
Journal Pre-proof

In response to the Letter to the Editor from Xiao regarding our article, “FEMA GRAS
assessment of natural flavor complexes: Asafetida oil, garlic oil and onion oil”

Jeanne M. Davidsen, Samuel M. Cohen, Gerhard Eisenbrand, Shoji Fukushima, Nigel
J. Gooderham, F. Peter Guengerich, Stephen S. Hecht, Ivonne M.C.M. Rietjens,
Thomas J. Rosol, Christie L. Harman, Danarubini Ramanan, Sean V. Taylor

PII: S0278-6915(23)00442-8

DOI: https://doi.org/10.1016/j.fct.2023.114040

Reference: FCT 114040

To appear in: Food and Chemical Toxicology

Please cite this article as: Davidsen, J.M., Cohen, S.M., Eisenbrand, G., Fukushima, S., Gooderham,
N.J., Guengerich, F.P., Hecht, S.S., Rietjens, I.M.C.M., Rosol, T.J., Harman, C.L., Ramanan, D., Taylor,
S.V., In response to the Letter to the Editor from Xiao regarding our article, “FEMA GRAS assessment of
natural flavor complexes: Asafetida oil, garlic oil and onion oil”, Food and Chemical Toxicology, https://
doi.org/10.1016/j.fct.2023.114040.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2023 Elsevier Ltd. All rights reserved.



In response to the Letter to the Editor from Xiao regarding our article, 

“FEMA GRAS assessment of natural flavor complexes: Asafetida oil, 

garlic oil and onion oil” 
 

Jeanne M. Davidsena, Samuel M. Cohenb, Gerhard Eisenbrandc, Shoji Fukushimad, Nigel J. 

Gooderhame, F. Peter Guengerichf, Stephen S. Hechtg, Ivonne M.C.M. Rietjensh, Thomas J. 

Rosoli, Christie L. Harmana, Danarubini Ramanana, Sean V. Taylorj   

  
a Flavor and Extract Manufacturers Association, 1101 17th Street, N.W., Suite 700, Washington, 

D.C. 20036, USA  

  
b Havlik–Wall Professor of Oncology, Dept. of Pathology and Microbiology, University of 

Nebraska Medical Center, 983135 Nebraska Medical Center, Omaha, NE 68198-3135 USA.  

  
c University of Kaiserslautern, Germany (Retired), Kühler Grund 48/1, 69126 Heidelberg, 

Germany.   

  
d Japan Bioassay Research Center, 2445 Hirasawa, Hadano, Kanagawa 257-0015, Japan.  

  
e Dept. of Metabolism, Digestion, Reproduction, Imperial College London, Sir Alexander Fleming 

Building, London SW7 2AZ, United Kingdom.  

  
f Tadashi Inagami Professor of Biochemistry, Dept. of Biochemistry, Vanderbilt University School 

of Medicine, Nashville, TN 37232-0146 USA.   

  
g Wallin Professor of Cancer Prevention, Masonic Cancer Center and Dept. of Laboratory 

Medicine and Pathology, Cancer and Cardiovascular Research Building, 2231 6th St., S.E. 

Minneapolis, MN 55455 USA.  

  
h Professor of Toxicology, Division of Toxicology, Wageningen University, Stippeneng 46708 

WE Wageningen, The Netherlands.   

  
i Department of Biomedical Sciences, Heritage College of Osteopathic Medicine, Ohio University, 

1 Ohio University, Athens, OH 45701 USA.  

  
j Corresponding author. Scientific Secretary to the FEMA Expert Panel, 1101 17th Street, N.W., 

Suite 700, Washington, D.C. 20036, USA. email: staylor@vertosolutions.net  
 

Jo
urn

al 
Pre-

pro
of



In response to the Letter to the Editor from Xiao regarding our article, “FEMA GRAS 

assessment of natural flavor complexes: Asafetida oil, garlic oil and onion oil,” (Ref), we would 

like to provide the following perspectives. 

First, we would like to thank the letter’s author for their comments on the rigor of our safety 

review of this group of flavorings, and we thank them for the kind words regarding the value of 

this study for food safety and the food industry. 

In response to the author’s assertion that previous publications have reported that garlic oil is 

genotoxic, we would like to draw specific attention to the numerous in vitro and in vivo studies 

on garlic oil that are described in Table 6 of our publication.  As one example, we would 

highlight the results from Lin et al., 2022, which indicates no evidence of mutagenic or 

clastogenic potential in a series of studies. Similarly, we cite a publication from Kaur and Singh 

(2007) that showed no evidence of DNA damage from garlic oil in a comet assay in mice. These 

studies and the others reported in our publication for garlic oil and its identified constituents 

allow for a conclusion that garlic oil is not genotoxic. 

We would also note that, based upon our review, the publications that are cited by the letter’s 

author do not provide significant information regarding the genotoxic potential of garlic oil. 

Joseph et al. (1989) is an acute toxicity assessment, albeit only at a single dose in fasted rats. 

Additionally, the toxic effects were not observed with fasted rats that were “adapted” to garlic oil 

feeding in advance of the study. Similarly Dutta et al., 2021 report an acute toxicity study 

focusing on diallyl sulfide. Appendix A of our article notes the identified constituents of garlic 

oil as reported by the flavor industry, and diallyl sulfide was not reported at any significant level 

within garlic oil used as a flavor ingredient. Dutta et al., 2021 does report the results of 

chromosomal aberration analysis for diallyl sulfide, but utilizes a non-standard, non-guideline 

methodology. They report some evidence of chromosomal aberrations, albeit only at the top 

concentration administered to mice (1920 mg/kg bw) and not at the lower concentration of 160 

mg/kg bw. The 1920 mg/kg bw dose was above the maximum tolerated dose (MTD) reported by 

Dutta et al for both males and females. Exceeding the MTD is not recommended in OECD Test 

Guidelines for genotoxicity studies. Toxic effects can be detected in some genotoxicity studies as 

false-positive outcomes (see, for instance, the comet assay results for perillaldehyde, described in 

Hobbs et al., 2016).  

Finally, we note that the re-evaluations of Generally Recognized as Safe (GRAS) status that are 

conducted by the FEMA Expert Panel assess the safety only under the conditions of intended use 

as flavoring ingredients in food. We appreciate the comments of the letter’s author, and hope that 

our response provides helpful clarity. 
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Table 6: Summary of genotoxicity assay data for NFCs and Group 26 constituents of NFCs  

Test Substance Test Type (System) Doses Tested Results Reference 

Sulfur derivative constituents 

In vitro 

Allyl disulfide 

Bacterial reverse mutation 

assay Salmonella typhimurium 

TA100a 

1.5 – 150 μg/mLc Negativea (Eder et al., 1980) 

Allyl disulfide 

In vitro chromosome aberration 

assay - Chinese Hamster 

Ovary (CHO) cellsa 

2-25 μg/mL Positivea,b (Musk et al., 1997) 

Allyl disulfide 
Sister Chromatid Exchange 

CHO Cellsa 
2-10 μg/mL Positivea,b (Musk et al., 1997) 

Allyl sulfide 

Bacterial reverse mutation 

assay Salmonella typhimurium 

TA100a 

 4 – 450 μg/mLc Negativea (Eder et al., 1980) 

Allyl sulfide 
In vitro chromosome aberration 

assay CHO cellsa 
200-600 μg/mL Positivea,b (Musk et al., 1997) 

Allyl sulfide 
Sister Chromatid Exchange 

CHO Cellsa 
200-600 μg/mL Positivea,b  (Musk et al., 1997) 

37% Allyl propyl disulfide, 

31% propyl disulfide and 

32% allyl disulfide 

Bacterial reverse mutation 

assay S. typhimurium TA100a 
1.5 – 150 μg/mlc Negativea (Eder et al., 1980) 

Allyl propyl disulfide 

Bacterial reverse mutation 

assay S. typhimurium TA97, 

TA98, TA100, TA1535 and 

TA1537a 

0-333 μg/plate Negativea (Zeiger et al., 1988) 
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Test Substance Test Type (System) Doses Tested Results Reference 

In vivo 

Diallyl thioethers(68.1% 

diallyl disulfide; 19.7 

diallyl sulfide; 12.2% 

diallyl trisulfide) 

In vivo micronucleus assay 

Male ICR/C3H mice 
32.8, 66.7 mmol/kg bw Negative (Marks et al., 1992) 

Natural flavor complexes 

In vitro 

Alcoholic extract of 
Asafetida 

Bacterial reverse mutation 
assay – Streptomycin-
dependent S. typhimurium 
TA98 

5000-50,000 μg/plate  Weakly positived 
(Shashikanth and 
Hosono, 1986) 

Asafetida Extract 
Bacterial reverse mutation 
assay –S. typhimurium TA100 
and TA1535 

25,000, 50,000 μg/plate Negatived (Soudamini et al., 1995) 

Garlic oil 

Bacterial reverse mutation 
assay S. typhimurium TA98, 
TA 100, TA1535, TA1537 and 
TA1538a 

5 – 2000 μg/plate Negativea (Hachiya et al., 1983) 

Garlic oil  
Bacterial reverse mutation 
assay - S. typhimurium TA100a  

62.5 - 500 μg/plate  Negativea (Park, 2002) 

Garlic oil 
Bacterial reverse mutation 
assay S. typhimurium TA98, 
TA 100, TA1535 and TA1537a 

0.5 – 1000 μg/plate Negativea (Lin et al., 2022) 

Garlic oil 
Rec assay – B. subtilis H17 
Rec+, M45 Rec-a 

1,3 and 5 mg/disk Negativea (Ueno et al., 1983) 

Garlic oil 
Rec assay – B. subtilis H17 
Rec+, M45 Rec- a  

5 mg/disk Negativea (Hachiya et al., 1983) 
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Test Substance Test Type (System) Doses Tested Results Reference 

Garlic oil 
In vitro chromosome aberration 
assay in Chinese hamster 
ovary cells (CHO-K1)a 

0, 1, 1.5 2.5, 5 and 10 
µg/mL 

Negativea, e (Lin et al., 2022) 

Onion oil 

Bacterial reverse mutation 
assay – S. typhimurium TA98, 
TA100, TA1535, TA1537, 
TA1538a 

1 - 50,000 μg/plate Negativea (Hachiya et al., 1983) 

95% ethanol extract of 
powdered onion 

Bacterial reverse mutation 
assay –S. typhimurium TA98 
and TA102 a 

10,000 μg/plate Negativea (Mahmoud et al., 1992) 

Aqueous and 99% 
ethanol extract of sliced 
and homogenized onion 

Bacterial reverse mutation 
assay – S. typhimurium TA98 
and TA100a 

0-10 mg/ml Negativea (Martínez et al., 1999) 

Onion oil 
Rec assay – B. subtilis H17 
Rec+, M45 Rec- a 

Max. 10 mg/disk Equivocala (Hachiya et al., 1983) 

Onion oil 
Rec assay – B. subtilis H17 
Rec+, M45 Rec- a   

10 mg/disk Equivocala (Ueno et al., 1984) 

Onion oil 
In vitro chromosome aberration 
assay in Chinese hamster 
fibroblasts 

0.04 mg/ml Equivocal (Ishidate et al., 1984) 

In vivo 

Asafetida powder 
suspended in saline 
solution 

In vivo Sister chromatid 
exchange assay – C57Bl/6 
mice 

0, 500 and 1000 mg/kg bw Positive 
(Abraham and Kesavan, 
1984) 

Aqueous extract of garlic 
In vivo chromosome aberration 
assay – Swiss albino mice 

25, 50, 100 mg/kg bw Positive (Das et al., 1996) 

Aqueous extract of garlic 
In vivo chromosome aberration 
assay – Swiss albino mice 

5% Negative 
(Shukla and Taneja, 
2002) 
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Test Substance Test Type (System) Doses Tested Results Reference 

Garlic oil 
In vivo comet assay – Male 
mice (5/dose)  

0.25, 0.5 ml Negative (Kaur and Singh, 2007) 

Garlic oil 
In vivo micronucleus assay – 
male ICR mice 

0, 15, 25, 50 mg/kg bw Negative (Lin et al., 2022) 

Onion oil 
In vivo micronucleus assay – 
male ddY mice 

0, 250, 500, 1000 mg/kg 
bw 

Negative (Hayashi et al., 1988) 

 
a With and without S9 metabolic activation system 
b Positive result correlated to cytoxicity 
c Modified suspension assay used 
d Without S9 metabolic activation  
e Same concentrations used in both 3 h and 20 h experiments 
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