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Abstract

The EFSA Panel on Food Additives and Flavourings (FAF) was requested to evaluate
the safety of naringenin [FL-no: 16.132] as a new flavouring substance, in accord-
ance with Regulation (EC) No 1331/2008. No other substances with sufficient struc-
tural similarity have been identified in existing FGEs that could be used to support
a read-across approach. The information provided on the manufacturing process,
the composition and the stability of [FL-no: 16.132] was considered sufficient. From
studies carried out with naringenin, the Panel concluded that there is no concern
with respect to genotoxicity. The use of naringenin as a flavouring substance at
added portions exposure technique (APET) exposure levels is unlikely to pose a
risk for drug interaction. For the toxicological evaluation of naringenin, the Panel
requested an extended one-generation toxicity study on naringenin, in line with
the requirements of the Procedure and to investigate the consequence of a pos-
sible endocrine-disrupting activity. The Panel considered that changes in thymus
weight, litter size, post-implantation loss and a consistent reduced pup weight in
the high-dose F2 generation could not be dismissed and selected therefore, the
mid-dose of 1320 mg/kg body weight (bw) per day for the parental males as the no
observed adverse effect level (NOAEL) of the study. The exposure estimates for [FL-
no: 16.132] (31,500 and 50,000 pg/person per day for children and adults, respec-
tively) were above the threshold of toxicological of concern (TTC) for its structural
class (Ill). Using the NOAEL of 1320 mg/kg bw per day at step A4 of the procedure,
margins of exposure (MoE) of 1590 and 630 could be calculated for adults and chil-
dren, respectively. Based on the calculated MoEs, the Panel concluded that the use
of naringenin as a flavouring substance does not raise a safety concern.

KEYWORDS
[FL-no: 16.132], FGE.413, flavouring, naringenin

This is an open access article under the terms of the Creative Commons Attribution-NoDerivs License, which permits use and distribution in any medium, provided the
original work is properly cited and no modifications or adaptations are made.
© 2024 European Food Safety Authority. EFSA Journal published by Wiley-VCH GmbH on behalf of European Food Safety Authority.

EFSA Journal. 2024;22:e8747. efsa.onlinelibrary.wiley.com/journal/1831-4732 10f 50
https://doi.org/10.2903/j.efsa.2024.8747


https://doi.org/10.2903/j.efsa.2024.8747
www.efsa.onlinelibrary.wiley.com/journal/1831-4732
http://creativecommons.org/licenses/by-nd/4.0/
mailto:fip@efsa.europa.eu

20f 50 | FLAVOURING GROUP EVALUATION 413

CONTENTS
Abstract 1
1. Introduction 4
1.1.  Background and Terms of Reference as provided by the requestor 4
1.1.1.  Background 4
1.1.2.  Terms of Reference 4
1.2. Existing authorisations and evaluations 4
2. Dataand methodologies 4
2.1. Data 4
2.2. Methodologies 5
3. Assessment 5
3.1. Technical data 5
3.1.1.  Identity of the substance 5
3.1.2. Organoleptic characteristics 7
3.1.3.  Manufacturing process 7
3.14. Proposed specifications 7
3.1.4.1. Purity 7
3.1.5. Solubility and particle size 8
3.1.6. Interaction with food components 9
3.1.7.  Stability and decomposition products 9
3.2. Structural/metabolic similarity to substances in an existing FGE 9
3.3. Exposure assessment 10
3.3.1.  Natural occurrence in foods 10
3.3.2. Non-food sources of exposure 10
3.3.3. Chronic dietary exposure N
3.34. Acute dietary exposure 1
3.3.5. Cumulative dietary exposure N
3.4. Biological and toxicological data n
3.4.1. Absorption, distribution, metabolism and elimination 1
3.4.2. Metabolism 13
3.4.3. Genotoxicity 15
3.4.3.1. Bacterial reverse mutation assay 15
3.4.3.2. In vitro micronucleus assay 16
3.4.3.3. Invivo combined MN and comet assay 16
3.4.3.4. Conclusion on genotoxicity 17
3.4.4. Toxicity data 17
3.4.4.1. Naringenin and oestrogenic activity 18
3.4.4.2. Extended one-generation reproductive toxicity study 18
3.4.4.2.1. Dose-range finding study. 18
3.4.4.2.2. EOGRT study. 19
3.4.4.2.3. Parameters considered in the EOGRT study 20
3.44.2.4. General observations 20
3.44.2.5. Survival 20
3.4.4.2.6. Clinical observations, body weight and feed consumption 20
3.4.4.2.7. Clinical pathology 21
3.4.4.2.8. Thyroid function 22
3.44.29. Pathology 22
3.4.4.2.10. Reproductive and developmental toxicity 24
3.4.4.2.11. Neurofunctional screening 25




FLAVOURING GROUP EVALUATION 413 30f50

3.4.4.2.12. Developmental Immunotoxicity 25

3.4.4.2.13. Conclusion on the EOGRT study 25

3.4.4.3. Naringenin and drug interactions 25

3.5. Application of the procedure 26

3.6. Assessment of acute, combined and cumulative exposure 27
3.6.1. Safety evaluation of the acute combined exposure 27

3.6.2. Safety evaluation of the chronic combined exposure 27

4. Discussion 27
5. Conclusions 29
6. Documentation as provided to EFSA 29
Abbreviations 30
Acknowledgements 30
Conflict of interest 30
Requestor 30
Question number 30
Copyright for non-EFSA content 30
Panel members 31
Legal notice 31
References 31
Appendix A 35
Appendix B 36
Appendix C 38
Appendix D 43
Appendix E 44

Appendix F 46




40f 50 | FLAVOURING GROUP EVALUATION 413

1 | INTRODUCTION

The present scientific opinion deals with the safety assessment of naringenin [FL-no: 16.132] to be used as a new flavouring
substance in and on food.

1.1 | Background and Terms of Reference as provided by the requestor
111 | Background

The use of flavourings in food is regulated under Regulation (EC) No 1334/2008' of the European Parliament and Council of
16 December 2008 on flavourings and certain food ingredients with the flavouring properties for use in and on foods. On
the basis of Article 9(a) of this Regulation, an evaluation and approval are required for flavouring substances.

Regulation (EC) No 1331/2008 applies for the evaluation and approval of new flavouring substances.

The applicant has submitted an application for authorisation of Naringenin (CAS: 480-41-1) as a new flavouring sub-
stance on 30 June 2016. The Commission required the applicant additional information. After having received the addi-
tional information the application was considered complete.

According to the applicant Naringenin is related to Naringin (FL-no: 16.058) and the flavanone flavouring substances
considered as part of FGE.32.

In order for the Commission to be able to consider its inclusion in the Union list of flavourings and source materials
(Annex | of Regulation (EC) No 1334/2008), EFSA should carry out a safety assessment of this substance.

1.1.2 | Terms of Reference

The European Commission requests the European Food Safety Authority to carry out a safety assessment on Naringenin as
a new flavouring substance in accordance with Regulation (EC) No 1331/2008 establishing a common authorisation proce-
dure for food additives, food enzymes and food flavourings.

1.2 | Existing authorisations and evaluations

Naringenin was evaluated by the expert Panel of the Flavor and Extract Manufacturers Association (FEMA) as ‘Generally
recognised as safe’ (GRAS). Naringenin (FEMA No. 4797) was included in the FEMA GRAS 27 list (Cohen et al., 2015a, 2015b).
The CEF Panel evaluated naringenin [FL-no: 16.132] in FGE.410 (EFSA CEF Panel, 2017), where it was concluded that the avail-
able data on genotoxicity were not adequate. In addition, the CEF Panel noted that depending on the outcome of the as-
sessment on genotoxicity, more toxicological data would be needed to finalise the evaluation. Naringenin (JECFA no. 2257)
was also evaluated by JECFA in 2022 (JECFA, 2022).

2 | DATA AND METHODOLOGIES
2.1 | Data

The present evaluation is based on data on naringenin [FL-no: 16.132] provided by the applicant in a dossier (Documentation
provided to EFSA No. 1) to support its evaluation as a food flavouring substance. Additional information was provided by
the applicant during the risk assessment process on 11 December 2017 (Documentation provided to EFSA No. 2), on 13 May
2019 (Documentation provided to EFSA No. 3), on 23 September 2019 (Documentation provided to EFSA No. 4) and on 10
February 2023 (Documentation provided to EFSA No. 5) in response to requests from EFSA sent on 16 June 2017, 30 January
2018, 1 July 2019 and on 5 November 2019 (with addendum letter sent on 18 October 2022), respectively.

'Regulation (EC) No 1334/2008 of the European Parliament and of the Council of 16 December 2008 on flavourings and certain food ingredients with flavouring
properties for use in and on foods and amending Council Regulation (EEC) No 1601/91, Regulations (EC) No 2232/96 and (EC) No 110/2008 and Directive 2000/13/EC. OJ L
354,31.12.2008, p. 34-50.

“Regulation (EC) No 1331/2008 of the European Parliament and of the Council of 16 December 2008 establishing a common authorisation procedure for food additives,
food enzymes and food flavourings. OJ L354, 31.12.2008, p. 1-6.
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2.2 | Methodologies

This opinion was prepared following the principles described in the EFSA Guidance of the Scientific Committee on trans-
parency with regard to scientific aspects of risk assessment (EFSA Scientific Committee, 2009) and following the relevant
existing Guidance documents from the EFSA Scientific Committee.

The application on naringenin was submitted to EFSA before the adoption and publication of the latest EFSA guidance
on data required for the risk assessment of flavourings to be used in or on foods (EFSA FAF Panel, 2022). Therefore, the
safety assessment of naringenin [FL-no: 16.132] was carried out in accordance with the procedure as outlined in the EFSA
scientific opinion ‘Guidance on the data required for the risk assessment of flavourings to be used in or on foods’ (EFSA CEF
Panel, 2010a) and the EFSA technical report ‘Proposed template to be used in drafting scientific opinions on flavouring sub-
stances (explanatory notes for guidance included)’ (EFSA, 2012).

3 | ASSESSMENT

3.1 | Technical data

3.1.1 | Identity of the substance

Naringenin (IUPAC name: 4H-1-Benzopyran-4-one, 2,3-dihydro-5,7-dihydroxy-2-(4-hydroxyphenyl)-) has been allocated

the FLAVIS number [FL-no: 16.132]. The trivial name of the flavouring substance, naringenin, will be used hereafter. The
chemical structure of naringenin and the specification data provided by the applicant are shown in Table 1.
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TABLE 1 Specification data for naringenin as provided by the applicant in the dossier (Documentation provided to EFSA No. 1 and 2).

Naringenin 67604-48-2 Beige powder Almostinsoluble;  n.a. - Naringenin-7-glucoside, Stereoisomeric
4H-1-Benzopyran-4-one, 16.132 C5H1,05 Soluble; 251°C - Naringin, composition: R/S
2,3-dihydro-5,7-dihydroxy- 4797 272.3 (g/mol) Soluble in ether IR, NMR, MS Apigenin, (+/-): approximately
2-(4-hydroxyphenyl)- n.a. and benzene >95% Isosakuranetin 50:50%
n.al
207-550-2

Abbreviations: n.a., not applicable; ‘-, data not available.
Solubility in water, if not otherwise stated.

bSolubility in 95% ethanol, if not otherwise stated.

‘At 760 Torr.

9At 20°C, if not otherwise stated.

€At 25°C, if not otherwise stated.

fSee Table 2 for the structural formulas of the impurities.

9In 2022 naringenin was evaluated by JECFA with JECFA no. 2257.
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3.1.2 | Organoleptic characteristics

Naringenin is intended for use as a flavouring substance with flavour modifying properties, in particular, as a bitterness-
masking agent. The applicant provided data on the sensory properties of the flavouring substance to demonstrate its
function as a flavour modifier.

3.1.3 | Manufacturing process
According to the applicant, naringenin is obtained from grapefruit peels, which contain the precursor glycoside naringin

(Documentation provided to EFSA No. 1). Naringin is extracted in hot water and subjected to acid-mediated hydrolysis after
which the solution is subjected to purification steps to obtain naringenin (Figure 1).

OH OH OH
: g g
HO
HO o)
H/Om/o o Hydrolysis
9

e + Rhamnose and Glucose
HsC o
HO OH O OH O
OH
OH
Naringin Naringenin

FIGURE 1 Reaction process to obtain naringenin from the precursor glycoside naringin (Documentation provided to EFSA No. 1).

3.1.4 | Proposed specifications

The specifications provided by the applicant for naringenin are summarised in Table 1.
Naringenin has been characterised by infrared spectroscopy (IR), 'H and 3C nuclear magnetic spectroscopy (NMR) and
mass spectrometry. The flavouring substance naringenin is a racemate (Table 1).

3141 | Purity

The purity of naringenin was not less than 95% (i.e. 96.1£0.76%), determined by HPLC in three batches of the flavouring
substance. For each batch, a certificate of analysis was provided by the applicant (Documentation provided to EFSA No. 1).

An additional batch (ID088-L194-6, purity 98.4%) was tested for impurities, and the following were reported: naringenin-
7-glucoside and naringin (coeluted; 0.76%), apigenin (0.32%) and isosakuranetin (0.53%) (Documentation provided to EFSA
No. 1). Information on the impurities is compiled in Table 2.

The presence of toxic elements was investigated in three batches of naringenin. Samples were analysed for lead, cad-
mium and mercury contents. Samples had levels of toxic elements below the internal specification limits of the applicant,
which were 3 mg/kg, 1 mg/kg and 0.1 mg/kg, for Pb, Cd and Hg, respectively (Documentation provided to EFSA No. 1). The
Panel noted that arsenic (As) was not investigated by the applicant when performing the analysis for toxic elements. In ad-
dition, the same three batches of naringenin were analysed for sulfated ash, the content of which amounted to 0.05 + 0.04%.
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TABLE 2 Impurities identified in naringenin (batch no. 1D088-L194-6).

Impurity FL-no/CAS-no Amount (%) Structural formula

naringenin 7-glucoside 529-55-5 co-eluting, 0.76 o]

HO

(5)
HO 1

HO
naringin 16.058/10236-47-2
apigenin 520-36-5 0.32 OH
HO o}
OH 0
isosakuranetin 480-43-3 0.53 (0]
™~
HO (0] (5)
OH (]

3.1.5 | Solubility and particle size

The data on solubility of naringenin in various solvents, as provided by the applicant, are summarised in Table 3. The
analytical methods used to determine the solubilities were not specified in the original technical dossier (Documentation
provided to EFSA No. 1). The octanol/water partition coefficient of naringenin is 2.52.

The Panel noted that the solubility of naringenin in water, as reported by the applicant (Table 3), is similar to those re-
ported by Zhang et al. (2013) and Lucas-Abellan et al. (2019). These two studies showed that the solubility of naringenin in
water is moderately increased upon an increase of temperature (e.g. factor of 2; from 25 to 35°C). In addition, Lucas-Abellan
et al. (2019) demonstrated that the solubility of naringenin in water at 25°C increases ~20-fold upon a change of the pH
from 6.5 to 8.5. Yeo et al. (2021) and Khan et al. (2015) demonstrated a high solubility of naringenin in lipophilic media.

TABLE 3 Solubility data of naringenin as provided by the

applicant.
Solvent (25°C) Naringenin concentration
Water 50 mg/L
Propylene glycol 2.5% (w/w) corresponding to ~25 g/L
Ethanol 10% (w/w) corresponding to ~ 125 g/L

Ethanol, 80% 5% (w/w) corresponding to ~60 g/L
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Following an additional data request from EFSA to assess the potential presence of a fraction of small particles, including
nanoparticles (as defined in EFSA Scientific Committee, 2021), in the proposed flavouring substance, the applicant pro-
vided results from scanning electron microscopy (SEM) analysis on 10 batches of the product (Documentation provided to
EFSA No. 5). The sample was deposited from the dry powder. The applicant reported that particles are not homogeneous
and are of random shape (semi-spherical, rod-like and other shapes can be found in all the samples) and that the particle
size was determined by measuring minimum Feret diameter of the particles (using image analysis software), as requested
in the relevant EFSA Guidance on Particle-TR (EFSA Scientific Committee, 2021). For each batch, 200 representative particles
were analysed, and the number-based size distributions (particle size distribution (PSD)) and descriptive statistics were pre-
sented. The latter includes the percentage of the particles smaller than 500 nm, calculated on the total number of particles.
The SEM images were captured at x1500, x15,000 and x50,000 magnification, and the PSD was determined based on the
x1,500 and x15,000 magnification images. The applicant reported that ‘Very small features attached to big particles surface,
as can be seen in x15,000 and x50,000 images, are not measured, as they can be irregularities that arise from the particles sur-
face. Furthermore, these are not seen on the substrate as single particles'. The results of the analysis show that the percentage
of particles (humber-based) with one dimension smaller than 500 nm was ranging from 0% to 6% (average 3.0+2.2%).
However, the Panel noted that the SEM images at x50,000 magnification show small particles in the nanometre scale with
well-defined boundaries, which cannot be considered a part of the irregularity of the surface of the bigger particles, con-
trary to what is proposed in the report, and should have been considered for the PSD determination.

Therefore, the Panel considered that, based on the data provided, the percentage of small particles including nanopar-
ticles could be higher than reported in the analysis.

3.1.6 | Interaction with food components

No data with respect to interactions with food components were submitted. Taking into account the structure, in particular
the presence of phenolic groups, possible interactions of naringenin with food components cannot be excluded, however,
considering the existing knowledge on other flavonoids in foods, these are not expected to raise a safety concern.

3.1.7 | Stability and decomposition products

The stability of naringenin was investigated both as a powder and when in different solutions. The analyses were per-
formed in duplicate. The IDs of the batches subjected to stability testing were not provided.

Stability as powder:
The following experimental conditions were used to test naringenin stability:

(i) Storageat45+2°Cfor1,2and 3weeks (accelerated stability testing). Under accelerated testing conditions, naringenin
was shown to remain stable (recovery ranging from 99.9% to 100.4%).

(i) Storage at room temperature (~22°C) for 15 and 23 months (long-term stability testing). Under long-term testing
conditions, representing normal storage conditions, naringenin was shown to remain stable, as indicated by the ap-
plicant, for nearly 2 years.

Stability in solution:
The following experimental conditions were used to test the stability of naringenin in solution:

(i) 10 g naringenin dissolved in 100 g of propylene glycol and stored at a temperature of 25 + 2°C with relative humidity
of 60+5% for 1, 2, 3 and 4 months.
(i) aqueous buffer solutions (50 mg/kg) adjusted to pH 3, 5 and 7, and incubated at 90°C (accelerated stability testing).

Naringenin was stable for at least 4 months when dissolved in propylene glycol, with recovery ranging from 99.5% to
100.1%. In addition, naringenin was tested in different aqueous buffer solutions (pH 3, 5, 7) at 90°C, and its stability was
demonstrated for up to 8 h over the tested pH range.

3.2 | Structural/metabolic similarity to substances in an existing FGE

The applicant reported that EFSA assessed the safety of a group of seven related flavonoids for use as flavouring substances
in FGE.32 (EFSA CEF Panel, 2010b). These seven flavonoids were all 1,3-diphenylpropan-1-one derivatives with three or four
aromatic hydroxy groups. Among these, naringin [FL-no: 16.058], 5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-2,3-dihy
dro-4H-chromen-4-one sodium salt [FL-no: 16.083] and hesperetin [FL-no: 16.097] were flavanones and were classified as
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Cramer Class II. The genotoxicity data available in FGE.32 did not preclude the evaluation through the procedure of these
substances.

In FGE.32, the CEF panel concluded that [FL-no: 16.058, 16.083 and 16.097] can be predicted to be metabolised to innoc-
uous products.

The applicant considered that naringenin is structurally and metabolically related to naringin [FL-no: 16.058]. Naringenin
also is structurally and metabolically related to the two other flavanones considered as part of FGE.32, hesperetin [FL-no:
16.0971 (as well as hesperidin, a glycoside of hesperetin) and 5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-2,3-dihydro-
4H-chromen-4-one sodium salt [FL-no: 16.083]. Therefore, the applicant proposed that studies conducted with naringin
can be used to support the safety of naringenin. For this purpose, the applicant submitted toxicity studies with naringin
(Documentation provided to EFSA No. 1).

Initially, the data provided (Documentation provided to EFSA No. 1) were not considered sufficient to support the read-
across between naringenin and naringin, because the different sites of absorption (i.e. naringin has to be metabolised
to naringenin by microbial hydrolases in the colon whereas naringenin will be rapidly absorbed from the small intestine)
affect the toxicokinetic behaviour of the substance. Further to this, for naringenin, data are available that indicate that
this substance may exert oestrogenic activity, a property that was not identified in vitro for the corresponding glycoside
naringin. This required substance-specific information to cover reproductive and developmental toxicity endpoints (see
also Section 3.4).

In addition to the newly submitted EOGRT assay (reported in Section 3.4.4.2), the Panel also considered additional ADME
data (included in Sections 3.4.1 and 3.4.2). With the information now available, a read-across between naringin and narin-
genin is no longer needed.

3.3 | Exposure assessment
3.31 | Natural occurrence in foods
The applicant provided literature data on the natural occurrence of naringenin in food. The substance has been quantified

in a wide range of food items (Table 4). The main food providing natural exposure to naringenin are citrus fruits and toma-
toes (Bhagwat et al., 2014; Davies & Hobson, 1981; Ho et al., 2000; Paganga et al., 1999; Shirasaka et al., 2013).

TABLE 4 Natural occurrence levels for naringenin from food and beverages (Documentation provided to EFSA No. 1).

Amount of naringenin (mg/kg)

Food source Range Median Max Reference

Fresh fruit 0.108-573.9 25 573.9 Davies and Hobson (1981), Justesen et al. (1998), Kawaii et al. (1999),
Paganga et al. (1999), Caris-Veyrat et al. (2004),
Biesaga et al. (2009), Bhagwat et al. (2014)*

Processed fruit 25-61.8 43.4 61.8 Bugianesi et al. (2002), Caris-Veyrat et al. (2004)

Jams, jellies, marmalades 45.6 45.6 45.6 Bhagwat et al. (2014)*

Herbs, spices, seasonings, 248.6-3720 1984.3 3720 Bhagwat et al. (2014)*
condiments

Vegetables 19.4-125 329 125 Bhagwat et al. (2014)*

Non-alcoholic (soft) 0.00023-425.1 23 4251 Ho et al. (2000), Yanez et al. (2008), Shirasaka et al. (2013),
beverages Bhagwat et al. (2014)*

Grape wines 3.8-17.7 16.7 17.7 Bhagwat et al. (2014)*

Processed nuts 4.3 4.3 4.3 Bhagwat et al. (2014)*

*The values reported by Bhagwat et al. (2014) are presented as aglycone (naringenin) equivalents. The actual concentration reported for the primary source could be that
of the aglycone (naringenin) or a corresponding glycoside (naringin).

The applicant has also provided information on the natural occurrence of structurally related substances (naringin, hes-
peretin, hesperidin). However, since naringenin is evaluated as a ‘stand-alone’ flavouring substance, these data are not
considered in the evaluation and not presented in this opinion.

3.3.2 | Non-food sources of exposure

Non-food sources of naringenin were not identified by the applicant.
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3.3.3 | Chronic dietary exposure

The exposure assessment to be used in the procedure for the safety evaluation of naringenin [FL-no: 16.132] is the chronic
added portions exposure technique (APET) estimate (EFSA CEF Panel, 2010a). The chronic APET for [FL-no: 16.132] has been
calculated for adults and children (see Table 5), and these values, expressed per kg body weight (bw), will be used in the
procedure (see Appendices A and B). The chronic APET calculation is based on the proposed normal use levels and the
standard portion size (see Appendix B).

Based on the information provided by the applicant, the Panel considered that naringenin is not intended to be used in
food category 13.2 (foods for infants and young children).

TABLE 5 APET - Chronic dietary exposure as calculated by EFSA.

Added as flavouring substance® Other dietary sources® Combined®

ng/kg bw per ng/person per ng/kg bw per ng/person per ng/kg bw per ng/person per
Chronic APET day day day day day day
Adults® 830 50,000 200 12,300 950 56,900
Children® 2100 31,500 500 7770 2400 35,900

Abbreviations: APET, added portions exposure technique; bw, body weight.

?APET Added is calculated on the basis of the amount of flavouring added to a specific food category.

PAPET Other dietary sources is calculated based on the natural occurrence of the flavouring in a specified food category.

“APET Combined is calculated based on the combined amount of added flavouring and naturally occurring flavouring in a specified food category.
9For the adult APET calculation, a 60-kg person is considered representative.

For the child APET calculation, a 3-year old child with a 15-kg bw is considered representative.

3.34 | Acute dietary exposure

The acute APET calculation for [FL-no: 16.132] is based on the proposed maximum use levels and large portion size (i.e. three
times standard portion size) (EFSA CEF Panel, 2010a). According to the applicant, no acute toxicity effects are reported for
naringenin, and therefore, no data on acute exposure were provided. Acute exposure has been calculated by EFSA, based
on the maximum use levels proposed by the applicant. Results are reported in Table 6.

TABLE 6 APET - Acute dietary exposure as calculated by EFSA.

Added as flavouring substance® Other dietary sources” Combined®
Acute APET ng/kg bw ng/person ng/kg bw ug/person ng/kg bw ng/person
Adults® 5000 300,000 6380 383,000 10,900 653,000
Children® 12,600 189,000 16,100 241,000 27,400 411,000

Abbreviations: APET, added portions exposure technique; bw, body weight.

?APET Added is calculated on the basis of the maximum amount of flavouring added to a specific food category.

PAPET Other dietary sources are calculated based on the natural occurrence of the flavouring in a specified food category.

“APET Combined is calculated based on the combined amount of added flavouring and naturally occurring flavouring in a specified food category.
9For the adult APET calculation, a 60-kg person is considered representative.

For the child APET calculation, a 3-year-old child with a 15-kg bw is considered representative.

3.3.5 | Cumulative dietary exposure

The applicant calculated the cumulative exposure with naringin [FL-no: 16.058], hesperetin [FL-no: 16.097], 5,7-dihydroxy-2-
(4-hydroxy-3-methoxyphenyl)-2,3-dihydro-4H-choromen-4-one sodium salt [FL-no: 16.083] and hesperidin (the glycoside
of hesperetin). However, the Panel evaluated naringenin as a ‘stand-alone’ substance, and therefore, the calculation of the
cumulative exposure was not applied.

3.4 | Biological and toxicological data
341 | Absorption, distribution, metabolism and elimination

Naringenin is rapidly absorbed following oral administration and is subject to phase | and phase Il metabolic reactions
(primarily conjugation with glucuronic acid and/or sulfate) following oral administration. This is followed by excretion of
naringenin and its conjugates via bile (in rats) and urine. Any remaining naringenin that is not absorbed within the upper
portion of the gastrointestinal tract passes into the colon, where it is subject to microbial metabolism to phenolic acids
such as p-hydroxyphenylpropionic acid, p-coumaric acid and p-hydroxybenzoic acid (EFSA CEF Panel, 2010b, 2017).
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Studies on the toxicokinetics of naringenin in human and animals are reported below.
Human toxicokinetics data

Studies on human toxicokinetics for naringenin were already reviewed by the CEF Panel (EFSA CEF Panel, 2017). Kanaze
et al. (2007) studied the toxicokinetics and metabolism of 95% pure racemic naringenin (and hesperetin) in six human vol-
unteers after a single oral dose of 135 mg in a solid dispersion capsule. Naringenin is rapidly absorbed: already after 20 min,
it appeared in plasma and reached a peak concentration of 2010+ 770 ng/mL plasma (7.4 pM, determined as total narin-
genin, including the glucuronide and sulfate conjugate) after 4 h. Half-life of elimination was 2.31£0.40 h. Only 5.81 +0.81%
of the dose was recovered in urine during 24 h after dosing. This suggests a major contribution of metabolism other than
conjugation, such as cleavage of the central ring of naringenin in the intestine, as discussed by the authors. They also
discuss the difference in toxicokinetics between naringenin and its precursor naringin: The latter is more slowly absorbed
after hydrolysis in the colon in humans. This was also observed in studies in the rat receiving a meal with naringenin or nar-
ingin (Felgines et al., 2000). The same has been shown for the flavanone hesperidin and its aglycone hesperetin by Nielsen
et al. (2006) in a cross-over trial in human volunteers. Absorption of hesperetin is more rapid when it is a glucoside than
when it is in the form of its naturally occurring glycoside hesperidin, containing a rutoside (rhamnose-glucose) group. The
reason is that hesperetin-glucoside is already rapidly hydrolysed in the small intestine, while the hydrolysis of the rutoside
only takes place in the colon (Actis-Goretta et al., 2015). The FAF Panel noted that the sugar moiety in hesperidin differs
from naringin, which may result in different rates of hydrolysis.

Rebello et al. (2020) studied the kinetics of naringenin (present at 24% in a sweet orange extract) given in capsules at 150
or 600 mg (551 pmol or 2204 pmol) to healthy volunteers (n=6 per dose group). Naringenin reached after 2 h a peak con-
centration in plasma of 15.8+7.9 umol/L and 48.5+7.9 umol/L (as total naringenin, including the glucuronide and sulfate
conjugate). Naringenin half-life in plasma was 3 h (at 150 mg) and 2.65 h (at 600 mg). The AUC ,,,, values were 67.61 +24.26
pmol/Lx h and 199.05+24.36 pmol/L X h, respectively. The authors did not analyse urine in this study. Conjugated narin-
genin, but no unconjugated naringenin, was also a main form present in human plasma upon ingestion of tomato paste
(Bugianesi et al., 2002).

Further studies analysed plasma kinetics and urinary excretion of naringenin and hesperitin in human volunteers after
consumption of citrus fruit juices with the glycoside precursors naringin, narirutin and hesperidin (details in Appendix C,
Table C.1). Data reported by Erlund et al. (2001), Gardana et al. (2007), Pereira-Caro et al. (2014) and Aschoff et al. (2016) con-
firm the bioavailability of the flavanones from food. Plasma concentration-time curves of individuals consuming the gly-
cosides showed large interindividual variations in Crnax and AUC 41 values for the released aglycones (Erlund et al., 2001;
Gardana et al., 2007). The variation in bioavailability among subjects receiving the same dose (umol/ kg bw) is proposed
to be due to differences in their gastrointestinal microbiota. Also the relative urinary excretion of total naringenin varied,
depending on the source and dose of precursor provided (between 1% and 30% of the dose in Erlund et al., 2001; 12.9%
and 20.3% of the dose in Aschoff et al., 2016). The rather low fraction recovered in urine (virtually completely in the form of
conjugates) points to other, non-renal routes of excretion, i.e. bile and faeces, the main route of excretion in rodents (see
below), or to urinary metabolites which were not investigated. In fact, refined analysis of human urines reveals in addition
to naringenin conjugates also the presence of phenolic acids (Aschoff et al., 2016; Pereira-Caro et al., 2014; Zeng et al., 2016).
The phenolic acids were not included in earlier studies in humans so that this could not be used for mass balance estima-
tion. However, the reporting by Pereira-Caro et al. (2014) is too limited to calculate a mass balance for naringenin from the
study.

In the Kanaze et al. (2007) study, a peak plasma level of naringenin was observed 3.5 h after ingestion of the substance.
Peak plasma levels of naringenin were observed by Erlund et al. (2001) and by Gardana et al. (2007) at approximately the
same time after ingestion of orange or grapefruit juice, which contains naringenin predominantly in the form of naringin.
This may indicate that the site of absorption of naringenin may not depend on the form in which it is ingested (aglycone
or glycoside). However, these studies are not directly comparable and considering the other information available (e.g.
Felgines et al., 2000; Nielsen et al., 2006), the Panel concluded that the assumption (made in the opinion FGE.410 [EFSA CEF
Panel, 2017]) that naringenin (aglycone) is absorbed in the upper part of the Gl tract, while naringenin ingested as glycoside
(i.e. naringin) is absorbed in the lower part of the Gl tract, cannot be entirely dismissed.

The human studies indicate that when naringenin is released from flavanone glycosides (naringin, narirutin) by intestinal
bacterial enzymes, its further fate in the organism concurs with that described above in the kinetic study with the aglycone
(Kanaze et al., 2007). The main metabolites found in plasma and excreted in human urines are glucuronides and sulfates.
Moreover, several products of microbial flavanone degradation have been identified in human urine (Aschoff et al., 2016;
Pereira-Caro et al., 2014; Zeng et al., 2016). The products from microbial metabolism of flavanones have been found also
in incubations with faecal preparations from humans or pigs as well as several other species (see Table C.4 in Appendix C).

Animal toxicokinetics data

As reported in FGE.410 (EFSA CEF Panel, 2017), similar rapid absorption of naringenin after oral administration was also
observed in several other species, such as mouse, rat and rabbit (Hsiu et al., 2002; Ke et al., 2013; Ma et al., 2006).

Ma et al. (2006) studied toxicokinetics of naringenin in the rat. Naringenin (purity >95%) was administered to male and
female Wistar rats (5/sex/group) at doses of 30, 90 or 270 mg/kg bw by oral gavage following an overnight fast. They also
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investigated the role of biliary excretion and enterohepatic recirculation of naringenin in bile duct-cannulated rats. The
maximum plasma concentration (Cmax) of unconjugated naringenin was reached within 15 min of naringenin adminis-
tration (2.9, 3.7 and 4.4 ng/mL for the 30, 90 or 270 mg/kg bw groups, respectively), whereas the Cmax for total naringenin
(including the conjugates) was reached at 0.5, 2 and 2 h following administration of 30, 90 or 270 mg naringenin/kg bw,
respectively (16.9, 28 and 43.8 ng/mL, respectively). A dose-dependent increase in the area under the curve (AUC) of un-
conjugated and total naringenin was observed. The plasma half-life of total naringenin was determined to be 7.6 and 10.5 h
for the 90 and 270 mg/kg bw groups, respectively, and the respective mean residence time was 7.9 and 8.6 h. The authors
noted that the slow rate of elimination of naringenin may be attributed to glucuronidation and enterohepatic circulation:
Naringenin was excreted in bile as a glucuronide conjugate. Twice as much naringenin was excreted in bile (12%) than in
urine (6.25%). In comparison to rats without bile duct cannulation, the plasma concentration of total naringenin in bile
duct-cannulated rats was lower and the concentration versus time profile lacked double peaks, confirming that naringenin
undergoes enterohepatic circulation under normal circumstances.

Two studies were conducted to assess potential differences in the toxicokinetics related to the different enantiomers
(R/S) of naringenin (Wan et al., 2011; Yaiez et al., 2008). Following oral administration to rats, the toxicokinetic parameters
for the two enantiomers were largely similar.

Wang et al. (2006) studied the kinetics of naringenin and of naringin in groups of male Sprague Dawely rats (8 animals
per group) given an equimolar dose (184 umol/kg bw) of the aglycone (50 mg/kg bw) or the glycoside (107 mg/kg bw)
by gavage. Serum samples obtained between 5 and 1440 min were analysed prior and after enzymatic hydrolysis with
B-glucuronidase and sulfatase, respectively, to quantify both unconjugated and conjugated metabolites. Concentration-
time profiles revealed higher levels of sulfates than glucuronides after administration of naringenin or naringin; unmetab-
olised flavanone was not detected in most serum samples. The C_ . and AUC values for naringenin conjugates were 3- to
10-fold higher after administration of naringenin than dosing with naringin and the time for C__ levels were shorter after
aglycone compared to glycoside administration. The data indicate higher bioavailability for naringenin than naringin in
rats and thus confirm findings from an earlier study by Felgines et al. (2000).

34.2 | Metabolism
Metabolism of naringenin

Metabolism of naringenin takes place primarily in the cells of the intestine walls, the liver and the microbiota in the colon.

As reported in FGE.410 (EFSA CEF Panel, 2017), conjugation of naringenin to form sulfate and glucuronide conju-
gates is a major pathway of metabolism. However, in the available studies, most of the compound administered is
unaccounted for: recovery in urine as (un)conjugated [FL-no: 16.132] is relatively low (5%-30% in 24 h). Presumably,
most of it is either excreted with the faeces and/or metabolised (by the colon microbiota) to other metabolites (see
below) which are not routinely detected. Results of studies with stomach and intestinal perfusions in mice demon-
strated that naringenin was also metabolised to apigenin (Orrego-Lagarén et al., 2016). Ring cleavage by the intestinal
microbiota has been reported, resulting in metabolites such as p-hydroxyphenylpropionic acid, p-coumaric acid and
p-hydroxybenzoic acid (Felgines et al., 2000). These authors fed a diet containing 9.2 mmol/kg feed of naringenin to
rats for one meal, resulting in an intake of approximately 230 pmol/rat. In urine, ~30% was excreted as conjugated
naringenin and 10% as ring-cleaved metabolites in the next 24 h (calculations by the CEF Panel (EFSA CEF Panel, 2017)).
Naringenin was also found in caecal contents (15 umol/caecum) at 10 h post dosing, but faecal excretion was not further
quantified (Felgines et al., 2000).

The Panel considered that microbiota in the Gl-tract play an important role in the metabolism of naringenin. However,
since most of the available studies are in rodents and there could be differences with the human microbiota, it is important
to clarify if in humans only innocuous metabolites are expected.® This is particularly relevant considering the high expo-
sure proposed for naringenin which is above the TTC for Class Ill (90 pg/person/day). Therefore, the Panel requested a de-
tailed assessment of all available relevant evidence to determine whether there is sufficient similarity in the metabolic fate
of naringenin between humans and rodents.

Following this request, the applicant provided literature data on metabolism, in particular by microbiota, of naringenin
and other flavanones in different species (Documentation provided to EFSA No. 4). In humans volunteers the characterisa-
tion of naringenin metabolites is restricted to the glucuronic acid and sulfate conjugates, accounting for only ~20% of the
dose. In addition, human faecal bacterial cultures can convert naringenin to 3-phenylpropionic acid, 4-hydroxyphenylacetic
acid and 4-hydroxybenzoic acid (see Table 7), all of which have been shown to be metabolites of naringenin and of naringin
in either rats or mice. A further metabolite found in rats (4-hydroxycinnamic acid) and a further two metabolites found
in mice (4-hydroxyhippuric acid and hippuric acid) were not produced by human microbiota. In addition, it is noted that
upon dosing of rats with naringin, material residing in tissues consists virtually completely of conjugates of naringenin (Lin
et al., 2014).

3In FGE.410 (EFSA CEF Panel, 2017), EFSA CEF Panel concluded that naringenin could not be predicted to be metabolised to innocuous metabolites, because of an
incomplete mass balance in the available human ADME studies.
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Previously, the CEF panel noted that the two flavanones hesperetin and naringenin are excreted in rats as glucuronic
acid and sulfate conjugates thereby demonstrating similar metabolism (EFSA CEF Panel, 2017). In light of the information
(above) provided on the metabolites produced from naringenin by human microbiota, the FAF Panel considered that there
is sufficient evidence to support the conclusion that the metabolic profiles of naringenin and its glycoside naringin are
similar and that although their kinetics might be different and that no full mass balance is available for naringenin, it can
be concluded that naringenin is metabolised to innocuous substances only. Consequently, the Panel considered that nar-
ingenin can be evaluated via the A side of the procedure (see Appendix A, Figure A.1).

TABLE 7 Metabolites of naringenin detected in mice (M), rats (R), rabbits (L), humans (H) and in incubations with human faecal microorganisms
(F) or specific bacteria strains (B) (Documentation provided to EFSA No. 3).

Metabolites Species Reference

Naringenin glucuronide MR, LH Abd El Mohsen et al. (2004), Abe et al. (1993), Booth et al. (1957),

Felgines et al. (2000), Kanaze et al. (2007), Orrego-Lagarén et al. (2015),
Orrego-Lagarén et al. (2016), Shinkaruk et al. (2010), Wang et al. (2006),
T Yanez et al. (2008)

Glucuronidation

Y

HO

Glucuronidation

OH 0o

Naringenin sulfate M,R,L,H Abe et al. (1993), Felgines et al. (2000), Kanaze et al. (2007),
Sulfation Orrego-Lagardn et al. (2015), Orrego-Lagardn et al. (2016),
OH Shinkaruk et al. (2010), Wang et al. (2006)

HO o O T
Q Sulfation

OH (o]
Phloroglucinol M,F Justesen et al. (2000), Kim et al. (1998), Labib et al. (2004),

OH Orrego-Lagardén et al. (2016), Rechner et al. (2004)
HO i OH

3-(4-hydroxyphenyl)propionic acid M,R,F.B Abd El Mohsen et al. (2004), Felgines et al. (2000), Justesen et al. (2000),
Labib et al. (2004), Orrego-Lagarén et al. (2015), Orrego-Lagarén
et al. (2016), Pereira-Caro et al. (2015), Rechner et al. (2004),
Schneider and Blaut (2000), Schoefer et al. (2003), Zou et al. (2015)

HO HO 0]

3-phenylpropionic acid M,F.B Labib et al. (2004), Orrego-Lagarén et al. (2015), Orrego-Lagarén

et al. (2016), Pereira-Caro et al. (2015), Pereira-Caro et al. (2016),

m Pereira-Caro et al. (2018)
HO 0

4-hydroxyphenylacetic acid M,F Kim et al. (1998), Orrego-Lagardn et al. (2015), Orrego-Lagarén et al. (2016),

A ;O Pereira-Caro et al. (2015)
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4-hydroxycinnamic acid R Felgines et al. (2000)
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OH

4-hydroxybenzoic acid R,F Abd El Mohsen et al. (2004), Felgines et al. (2000), Kim et al. (1998)
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TABLE 7 (Continued)

Metabolites Species Reference
4-hydroxyhippuric acid M Orrego-Lagardn et al. (2015), Orrego-Lagardn et al. (2016)
8]
| \"J'" “NH T
Az OH
HO’ =
Hippuric acid M Orrego-Lagardn et al. (2015), Orrego-Lagardn et al. (2016)

34.3 | Genotoxicity

The applicant provided literature data on naringenin tested in bacterial reverse mutation assays (Brown & Dietrich, 1979;
Nagao et al.,, 1981; Sugimura et al., 1977). These studies (Documentation provided to EFSA No. 1) presented some short-
comings (e.g. Salmonella typhimurium strain TA102 or Escherichia coli WP2 were not tested) and were not fully reliable.
Therefore, the applicant was requested to test naringenin in a bacterial reverse mutation assay and in an in vitro micro-
nucleus (MN) assay, according to OECD test guidelines (TG) 471 and 487, respectively. In case of positive results, an in vivo
follow-up study should be performed as recommended by the EFSA Scientific Committee Genotoxicity testing strategy
(EFSA Scientific Committee, 2011). The applicant provided: a bacterial reverse mutation assay (Envigo Research Limited,
2018a), an in vitro MN assay (Envigo Research Limited, 2018b) and an in vivo combined MN and comet assay (Eurofins
Biopharma, 2019a, 2019b). These studies are described below and summarised in Appendix D.

3.4.3.1 | Bacterial reverse mutation assay

Naringenin (purity 96.1%) was tested in a bacterial reverse mutation assay in tester strains of Salmonella typhimu-
rium (TA98, TA100, TA102, TA1535, TA1537) and E. coli WP2uvrA. The substance was tested with plate incorporation and
pre-incubation methods in triplicate, both in the presence and in the absence of metabolic activation (S9-mix, from
phenobarbital/B-naphthoflavone induced rats). Vehicle control (dimethyl sulfoxide (DMSO)) and appropriate positive con-
trols were included (Envigo Research Limited, 2018a). This study met the acceptability criteria of OECD TG 471 (OECD, 1997)
and was in compliance with GLP.

Although the test was conducted according to GLP, the study authors indicated that no analysis was carried out to de-
termine homogeneity, concentration or stability of the test item formulation. However, the test item formulation (in DMSO)
was prepared within 4 h before testing. The study authors assumed that the formulation was stable during that time. In the
light of the information on solubility and on stability (Section 3.1), the Panel concurs with this view.

In a concentration range-finder experiment, naringenin was tested (in triplicate) at concentrations ranging from 1.5
to 5000 pg/plate, using the plate incorporation method both in the absence and in the presence of S9-mix. Reduction in
the growth of the bacterial background lawns was observed from 1500 pg/plate for TA1537 and at 5000 pg/plate for all
bacterial strains. In this experiment, no increase in the frequency of revertant colonies was observed; therefore, the main
experiment was performed applying the pre-incubation method using the same concentrations (ranging from 1.5 to 5000
pg/plate).

In the main experiment, a slightly stronger toxicity was observed with a reduction of the bacterial background lawns
observed from 1500 pg/plate (TA100, TA102, TA1535 and TA1537) and at 5000 ug/plate (TA98 and E. coli WP2uvrA) both in
the absence and in the presence of S9-mix.

No test item precipitate was observed in both experiments.

Only in strain TA102, a statistically significant increase (p <0.05) in the frequency of revertant colonies was observed at
one testing concentration (50 pg/plate) in the absence of S9-mix (262 +23.8). This value was inside the range of historical
controls (observed range from 216 to 340) and was considered not biologically relevant. No biologically relevant increase
in the number of revertant colonies was reported in any other strain tested, with or without S9-mix. Thus, the result of the
study was considered negative.

The Panel concluded that naringenin did not induce gene mutations in bacteria under the conditions of this study.

The Panel considered the study reliable without restrictions and the result of high relevance.
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34.3.2 | Invitro micronucleus assay

Naringenin (purity 96.1%) was tested in an in vitro micronucleus assay in human peripheral blood lymphocytes both in the
presence and in the absence of metabolic activation (S9-mix, from phenobarbital/p-naphthoflavone induced rats). Vehicle
control (DMSO) and appropriate positive controls were included: mitomycin C (MMC), cyclophosphamide (CP), demecol-
cine (DC) (Envigo Research Limited, 2018b). Treatment with naringenin started after a 48-h stimulation period with phyto-
haemagglutinin. The study met the acceptability criteria of OECD TG 487 (OECD, 2016a) and was in compliance with GLP.

Although the test was conducted according to GLP, the study authors indicated that no analysis was carried out to de-
termine homogeneity, concentration or stability of the test item formulation. However, the test item formulation (in DMSO)
was prepared within 2 h before testing. The study authors assumed that the formulation was stable during that time. In the
light of the information on solubility and on stability (Section 3.1), the panel concurs with this view.

Cytochalasin B (cytoB) was applied in all testing conditions: 4 h treatment followed by 24 h of recovery period (4 +24 h)
in the presence or absence of S9-mix and 24-h treatment followed by 24 h of recovery period (24 + 24 h). In this extended
treatment, cytoB was added only at the end of the 24-h treatment and then incubated for further 24 h. The Panel noted
that the extended treatment exposure conditions differed from the suggested cell treatment schedule in OECD TG 487
(OECD, 2016a). However, the Panel considered that the protocol applied for the extended treatment could potentially en-
hance the sensitivity of the MN test (Whitwell et al., 2019a). Therefore, the Panel did not consider this aspect as a limitation.

In a concentration range-finder experiment, naringenin was tested at concentrations ranging from 7.81 to 2000 pg/mL.
From this study, 250 pg/mL was selected as the highest concentration for the main test, based on cytotoxicity, evaluated as
decreased Cytokinesis Block Proliferative Index (CBPI).

In the main experiment, concentrations from 25 to 250 pg/mL were tested for all three testing conditions in duplicate.
The frequency of micronucleated cells in 2000 binucleated cells per concentration was analysed.

Cytotoxicity was similar to that observed in the preliminary experiment. A concentration-related inhibition of CBPI was
observed in all the three treatment conditions. No precipitate was observed.

Based on the level of cytotoxicity observed, the highest concentrations selected for the analysis of binucleated cells
with micronuclei (MNBN) were 250 ug/mL and 200 pg/mL for the 4 +24h treatment in the absence and in the presence of
S9-mix, respectively, and 150 pg/mL for the 24 h + 24 h treatment.

At 4 h+24 h treatment in the absence of S9-mix, a statistically significant increase in MNBN frequency was observed at
200 pg/mL (2.3%) and 250 pg/mL (3.2%) (cytostasis of 39% and 75%, respectively) compared to the vehicle control (1.15%).

At 4 h + 24 h treatment in the presence of S9-mix, a statistically significant increase in MNBN frequency was observed at
200 pg/mL (4.75%, cytostasis of 35%) compared to the vehicle control (1.2%).

At 24 h+ 24 h treatment, no statistically significant increase in MNBN frequency was observed.

For all the treatments, the MNBN frequency observed in the vehicle control was above the upper bound of the 95%
confidence interval of historical controls, but inside the observed historical control range.

The study authors analysed not only binucleated cells but also mononucleated cells for the presence of MN. Since no sta-
tistically significant increase in MN was observed in mononucleated cells, the study authors concluded that naringenin was
clastogenic. However, the Panel did not consider that the evidence was sufficient for this conclusion and requested to further
investigate the mechanism of MN induction through an in vitro MN assay with fluorescence in situ hybridization (FISH) analysis.

The FISH analysis was applied to the following slides from the in vitro micronucleus assay (Envigo Research Limited,
2018b; Creative Bioarray, 2019): vehicle control, positive control (CP), naringenin 75, 200 and 250 pg/mL (4-h treatment
with or without S9-mix). The positive control for clastogenicity (CP) showed 80% of MN centromere-negative. No control
for aneugenicity was included. Naringenin samples showed that MN were predominantly centromere negative (>64% for
all concentrations tested, in the presence or in the absence of S9-mix) (Creative Bioarray, 2019). The Panel concluded that
naringenin induced micronuclei in human peripheral blood lymphocytes, via predominant clastogenic mechanism.

The Panel considered the study reliable without restrictions and the results of high relevance.

Since in vitro data showed that naringenin induced MN via a clastogenic mechanism, this effect was studied in vivo in a
combined MN (peripheral blood erythrocytes) and comet assay (liver and duodenum).

34.3.3 | Invivocombined MN and comet assay

The genotoxic potential of naringenin (purity 95.9%) was assessed in vivo using the mammalian erythrocyte micronu-
cleus test combined with the comet assay in Wistar rats (Eurofins Biopharma, 2019a, 2019b). The study was conducted
in compliance with GLP. The micronucleus assay and the comet assay were conducted in accordance with OECD TG 474
(OECD, 2016b) and OECD TG 489 (OECD, 2016c¢), respectively.

Rats were dosed via gavage at 0, 24 and 45 h. Naringenin was suspended in aqua ad iniectabilia (used as vehicle control) at
a concentration of 200 mg/mL. Animals received a single volume of 10 mL/kg bw per day. As positive control for the comet
assay, ethyl methanesulfonate (EMS) 200 mg/kg bw was administered by gavage 4 h before sacrifice. As positive control for the
MN assay, cyclophosphamide (CPA) 10 mg/kg bw was administered 48 h before sacrifice (Eurofins Biopharma, 2019a, 2019b).

In order to determine the maximum tolerated dose (MTD), one male and one female rat were administered naringenin
three times (at 0, 24 and 45 h) at a dose level of 2000 mg/kg bw per day. Since no signs of toxicity were observed, two ad-
ditional male and female rats were tested. The study authors considered 2000 mg/kg bw per day as the MTD. No results
on toxicity are reported in the study. As no gender-specific effects were seen, only male rats were used in the main study.
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In the main experiment, male rats (5 animals per dose group) were dosed at 500, 1000, 2000 mg/kg bw per day for three
consecutive days. To verify systemic exposure, blood samples were collected from animals of the highest dose group at
1 and 2 h after the last administration. At sacrifice, blood was sampled from all animals of the vehicle and of the highest
dose group. No clinical signs of toxicity and no variations in body weight were observed.

In an attempt to demonstrate systemic exposure, analysis of the plasma samples collected during this study was per-
formed (Eurofins Biopharma, 2019¢). Naringenin in rat plasma was quantified via a precipitation method followed by LC-MS/
MS detection. Ten rat plasma samples from animals of the highest dose group were analysed for quantification of naringenin.
The data of the plasma analysis showed concentrations of naringenin ranging between 676 and 5355 ng/mL (calibration of
standard curve in the range of 10-2000 ng/mL) at 1-, 2- and 3-h post-dosing demonstrating systemic exposure to naringenin.

Micronucleus assay

Peripheral blood samples were collected 3 h after the last administration. For all dose groups, 10,000 polychromatic erythro-
cytes (PCE) per animal were scored for the incidence of micronucleated polychromatic erythrocytes (MNPCE) through flow
cytometry. The positive control CPA produced a statistically significant increase in the frequency of MNPCE (0.93 £0.16%
MNPCE). Naringenin induced a maximum % MNPCE frequency of 0.08 +0.01%, at the mid-dose, which was not statistically
significantly different from the negative controls (0.10+0.02%). At the naringenin doses of 500 and 2000 mg/kg bw per
day, a statistically significant decrease in MNPCE was observed (0.06 £0.01% and 0.06 £ 0.02%). The values of MNPCE % for
blood cells from vehicle control and from naringenin dosed animals were inside the range of historical negative control
(95% confidence range 0.04%-0.12%, based on four experiments only).

The study authors reported that no clinical signs of toxicity were observed (although data on the parameters analysed
were not included in the study report). The analysis of naringenin in plasma of animals of the highest dose group indicates
systemic exposure to naringenin. Moreover, the mean values for % PCE (relative to the total erythrocyte counts) were
0.87%, 0.89% and 0.86% for 500, 1000 and 2000 mg/kg, respectively, compared to 1.28% for the negative control suggest-
ing evidence for cytotoxicity, which also indicates bone marrow exposure.

Thus, the in vivo MN assay in peripheral blood can be considered reliable without restrictions and the result of high
relevance.

Comet assay

Liver and duodenum cells were prepared for comet analysis. Tail intensity (%) of a total of 150 cells per animal was recorded.
Both in liver and duodenum, no statistically significant increase in group mean tail intensity values was observed in any test
substance treatment group compared to the vehicle control group. The positive control provided statistically significant
increases in % tail intensity of 19.67 and 18.30 for duodenum and liver, respectively. For the naringenin treatment groups,
the mean % tail intensities ranged from 1.26 to 1.5 in either tissue compared to 1.13 and 1.91 for the vehicle control in duo-
denum and liver, respectively. The values for naringenin treatments were also within the historical control values.

The Panel concluded that naringenin did not induce primary DNA damage in either tissue. The Panel considered the
study reliable without restrictions and the result of high relevance.

34.34 | Conclusion on genotoxicity

Naringenin did not induce gene mutations in the bacterial reverse mutation assay. Naringenin was clastogenic in the
in vitro micronucleus assay. However, it was not genotoxic in the in vivo comet assay in liver and duodenum and in the
in vivo micronucleus assay in peripheral blood. Therefore, there is no concern with respect to genotoxicity and the sub-
stance can be evaluated through the Procedure.

344 | Toxicity data

In the first data submission (Documentation provided to EFSA No. 1), the applicant submitted studies on naringenin related
to different effects, e.g. effects of naringenin on gastric carcinogenesis induced by N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG)/saturated sodium chloride in rats (Ganapathy et al., 2008); the in vivo antidiabetic effects of naringenin in nor-
moglycaemic and streptozotoxin-induced diabetic rat models (Ortiz-Andrade et al., 2008) and the effect of naringenin on
simvastatin-induced hepatic damage in rats (Motawi et al., 2014). Since these studies address possible beneficial effects of
naringenin rather than its toxicity, they will not be discussed here further. Short summaries are presented in Appendix E,
focusing on some toxicological parameters analysed in these studies. According to the applicant, naringenin did not show
toxicity in these publications, but these studies were not designed to investigate the toxicity of naringenin, except for the
one by Ortiz-Andrade et al. (2008), who included acute toxicity (LD50) studies in mice and rats in their investigations. A
separate LD50 acute toxicity study with naringenin by Selvam and Kaliyaperumal (2015) was also submitted. For the safety
evaluation, the applicant submitted further toxicity studies on the naringenin-precursor naringin [FL-no: 16.058] proposed
as supporting substance: acute and 13-week oral toxicity studies in rats (Li et al., 2013) and a 6-month oral toxicity study,
also in rats (Li et al., 2014).
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Some statistically significant changes were observed in these studies (e.g. decrease body weight gain in both males and
females, effects on haematological parameters), which were considered by the study authors (Li et al., 2013, 2014) as not
toxicologically relevant. Therefore, they proposed a NOAEL for naringin higher than the highest dose tested (1250 mg/kg
bw per day). The Panel noted that these studies complied only partially with the OECD TG 408 (OECD, 2018a) requirements
(e.g. dosing was 6 days per week instead of 7 days per week).

The studies by Li et al. (2013, 2014) reported above were on the glycoside naringin rather than the aglycone naringenin.
An anticipated difference in the site of absorption between naringenin administered as aglycone or naringenin admin-
istered in the form of its glycoside could lead to differences in plasma kinetics of naringenin, depending on the form in
which it is administered. In addition, for naringenin data indicated that it could interact with oestrogen receptors while for
naringin no such indications were available. Therefore, the Panel considered that the toxicity studies on naringin could not
be used for the safety evaluation of naringenin and requested data from toxicological studies with naringenin itself. The
data on naringenin received following this request were evaluated as follows.

3.4.4.1 | Naringenin and oestrogenic activity

The CEF Panel already discussed in FGE.32 (EFSA CEF Panel, 2010b) the potential oestrogenic activity of naringenin.

The applicant submitted extensive literature data (Documentation provided to EFSA No. 1 and No. 4) demonstrating that
naringenin interacts in vitro with oestrogen receptors alpha and beta (e.g. Branham et al., 2002; Takeuchi et al., 2009; Amer
etal., 2010; Huang et al., 2010; Kim and Park, 2013) inducing both genomic and non-genomic signalling (Totta et al., 2004).

In the available in vivo studies, naringenin induced uterotrophic effects in mice (Breinholt et al., 2004; Swarnkar
et al., 2012) but not in rats (Ruh et al., 1995; Saarinen et al., 2001). In all four studies, ovariectomised or sexually immature
animals were used.

The applicant provided data from a 28-day dose range-finding study in Wistar rats with exposure starting at the age of
7-8weeks, including the assessment of uterus weight (BSL Bioservice, 2019). Naringenin was administered via gavage at
doses from 1000 to 5000 mg/kg bw per day. Mortality was observed at the highest dose tested. No test item-related effects
were observed up to 4000 mg/kg bw per day (including haematological, clinical chemistry parameters and organ weights).
Although no effects on uterus weight were found, this cannot be considered as convincing evidence of the absence of
uterotrophic activity since this should be studied in ovariectomised or sexually immature animals.

The applicant considered the human-relevant potency threshold (HRPT) according to the procedure proposed by
Borgert et al. (2018). The HRPT is defined as the minimum level of mechanistic potency necessary for a chemical to be able
to act via a particular mode of action in humans. Based on in vitro ERa agonism and in vivo uterotrophic activity, Borgert
et al. (2018) proposed an HRPT for ERa agonism of 107, relative to the potency of 178-oestradiol. Naringenin has been
reported to have relative potency compared to 178-oestradiol for oestrogenic activity ranging from 1.9x107°to 2x107%,
(Borgert et al., 2018), which by the criterion it may be considered as an indication of possible endocrine activity in humans.
The Panel noted that the HRPT was established only for ERa receptor.

The Panel also noted that in vitro studies showed that naringenin has a stronger affinity with ER than ERa (Helle
et al., 2015). Considering also some indications on a possible anti-androgenic activity of naringenin in vivo (Zierau
etal., 2012), the panel considered that potential adverse effects on male and female reproduction should be investigated.

In order to evaluate the potential adverse effects induced by naringenin's endocrine/endocrine-disrupting activity and
based on the data requirements of the evaluation scheme (Appendix A), the Panel requested an extended one-generation
toxicity (EOGRT) study on naringenin (OECD TG 443) including at least the cohorts that address subchronic, developmental
and reproductive toxicity (i.e. cohorts 1A and 1B) and an investigation of reproductive performance and fertility of the 1B
cohort in a follow-up mating in the F1 generation.

34.4.2 | Extended one-generation reproductive toxicity study

The extended one-generation reproductive toxicity (EOGRT) study was performed in male and female rats according to
OECD TG 443 (OECD, 2018b) and good laboratory practice (GLP) compliance (Bioneeds, 2022).

34421 | Dose-range finding study

A dose range-finding study was performed to identify the appropriate dose levels for the EOGRT assay. The study design
followed broadly the OECD TG 421 (OECD, 2016d) for a combined 28-day oral toxicity/developmental toxicity study, but it
did not include a functional observational battery (FOB).

Sprague Dawley rats (10 animals per sex and per group) were treated at dietary concentrations of naringenin (purity
95.8%) of 0, 16,000, 20,000 and 25,000 mg/kg (dose groups G1-G4) equal to 0, 1394, 1724 and 2205 mg/kg bw per day in
males and 0, 1671, 2192 and 2724 mg/kg bw per day in females. Naringenin was administered as an admixture with rodent
powder diet (Bioneeds, 2021a).

Homogeneity and test diet concentrations were not verified, but stability of naringenin in rodent feed diet was deter-
mined in a separate study and was demonstrated to be sufficient over the duration of the study (Bioneeds, 2021b).

Males were dosed for 14 days pre-mating and up to a total of 29 days before sacrifice on day 30. Females were dosed for
14 days premating then up to day 13 of lactation, totalling 51-62 days. During premating and then mating periods animals
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were housed in pairs until mating confirmed. Feed consumption was not measured during these paired periods. However,
feed consumption was measured in both pregnant and non-pregnant females.

Mean feed consumption during pre-mating, gestation and lactation periods did not reveal any changes between
treated and control groups.

No clinical signs of toxicity, no mortality or morbidity were noted in any of the animals.

Mean absolute body weights were not affected by the test item administration in males or females, and during gesta-
tional and lactation periods.

Haematological, clinical chemistry and urinalysis parameters were analysed for five animals per sex from each group
at termination. There were no haematological, clinical chemistry, urinalysis or gross pathological changes, and the mean
absolute and relative organ weights were not affected by naringenin administration.

The Panel noted that a dose-related decrease in both absolute and relative adrenal and ovary weights was noted in females,
reaching > 10% reduction compared to controls at the high-dose level (G4); these findings were not statistically significant.

Regarding reproduction toxicity, no effects were noted on mating and fertility in both males and females. No substance-
related irregularities were seen in oestrus cycle, pre-coital interval, gestation length and gestation/fertility/parturition in-
dices. The Panel noted that cohabitation time in all groups was long (the mean pre-coital interval was 7.7, 8.5, 7.6 and
8.3days for the various dose groups) compared to what is usually reported for this strain of rats* (Marty et al., 2009).
Parturition endpoints were not affected. The number of implantations sites, percent of post-implantation loss per dam and
postnatal observations did not reveal any changes in all tested dose groups.

For developmental toxicity, no external anomalies or behavioural changes were noted in any of the pups during the
post-natal period. Mean pup weight of either sex per litter was not affected by naringenin administration and no gross
pathological changes were observed in any of the pups in the study (sacrifice at post-natal day (PND) 13).

Based on the results of the dose range-finding study, the study authors concluded that naringenin did not produce toxicity
up to 25,000 mg/kg feed corresponding to 2205 and 2724 mg/kg bw per day in males and females, respectively. Hence, doses
up to 25,000 mg/kg feed, approximately equivalent to 2500 mg/kg bw per day, were selected for the subsequent EOGRT study.

34.4.2.2 | EOGRT study

Naringenin (batches 020H025 [purity: 95.8%] and 021F024 [purity: 96.0%)]) was administered through the diet continuously
in graduated doses to three groups of male and female Sprague Dawley rats (Bioneeds, 2022).

In the parental (P) generation (25 males and 25 females per group), naringenin was administered in the diet at doses of
0 (rodent powder diet as such), 16,000, 20,000 or 25,000 ppm for a period of 10 weeks prior to mating, 2 weeks during mat-
ing and continued until scheduled sacrifice for males or until weaning of the F1 generation for females. The study design
accounts for litter effects.

For the F1 generation, 160 males and 160 females (one each per litter) were selected on the day of weaning (PND21) and
randomly assigned to two cohorts (C1A and C1B), each consisting of four treatment groups as for the parental generation,
each group having 20 males and 20 females per group.

Animals of the F1-C1A cohort were dosed from weaning (PND 21) until adulthood (PND 96). The F1-C1B cohort rats
were dosed for a 10-week premating period and 2-week mating period. The F1-C1B cohort females treatment continued
throughout gestation and lactation periods until termination following weaning of respective litters (PND 21). Duration of
dosing depended on the cohort assignment, with the longest duration of treatment up to 22 weeks. The F2 generation was
exposed through the milk until the termination of the study on PND 21.

Average exposure to naringenin in the P generation and the F1 cohorts, as calculated by the study authors, is reported
in Table 8. For the P generation and the F1-C1B cohort, the estimates were calculated from the feed intake during the pre-
cohabitation period of 10 weeks and the body weights for the entire dosing period (13 weeks). For the F1-C1A cohort, the
estimates were calculated based on feed intake and body weight over the period from weaning to euthanasia (approxi-
mately PND 21 to PND 96).

TABLE 8 Average exposure to naringenin in the P generation and the F1 cohorts, based on feed consumption over the entire dosing period
(calculated by study authors).

Naringenin exposure (mg/kg bw per day; mean values)

P generation F1-C1A F1-C1B
mg/kg feed Males Females Males Females Males Females
0(G1) 0 0 0 0 0 0
16,000 (G2) 900 1600 1570 1830 1420 1570
20,000 (G3) 1200 2050 1820 2190 1570 1870
25,000 (G4) 1500 2580 2400 2800 2150 2410

“For Sprague Dawley (derived) rats, the cohabitation period has been reported to be between 1.8 and 4.4 days (mean: 2.9+ 0.6 days) in the P generation and between 2.4
and 4.0days (mean: 3.1+ 0.5 days) for the F1 parental animals (Marty et al., 2009).
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The Panel noted that exposure estimates should have been calculated for the pre-cohabitation period only, which
means that only feed intake and body weight data should have been used for this period (i.e. the first 10 weeks of the entire
exposure period, per generation). The estimates calculated in this way are reported in Table 9.

TABLE 9 Average exposure to naringenin in the P generation and the F1
cohorts, based on feed consumption and body weight over the pre-cohabitation*

period (calculated by EFSA).

Naringenin exposure (mg/kg bw per day; mean values)

P generation F1-C1B
mg/kg feed Males Females Males Females
0(G1) 0 0 0 0
16,000 (G2) 1000 1550 1530 1800
20,000 (G3) 1320 2040 1700 2140
25,000 (G4) 1650 2560 2300 2780

*Not applicable for the F1-C1A animals.

3.4.4.2.3 | Parameters considered in the EOGRT study

Endpoints included were consistent with those specified in OECD TG 443 (OECD, 2018b) in order to ensure the investigation
of reproductive and developmental toxicity of naringenin. FOB determinations were studied in F1 and F2 pups and limited
to reflex and sensory tests — surface righting, auditory startle and air righting reflexes. In the absence of indications for
neurotoxic effects from the neurohistopathological examinations, no further neurobehavioural studies were carried out,
which is a shortcoming of the study. Immunotoxicity evaluation was conducted by histopathology of thymus, spleen and
lymph nodes and more in detail in F1 pups by splenic lymphocyte subpopulation analysis; histopathology was carried out
on controls and high dose level animals. Historical control data were provided for statistically significant findings, but only
a range was given, and not mean values, or details on the respective studies, such as number of studies included, dates of
their conduct, number of animals and respective strain.

The parameters considered in the EOGRT study and a qualitative overview of the parameters for which statistically sig-
nificant deviations from control values were observed are given in Appendix F.

34424 | General observations

The Panel noted that the range of exposure between the highest and lowest doses for the different generations was only
a factor of ~2, which is suboptimal according to OECD TG 443. The average cohabitation period indicates that time to
pregnancy was substantially prolonged in all groups (for the P generation, the mean pre-coital interval was 7.4, 6.3, 5.8 and
8days for the various groups; for F1-CB cohort, the mean pre-coital interval was 8.5, 8.4, 7.6 and 8.4 days for the various
groups).” In addition, the litter sizes were unexpectedly low, e.g. less than 10 animals per litter compared to a range of 10-15
animals per litter as reported for Sprague-Dawley rats (Evans, 1986; Marty et al., 2009) and less than the litter size reported
in the dose-range finding study. This could affect the sensitivity of the study for certain endpoints.

34425 | Survival

All adult animals survived until the scheduled necropsy. There were no test item-related mortalities noted in pups from any
of the test item administered groups at birth and during the post-natal period.

34.4.2.6 | Clinical observations, body weight and feed consumption
P generation

In the P animals, no clinical signs of toxicity or changes in general behaviour or external appearance were noted in any
treatment group of either sex.

Statistically significant changes in mean body weight and body weight gain observed during pre-mating period in
males and females were not considered adverse by the study authors, but potentially test item related and stress induced;
the values were within the in-house historical control data (HCD) of the same species and strain. The Panel noted that these
changes were not clearly dose-related and agreed with the view of the study authors.

No test item-related changes in feed consumption between control and treatment groups was observed in males and
females during pre-mating, gestation and lactation.
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F1 generation (cohort 1A and 1B) and F2 generation

In the F1 generation cohort 1A and 1B animals and in F2 generation, no clinical signs of toxicity or changes in general be-
haviour or external appearance were noted in any treatment group of either sex.

Mean body weight, percent change in mean body weight gains and feed consumption were not affected by naringenin
administration in any of the tested dose groups of both sexes throughout the experimental period when compared with
vehicle control group.

Sporadic statistically significant findings were considered as incidental and unrelated to test item administration consid-
ering the lack of a dose-response relationship (referring to either decrease or increase in organ weight, body weight and
body weight gain), its temporary nature and small magnitude.

3.4.4.27 | Cdlinical pathology

Haematology, biochemical analysis and urinalysis were performed on P and F1 cohort 1A generations.

Haematology

P generation

The only statistically significant haematological change observed was reduced absolute eosinophil count in males at the
mid- and high-dose levels, both by ~40%. The values were still within the in-house range of HCD. Cell counts for other
leucocytes cell populations were not statistically significantly affected. The study authors concluded that this finding was
not test substance related.

F1 generation cohort 1 A

The only change observed was an increase (25%) in mean platelet count in the high-dose group of C1A females with a
dose response trend. The study authors considered this as an incidental finding, as the mean values were within the in-
house HCD of the same species and strain (in-house HCD: 687.67-1200.61 x 10° cells/uL; mean value in the high-dose group:
1138.20 vs. 908.20 x 10° cells/uL in concurrent controls).

Clinical chemistry

P generation

There were no changes in the obtained mean clinical chemistry values in any of the tested dose groups of both sexes when
compared with the vehicle control group.

F1 generation cohort 1A

No changes were noted in the mean clinical chemistry values in any of the tested dose groups of both sexes when com-
pared with the vehicle control group.

Urinalysis
P generation

Regarding the examined urinalysis parameters, no test substance-related differences were noted between the control
group and all treatment groups in the P generation.

It was noted a statistically significant decrease in mean pH value (12% decrease) and increase (1%) in mean specific
gravity level in males high-dose group when compared with vehicle control group. However, the values remained within
in-house HCD range, and therefore, these changes were considered as incidental and unrelated to treatment by the study
authors. Regarding the variability of these parameters during the day, and in the absence of changes in other urinary pa-
rameters and in creatinine and urea in the clinical chemistry, the Panel concurs with this view.

F1 generation cohort 1A

There were no changes observed in the urinalysis investigations mean values in any of the tested dose groups of both sexes
when compared with the vehicle control group.
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Overall conclusions on clinical pathology

Overall, although there were occasional statistically significant differences between controls and treated groups, these
were considered not to be of toxicological relevance because they were within the range of historical control data. Reduced
eosinophil counts, and mean platelet counts were not accompanied by changes in other related parameters (e.g. other
white blood cells count or blood clothing time). The low urinary pH and the increased specific gravity are not seen as an in-
dication of disturbed renal function as other parameters of the renal function (e.g. creatinine) remained unchanged. There
was no evidence for treatment-related effects on any of the investigated clinical pathology parameters.

3.44.28 | Thyroidfunction
Thyroid hormones (T4 and TSH)

Thyroid hormones (thyroxine (T4) and thyroid-stimulating hormone (TSH)) were measured in randomly selected 10 males
and 10 females of the P generation at necropsy, in the F1 pups (T4 at PND 4, and T4 and TSH at PND 21) and in F1-C1A cohort
(at termination PND 96) in accordance with OECD TG 443.

P generation

There was no statistically significant change in T4 and TSH levels (pooled per litter) between the control and treatment
groups in either male or female P animals.

F1 Pups

According to the study authors, there were no test substance-related differences in T4 on PND 4 and PND 21) between F1
pups control and treatment groups.

On PND 4, a statistically significant increase (7%) in T4 levels was noted in the low-dose group and on PND 21, a statis-
tically significant decrease (13%) was noted in the high-dose group when compared with vehicle control. These changes
were within in-house HCD of the same species and strain.

In addition, no changes were noted in mean serum TSH levels of PND 21 pups per litter in any tested dose groups when
compared with the control group, which in the view of the panel indicates that changes in T4 are chance findings.

F1 generation cohort 1A

A statistically significant increase in mean TSH levels was noted in the low-dose group of C1A females when compared with
vehicle control. This change was considered as incidental and unrelated to test item exposure as the change did not occur
in a dose-dependent manner.

There were no changes in the mean serum TSH and T4 levels in any of the other tested dose groups of both sexes when
compared with vehicle control group.

34429 | Pathology

All or a subset of the animals in each cohort - depending on the cohort to which they were assigned — were subjected to an
extensive macroscopic and microscopic examination, in accordance with OECD TG 443. Necropsy of the P generation was
scheduled after 90-97 days treatment for males and 114-129 days of treatment for females (after weaning) or 97-110days
of treatment for non-pregnant females. Necropsy of the F1 and F2 generations was scheduled on PND 21 (surplus F1 pups,
after reflex and sensory testing, and only macroscopical examination for F2 pups), all C1A animals on PND 96 (including
immunological tissues), C1B males after completion of mating procedure, C1B not littering females on the 26th day from
mating confirmation and C1B littering females on lactation day (LD) 22, the latter for reproductive, immunological and
endocrine tissues only. Special attention was paid to the organs of the reproductive system of both sexes and reproductive
organs of all animals suspected of reduced fertility from all the dose groups and they were subjected to histopathological
examination. Organ weights were recorded, paired organs were weighed together. Histopathology examination was
performed in accordance with OECD TG 443. Accordingly, the histopathological investigations were conducted on all the
tissues collected from the vehicle control (G1) and high-dose (G4) group animals and were not extended to the lower dose
groups as there were no treatment-related effects noted at the high-dose level during microscopic examinations.

In males, qualitative stages of spermatogenesis and histopathology of interstitial testicular structure were studied on
one testicle and one epididymis. In females, histopathological examination of ovaries included quantitative evaluation of
primordial and small growing follicles together with corpora lutea. Corpora lutea assessment was conducted in parallel
with oestrus cyclicity testing by considering the stage of the cycle for the assessment. Male and female organs were exam-
ined for appropriate organ-typic development.
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Neurohistopathology was performed on brain (representative regions including cerebrum, cerebellum, and medulla/
pons); the eye with optic nerve, muscle (skeletal), nerve (sciatic) and spinal cord (3 sections) were also studied, these per-
formed according to OECD 443 for the respective cohorts (P, F1-C1A).

Organ weight
P generation

In females, absolute and relative thyroid (plus parathyroids) weight was decreased in all test groups, which became sta-
tistically significant in the mid- (22%) and high-dose groups (24%) compared to the controls. No effects were observed in
males. The Panel noted that the mean absolute and relative thyroid (plus parathyroids) weight of the control group was
approximately 10% above the HCD range.

The Panel considered the thyroid organ weight data as unreliable. Given that there were no histopathological changes
or consistent dose-response changes in T4 and TSH, the Panel considered that there were no adverse effects on thyroid
function.

F1 generation surplus pups

In the F1 PND 21 surplus pups, no test item-related changes in absolute or relative organ weights (litter wise) were noted.
No gross pathological changes were noted in any of these organs in the highest tested dose group animals.

F1-C1A cohort

In the F1-C1A cohort, no test item-related changes were noted in mean absolute/relative organ weights and terminal body
weight, except that male in all dose groups had lighter iliac lymph nodes (absolute decreased by 39, 30, 34%; weight nor-
malised decreased by 39, 35, 33%), without an obvious dose-response. Since, all relative and absolute lymph node weights
remain within the HCD range, and in the absence of histopathological effects in the lymph nodes, these weight changes
were considered to be not toxicologically relevant.

In addition, females in the middle and highest dose groups had heavier thymus glands (31%, 24%). No differences were
observed for the relative thymus weight compared with controls. In the absence of histopathological effects in the thymus,
these weight changes were considered to be not toxicologically relevant.

There were no toxicologically relevant changes in the splenic lymphocyte subpopulations.

Daily sperm production was reduced, without a dose response in all treatment groups (7%, 11%, 2%). These changes
were considered to be not toxicologically relevant.

F1-C1B cohort

In the cohort F1-C1B, no test item-related changes were noted in mean absolute/relative organ weights and terminal body
weight in any of the tested dose groups of both sexes when compared with vehicle control group. Some statistically signif-
icant changes were noted in some of the dose groups. These included an increase in mean absolute thymus weight (males)
in the mid-dose group and an increase in mean absolute and relative thymus weight (females) in the high-dose group, but
no pathological changes noted.

Gross pathology
There were no gross pathological changes observed during necropsy in any of the adult animals and in F1/F2 pups.
Histopathology

There were no histopathological findings noted in vehicle control group and high-dose group animals of both parental
and C1A animals. In C1A males, caput, corpus and cauda of epididymides and vas deferens were examined for appropriate
organ-typic development and were found to be within normal histological limits.

In C1A females, ovary with oviduct, uterus and vagina were examined for organ-typic development and were found to
be within normal histological limits.

Few of the microscopic findings observed in this study such as ultimobranchial cyst(s) in thyroid gland, epithelial cyst(s)
in thymus and all other findings were considered incidental as they occurred randomly across the dose groups including
concurrent controls and/or were expected for laboratory rats.

Quantitative ovarian follicular assessment (primordial and primary follicles) in randomly selected parental and C1A fe-
males of control and high-dose groups did not reveal any test item-related variations. In addition, quantitative evaluation
of corpora luteal count in C1A females of control and high-dose group did not reveal any test item-related variations.



24 0of 50 | FLAVOURING GROUP EVALUATION 413

3.4.4.210 | Reproductive and developmental toxicity
Evaluation of sexual function and fertility
Male fertility

No statistically significant or dose-related effects on sperm motility, in mean spermatid head count/concentration or daily
testicular sperm production per gram and per animal were noted in any of the tested dose groups when compared with
the vehicle control group in the P generation and in the F1-C1A cohort.

There were no test item-related sperm morphological changes in any of the tested dose groups of the P generation
when compared with vehicle control group. In the F1-C1A cohort significant dose-responsive effects on sperm morphol-
ogy was observed but in both directions. Decreased head abnormalities (54%), increased neck (171%), tail (130%) and
sperm with abnormalities (50%) and decreased normal sperm. It must be noted that the latter showed by far the smallest
changes (~1%) although with a clear dose—response. A 1% change in normal sperm together with contradictory changes in
abnormal sperm does not indicate a major adverse effect on sperm.

Male mating index were observed in the P and F1-C1B generations during initial cohabitation period (within 14 days).
There were no statistically significant differences noted for male fertility index in any of the tested groups when compared
with the vehicle control group.

There were no statistically significant effects on sperm motility and sperm morphology in the cohort 1A.

Female fertility

There were no statistically significant dose-related changes in the mean pre-coital interval, which in all groups was
longer than what is usual for this rat strain (see section on general observations), gestation length, mating and fertility
indexes, implantation sites, viable pups, post-implantation loss or postnatal loss in either the P or F1-C1B generations.
Female mating indices were recorded in the P and F1-C1B generations during initial cohabitation period (within 14 days).
All pregnant females were confirmed with live born pups. Measured fertility indices (pregnancy, parturition and gestation)
were 100% for all tested dose groups and vehicle control group of both P and F1-C1B generations. In the P generation, the
total litter size was not statistically reduced, but there was a slight dose-related trend. Similarly, there was an increased
post-implantation loss in the high-dose P females (8.7% loss in the control group; 12.6% loss in the high-dose group).
Birth parameters, such as number of live pups born, sex ratio (m/f) and live birth index, were not affected by naringenin
exposure. Oestrous cycle length was up to 6% longer following exposure, significantly in the lowest and highest exposed
groups. The study authors concluded that there were no test item-related effects on mean oestrus cycle duration in P
animals as there were no effects in the reproductive endpoints and no endocrine disruptive observations in the animals
from these dose groups; the mean values were stated as being within the range of in-house HCD (HCD not reported); this
parameter was not affected in the F1 generation, cohorts 1A and 1B at any dose level.

Conclusions on sexual function and fertility

No pronounced effects of naringenin on sexual function and fertility were observed in either males or females. A dose-
related decrease in litter size and a corresponding increase post-implantation loss were observed for the high-dose P
females. However, statistical significance was not reached.

Evaluation of developmental toxicity
Pre- and postnatal lethality, structural abnormalities

There were no external abnormalities or behavioural changes noted in F1 and F2 pups during daily observation during
postnatal period. No treatment-related effects were observed on birth weights and growth of the F1 pups. Regarding
the F2 generation, statistically significant decreases in mean pup weight on PND 1 (males; —4%), 4 (females; —8%) and
14 (females; —5%) in group G4-C1B and a decrease in mean pup weight on PND 14 (females; —5%) in group G3-C1B were
observed. Even though these changes disappeared at PND 21, the panel considered them as potentially toxicologically
relevant. Of particular concern is the fact that although not statistically significant, in the high-dose group, the reduction in
mean pup weight could be seen throughout the lactation period. Despite the rather narrow dose range studied, a dose-
response trend is seen.

The pup survival index per litter during lactation period was unaffected by the test item in all the tested dose groups in
F1 and F2 when compared with the vehicle control groups.

Growth and sexual development

In F1 pups, at PND4, anogenital distance (AGD) was reduced in the highest dose females (4%) and AGD ratio (mm/cube root
bw) was reduced in females in the highest and middle dose groups (0.96-fold). Given the small effect, uncertainty about
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what, if anything, reduced female AGD means and even though there was a dose-response trend for AGD, this is unlikely to
be an adverse effect. There were no test item-related changes in male AGD and its ratio per litter on PND 4 and in nipples
retention in males at PND 13 in either F1 or F2 generations.

No test item-related changes/delays were noted in mean occurrences of postnatal developmental landmarks of F1 and
F2 pups such as pinna unfolding, fur development, incisor eruption, eye opening and testes descent evaluated during
postnatal period in any of the tested dose groups when compared with vehicle control group.

No effects were observed in mean occurrences of sexual maturation (day of occurrence of balanopreputial separation)
and no test item-related changes were noted in mean body weight on the day of sexual maturation in any of the tested
dose group males when compared with vehicle control group. The mean occurrences of sexual maturation (day of occur-
rence of vaginal patency/opening) and mean body weight on the day of sexual maturation were comparable between the
control and treated groups. The mean occurrence of first cornified cells (days) and mean time interval between vaginal
patency to occurrence of first cornified cells were not affected by the naringenin administration.

Conclusions on developmental toxicity

The Panel considered that naringenin did not induce structural abnormalities, but affected the postnatal growth in the
high-dose F2 generation.

3.4.4.211 | Neurofunctional screening

All the surviving F1 pups from each litter and all F2 pups were observed/evaluated for surface righting reflex starting
from PND 4, auditory startle reflex starting from PND 10 and air righting reflex starting from PND 17 and continued until
occurrence was recorded.

There were no changes/delays noted in mean responses of sensory reflexes of F1 and F2 pups for the parameters eval-
uated during postnatal period in any of the tested dose groups when compared with vehicle control group. The investiga-
tion of neurobehavioural toxicity does not fully comply with the requirements of the OECD TG 443.

3.4.4.212 | Developmental Inmunotoxicity

Effects on developmental immunotoxicity were determined in the F1 cohort 1A animals, 10 males and 10 females per
group (1 male or 1 female per litter randomly selected) through splenic lymphocyte subpopulation analysis. No dose-
related changes were observed.

3.4.4.213 | Conclusion on the EOGRT study

The Panel considered that the reduced litter size and prolonged cohabitation time for the rat strain used suggest that
the performance of the animals in the test deviates from what is expected for the standard Sprague—Dawley rat strain.
The applied concentration in feed resulted in a suboptimal dose range, which preferably should be with a factor of 2-4
between the consecutive individual doses. These observations necessitate a prudent interpretation of the study results. For
some parameters (Appendix F), statistically significant changes were observed, but mainly without a clear dose-response;
others dose-related changes were seen, but these were either without statistical significance or transient in nature. The
Panel considered that the changes in thymus weight (F1-C1A females — mid- and high-dose groups; F1-C1B females -
high-dose group, increase; F1-C1B males — mid-dose group, increase), in litter size (P animals high-dose group, decrease),
post-implantation loss (P animals high-dose group, increase) and the consistent reduced pup weight in the high-dose F2
generation could not be dismissed. Therefore, the Panel selected the mid-dose of 20,000 mg/kg feed equal to 1320 mg/kg
bw per day for the P males as the NOAEL of the study.

3.4.4.3 | Naringenin and drug interactions

The applicant referred to the EFSA CEF Panel conclusion in FGE.32 (EFSA CEF Panel, 2010b) according to which ‘the poten-
tial for drug interactions from the intakes of the candidate flavones based on the MSDI approach does not give rise to con-
cern’. However, the maximised survey derived daily intake (MSDI) does no longer apply for the estimation of the exposure
to flavouring substances falling within the remit of Regulation (EC) No 1331/2008. Moreover, the flavones of FGE.32 did not
include the candidate substance naringenin, but its precursor, naringin.

The Panel noted that naringenin, being an inhibitor of certain CYP450 isoforms (see e.g. Lu et al., 2011 and see below)
with IC. or Ki values in the order of 10 uM, may interfere more strongly with the metabolic elimination of medicines than
naringin because naringenin will be present as such in the duodenum and small intestine, where it may interfere directly
with metabolism of medicines in the Gl-tract wall. Furthermore, naringin may release naringenin mainly in the colon at a
slow rate, after hydrolysis by the colon microbiota, reducing the likelihood of interference with the metabolism of medi-
cines in the Gl tract (since medicines are usually absorbed higher up in the Gl tract, and since the delayed release of narin-
genin will result in lower naringenin concentrations in the liver).
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The applicant referred also to one study that investigated the pharmacokinetic (PK) interaction between rasagiline
mesylate and the flavanones hesperetin or naringenin via oral administration in rats (Pingili et al., 2016). Rats were
administered with a single dose or a repeated dose (for 15 days) with rasagiline (2 mg/kg bw) alone or with rasagiline
(2 mg/kg bw) and naringenin (12.5 and 25 mg/kg bw). In the presence of naringenin, a statistically significant increase
in C., and AUC, ,, and a significant reduction in clearance parameters were observed in comparison to rasagiline
alone. The study authors investigated also the role of P-glycoprotein (P-gp) in the absorption of rasagiline both in the
absence and presence of naringenin, using reverted sacs of rat ileum. Serosal fluid was collected at 10, 20, 30 and 60
min of incubation and analysed to measure the concentration of rasagiline. No statistically significant differences were
observed between the samples. According to the study authors, these data suggest that the enhanced systemic expo-
sure to rasagiline observed when co-administered with naringenin, might be through the inhibition of its metabolism
(CYP450), but not due to the interaction of naringenin with P-gp. However, the Panel noted also that P-gp may be in-
hibited by naringenin (Alotaibi, 2023). The Panel considered these data not sufficient also in light of species specificity
of transporters.

Consequently, the Panel requested the applicant to demonstrate convincingly that pre-systemic drug interactions with
naringenin in humans at the estimated exposure levels (APET) are not to be expected.

The applicant responded (Documentation provided to EFSA No. 2) that regarding the potential naringenin-drug in-
teractions occurring in the small intestine, the most relevant of the CYP isoforms would be CYP3A4, which is the most
abundant CYP isoform in the human intestine (Paine et al., 2006). However, the Panel noted that, in addition to the inhibi-
tion of CYP3A4 (Miniscalco et al., 1992), a number of other CYP isoforms (CYP19, CYP2C9 and CYP2C19) were inhibited by
naringenin with IC50 values below 5 uM. No appreciable inhibition of CYP2B6 or CYP2D6 was observed at concentrations
up to 10 uM by naringenin (Lu et al., 2011).

Many in vitro experiments have been conducted with human liver microsomes, which contain the CYP3A isoform. In
these studies, the metabolising enzymes were incubated with a known substrate and with naringenin, in order to measure
the potential effect of naringenin on the metabolising enzymes using 50% inhibitory concentration (IC,).

Naringenin is known to inhibit the metabolism of e.g. simvastatin in rat and human hepatocytes and microsomes
(Ki 5-30 puM; Ubeaud et al., 1999), and to inhibit various cytochrome P450 isoforms. The ICs, for CYP3A4 metabolism of
testosterone (10 uM) was 17.4 uM (Lu et al., 2011). Other studies using higher concentrations of testosterone showed ICsq
values of 50-200 uM (Bailey et al., 2000; Fukuda et al., 1997). The IC,, values for metabolism of other substrates (felodip-
ine and quinine) in human liver microsomes were 122 and 139-188 uM, respectively (Fasinu et al., 2013; Ho et al., 2001).
In a study by Fasinu et al. (2010), naringenin inhibition of felodipine metabolism by pig intestinal tissue slices was mea-
sured. The IC,; was 180 uM. Furthermore, naringenin inhibited in Wistar rats in vivo the metabolism of felodipine (Surya
Sandeep et al., 2014).

The Panel considered that Ki values are more valuable in determining drug interactions than IC,, values because they
are independent of the substrate concentration. Ubeaud et al. (1999) determined Ki values of 23 and 30 uM for simvastatin
metabolism in human and rat liver microsomes, respectively. Based on guidelines on investigations on drug interactions
(EMA, 2012), a critical factor is the [I]/Ki (i.e. the ratio between the concentration of the inhibitor in the gut content and the
Ki value of the inhibitor). If this ratio is > 10, there is concern for interaction. Based on the chronic combined exposure esti-
mate ~ 60,000 pg/person per day, equal to 220 uM/person per day and the volume of fluids excreted in the upper gastro-
intestinal tract (5.1 L; sum of saliva (1.2 L), gastric (2 L) and pancreatic (1.2 L) fluids and bile (0.7 L) as reported by the
International Commission on Radiological Protection (ICRP, 2002), the day-average concentration of naringenin in the
upper Gl tract can be estimated to be 43 uM. Based on the reported Ki values (see above), the [I]/Ki ratio for simvastatin (as
example) is 1.8, which is clearly below 10 and accordingly the Panel considered that the use of naringenin as a flavouring
substance at APET exposure levels is unlikely to pose a risk for drug interactions.> Furthermore, although in the scientific
literature, naringenin was initially held (at least partly) responsible in humans for interaction of grapefruit juice with phar-
macokinetics of medicinal products, later on it has been demonstrated that this interaction by grapefruit juice is related to
the presence of furanocoumarins in the juice, rather than to naringenin (Guo and Yamazoe, 2004; Hanley et al., 2011, Bailey
et al., 2013). This is in line with the above consideration of the Panel that naringenin as a flavouring substance at APET ex-
posure levels is unlikely to pose a risk for drug interactions.

3.5 | Application of the procedure

The Panel considered the structural/metabolic similarity of naringenin with flavouring substances in other FGEs as not suf-
ficient to apply the group-based approach for the safety evaluation.

Since naringenin [FL-no: 16.132] does not raise a concern for genotoxicity, it is appropriate to evaluate the use of [FL-no:
16.132] as a flavouring substance following the stepwise evaluation procedure for individual substances as outlined in the
‘Guidance on the data required for the risk assessment of flavourings to be used in or on foods’ (EFSA CEF Panel, 2010a,
2010b) and Appendix A.

5The conclusion reached here with respect to the potential interaction of naringenin with the kinetics of medicinal products is strictly applicable to the use of naringenin
as flavouring substance. It should not impact on the common medical practice to warn against consumption of grapefruit juice in combination with the use of certain
medicinal products.
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Step 1
Naringenin [FL-no: 16.132] is allocated to structural class III.°
Step 2

On the basis of the data available, the panel anticipated that naringenin is converted to innocuous metabolites. Hence,
the substance can be evaluated via the left (A-)side of the procedure (see Appendix A, Figure A.1).

Step A3-A4

The conditions of use as flavouring substance result in chronic APET exposure estimates of 830 and 2100 pg/kg bw per
day (50,000 and 31,500 pg/person per day), for adults and children, respectively. These estimates are above the TTC for
Cramer Class Ill (90 pg/person per day) and above 10-fold this TTC (900 pug/person per day). Therefore, a 90-day toxicity
study and a developmental toxicity study are needed. Since naringenin is known to interact with oestrogen receptors, also
data on reproductive toxicity are needed. Upon request by EFSA, an EOGRT study was submitted including the cohorts that
address subchronic, developmental and reproductive toxicity.

The Panel considered that changes in thymus weight, in litter size (P-generation in the high-dose group, decrease), de-
crease pup weight (F2 generation in the high-dose group) and post-implantation loss observed in the EOGRT study in the
highest dose group, could not be dismissed. Therefore, the mid-dose of 20,000 mg/kg feed equal to 1320 mg/kg bw per
day over the pre-cohabitation period for the P males was selected as the NOAEL of the EOGRT study.

Using the NOAEL of 1320 mg/kg bw per day at step A4 of the Procedure, margins of exposure (MoE) of 1590 and 630
could be calculated for adults and children, respectively, when assessing the intake based on APET.

3.6 | Assessment of acute, combined and cumulative exposure
3.6.1 | Safety evaluation of the acute combined exposure

The estimates for acute combined exposure (653 and 411 mg/person for adults and children, respectively) are higher than
the TTC for structural class Il (90 pg/person per day). However, this TTC is related to subchronic rather than acute toxicity.
Two inconsistent studies are available to indicate that the LD50 of naringenin is about 330 mg/kg bw (rats) or is > 5000 mg/
kg bw (mice and rats). However, in several studies described in this opinion, dose levels have been administered that are
far above 330 mg/kg bw on a daily basis for prolonged periods of time without any reporting of mortality. Therefore, the
LD50 of 330 mg/kg bw cannot be considered to be reliable. The acute combined exposure estimates mentioned above
correspond to 10,900 or 27,400 pg/kg bw or 10.9 or 27.4 mg/kg bw for adults and children, respectively, which are factors
of 48-121 below the NOAEL of 1320 mg/kg bw per day obtained from an EOGRT study (Bioneeds, 2022) with rats, with
exposures lasting for up to approximately 10 weeks (males; P generation). Also taking into account the conservative nature
of the exposure estimates, this indicates that the acute exposure resulting from the use of naringenin as a flavouring sub-
stance in food and from exposure through other sources is not of safety concern.

3.6.2 | Safety evaluation of the chronic combined exposure

The estimates for chronic combined exposure (56,900 and 35,900 pg/person per day for adults and children, respectively)
are higher than the TTC for structural class Ill (90 pg/person per day). These estimates correspond to 950 or 2400 pg/kg
bw (0.95 or 2.4 mg/kg bw per day) for adults and children, respectively, and are factors of 550-1390 below the NOAEL of
1320 mg/kg bw per day, obtained from an EOGRT study (Bioneeds, 2022) with rats, with exposures lasting for up to
approximately 10 weeks (males; P generation). This indicates that the chronic exposure resulting from the use of naringenin
as a flavouring substance in food and from exposure through other sources is not of safety concern.

Because naringenin is evaluated through the Procedure as a ‘stand-alone’ substance, a safety assessment for cumulative
exposure is not included in this FGE.

4 | DISCUSSION

The European Commission requested EFSA to carry out the safety assessment of the substance naringenin [FL-no: 16.132]
(CAS no. 67604-48-2) as a new flavouring substance in accordance with Regulation (EC) No 1331/2008.

®Determined with OECD QSAR Toolbox (version 4.6 available at https://qsartoolbox.org/).


https://qsartoolbox.org/
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EFSA evaluated naringenin [FL-no: 16.132] (CAS no. 67604-48-2) in Flavouring Group Evaluation 413 (FGE.413) and used
the Procedure as referred to in Regulation (EC) No 1334/2008. No other substances with sufficient structural similarity to
the flavouring substance have been identified in existing FGEs that could be used to support a read-across approach. The
substance is known to occur naturally in a wide range of food items, the main of which are citrus fruits and tomatoes. In the
current evaluation, the proposed food flavouring is obtained through a process of extraction from grapefruit.

The provided specifications, which include >95% purity requirement, are considered adequate. The flavouring sub-
stance possess a chiral centre and exists as a racemic mixture. The information provided on the manufacturing process, the
composition and the stability of the flavouring substance was considered sufficient. As regards the presence of toxic ele-
ments, the Panel noted that the applicant provided only information on the presence of lead, mercury and cadmium, but
not on arsenic. However, this is not a requirement under the applicable EFSA guidance (EFSA CEF Panel, 2010a). The Panel
noted that the percentage of particles (number-based) with one dimension smaller than 500 nm could be higher than the
reported value of 6% because SEM images at larger magnification show small particles in the nanometre scale with well-
defined boundaries that were not considered for the PSD determination.

Nonetheless, the Panel also noted that naringenin is highly soluble in lipophilic media, and it is expected to be fully
dissolved in food matrices relatively rich in fats, such as, milk and dairy-based drinks, cocoa and chocolate products, pro-
cessed meats, etc. In water-based matrices and solid matrices, naringenin may not reach full dissolution, at the proposed
use levels in the respective foods. However, the Panel considered that taking into account the volume of gastric secretion
(ranging from 215 mL within a single meal to 2000 mL daily; ICRP, 2002; Mudie et al., 2014), the proposed food flavouring
is expected to be further diluted following ingestion of the foods in which is added, with subsequent dissolution in the Gl
tract. In addition, increase of food temperature upon ingestion and raise of pH in the Gl tract can be anticipated to result in
a higher solubility of naringenin in the Gl tract, compared to its solubility in water at ambient temperature.

Therefore, the Panel concluded there is no concern with regard to the potential exposure of consumers to small parti-
cles, including nanoparticles, in naringenin when used as a food flavouring at the proposed use levels, and considered that
an assessment as indicated in the ‘Guidance on technical requirements for regulated food and feed product applications
to establish the presence of small particles including nanoparticles’ (EFSA Scientific Committee, 2021) is not required. The
risk assessment of naringenin can be performed following the conventional risk assessment, i.e. the EFSA Guidance on the
data required for the risk assessment of flavourings (EFSA CEF Panel, 2010a).

When tested in powder form, naringenin was stable at 45°C (accelerated testing conditions) and at room temperature
(normal storage conditions) for nearly 2 years. In the study performed in buffer solutions (pH 3, 5 and 7 at 90°C), the stability
of naringenin was demonstrated for up to 8 h, which, taken into account the accelerated testing conditions, is considered
sufficient by the Panel.

Chronic exposure estimates to naringenin when used as flavouring substance, based on the APET technique, amounted
to 830 and 2100 pg/kg bw per day in adults and children, respectively. Combined chronic exposure estimates, taking into
account also exposure to naringenin from other food sources amounted to 950 or 2400 pg/kg bw per day, respectively.
Acute combined exposure estimates for naringenin, taking into account both exposure from use as flavouring substance
and exposure from other food sources amounted to 10,900 pg/kg bw for adults and to 27,400 ug/kg bw for children.

Upon ingestion, naringenin can be anticipated to be absorbed from the Gl tract already in the duodenum. After absorp-
tion, naringenin is rapidly conjugated with glucuronic acid or with sulfate. Levels of unconjugated naringenin in plasma
are very low or not detectable. The extent of the absorption is not known. Urinary excretion of naringenin (mainly as con-
jugates) amounts to approximately 30% of the dose; excretion via the bile has also been demonstrated. Any naringenin
which is not absorbed in the duodenum, or which is excreted via the bile can also be (re)absorbed in the lower parts of the
Gl tract or will be subject to degradation by the gut microbiota. Other identified urinary metabolites are e.g. phlorogluci-
nol, 3-(4-hydroxyphenyl)propionic acid, 4-hydroxycinnamic acid and 4-hydroxybenzoic acid, which originate from open-
ing of the non-aromatic ring and further break-down. The available evidence indicates that naringenin can be anticipated
to be metabolised to innocuous metabolites only.

Naringenin has the potential to interact with the metabolism of several medicinal products due to inhibition of CYP
enzymes. Based on the anticipated maximum concentration of naringenin in the Gl-tract (see Section 3.4.4.3), when used
as flavouring substance as intended, and the reported potency for inhibition of these CYP enzymes, the Panel considered
that the concern for this interaction could be dismissed.

For naringenin, reliable genotoxicity studies have been submitted that provide evidence that naringenin is not mu-
tagenic in a bacterial reverse mutation assay, but that it is clastogenic in an in vitro micronucleus assay. However, when
studied in vivo in combined micronucleus assay/comet assays in liver and duodenum, clastogenicity was not observed.
Consequently, the Panel considered that naringenin does not raise a concern with respect to genotoxicity and that the
substance can be evaluated through the Procedure.

As determined by the OECD QSAR Toolbox, naringenin should be classified as a structural class Ill compound for which
a TTC of 90 ug/person per day (1.5 pg/kg bw per day) is applicable. The chronic exposure estimates for naringenin are
more than a factor of 10 above this value and therefore the Panel requested submission of an EOGRT study, also taking
into account that naringenin is known to interact with oestrogen receptors (Section 3.4.4.1). Although there was no dif-
ference in pre-coital time between control and test groups, the Panel noted that in all groups, including the control, the
pre-coital time was increased in the P generation and F1B cohort compared to what is usually reported for Sprague Dawley
rats (Marty et al., 2009). In addition, the Panel noted that, irrespective of dose-related changes, the litters in the F1 and F2
generations were smaller than expected for this strain (Evans, 1986; Marty et al., 2009). These conditions may have affected
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the sensitivity of the study and necessitate a prudent interpretation of its results. Based on increases in thymus weight,
decreases in litter size, increases in post-implantation loss and the reduced pup weight observed at the highest dose level
in the EOGRT study, the Panel identified the mid-dose of 1320 mg/kg bw per day as a NOAEL.

In the absence of adequate data on acute toxicity, the Panel compared the acute exposure estimates with the NOAEL
of 1320 mg/kg bw per day for chronic exposure. The resulting MoEs were 121 (adults) or 48 (children). Taking into account
that the NOAEL was from a chronic (EOGRT) study, the Panel considered that these MOEs do not raise a concern for acute
exposure.

For chronic exposure, based on using the NOAEL of 1320 mg/kg bw per day, MoEs of 1590 (adults) and 630 (children)
were calculated for the intended use of naringenin as flavouring substance. When exposure from other food sources was
also taken into account, these MoEs were reduced to 1390 and 550, respectively. Despite the uncertainty related to the
sensitivity of the EOGRT study with respect to reproductive toxicity, the Panel considered these MOEs sufficiently large.

5 | CONCLUSIONS

The Panel concluded that the use of naringenin as flavouring substance does not raise a concern with respect to genotoxic-
ity or with respect to interaction with medicinal products. Based on the calculated MoEs, the Panel concluded that the use
of naringenin as a flavouring substance does not raise a safety concern.

6 | DOCUMENTATION AS PROVIDED TO EFSA

1. Application for the Authorisation of Naringenin as a Flavouring Substance Pursuant to Regulation (EC) No 1334/2008
of the European Parliament and of the Council of 16 December 2008. Technical dossier. June 2016. Submitted
by Interquim S.A.

2. Additional information received on 11 December 2017, submitted by Interquim S.A. in response to a request from EFSA
(16 June 2017).

3. Additional information received on 13 May 2019, submitted by Interquim S.A. in response to a request from EFSA
(30 January 2018).

4. Additional information received on 23 September 2019, submitted by HealthTech Bio Actives S.L.U. in response to a
request from EFSA (1 July 2019).

5. Additional information received on 10 February 2023, submitted by HealthTech Bio Actives S.L.U. in response to a re-
quest from EFSA (5 November 2019 and 18 October 2022).

6. Bioneeds, 2021a. Dose range-finding study for the extended one-generation reproductive toxicity [EOGRT] study of
naringenin by oral (dietary) route in Sprague-Dawley rats. Bioneeds, study number BIO-DTX 061. November 2021.
Submitted by HealthTech Bio Actives, S.L.U.

7. Bioneeds, 2021b. Validation of the analytical method to determine the content of naringenin in rodent feed diet by
HPLC. Bioneeds, study number BIO-ANM 1731. April 2021. Submitted by HealthTech Bio Actives, S.L.U.

8. Bioneeds, 2022. Extended one-generation reproductive toxicity [EOGRT] study of naringenin by oral (dietary) route in
Sprague-Dawley rats. Bioneeds, study number BIO-DTX 062. November 2022. Submitted by HealthTech Bio Actives, S.L.U.

9. BSL Bioservice, 2019. 28-day dose range finding oral toxicity study in Wistar rats with naringenin. BSL Munich study
No. 188472. March 2019. Submitted by HealthTech Bio Actives, S.L.U.

10. Creative Bioarray, 2019. Cytogenetic report. Creative Bioarray, order# CBAZM0294. February 2019. Submitted by
Interquim, S.A.

11. Envigo Research Limited, 2018a. Naringenin: reverse mutation assay “ames test” using Salmonella typhimurium and
Escherichia coli (OECD 471). Envigo Research Limited, study number LMO02ST. June 2018. Submitted by Interquim, S.A.

12. Envigo Research Limited, 2018b. Naringenin: Micronucleus Test in human lymphocytes in vitro. Envigo Research Limited,
study number NH22VH. July 2018. Submitted by Interquim, S.A.

13. Eurofins BioPharma, 2019a. In vivo mammalian alkaline comet assay of liver and duodenum cells in rats with naringenin
(CAS 67604-48-2) administered on 3 consecutive days. Eurofins Munich / BSL Munich, study number 188466. April 2019.
Submitted by Interquim, S.A.

14. Eurofins BioPharma, 2019b. In vivo mammalian alkaline comet assay of liver and duodenum cells in rats with naringenin
(CAS 67604-48-2) administered on 3 consecutive days: mammalian micronucleus test of rat peripheral blood cells with
naringenin (CAS 67604-48-2). Eurofins Munich / BSL Munich, study number 188466, study Phase number 188467. April
2019. Submitted by Interquim, S.A.

15. Eurofins BioPharma, 2019c. In vivo mammalian alkaline comet assay of liver and duodenum cells in rats with naringenin
(CAS 67604-48-2) administered on 3 consecutive days: method validation for analysis of naringenin in rat plasma sam-
ples by LC-MS/MS and analysis of naringenin in rat plasma samples by LC-MS/MS. Eurofins Munich/BSL Munich, study
number 188466, study phase number 188469/188470. April 2019. Submitted by Interquim, S.A.

16. Interquim S.A., 2016. R/S Distribution — Naringenin. April 2016. Submitted by Interquim, S.A.
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ABBREVIATIONS

APET Added Portions Exposure Technique

AUC Area Under the Curve

BW body weight

CAS Chemical Abstract Service

CBPI cytokinesis block proliferative index

CEF Food Contact Materials, Enzymes, Flavourings and Processing Aids (Panel)
CYP Cytochrome

DMSO Dimethyl Sulfoxide

EINECS European Inventory of Existing Commercial chemical Substances
EOGRT Extended One-Generation Reproductive Toxicity

ER Oestrogen Receptors

FAF Food Additives and Flavourings (Panel)

FEMA Flavor and Extract Manufacturers Association

FGE Flavouring Group Evaluation

FLAVIS Flavour Information System database

Gl Gastrointestinal

GRAS Generally Recognised As Safe

GLP Good Laboratory Practise

HCD Historical Control Data

HRPT Human-Relevant Potency Threshold

IOFI The International Organization of the Flavor Industry
IR Infra-red

JECFA The Joint FAO/WHO Expert Committee on Food Additives
LC-MS/MS Liquid Chromatography—Mass Spectrometry

LD50 Median Lethal Dose

MN Micronucleus

MNPCE Micronucleated Polychromatic Erythrocytes

MoE Margin of Exposure

MSDI Maximised Survey-Derived Daily Intake

MTD Maximum Tolerated Dose

NMR Nuclear Magnetic Resonance

No Number

NOAEL No Observed Adverse Effect Level

OECD Organisation for Economic Co-operation and Development
PCE Polychromatic Erythrocytes

PND Post-natal Day

PSD Particle Size Distribution

QSAR Quantitative Structure—Activity Relationship

SCF Scientific Committee on Food

SEM Scanning Electron Microscopy

TTC Threshold of Toxicological Concern
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APPENDIX A

Procedure for the safety evaluation of ‘stand-alone’ chemically defined flavouring substances

Step 1.

Decision tree structural class

Step 2.

l

Data available to demonstrate that metabolites are to be considered innocuous?

Yes

Step A3.
Dietary exposure:

< 1800 pg/pers/d (class ) Yes
< 540 pg/pers/d (class II)
< 90 pg/pers/d (class III)

No
Step A4. J,

Dietary exposure:
< 18000 pg/pers/d (class I)
< 5400 pg/pers/d (class II)
< 900 pg/pers/d (class I1I)

No

FIGURE A.1

Yes

No further data

90-d-study

«  90-d-study
+ Developmental tox

Yes

Yes

No

StepB3. |,

Dietary exposure:
< 1800 pg/pers/d (class 1)
< 540 pg/pers/d (class II)
< 90 pg/pers/d (class III)

Step B4. l No

Dietary exposure:
< 18000 pg/pers/d (class I)
< 5400 pg/pers/d (class II)
< 900 pg/pers/d (class III)

lm,
»  90-d-study
- Developmental tox
- Chronic tox carcinogenic study

Procedure applied for the safety evaluation of naringenin according to the data requirements for the risk assessment of flavourings (EFSA CEF Panel, 2010a).
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APPENDIX B

Food categories and use levels provided for naringenin

TABLE B.1

of flavourings to be used in or on foods (EFSA CEF Panel, 2010a) (Documentation provided to EFSA No. 1).

CODEX code

01.1
01.6
01.7

03.0
04.11
04.1.2
04.1.2.5
04.2.2.5

05.1

05.2

05.3
06.3
06.8

08.2

08.3

11.6

Food categories®

Milk and dairy-based drinks
Cheese and analogues

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

Edible ices, including sherbet and sorbet
Fresh fruit

Processed fruit

Jams, jellies, marmalades

Vegetables (including mushrooms and fungi,
roots and tubers, pulses and legumes, and
aloe vera), seaweed, and nut and seed
purees and spreads (e.g. peanut butter)

Cocoa products and chocolate products,
including imitations and chocolate
substitutes

Confectionery, including hard and soft candy,
nougats, etc., other than 05.1,05.3 and 05.4

Chewing gum
Breakfast cereals, including rolled oats

Soya bean products (excluding soya bean
products of food category 12.9 and
fermented soya bean products of food
category 12.10)

Processed meat, poultry and game products in
whole pieces or cuts

Processed comminute meat, poultry and game
products

Table-top sweeteners, including those
containing high-intensity sweeteners

Standard
portionsb (g9)

200
40
125

50
140
125

30

30

40

30

30
100

100

100

Intended use level as flavouring

Occurrence level from other

Food categories and use levels (only these food categories are included for which use levels were provided). Portion sizes are according to the EFSA Guidance on the data required for the risk assessment

Combined occurrence level from all

substance (mg/kg) sources (mg/kg) sources (mg/kg)
Normal Maximum Normal© Maximum Normal Maximum
100 500 100 500
100 200 100 200
100 500 100 500
100 200 100 200
25 573.9 25 573.9
434 61.8 434 61.8
45.6 45.6 45.6 45.6
329 125 329 125
200 400 200 400
100 400 100 400
100 400 100 400
100 200 100 200
100 500 100 500
100 200 100 200
100 200 100 200
100 200 100 200
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TABLE B.1 (Continued)

Intended use level as flavouring Occurrence level from other Combined occurrence level from all
substance (mg/kg) sources (mg/kg) sources (mg/kg)
Standard
CODEX code Food categories® portions" (9) Normal Maximum Normal* Maximum Normal Maximum
12.2 Herbs, spices, seasonings and condiments (e.g. 1 500 1000 1984.3 3720 2484.3 4720
seasoning for instant noodles)
12.5 Soups and broths 200 100 200 100 200
14.1 Non-alcoholic (‘soft’) beverages 300 100 300 23 4251 123 725.1
14.2.3¢ Grape wines 150 16.7 17.7 16.7 17.7
15.1 Snacks, potato-, cereal-, flour- or starch-based 30 100 400 100 400
(from roots and tubers, pulses and legumes)
15.2 Processed nuts, including coated nuts and nut 30 4.3 43 4.3 4.3

mixtures (with e.g. dried fruit)

“Most of the categories reported are the sub-categories of Codex GSFA (General Standard for Food Additives, available at https://www.fao.org/gsfaonline/foods/index.html) used by the JECFA (FAO/WHO, 2008).

BIn case of foods marketed as powder or as concentrates, occurrence levels have been reported for the reconstituted product, considering the instructions reported on the product label or one of the standard dilution factors established by the JECFA
(FAO/WHO, 2008):

- 1/25 for powder used to prepare water-based drinks such as coffee, containing no additional ingredients,

- 1/10 for powder used to prepare water-based drinks containing additional ingredients such as sugars (ice tea, squashes, etc.),
- 1/7 for powder used to prepare milk, soups and puddings,

- 1/3 for condensed milk.

“In order to estimate normal values in each category, only foods and beverages in which the substance is present in significant amount have been considered (in each category, the normal concentration is the median concentration observed in all
foods within it where the flavouring substance is known to occur).

%The applicant reported the Codex code 14.2.2 for the food category ‘Grape wines’ according to EFSA Guidance on the data required for the risk assessment of flavourings to be used in or on foods (EFSA CEF Panel, 2010a). The updated Codex code for
the food category ‘Grape wines' is 14.2.3 according to Codex GSFA.


https://www.fao.org/gsfaonline/foods/index.html
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APPENDIX C

ADME data from human studies

This appendix describes the available toxicokinetic data for naringin and naringenin. Table C.1 gives an overview and a short description of the various studies. Table C.2 gives a sum-
mary of the most pertinent toxicokinetic data. A comparison of dose-corrected Cmax and AUC values for naringin and naringenin is reported in Table C.3. In Table C.4, an overview
is given of the in vitro studies on the microbial metabolism of naringenin and naringin.

TABLE C.1 Shortdescription of toxicokinetic studies in humans.

Dose/formulation Parameters measured Results Reference

Number of subjects

6 healthy volunteers
(5 males and 1 female)

6 healthy humans per dose
group

5 non-smoking healthy men

13 healthy humans (8
subjects ingested
orange juice (0J); 5
subjects ingested
grapefruit juice (GJ))

Single oral dose 135 mg of each,

hesperetin and naringenin in the
form of solid dispersion capsules,
along with 240 mL of water,
under fasting conditions

Dose capsules with 150 mg or

600 mg naringenin (as present
in sweet orange extract)

A 3.8 mg naringenin intake with a

test meal (containing 150 mg of
cooked tomato paste with

30 g of corn oil) The
polyphenolic composition

of the commercial tomato
paste, expressed as mg/100 g
of wet weight, was 2.53+0.12
naringenin

A single oral intake of OJ or GJ

(8 mL/kg bw) given once to
fasted subjects, with naringenin
equivalents of 23+2 mg (OJ) or
199+42 mg (GJ)

Blood samples were drawn at 0, 20, 35, 50, 70, 100,
150 minand at 3,4,5,6,8,10,12h

Urine was collected in 5 sequential intervals: 0-3,
3-6,6-9,9-12,12-24 h

Plasma and urine hesperetin and naringenin
concentrations were quantified after hydrolysis
of samples with B-glucuronidase/sulfatase, by
HPLC analysis

Blood was drawn prior to ingestion of placebo and
naringenin and at 2, 3,3.5,4,4.5,6,8and 12 h
post-dose

Determination of naringenin in plasma at 0 h and
at 2,4, 6,8 and 24 h after the meal, by HPLC
analysis

Plasma naringenin was extracted with or without
enzymatic hydrolysis of the conjugated forms

Blood and urine samples were collected between 0
and 24 h after juice administration

Naringenin (and hesperetin) concentrations
measured after hydrolysis of all samples with B3-
glucuronidase/sulfatase by HPLC-ECD analysis

max

Naringenin was rapidly absorbed and its concentrations

in plasma observed 20 min after dosing and reached a
peakin3.5h

The elimination half-life for naringenin was 2.31+0.40 h.

The mean values of the relative cumulative urinary
excretion, as percentage of the administered dose was
5.81+0.81%. The cumulative urinary recovery data
indicated low bioavailability due to extensive first-pass
metabolism partly by cleavage of the central ring by the
enzymes of intestinal bacteria leading to degradation
products such as phenolic acids. For detailed data on
toxicokinetic parameters see Table C.2

After 2 h a peak concentration in plasma of 15.8+7.9 pmol/L

and 48.5+7.9 pmol/L was measured for naringenin

150 mg and 600 mg, respectively. Naringenin half-life

in plasma was 3 h (at 150 mg) and 2.65 h (at 600 mg).
The AUC, ,,,, values were 67.61 +24.26 pmol/L x h and
199.05 +24.36 pmol/L x h, respectively. For detailed data
on toxicokinetic parameters see Table C.2

ranging from 0.07 to 0.12 pmol/L after administration
of 3.8 mg of naringenin aglycone with the test meal.

The peak plasma concentration was 0.12 pmol/L+0.03
pmol/L 2 h after the meal. The authors did not find
unconjugated naringenin in plasma samples and
concluded that naringenin is largely metabolised in the
liver and enters the general circulation as the conjugated
form. For detailed data on toxicokinetic parameters see
Table C.2

Rather high plasma concentrations were observed (e.g.,

Cinax 6 HmMoOl/L after GJ dosing); considerable inter-
interindividual variability in bioavailability was observed
perhaps due to differences in Gl microbiota; for detailed

data on toxicokinetic parameters see Table C.2

Kanaze et al. (2007)

Rebello et al. (2020)

Bugianesi et al. (2002)

Erlund et al. (2001)
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TABLE C.1 (Continued)

Number of subjects Dose/formulation

7 females cross-over study Blood orange juice (BOJ) 150 or
300 mL providing 6 or 12 mg
naringenin and 51 or 102 mg
hesperetin, respectively
BOJ was administered in random
order on two occasions 1T month
apart

12 healthy human (6 males A single drinking of 250 mL pulp-
and 6 females) enriched orange juice, which
contained 584 pmol (poly)
phenols of which 537 pmol were
flavanones
After a 2-week washout, the

procedure was repeated and a
placebo drink was consumed

12 healthy human cross- A single test meal of 400 g fresh
over design oranges or 719 g pasteurised
orange juice delivering 1774
and 751 pmol of total citrus
flavanones, respectively

7 healthy humans Tablets: 320 mg Naringin & water

Parameters measured

Plasma samples collected each hour for 8 and 24
h after BOJ administration. Naringenin (and
hesperetin) concentrations in juice and plasma
were measured after hydrolysis of all samples
with B-glucuronidase/sulfatase by LC-DAD-MS
and LC-MS/MS, respectively

Urine collected for a 24-h period was analysed
qualitatively and quantitatively by using
HPLC-MS (GC-MS)

24 h urine samples were collected from 11 subjects

Hesperidin and narirutin in meals quantified
by HPLC-DAD; Naringenin/Hesperitin were
quantified in urines after enzymatic hydrolysis
with glucuronidase/sulfatase by HPLC-MS/MS;
catabolites were quantified by UHPLC-MS/MS

Urine and faeces collected at different times
Analysis with an UFLC-Q-TOF-MS/MS system

Results

Flavanone plasma concentrations were dose-dependent
and peak levels reached about 5 h after BOJ intake: mean
C..x Naringenin 16.4 and 34 ng/mL (for hesperetin 43
and 80 ng/mL) after 150 and 300 mL intake, respectively.
The flavanones are mostly present as conjugated forms.
For detailed data on toxicokinetic parameters see

Table C.2

14 metabolites were identified and quantified in urine:
hesperetin-O glucuronides, naringenin-O-glucuronides,
and hesperetin-3’-O-sulfate were the main metabolites

The overall urinary excretion of flavanone metabolites
corresponded to 16% of the intake of 584 mmol (poly)
phenols. Eight urinary catabolites were identified:
3-(3’-methoxy-4’-hydroxyphenyl)propionic acid,
3-(3'-hydroxy-4" methoxy-phenyl)propionic acid,
3-(3'-hydroxy-4’-methoxyphenyl)hydracrylic acid,
3-(3-hydroxyphenyl)hydracrylic acid, 3'-methoxy-4'-
hydroxyphenylacetic acid, hippuric acid, 3'-hydroxy-
hippuric acid, and 4’-hydroxyhippuric acid. These
aromatic acids originated from the colonic microbiota-
mediated breakdown of orange juice (poly) phenols.
Since many of the metabolites could not be attributed
specifically to naringenin, calculation of mass balance for
naringenin was not possible

Deglucuronidated and desulfated hesperitin, naringenin
and the flavanone catabolites 3-(3’-hydroxy-4'-
methoxyphenyl)propionic acid, 3-(3’-hydroxyphenyl)
hydracrylic acid, 4-hydroxyhippuric acid, and hippuric
acid quantified in 24 h urines. Despite the much higher
hesperetin content in the test meals, subjects excreted
a higher proportion of naringenin in the urine after
orange fruit (12.9%) and orange juice (20.3%)

16 conjugative metabolites and 5 polyphenols identified in
urine and faeces. Naringenin underwent extensive phase
Il metabolism. Differences detected among individuals
in metabolic profile

Reference

Gardana et al. (2007)

Pereira-Caro
etal. (2014)

Aschoff et al. (2016)

Zeng et al. (2016)
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TABLE C.2 Summary of the most pertinent toxicokinetic data for naringin (NAR-G) and naringenin (NAR-A).

Plasma
Reference (# persons) Amount per person and as NAR-A dose T ax Cax Crax/D % 10° AUC AUC/D x 103 half-life
Kanaze et al. (2007) NAR-A 135 mg 35h 2000+770 ng/mL 15.1 8800 (ngxh/mL) 64.9 T%~2.3h
© (496 pmol) (3-5) 7.5 pmol/L 32.18 pmol/Lxh
(Capsule + water)
Rebello et al. (2020) Nar-A 150 mg 3.2+0.7h 15.8+£7.9 pmol/L 28.7 67.61+24.26 122.7 T%=3.0h
6) (551 pmol) pmol/Lxh
Sweet orange extrac®
NAR-A 600 mg 24+0.7h 48.5+7.9 pmol/L 22.0 199.05+24.36 90.3 T%=2.65h
(2204 pmol) pmol/Lxh
Sweet orange extract®
Bugianesi et al. (2002) NAR-A 3.8 mg (14 pmol) 2 h (1st sample) 32+8ng/mL 8.5 Declineby 2 h
(5) Tomato paste/oil 0.12 pmol/L and later
Erlund et al. (2001) NAR-G (0J) 23+2 mg (85 pmol) 5.5+29h 175+ 110 ng/mL 7.5 719 (ngxh/mL) 31.3 T%~13h
e 0.64 pmol/L 2.63 umol/Lxh
NAR-G (GJ) 200£40 mg (731 pmol) 48+1.1h 1628+ 1160 ng/mL 8.1 7534 (ngxh/mL) 37.6 TV%~22h
5.99 pmol/L 27.55 pmol/Lxh
Gardana et al. (2007) NAR-G (BOJ 150 mL) 5.0+£0.6h 16.4+12 ng/mL 2.7 53.9ngxh/mL 8.6
) 6 mg (22 pmol) 0.19 pmol/Lxh
(BOJ300mL) 12 mg 34.0£21 ng/mL 2.8 95.6 ngxh/mL 7.7
(44 pmol) 0.337 pmol/Lxh
Abbreviations: AUC, area under curve; C_ ., maximum concentration; D, dose; T_ ., time to achieve C_ .., OJ, orange juice; GJ, grapefruit juice; BOJ, blood orange juice.
Sweet orange extract with 24% NAR-A.
TABLE C.3 Comparison of dose-corrected C .. and AUC values for naringin (NAR-G) and naringenin (NAR-A) (on a molar basis for Dose, C .. and AUC upon dosing NAR-A or NAR-G).
Amount per person as
Reference NAR-Aglycone Cnax/D % 10° AverageC AUC/Dx10? Average AUC Comment
Kanaze et al. (2007) NAR-A 135 mg 21.93 64.9 92.63 Naringenin is absorbed in the small intestine and results
NAR-A in higher plasma peak concentrations and AUC values
496 pmol S L )
than observed after naringin administration
Rebello et al. (2020) NAR-A 150 mg 122.7
NAR-A 551 pmol
Sweet orange extract
NAR-A 600 mg 90.3

2204 pmol



FLAVOURING GROUP EVALUATION 413

41 of 50

TABLE C.3 (Continued)
Amount per person as
Reference NAR-Aglycone Crnax/D % 10 Average C_ - AUC/Dx 10° Average AUC Comment
Erlund et al. (2001) NAR-G (0J) 7.5 7.86 31.3 34.55 Naringenin release upon hydrolysis of naringin in the
NAR-G 23+2mg colon=> C_ .. and AUC values are about 3-fold lower
85 pmol compared to naringin
- Interindividual variability was observed
NAR-G (GJ) 8.1 376
200+40 mg
731 pmol
RATIO 2.78 2.68 Naringenin in plasma is conjugated (glucuronic acid/sulfate)
NAR-A/NAR-G
Abbreviations: AUC, area under curve; Ciax: Maximum concentration; D, dose; OJ, orange juice; GJ, grapefruit juice.
TABLE C.4 Invitro studies on the microbial metabolism of naringenin [FL-no: 16.132] and naringin [FL-no: 16.058].
FL-no Test system Test conditions Results Reference
16.132 Pig caecum model Pig caecum was used under anaerobic conditions Naringenin was transformed to 3-(4-hydroxyphenyl)-propionic Labib et al. (2004)
to metabolise flavonoids from several classes. acid and 3-phenylpropionic acid
Compounds were incubated under anaerobic
conditions with the inoculum for 0, 2, 4, 6, 8, 10 and
24h
The time course of microbial conversion of naringenin
was determined by HPLC-DAD analysis, revealing
slow degradation
16.132 Degradation experiments using Naringenin (50 pmol) was incubated with faecal Human microbiota converted naringenin slowly as considerable  Pereira-Caro et al. (2015)

human faecal slurries

16.132 Degradation experiments using
Bifidobacterium longum R0175
and Lactobacillus rhamnosus
subsp. Rhamnosus NCTC 10302
cultures

16.132 Degradation experiments using
Eubacterium ramulus (isolated
from human faeces)

suspensions +0.5 g glucose
Samples were taken after 0, 1,2, 4, 6, 8,and 24 h
HPLC and GC-MS analysis were performed

Naringenin (25 pg/mL) was incubated with the bacteria
culture. Samples were taken after incubation for O,
12,24,36and 48 h

HPLC-HR-MS analysis was performed

Naringenin (1 mM) was incubated, in the absence or in
the presence of glucose [10 mM], with E. ramulus.
Samples were analysed after 72 h

HPLC or LC-MS/MS analysis were performed

amounts remained:
26-36 pmol after 4 h of incubation;
13-28 pmol after 6 h of incubation;
3-8 umol after 24 h of incubation

The main degradation products of naringenin were:
3-(4’-hydroxyphenyl)propionic acid and 3- (phenyl)propionic

acid

Ring fission of naringenin resulted in the appearance of

3-(4’-hydroxyphenyl)propionic acid and lower amounts of

3-(phenyl)propionic acid

Recovery was 83% and 88% from cultures of L. rhamnosus and

B.longum, respectively

Naringenin was not metabolised in absence of glucose, until

72 h of incubation
However, in presence of glucose, it was degraded to 3-(4-
hydroxyphenyl) propionic acid, with 25% recovery

Pereira-Caro et al. (2016)

Schneider and Blaut (2000)

(Continues)
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TABLE C.4

FL-no

16.058

16.058

16.132 and
16.058

16.132 and
16.058

16.132 and
16.058

(Continued)

Test system

Human faeces

Degradation experiments using
human faeces

Fermentation system to study
human faecal flora metabolism

Intestinal bacteria isolated from
human faeces

Degradation experiments using
Clostridium orbiscindens
(quercetin-degrading bacteria)
from human faeces

Test conditions

Fermentation suspensions of naringin were incubated at
a concentration of 600-800 mg/L for 48 h
HPLC and GC-MS analysis were performed

Naringin (1.7 mM) was incubated with faecal water for
0,0.5,1,2,4,6,80r12h

100 mg of flavonoid substrate were fermented under
anaerobic conditions for 0, 4, 8, 24,48,and 72 h
Substrate degradation and metabolite formation were

determined by HPLC and MS

Bacteria were inoculated and incubated anaerobically
for 2days in 50 mL broth containing 5 mg flavonoids

Naringin or naringenin (50 mM) were incubated with
C. orbiscindens. Samples were taken immediately
after inoculation and hourly from 2 to 12 h and at 24
and 48 h

HPLC analysis was performed

Results Reference

The fermentation suspensions of naringin after incubation
for 48 h revealed varying stages of colonic degradation,
via naringenin, 3-(4-hydroxyphenyl)-propionic acid,
and 3-phenylpropionic acid, depending on the faecal
donor. Fermentation of faecal samples showed continued
degradation of naringenin, through an apparent cleavage
of the C-ring yielding a transient appearance of a product
detected and identified as phloroglucinol by HPLC, derived
probably from the A-ring fragment, as well as the cleaved
B-ring fragment identified as 3-(4- hydroxyphenyl)-
propionic acid. In one fermentation, 3-(4-hydroxyphenyl)-
propionic acid represented the major phenolic end
product whereas, in two other fermentations subsequent
dehydroxylation to 3-phenylpropionic acid, the final end
product was seen

Rechner et al. (2004)

Naringin was a substrate for enzymes of human intestinal
microbiota. The deglycosylation of naringin and
degradation of naringenin were observed

The production of-3-(4-hydroxyphenyl)propionic acid (4-HPPA)
from the degradation of naringenin, was observed only for
one donor. Differences among donors were observed also
for 4-HPPA degradation

The abilities of degrading 4-HPPA were different among human
intestinal microbial enzyme

Zou et al. (2015)

Naringenin, as a product of deglycosylation, was linearly
accumulated over the whole fermentation period. The
aglycone itself was slowly fermentable, with significant
levels still present after 72 h of incubation of naringenin and
naringin

Two metabolites of naringin were detected after 48 h
incubation, one of the metabolites is assumed to be
phloroglucinol

Justesen et al. (2000)

Naringin was metabolised to naringenin at early time Kim et al. (1998)
and then to 4-hydroxybenzoic acid, phloroglucinol,
2,4,6-trihydroxybenzatdehyde and 4-hydroxyphenylacetic
acid

Naringenin was transformed to phenolic acids by Streptococcus
S-2, Lactobacillus L-2, and Bacteroides JY-6

C. orbiscindens did not convert flavonoid glycosides such as
naringin

C. orbiscindens converted 0.5 mM naringenin to 3-(4-
hydroxyphenyl) propionic acid

Schoefer et al. (2003)




FLAVOURING GROUP EVALUATION 413

43 of 50
APPENDIX D
Genotoxicity Studies on naringenin
TABLE D.1 Summary of newly submitted in vitro genotoxicity studies on naringenin (Documentation provided to EFSA No. 2 and 3).
Relevance of test
Chemical Test system Concentrations® and test system/relevance
name [FL-no] in vitro Test object conditions Result Reliability/comments of the result Reference
Naringenin Reverse Mutation S. Typhimurium Experiment 1: Negative Reliable without restrictions High/High Envigo Research
[16.132] test TA98, TA100, TA102, 1.5-5000 pg/plate (+/—S9, Study performed according to Limited (2018a)
TA1535, TA1537 plate incorporation) OECD TG 471 and in compliance
E. ColiWP2 uvrA Experiment 2: with GLP
1.5-5000 pg/plate (+/— S9,
pre-incubation)

Micronucleus Human peripheral 125, 150, 200, 250 pg/mL Positive Reliable without restrictions. Study ~ High/High Envigo Research
assay with FISH blood (4h+24h,-59) FISH analysis indicates that performed according to OECD Limited (2018b)
analysis lymphocytes 125, 150, 200 pg/mL na.rlngenlln'lréduced 16'?_;187 and in compliance with

(4h+24 h, +59) m|cronuc.e| ya .
clastogenic mechanism
100, 125, 150 pg/mL
(24 h+24 h,-S9)
Abbreviations: FISH, fluorescence in situ hybridisation; GLP, good laboratory practice; OECD, Organisation for Economic Co-operation and Development.
For the in vitro MN study, the given concentrations are those for the cultures that were scored for micronuclei.
TABLE D.2 Summary of newly submitted in vivo genotoxicity studies on naringenin (Documentation provided to EFSA No. 2 and 3).
Doses (mg/kg Relevance of test system/
Chemical name [FL-no] Test system in vivo Test objectroute  bw per day) Result Reliability/comments Relevance of the result Reference
Naringenin Micronucleus assay in Wistar rats, M 500, 1000, Negative Reliable without restriction. Study High/High Eurofins Biopharma (2019a,
[16.132] peripheral blood Gavage 2000° performed according to OECD TG 2019b)
474 and in compliance with GLP
Comet assay in liver and Wistar rats, M Negative Reliable without restriction. Study High/High Eurofins Biopharma (2019a)
duodenum Gavage performed according to OECD TG

489 and in compliance with GLP

Abbreviations: bw, body weight; GLP, good laboratory practice; M, males; OECD, Organisation for Economic Co-operation and Development.
“Naringenin was administered at 0, 24 and 45 h. Tissues were collected at 3 h after the final administration.
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APPENDIX E
Toxicity data on naringenin

Studies submitted by the applicant (Documentation provided to EFSA No. 1) reporting some toxicologically relevant pa-
rameters for naringenin are briefly summarised below.

5-Day rat study with naringenin (Ortiz-Andrade et al., 2008)

In a study primarily designed to assess the potential anti-diabetic effects of naringenin in non-insulin-dependent diabe-
tes mellitus (NIDDM) rats, the effects of naringenin on glucose and a few plasma lipid parameters were also investigated
in normoglycaemic rats (Ortiz-Andrade et al., 2008). Groups of Wistar rats (5/group; sex not reported) were administered
naringenin by oral gavage at doses of 0 or 50 mg/kg bw per day for 1 or 5 days. In the single dose experiment, a statistically
significant decrease in blood glucose levels (~ 10%) was observed in normoglycaemic animals compared to the control
group, which disappeared 1 h after the administration. In the repeated dose study, no consistent effect on plasma glucose
levels was observed. In addition, levels of total cholesterol, and HDL were significantly increased in animals treated with
5 mg/kg bw naringenin for 5 days, as compared to control animals. In an oral glucose tolerance test in rats, a single dose of
naringenin (5 or 50 mg/kg bw) prevented or suppressed the increase in plasma glucose levels after subsequent administra-
tion of 2 g/kg bw glucose or sucrose. The study authors concluded that naringenin might delay glucose uptake from the Gl
tract. The observed effects were not such that they could be considered adverse.

In addition the study authors investigated the lethality of orally administered naringenin in mice and rats following the
‘acute toxic class’ method (OECD TG 423, version 1996). This study was not transparently reported, but the authors stated
that its results indicated that naringenin should be classified for acute toxicity in Class 5, meaning that the LD50 was >5000
mg/kg bw (Table E.1).

4-Week rat study with naringenin (Motawi et al., 2014)

A study was conducted to evaluate the effects of naringenin administration on simvastatin-induced liver damage in rats
(Motawi et al., 2014). Female adult Wistar rats (8/group) were orally administered 50 mg/kg bw per day of naringenin for
4 weeks by gavage. The control group received tween 80 (the vehicle for simvastatin and naringenin). Blood samples were
collected at the end of each week for haemoglobin and serum biochemistry analysis (ALT, AST, lactate dehydrogenase,
creatine kinase, total protein, and albumin). At the end of the study period, the liver was examined for histopathological
changes.

No significant differences in serum levels of AST, ALT, lactate dehydrogenase, creatine kinase, total protein, or albumin
were noted between the naringenin-only group and the control group. Serum levels of superoxide dismutase, glutathione
and catalase were significantly increased. Levels of malondialdehyde, and glutathione S-transferase activity were signifi-
cantly decreased. With the exception of slight inflammatory cell infiltration in the portal areas, no significant changes
were noted upon histopathological examination of the liver in the naringenin-only group. Administration of naringenin
together with simvastatin attenuated the adverse hepatic effects of simvastatin-alone. The authors concluded that narin-
genin may have a protective effect on simvastatin-induced hepatotoxicity.

20-Week rat study with naringenin (Ganapathy et al., 2008)

A study was conducted to assess the effects of naringenin on chemically induced gastric carcinogenesis in rats (Ganapathy
et al,, 2008). As part of this study, one group of male Wistar rats (6 animals/group) was administered naringenin by gavage
at a dose of 200 mg/kg bw per day for 20 weeks. The following biochemical parameters were analysed in stomach and liver
samples: lipid peroxidation, reduced and oxidised glutathione concentrations, glutathione reductase activity, glutathione
peroxidase activity, succinate dehydrogenase, cytochrome P450 reductase, cytochrome bs, nicotinamide adenine dinu-
cleotide phosphate-cytochrome ¢ reductase and uridine 5'-diphospho-glucuronosyl transferase activity.

In the group of rats administered naringenin only, no significant effects were observed on any of the assessed bio-
chemical parameters compared to the corn oil control group. The gastric mucosa of the naringenin-only treated group
was comparable to that of the control group. The authors concluded that naringenin could have a protective effect against
MNNG-induced gastric cancer.
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TABLE E.1 Summary of acute toxicity studies on naringenin [FL-no: 16.132].

Strain; sex; no/group Route of administration LD, (mg/kg bw)
Mice (strain not specified); M; 3/ Gavage >5000
group
Wistar rats; M; 3/group Gavage >5000
Wistar rats; M; 10/group Gavage 340 and 331

Reference

Ortiz-Andrade et al. (2008)

Ortiz-Andrade et al. (2008)

Selvam and Kaliyaperumal (2015)

Comments
. Stated to be conducted in accordance with OECD TG 423
+ No ssignificant effect on mortality

- Stated to be conducted in accordance with OECD TG 423
« No significant effect on mortality

An LD50 of 340 mg/kg bw was estimated using an arithmetic method; an LD50 of
331 mg/kg bw was obtained from probit analysis of mortality data

Abbreviations: bw, body weight; M, male; LD50, median lethal dose; OECD, Organisation for Economic Co-operation and Development.
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APPENDIX F

Parameters analysed in the EOGRT study

TABLE F.1 Parameters considered in the EOGRT study with the corresponding generation/cohort/number of animals for each.

Generation P F1 pups (surplus) F1C1A F1C1B F2
Number of animals examined/sex per group 25 All 20 20 All
Mortality X X X X X
Clinical signs X X X X
Behavioural examination during lactation X X X X
Detailed clinical examination X X X X
Body weight X X X X X
Feed consumption X X X

Haematology X X

Clinical biochemistry X X

Lymphocyte typing (spleen) X

Urinalysis X X

Thyroid hormone levels X X X

Sexual maturation X X
Oestrous cycle data X X

Sperm parameters X X

Necropsy and gross pathology X X X
Organ weight X X

Histopathology X X

Reproductive parameters X X

Pre-postnatal development X X X X X
Sensory reflexes X X X X

Note: A qualitative overview of the parameters analysed in the EOGRT study on naringenin is summarised in the tables below for each generation (P, F1 and F2). For the
measured parameters, it is reported if a statistically significant change was observed (increase (1) or decrease (|)) or not (-). For a detailed explanation, see Section 3.4.4.2.
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F.1. | Pgeneration

TABLE F.2 Parameters examined in animals of the parental (P) generation. Only statistically significant changes are reported; ‘-
20,000, G4: 25,000 mg/kg feed. Unless specified differently, the reported values for the respective parameters are within the historical control ranges.

Parameters examined

Mortality

Clinical signs

Behavioural examination during lactation

Body weight during pre-mating period

Body weight during gestational period

Body weight during lactation

Feed consumption during pre-mating period

Haematology
Clinical biochemistry

Urinalysis

Thyroid hormone levels
Oestrous cycle data

Sperm parameters

Necropsy and gross pathology
Organ weight

Histopathology

Pre-coital time

Litter size

Post-implantation loss

.

P generation

Males

Changes in mean body weight and body weight gain, but not

dose-related

n.a.

n.a.

Mean feed consumption: during week 6, 1G4

Absolute eosinophil count: | G3 and G4

+ Mean pH value: |G4;
- Specific gravity: 1G4

n.a.

Sperm with abnormalities: 1G3 and G4

n.a.

n.a.

: no statistically significant changes were observed; Dose groups: G1: 0, G2: 16,000, G3:

P generation

Females

Mean gestational body weight on:
« GDO, |G3and G4;

- GD7and 14, |G2,G3 and G4;

+ GD 20, |G2and G3

Mean body weight on:

- LD1,1G2,G3and G4;

« LD4, |G2andG3;

« LD714and 21, |G2,G3 and G4

Mean feed consumption: during week 10, 1G3 and
G4

Mean oestrus cycle duration: 1G2 and G4
n.a.

Absolute and relative thyroid+parathyroid weights:
1G3

-, but longer than anticipated for Sprague-Dawley
rats

—, but a dose-related trend | was observed

-, but a dose-related trend 1 was observed

Abbreviations: ‘', statistically not significant; 1, increase; |, decrease; G, dose group; GD, gestational period; LD, lactation day; n.a., not applicable.
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TABLE F.3 Parameters examined in F1 generation animals. Only statistically significant changes are reported; ‘-": no statistically significant changes were observed. Dose groups: G1: 0, G2: 16,000, G3: 20,000, G4:

25,000 mg/kg feed. Unless specified differently, the reported values for the respective parameters are within the historical control ranges.

Parameters examined

Mortality

Clinical signs

Behavioural examination during lactation

Detailed clinical examination

Mean body weight

Mean body weight gain

Feed consumption (during gestation)

Haematology
Clinical biochemistry

Lymphocyte typing (spleen)

Urinalysis

Thyroid hormone levels

Sexual maturation (body weight at
balanopreputial separation)

Oestrous cycle data

Sperm parameters (mean daily sperm
production)

Necropsy and gross pathology
Histopathology

F1 pups (surplus)

Males

n.d.
n.d.
PND21, | G2

n.d.

n.a.

n.d.
n.d.
n.d.

n.d.

TSH:
PND 21, -

T4:
PND4, 1 G2;
PND21, | G4

n.d.

n.a.
n.d.

n.d

F1 pups (surplus)

Females

n.d.
n.d.
PND21, | G2

n.d.

n.a.

n.d.
n.d.
n.d.

n.d.

TSH:
PND 21, -

T4:
PND4, t G2;
PND21, | G4

n.a.

n.d.

n.a.

n.d.

F1C1A

Males

PND21, 28, 35,42: | G2
PND 95: 1 G3

T helper cells (CD4+):
1 G2, G3 and G4, no dose-
related trend

TSH: -

T4: -

| G2and G3

n.a.

| G2and G3

F1C1A

Females

PND21, 28: | G2

PND 21 to 42: 1 G3

Platelet count: t G4

TSH: 1 G2

T4: -

F1C1B

Males

PND 49, 56 to 112:
1 G3

PND 21-42 to 21-112:
1G3

n.a.

n.d.
n.d.
n.d.

n.d.
n.d.

n.d.

n.a.
n.d.

n.d.

F1C1B

Females

PND 21 to 42: | G2

GD 1-7: 1 G2 and G3
GD 14-20: 1 G2

n.d.

n.d.

n.d.

n.d.
n.d.

n.d.

n.a.

n.a.

n.d.
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TABLE F.3 (Continued)

Parameters examined

Absolute organ weight

Relative organ weight

Reproductive parameters
Pre-postnatal development

Pinna unfold and eye opening
Mean anogenital distance per litter
Anogenital distance ratio per litter

Sensory reflexes

F1 pups (surplus)
Males

PND 21:
1 G3 spleen

PND 21:
1 G3 spleen

n.d.

1 G4

F1 pups (surplus)
Females

PND 21:

| G2 spleen;
1 G3 spleen;
| G2 brain

PND 21:
1 G3 spleen

n.d.

| G4

1 G4

| G3and G4

F1C1A

Males
| G2 and G3 testes and iliac
lymph nodes

| G4
iliac lymph nodes

| G2, G3, G4 lliac lymph
nodes

| G3 testes, brain, liver

1 G3 terminal bw

n.d.
| G4

F1C1A

Females

1 G3, G4 thymus

1 G4 spleen and iliac lymph
nodes

n.d.

| G4

1 G4

| G3and G4

F1C1B

Males

1 G3 thymus

| G3 testes

F1C1B

Females

1 G4 thymus

1 G3 uterus with cervix

1 G4 thymus

|1 G4
1 G4
| G3and G4

Abbreviations: 1, increase; |, decrease; '/, statistically not significant; G, dose group; GD, gestation day; PND, post-natal day; n.a., not applicable; n.d., not determined.
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TABLE F.4 Parameters examined in F2 generation animals. Only statistically significant changes are reported; *-": no statistically significant changes were observed. Dose groups: G1: 0, G2: 16,000, G3: 20,000,

G4: 25,000 mg/kg feed. Unless specified differently, the reported values for the respective parameters are within the historical control ranges.

Parameters examined F2 males F2 females

Sex ratio and litter size - -

Mortality - -

Clinical signs - -

Behavioural examination during lactation - =

Detailed clinical examination - -

Body weight PND1: | G4 PND4: | G4

PND14: | G3 and G4

Sexual maturation (AGD and AGD ratio) 1G4 -

Necropsy and gross pathology - -

Pre-postnatal development (postnatal fur development) 1G3 1G3

Sensory reflexes - -

Abbreviations: '/, statistically not significant; 1, increase; |, decrease; G, dose group; PND, post-natal day.

wefsq [ ] The EFSA Journal is a publication of the European Food Safety
EUROPEAN FOOD SAFETY AUTHORITY Authority, a European agency funded by the European Union
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