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Abstract

Following a request from the European Commission, the EFSA Panel on Nutrition, Novel Foods and
Food Allergens (NDA) was asked to deliver an opinion on b-hydroxybutyrate (BHB) salts as a novel
food (NF) pursuant to Regulation (EU) 2015/2283. The NF consists of sodium, magnesium and calcium
BHB salts, and is proposed to be used by adults as a food ingredient in a number of food categories
and as food supplement. The data provided by the applicant about the identity, the production process
and the compositional data of the NF over the course of the risk assessment period were overall
considered unsatisfactory. The Panel noted inconsistencies in the reporting of the test item used in the
subchronic toxicity study and human studies provided by the applicant. Owing to these deficiencies,
the Panel cannot establish a safe intake level of the NF. The Panel concludes that the safety of the NF
has not been established.
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1. Introduction

1.1. Background and Terms of Reference as provided by the requestor

On 28 February 2018, the company Pr€uvit Ventures Inc. submitted a request to the European
Commission in accordance with Article 10 of Regulation (EU) No 2015/2283 to place on the EU market
b-hydroxybutyrate salts (sodium/magnesium/calcium) as a novel food (NF).

In accordance with Article 10(3) of Regulation (EU) 2015/2283, the European Commission asks the
European Food Safety Authority to provide a scientific opinion by carrying out the assessment for
b-hydroxybutyrate salts (sodium/magnesium/calcium) as a NF ingredient.

2. Data and methodologies

2.1. Data

The safety assessment of this NF is based on data supplied in the application and information
submitted by the applicant following several EFSA requests for supplementary information.

During the assessment, the Panel identified additional data that were not included in the
application.

Administrative and scientific requirements for NF applications referred to in Article 10 of Regulation
(EU) 2015/2283 are listed in the Commission Implementing Regulation (EU) 2017/24691.

A common and structured format on the presentation of NF applications is described in the EFSA
guidance on the preparation and presentation of a NF application (EFSA NDA Panel, 2016). As
indicated in this guidance, it is the duty of the applicant to provide all of the available (proprietary,
confidential and published) scientific data (including both data in favour and not in favour) that are
pertinent to the safety of the NF.

This NF application includes a request for protection of proprietary data in accordance with Article
26 of Regulation (EU) 2015/2283. The data requested by the applicant to be protected comprise the
production process.

2.2. Methodologies

The assessment follows the methodology set out in the EFSA guidance on NF applications (EFSA NDA
Panel, 2016) and the principles described in the relevant existing guidance documents from the EFSA
Scientific Committee. The legal provisions for the assessment are laid down in Article 11 of Regulation
(EU) 2015/2283 and in Article 7 of the Commission Implementing Regulation (EU) 2017/2469.

Additional information which was not included in the application was retrieved by literature search
following a search strategy and standard operating procedure as described by UCT Prague (2020).

This assessment concerns only the risks that might be associated with consumption of the NF
under the proposed conditions of use and is not an assessment of the efficacy of the NF with regard
to any claimed benefit.

3. Assessment

3.1. Introduction

The NF which is the subject of the application is a mixture of b-hydroxybutyrate (BHB) salts
(sodium, magnesium or calcium) in specific proportions. BHB is a chiral molecule with a stereocentre
at C-3.

With reference to Article 3 of Regulation (EU) 2015/2283, the NF falls under the category 2(a)(i),
i.e., food with a new or intentionally modified molecular structure, where that structure was not used
as, or in, a food within the Union before 15 May 1997. The NF is proposed to be used as food
supplements and as a food ingredient in drink mixes, both liquid and powdered drink bases. The
applicant indicated that the target population is adults.

1 Commission Implementing Regulation (EU) 2017/2469 of 20 December 2017 laying down administrative and scientific
requirements for applications referred to in Article 10 of Regulation (EU) 2015/2283 of the European Parliament and of the
Council on novel foods. OJ L 351, 30.12.2017, pp. 64–71.
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3.2. Identity of the NF

The NF consists of a mixture of sodium (Na), magnesium (Mg) and calcium (Ca) BHB salts
(Table 1). The structures of the individual salts were characterised by 1H-NMR and HPLC.

3.2.1. Salt proportions

In their original submission from April 2019, the applicant provided individual certificates of analysis
for each BHB salt (BHB-Na, BHB-Mg and BHB-Ca), which EFSA considered as three individual entities
to assess.

Following a request for clarifications sent by EFSA in December 2020 about the composition of the
NF, the applicant submitted new certificates of analysis for two salts, BHB-Na and BHB-CaMg, in
January 2021.

In subsequent requests for clarification, sent by EFSA in January 2021 and May 2021, the applicant
was asked to clarify unequivocally the nature of the NF. The NF as intended to be placed on the
market was clarified in June 2021 to be a mixture of 59% BHB-Na, 27% BHB-Mg, 14% BHB-Ca.

3.2.2. Chirality

In their original submission from April 2019, the applicant implied that the individual salts were
racemic mixtures of D,L-BHB but did not provide supportive analytical data. Considering the difference
in metabolism between the two enantiomers D- and L-BHB reported in the literature, EFSA
subsequently asked the applicant to provide analytical data on the chirality of BHB salts in December
2020.

In January 2021, the applicant provided certificates of analyses indicating that the BHB salts
consisted of 72–98% BHB of the D-(R)-enantiomer and 2–28% BHB of the L-(S)-enantiomer.

In April 2021, the applicant provided new certificates of analysis for each individual salt, indicating
that the enantiomeric ratio D:L was 95:5. In March 2022, the applicant provided chromatograms
supporting the enantiomeric ratio D:L of 95:5 for the final product constituted of sodium, calcium and
magnesium salts. The Panel notes that minor inaccuracies in the reporting of the chirality data remain.

With respect to the identity of the NF, the Panel assumes from this point on that the NF is a
mixture of 59% BHB-Na, 27% BHB-Mg, 14% BHB-Ca in 95:5 D:L enantiomeric ratio.

The Panel considers that the identity of the NF is overall sufficiently demonstrated.

Table 1: Chemical identity of b-hydroxybutyrate salts

Chemical substance

Chemical (IUPAC) name (PubChem) calcium;3-hydroxybutanoate
magnesium;3-hydroxybutanoate
sodium;3-hydroxybutanoate

Common name b-hydroxybutyrate salts
Other names (synonyms, trade names,
abbreviations)

b-hydroxybutyric acid salts
b-hydroxybutanoic acid salts
3-hydroxybutyric acid salts
3-hydroxybutanoic acid salts
calcium bis(hydroxybutyrate)
magnesium bis(hydroxybutyrate)
sodium hydroxybutyrate

CAS number 586976-56-9 [calcium-3-hydroxybutyrate]
586976-57-0 [magnesium-3-hydroxybutyrate]
150-83-4 [sodium-3-hydroxybutyrate]

Molecular formula calcium salt: (C4H7O3)2Ca
magnesium salt: (C4H7O3)2Mg
sodium salt: C4H7O3Na

Molecular weight calcium salt: 246.27 g/mol
magnesium salt: 230.50 g/mol
sodium salt: 126.09 g/mol

Safety of b-hydroxybutyrate salts as a novel food
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3.3. Production process

The Panel notes that no Good Manufacturing Practice (GMP) certificate issued for the producer of
the NF was provided.

In its original submission in April 2019, the applicant indicated that the NF was produced via a
synthetic process involving the reduction of methyl acetoacetate with NaBH4 to methyl
3-hydroxybutyrate, followed by hydrolysis of the methyl ester to 3-hydroxybutyric acid and a
subsequent addition of either Na, Mg or Ca hydroxides to obtain the salts. The Panel notes that such
production process gives rise to a racemic mixture of D,L-BHB.

In April 2021, following requests for clarification from January 2021 motivated by the enquiries
about the chirality of BHB (see Section 3.2.2), the applicant indicated that the NF was produced
starting from methyl acetoacetate obtained by fermentation. In May 2021, the applicant indicated that
the synthetic process leads to a 95:5 D:L enantiomeric ratio, without providing the enantioselective
condition details or analytical data to support this information.

In January 2022, following requests for clarification from June 2021, the applicant indicated that
neither methyl acetoacetate nor NaBH4 are used in the production process. Instead, the applicant
reported that the NF is obtained by two parallel reductions of ethyl acetoacetate with hydrogen and
Raney nickel or with a chiral catalyst, leading to either a racemic mixture of D,L-BHB salts or pure
D-BHB salts, respectively, subsequently blended to obtain a 95:5 D:L mixture of BHB salts. In April
2022, the applicant clarified that the starting material is commercial ethyl acetoacetate.

The Panel notes that only minor imprecisions remain about the latest description of the production
process, which conforms to the latest characterisation of the NF. However, the Panel also notes that
each of the three production processes sequentially described by the applicant theoretically leads to
different final products. Considering that the description of the production process has changed
without justification several times over the course of the risk assessment period, the Panel has doubts
regarding the robustness, consistency and credibility of the data submitted by the applicant.

3.4. Compositional data

In their original submission from April 2019, the applicant provided individual certificates of analysis
for each individual BHB salt (BHB-Na, BHB-Mg and BHB-Ca).

Following a request for clarification about optical rotation from December 2020, the applicant
submitted new certificates of analysis for two salts, BHB-Na and BHB-CaMg in January 2021.

In June 2021, subsequent to the clarification about salt proportions in the NF (cf. Section 3.2.1),
the applicant was requested to provide new certificates of analysis for the NF as intended to be placed
on the market (i.e., a mixture of 59% BHB-Na, 27% BHB-Mg, 14% BHB-Ca in the 95:5 D:L
enantiomeric ratio). New certificates of analysis, dated December 2021, were submitted in January
2022. Upon request from EFSA, updated certificates of analysis for the same batches were submitted
with additional microbiological analyses in March 2022.

The Panel notes that there were discrepancies in the reported values for some parameters in the
certificates of analysis submitted for identical sample batches that were analysed in December 2021
and in March 2022. These data were therefore deemed unsatisfactory with respect to the composition
of the NF.

Considering the repeated alterations made to the identity and production process of the NF over
the course of the risk assessment, and considering the reporting discrepancies herein described, the
Panel considers that the information provided on the composition of the NF precludes a safety
assessment.

3.4.1. Stability

In their original submission from April 2019, the applicant provided stability tests for three
individual salts (BHB-Na, BHB-Mg and BHB-Ca) for 24 months. These data were updated up to
36 months in March 2021. The Panel notes that these data did not include microbiological analyses of
the NF. No accreditation was provided for the laboratory carrying out the analysis.

In June 2021, subsequent to the clarification about salt proportions in the NF (cf. Section 3.2.1),
the applicant was requested to provide new stability data for the NF as intended to be placed on the
market (i.e., a mixture of 59% BHB-Na, 27% BHB-Mg, 14% BHB-Ca in the 95:5 D:L enantiomeric
ratio). In January 2022, the applicant provided stability data for 5 independently produced batches of
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the NF. The tests were carried out in accelerated conditions at 30°C and at 65% relative humidity (RH)
for a period of 24 weeks. The temperature conditions of the accelerated stability test were considered
inadequate. The Panel therefore considers that the information provided on the stability of the NF is
insufficient.

3.5. Specifications

Owing to the conclusions made about the identity, the production process, and the composition of
the NF, the Panel decided not to report specifications for the NF.

3.6. History of use of the NF and/or of its source

The Panel notes that there is no history of use of the NF.

3.7. Proposed uses and use levels and anticipated intake

3.7.1. Target population

The target population proposed by the applicant is adults.

3.7.2. Proposed uses and use levels

The NF is proposed to be used as an ingredient in drink mixes, both ‘liquid drink bases (including
concentrates and home-made preparations)’ and ‘powdered drink bases’ and/or in food supplements,
at a maximum dose of 6 g/day.

Owing to the conclusions made about the identity, the production process, the composition and
therefore the specifications of the NF, an exposure assessment was not carried out.

3.8. Absorption, distribution, metabolism and excretion (ADME)

The Panel notes that no ADME studies carried out with the NF have been provided by the
applicant. The applicant provided literature data on absorption and metabolism of exogenous ketone
bodies in humans, which was complemented by EFSA by an outsourced literature search.

The toxicokinetics of BHB varies depending on its form (e.g. keto acid, keto esters or keto salts)
and chirality. For instance, D-BHB is readily converted to acetone, but L-BHB is not, and keto esters are
more efficient than keto salts at elevating BHB concentrations in blood (Stubbs et al., 2017).
Considering such specificities, the Panel considered that a proper characterisation of the NF was
needed prior to proceeding with the ADME assessment.

3.9. Nutritional information

Owing to the conclusions made about the identity, the production process, the stability, the
composition and therefore the specifications of the NF, the Panel could not conclude whether or not
the NF is nutritionally disadvantageous.

3.10. Toxicological information

3.10.1. Genotoxicity

The applicant did not provide any genotoxicity study carried out with the NF but referred to
literature studies. The Panel notes that EFSA’s genotoxicity assessment was hindered by the repeated
alterations made to the reporting of the identity and production process of the NF, and by the
uncertainties on the composition and specifications of the NF as submitted over the course of the risk
assessment.

3.10.2. Subchronic toxicity

In their original submission from April 2019, the applicant did not provide subchronic toxicity data
on the NF as intended to be placed on the market. The applicant referred to literature and regulatory
data (JECFA, 1980; Smith et al., 2005; Clarke et al., 2012a; Clarke et al., 2012b; CFSAN/Office of Food
Additive Safety, 2015; AIBMR Life Sciences, 2016).

Safety of b-hydroxybutyrate salts as a novel food
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Considering the substantial differences in the metabolic fate of ketone bodies depending on their
nature and chirality, EFSA considered that these studies were not relevant for the safety assessment of
the NF. Consequently, in July 2019, in accordance with the Guidance on the preparation and submission
of an application for authorisation of a novel food in the context of Regulation (EU) 2015/2283, EFSA
requested a subchronic toxicity study with the NF as intended to be placed on the market.

In their reply in November 2019, the applicant did not provide any new study and referred to
further literature data. The information provided was considered insufficient and the request for a
subchronic toxicity study with the NF was reiterated in January 2020.

In January 2021, the applicant provided an interim report for a 90-day subchronic toxicity study
conducted with ‘3-hydroxybutyric acid sodium (R form) w/1% calcium silicate (KetoNat-Na and
KetoNat-CaMg)’ according to the title, and with ‘3-hydroxybutyric acid sodium (containing D and L
salts) w/1% calcium silicate (KetoNat-Na and KetoNat-CaMg)’ according to the materials and methods
section. No information was provided about individual salt proportions. The Panel notes that the
certificates of analysis of the NF provided at the time indicate that the enantiomeric ratio of BHB salts
was 72–98% D-form and 2–28% L-form, and that the production process included a microbial
fermentation step.

A request for the full study report was sent to the applicant later in January 2021. The final report
was provided in March 2021, where the test item was changed to ‘3-hydroxybutyric acid (KetoNat-Na,
KetoNat-Ca, KetoNat-Mg)’, with ‘3-hydroxybutyric acid at 95:5 D:L ratio’. No information was provided
about individual salt proportions.

The Panel notes that, after this full report was provided, the production process as submitted in the
dossier was modified and was described as a chemical synthesis without fermentation step.

In a further request sent in May 2021, the applicant was asked to clarify unequivocally what was
the test item employed in the 90-day animal toxicity study, i.e., the proportions of each salt in the
testing compound, and whether this corresponds to the NF as intended to be placed on the market. In
June 2021, the applicant declared, without providing analytical data, that the test material for this
study was a 59% BHB-Na, 27% BHB-Mg, 14% BHB-Ca mixture.

The Panel notes that the study report includes a claim for GLP compliance. Upon verification, the
laboratory which conducted the study was found not to be GLP certified. The study therefore cannot
be considered a reliable source of information for the risk assessment of the NF.

Considering the lack of GLP certification of the laboratory in which the subchronic toxicity study
provided by the applicant was carried out, and considering the discrepancies observed in the reporting
of the test item, the Panel considers that the study cannot be considered a reliable source of
information. Therefore, the Panel cannot conclude on the relevance of the study to assess the safety
of the NF.

3.10.3. Human data

In their original submission in April 2019, the applicant did not provide human data on the NF as
intended to be placed on the market but referred to literature data (Sherwin et al., 1975; Frolund
et al., 1980; Nair et al., 1988; Pan et al., 2002; Plecko et al., 2002; Van Hove et al., 2003; Tenenbaum et al.,
2005; Li et al., 2012; Clarke et al., 2012b; Ulamek-Koziol et al., 2016; Woolf et al., 2016; Cervenka
et al., 2017; Joseph et al., 2017; Thompson et al., 2017; Urbain et al., 2017). This information was not
considered relevant for the safety assessment of the NF as characterised at the time.

The applicant was requested in July 2019 to provide scientific evidence on the bioavailability and
metabolism of both D- and L-BHB enantiomers and on the long-term effects of daily consumption of
the NF under normal dietary conditions in humans. A reiteration of this request was made in January
2020.

The applicant later provided two reports for human studies: one in adults submitted in December
2020, and one in adolescents submitted in January 2021.

In the version submitted in December 2020, the report of the study in adults (dated November
2020) indicated that the test item was an ‘R-beta hydroxybutyrate salt blend’. In a newly submitted
version of the same report in January 2021, the test item was indicated to be a ‘DL-beta
hydroxybutyrate salt blend containing D and L salts’. In a further update in March 2021, the
denomination was changed to a ‘DL-beta hydroxybutyrate salt blend containing D and L salts at a 95:5
D:L ratio’. The Panel notes that the data were published in the literature in December 2020 (Stefan
et al., 2020), indicating that the test material was a ‘R-BHB salt blend’, prior to the modifications made
on the reporting of the identity and production process of the NF.

Safety of b-hydroxybutyrate salts as a novel food

www.efsa.europa.eu/efsajournal 8 EFSA Journal 2022;20(10):7449

 18314732, 2022, 10, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2022.7449 by U

niversity O
f H

elsinki, W
iley O

nline L
ibrary on [05/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



In the version submitted in January 2021, the report of the study in adolescents indicated that the
test item was a ‘beta-hydroxybutyrate salt blend containing D and L salts’. In a newly submitted
version of the report in March 2021, the test item was indicated to be a ‘beta-hydroxybutyrate salt
blend containing D and L salts at a 95:5 D:L ratio’. The Panel notes that the data were published in the
literature in March 2021 (Stefan et al., 2021), with no indication about the nature and chirality of the
test material, and prior to the modifications made to the reporting of the identity and production
process of the NF.

Following a further request from EFSA, the applicant clarified in June 2021 that the test item for
both studies was a blend of 59% BHB-Na, 27% BHB-Mg, 14% BHB-Ca in 95:5 D,L enantiomeric ratio.
The Panel notes that this information is not reported in the study reports.

Considering the discrepancies observed in the reporting of the test item used in the human studies
provided by the applicant, the Panel cannot conclude on the relevance of these studies to assess the
safety of the NF.

3.11. Allergenicity

The applicant indicates that, because of its endogenous status, sensitising or allergenicity to BHB is
not expected. Considering the synthetic nature of the production process involved, despite the overall
uncertainties observed, the Panel concludes that the risk of potential allergenicity is low.

4. Discussion

The NF which is the subject of the application consists of sodium, magnesium and calcium BHB
salts. It is proposed to be used by adults as a food ingredient in a number of food categories, and as
food supplement.

Considering that the description of the identity, production process and composition of the NF has
changed without justification several times over the course of the risk assessment period, the
Panel has doubts regarding the robustness, consistency and credibility of the data submitted by the
applicant.

Consequently, the Panel cannot conclude whether the test item used in the literature data, animal
and human toxicological studies provided by the applicant is representative of the NF. Therefore, the
Panel cannot establish the safety of the NF.

5. Conclusions

The Panel concludes that the safety of the NF has not been established.

6. Steps taken by EFSA

1) On 11/04/2019, EFSA received a letter from the European Commission with the request for a
scientific opinion on the safety of b-hydroxybutyrate salts. Ref. SANTE/E2/TD/amf(2019)
2869175.

2) On 11/04/2019, a valid application on b-hydroxybutyrate salts, which was submitted by
Pr€uvit Ventures Inc., was made available to EFSA by the European Commission through the
Commission e-submission portal (NF 2018/0291) and the scientific evaluation procedure was
initiated.

3) On 01/07/2019, EFSA requested the applicant to provide additional information to
accompany the application and the scientific evaluation was suspended.

4) On 25/11/2019, additional information was provided by the applicant through the
Commission e-submission portal and the scientific evaluation was restarted.

5) On 16/01/2020, EFSA requested the applicant to provide additional information to
accompany the application and the scientific evaluation was suspended.

6) On 03/12/2020, additional information was provided by the applicant through the
Commission e-submission portal and the scientific evaluation was restarted.

7) During its meeting on 01/07/2022, the NDA Panel, having evaluated the data, adopted a
scientific opinion on the safety of b-hydroxybutyrate salts as a NF pursuant to Regulation
(EU) 2015/2283.
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