its uses, as it is sweeter and more soluble than lactose, it is used in confectionery. 

Traditionally, it has been used as a laxative, in chronic and acute cases, and in the treatment 

of hyperammonemia and chronic hepatic encephalopathy. Studies have also been published 

showing that its administration increases the proportion of bacteria that promote the health of 

the gastrointestinal tract, including bifidobacteria and lactobacilli, and in studies with animals it 

reduces the presence of pathogenic bacteria including Salmonella (Schuster-Wolff-Bühring et 

al., 2010) (Bouhnik et al., 2014).

9.3 Nutrition and metabolism

The absorption of lactulose in the gastrointestinal tract is very poor and in humans it is not 

digestible due to the lack of enzymes that are able to hydrolyse it. Consequently, oral doses 

of lactulose solution reach the colon almost unchanged. There, they are decomposed by the 

action of the bacteria in the colon, mainly to lactic acid and to a lesser extent to formic acid 

and acetic acid, resulting in an increase in osmotic pressure and a slight acidification of the 

contents of the colon. This in turn leads to an increase in the water content of the faeces and 

their softening. 
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9.4 Safety

The safety sheet from the Spanish Agency of Medicines and Health Products states that “Data 

from the preclinical studies do not reveal any special risks for humans, in accordance with single 

dose and repeat dose toxicity studies”.

Studies on laboratory animals (mouse and rabbit) show that lactulose does not have a 

teratogenic effect, or an adverse effect on reproduction (Baglioni and Dubini, 1976). It is not well-

absorbed in the adult intestine (0.2-2.8 %) (Hallmann, 2000), in infants (less than 1.7 %) (Dmitriev, 

1997) and children (less than 1 %) (Miki et al., 1996). It cannot be hydrolysed by human enzymes 

and is converted into different short-chain organic acids, mainly by intestinal bacteria. 

Lactulose is included among the so-called osmotic laxatives (Hallmann, 2000). No serious 

adverse effects have been described in healthy individuals, only minor gastrointestinal symptoms, 

including swelling, gas, stomach pain, diarrhoea, nausea or headaches (Gordon et al., 2013), a 

result of an intolerance that is not dose-dependent (Als-Nielsen et al., 2004). 

Its administration worsens diarrhoea and specialists recommend it is avoided in the case of 

chronic intestinal disease given its osmotic effect and the reduction of the transit time. However, 

given its minor effect it continues to be used in permeability studies on these patients (Van Citters 

and Lin, 2005), even the administration of 25 g of lactulose has been proposed for the unequivocal 

diagnosis of irritable colon (Le Neve et al., 2013).

The higher quantities administered described include two meta-analyses in which its effect on 

hepatic encephalopathy was studied. In these studies, doses of 30 to 120 and 20 to 80 g per day, 

respectively, were administered. None of these studies found serious adverse effects associated 

with its intake, only certain gastrointestinal reactions and one case of allergy (Als-Nielsen et al., 

2004) (Luo et al., 2011). 

These figures suggest that the daily intake of up to 10 g of lactulose would only pose a minor risk.

9.5 Conclusion

The toxicology studies carried out indicate that the daily intake of up to 10 g of lactulose would 

only pose a slight risk to certain particularly sensitive individuals.

Therefore, the Scientific Committee concludes that, based on the information available to date 

and taking into account the considerations reflected in this report, the AECOSAN proposal of a 

maximum daily quantity of 10 g of lactulose is acceptable from the safety point of view for use as 

a food supplement. 
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