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Memorandum 

To:  CIR Expert Panel Members and Liaisons 
From:  Christina Burnett, Senior Scientific Writer/Analyst  
Date:  September 2, 2016 
Subject: Draft Final Report of the Safety Assessment of Citrus Flower- and Leaf-Derived Ingredients 
 
Enclosed is the draft final report of the Safety Assessment of Citrus Flower- and Leaf-Derived Ingredients as Used in 
Cosmetics.  (It is identified as cleaf092016rep in the pdf document.) 
 
At the June meeting, the Panel issued a tentative report with the conclusion that the available data are insufficient to make a 
determination that the 33 Citrus flower- and leaf-derived ingredients included in this safety assessment are safe under the 
intended conditions of use in cosmetic formulations.  The data requested by the Panel included: 
• Clarification of the generally recognized as safe (GRAS) food status of these ingredients and/or verification of 

accepted food use 
• Genotoxicity data if these ingredients are not GRAS foods or recognized as being an accepted food 
• Concentration of use data for Citrus Aurantium Amara (Bitter Orange) Flower Wax and Citrus Hystrix Leaf Oil 
• Composition and impurities data for Citrus Aurantium Dulcis (Orange) Flower Extract. 
 
Since the June meeting, unpublished data on Citrus Aurantium Dulcis (Orange) Flower Wax (chemical properties and 
composition), Citrus Aurantium Amara (Bitter Orange) Flower Water (composition, manufacturing process, and dermal 
and ocular irritation studies), and Citrus Aurantium Amara (Bitter Orange) Flower Extract (chemical properties, 
composition, manufacturing process, and safety toxicity data) have been received. While no further authoritative 
information clarifying GRAS status was received or discovered by staff, information stating that Citrus hystrix leaves are a 
recognized seasoning in food was discovered. These data have been incorporated into the report and highlighted with 
|brackets| in text or shaded in tables.  Safety reports on Citrus Aurantium Amara (Bitter Orange) Flower Water and a raw 
material containing Citrus Aurantium (Bitter Orange) Flower Extract were received in the unpublished data submissions. 
The information in the former submission was determined to be redundant to other data in the same submission and thus 
was not included in this report. Not much of information in the latter submission was specific to the ingredient, so only 
some manufacturing and composition data were included in this report.  No other requested data have been received or 
identified by CIR staff.  Comments provided by Council on the draft tentative and tentative reports have been considered.  
The comments and the unpublished data can be found in this report’s package (cleaf092016pcpc1-2 and cleaf092016data1-
8, respectively). 
 
The concentration of use data have been updated for these ingredients.  The results of the most recent survey conducted by 
the Council indicate Citrus Aurantium Dulcis (Orange) Flower Oil has the highest reported maximum concentration of use; 
it is used at up to 0.66% in a depilatory.  Citrus Aurantium Dulcis (Orange) Flower Wax had the second highest reported 
maximum concentration of use; it is used at up to 0.12% in a lipstick.  At the June meeting, Citrus Aurantium Dulcis 
(Orange) Flower Extract had the highest reported maximum concentration of use; it was used at up to 6% in eye shadow: 
this use is no longer being reported.  At the June meeting, the Panel had expressed concern regarding the use of this 
ingredient at 6% as it was an order of magnitude greater than the next highest maximum concentration. The Council has 
previously surveyed Citrus Aurantium Amara (Bitter Orange) Flower Wax in 2013 and 2016: no concentrations of use were 
reported.  A use survey for Citrus Hystrix Leaf Oil (a non-INCI ingredient) is still under way. 
 
The Panel should carefully review all new information, the abstract, discussion, and conclusion of this report.  If the data 
are now sufficient, the Panel should issue a revised Tentative Safety Assessment with an appropriate discussion and new 
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conclusion.  If the data are still insufficient, the Panel should issue a Final Safety Assessment with the current conclusion of 
insufficient. 
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Citrus Flower- and Leaf-Derived Ingredients History 
 
December 2013 – Scientific Literature Review announced. 
 
March 2014 - The Panel tabled further discussion of 198 citrus-derived ingredients to 
allow CIR staff to reorganize the report and to obtain clarification from RIFM on the 
functions of some of the ingredients. These ingredients were presented in a single safety 
assessment report addressing ingredients from all of the citrus plant species currently 
reported to be used in cosmetics in the International Cosmetic Ingredient Dictionary and 
Handbook. The Panel felt revising this report into smaller subgroups would be a 
manageable and meaningful alternative approach to assessing the safety of these 
ingredients. Based on the Panel’s recommendation of grouping the ingredients by plant 
parts according to greatest number of uses, the first assessment reviewed by the Panel 
was citrus-derived peel oils, followed by citrus fruit-derived ingredients.  
 
September 2015 – The Panel reviewed the report strategy for the remaining citrus 
ingredients.  The Panel agreed that the remaining ingredients could be divided into 3 
reports: citrus flower- and leaf-derived ingredients, citrus peel-derived ingredients, and 
citrus plant- and seed-derived ingredients.  These reports can be reviewed concurrently. 
 
December 2015 - The CIR Expert Panel requested additional data to support the safety of 
the 32 Citrus flower- and leaf-derived ingredients. The additional data needed are:  

• Method of manufacturing  
• Chemical composition and impurities  
• Irritation and sensitization, especially human repeated insult patch tests (HRIPT) 
on citrus aurantium amara (bitter orange) flower extract and citrus aurantium 
amara (bitter orange) flower water at maximum use concentrations or greater  

 
June 2016 - The Panel issued a tentative report with the conclusion that the available 
data are insufficient to make a determination that the  Citrus flower- and leaf-derived 
ingredients included in this safety assessment are safe under the intended conditions of 
use in cosmetic formulations.  The data requested by the Panel included: 
• Clarification of the generally recognized as safe (GRAS) food status of these 

ingredients and/or verification of accepted food use 
• Genotoxicity data if these ingredients are not GRAS foods or recognized as being an 

accepted food 
• Concentration of use data for Citrus Aurantium Amara (Bitter Orange) Flower Wax 

and Citrus Hystrix Leaf Oil 
• Composition and impurities data for Citrus Aurantium Dulcis (Orange) Flower 

Extract. 
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Citrus Flower- and Leaf-Derived Ingredients  Data Profile –September 2016 – Writer, Christina Burnett 
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Citrus Aurantifolia (Lime) Flower Extract X            
Citrus Aurantium Amara (Bitter Orange) Flower 
Extract X X X X     X    

Citrus Aurantium Amara (Bitter Orange) Flower 
Oil X        X  X  

Citrus Aurantium Amara (Bitter Orange) Flower 
Water X  X X    X  X   

Citrus Aurantium Amara (Bitter Orange) 
Flower wax X  X X    X     

Citrus Aurantium Bergamia (Bergamot) Leaf 
Extract X            

Citrus Aurantium Bergamia (Bergamot) Leaf 
Oil X            

Citrus Aurantium Dulcis (Orange) Flower X            
Citrus Aurantium Dulcis (Orange) Flower 
Extract X X X X         

Citrus Aurantium Dulcis (Orange) Flower Oil X        X    
Citrus Aurantium Dulcis (Orange) Flower 
Water X            

Citrus Aurantium Dulcis (Orange) Flower Wax X X  X         

Citrus Aurantium Dulcis (Orange) Leaf Extract X            

Citrus Hystrix Leaf Extract   X X    X     

Citrus Natsudaidai Flower Oil   X X     X    

Citrus Natsudaidai Flower Water   X          

Citrus Reticulata (Tangerine) Leaf Oil X            

             

Citrus unshiu flowers (generic, not INCI)    X         

Citrus depressa leaves (generic, not INCI)    X         

lemon flowers (generic, not INCI)    X         

sweet orange flowers (generic, not INCI)    X         

sweet orange leaves (generic, not INCI)    X         

pomelo flowers (generic, not INCI)    X         

pomelo leaves (generic, not INCI)    X         

grapefruit leaves (generic, not INCI)    X         

mandarin orange leaf oil (generic, not INCI)    X         

mandarin orange leaves (generic, not INCI)             

bitter orange flower oil (generic, not INCI)    X         

bitter orange leaf oil (generic, not INCI)    X    X X  X  

bitter orange leaves (generic, not INCI)    X         
Kaffir Lime (Citrus Hystrix) Leaf Oil (not INCI 
ingredient) X            

NO USES OR DATA WERE AVAILABLE FOR THE REMAINING CITRUS INGREDIENTS LISTED IN TABLE 1.  

 
“X” indicates that data were available in the category for that ingredient. 
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Search Strategy for Citrus Flower- and Leaf-Derived Ingredients 
 

• August 2014 – miscellaneous searches for additional data on constituents 
• Scifinder – February 26, 2013 

o Search for INCI citrus ingredients w/ CAS No. – 99 hits, 10 ordered 
• PubMed – March 5,2013 

o Search for “citrus cosmetics” – 65 hits, 1 ordered 
o Search for “citrus sensitization” – 36 hits, 8 ordered 
o Search for “citrus dermal” – 12 hits, 0 ordered 
o Search for “citrus phototoxicity” – 24 hits, 10 ordered 

• SciFinder – Aug 19 2013 
o toxicity of citrus ingredients – 11 hits; 1 ordered 
o carcinogenicity of citrus – 466 hits; 8 ordered 

• SciFinder – Aug 20, 2013 
o Phototoxicity of citrus – 47 hits; 21 ordered 
o Dermal effects of citrus – 51 hits; 1 new ref found 
o Dermal absorption of citrus – 1 hit; not useful 
o Constituents of citrus – 116 hits;  
o Citrus – Belsito, Marks, Bergfeld, Api, RIFM– 2 found 

Ordered a few others; printed some directly 
 
Updated searches in November, 2013 – ordered an additional 4 references 
Updated searches July 2015 with the term “citrus” – 1 new relevant reference found. 
Updated searches October 2015 with the term “citrus AND flower AND toxicity ”, “citrus AND flower AND irritation”, “citrus 
AND leaf AND toxicity”, and “citrus AND leaf AND irritation”  – 0 new relevant references found. 
Updated searches February-May 2016 with “citrus flower composition” and “citrus leaf composition” – 64 hits, 5 relevant 
references retrieved. 
Updated searches August 1, 2016 

 
 
Online Info 

• FDA 
o GRAS definitions 

• Dr. Duke’s Phytochemical and Ethnobotanical Databases 
o Due to volume of data, limited search to Citrus limon (Lemon), Citrus aurantifolia (Lime), Citrus paradisi (Grapefruit), 

Citrus sinensis (Sweet Orange), and Citrus aurantium (Bitter Orange) 
• National Toxicology Program (NTP) 

o Bitter Orange Extract (mixture) 
• SCCS/SCCP 

o Opinion on fragrance allergens in cosmetic products 
o Opinion on Furocoumarins in cosmetic products 

• Sigma Aldrich 
o Citrus aurantiifolia (lime) 
o Citrus aurantium (bitter orange) 
o Citrus paradisi (grapefruit) 
o Citrus reticulata (tangerine) 

• IFRA 
o 7-methoxycoumarin 
o Standard for citrus oils and other furocoumarins containing essential oils.

 
• General Google Search on food use/GRAS status (updated JULY/AUGUST 2016) 
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Citrus Flower- and Leaf-Derived Ingredients 
June 6-7, 2016 

 
Dr. Marks’ Team 
DR. MARKS:  We have a series of citrus ingredients.  The first one is citrus flower and leaf.  Then we will 
be moving on to the citrus peels and then the citrus plant and seed.  Christina, you will probably be glad to 
never see citrus again.  (Laughter)  Last time I said, well, let's just recombine them altogether again. 
 
We have before us the draft tentative report of the safety assessment of citrus flower and leaf.  At the 
December 2015 meeting, the Panel issued an insufficient data announcement for the 32 citrus flower and 
leaf derived ingredients.  From that May 13 memo, manufacture, chemical composition and impurities, and 
HRIPT on several of the ingredients, which are listed there, bitter orange. 
 
We received some data.  We were told these ingredients do not contain pure coumarins, in the memo.  
That's important from a phototox point of view.  There has been an updated VCRP. 
 
MS. BURNETT:  Right.  The important thing there is between the VCRP and the update to the 
concentration use, what you requested data on, based on concentration, might have changed the 
concentrations up and down. 
 
DR. HILL:  Thank you for pointing that out to us. 
 
DR. MARKS:  Ron, Ron and Tom, are the needs now met? 
 
DR. SLAGA:  I have data needs have been met, method of manufacturing, impurities, and we have 
information on the ingredients, non-irritating and non-sensitizing. 
 
DR. MARKS:  It's kind of interesting because that's the conclusion we used in the previous citrus 
ingredients, formulated to be non-irritating and non-sensitizing.  I guess I still had one sensitization need 
for citrus aurantium dulcis, which is orange flower extract that is being used up to 6 percent in an eye 
shadow, and everything else where we had sensitization data, it is significantly less concentrations. 
 
I thought we could have 31 safe when formulated to be non-irritating and non-sensitizing, and an 
insufficient for the orange flower extract.  I'd like to see an HRIPT at 6 percent just to confirm it, but then if 
you have a conclusion, formulated to be non-irritating and non-sensitizing, it's almost contradictory. 
 
DR. SHANK:  How about more composition data?  I thought that was still insufficient. 
 
DR. MARKS:  Yes, chemical composition, insufficient? 
 
DR. SHANK:  Need for sensitization on the 6 percent? 
 
DR. MARKS:  Yes, that was the flower extract; yes. 
 
DR. SHANK:  I'd also like to ask FDA to clarify the GRAS status for these, are these recognized as GRAS, 
in food? 
 
MS. BURNETT:  Some of them are. 
 
DR. SHANK:  Some are. 
 
MS. BURNETT:  Like orange flower is. 
 
DR. HILL:  Because we are making use of GRAS on some of these ingredient groups, and even though we 
keep seeing literature banter, public banter about the limitations of that, it is still really useful information.  
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In the read across table, would it be possible in the future -- since Bart is sitting here -- to think about 
adding a column that indicates that? 
 
In one of them, we had a CFR column.  I didn't cross check that 100 percent. 
 
MS. BURNETT:  I'm sorry? 
 
DR. HILL:  I'm looking for a column in the read across table indicating GRAS, with an X in a box, 
something like that, that would be helpful.  Otherwise, I have to make that myself which I did in several 
instances, but I didn't in this one because I wasn't sure about the limitations of the meaning in some cases. 
 
DR. ANSELL:  Can you be a little more precise?  You're not asking about GRAS, you're asking about 
whether it's a food -- 
 
DR. HILL:  A direct food additive, yes, I'm sorry, you're right, more precise.  A direct food additive where 
presumably there is a range of oral toxicity data that has been captured and systemic or at least a confidence 
oral was okay.  Maybe I shouldn't even bring that in. 
 
It's already in the document, in the leaf cross table, and I'm looking to try -- 
 
MS. BURNETT:  For future botanicals. 
 
DR. HILL:  For future botanicals and then GRAS is a big issue. 
 
MS. BURNETT:  You're talking about the data profiles? 
 
DR. HILL:  I'm talking about the data profiles. 
 
MS. BURNETT:  Which is a PDF file. 
 
DR. HILL:  PDF file, not in the final report. 
 
DR. ANSELL:  We think if it is used as a food or traditionally used as a food is an important question to 
ask as well.  GRAS is an unique status within the U.S.  You can end up with it being a common food 
additive in China and India, and answer not to is it GRAS. 
 
DR. HILL:  Well, then maybe a way of capturing both pieces of information, we don't always have the 
global picture, but often we do, right? 
 
DR. HELDRETH:  Saying whether it is GRAS or not, the CFR is not necessarily going to say citrus 
aurantium is GRAS.  Basically, it will give you a saying that if people were eating this before 1950, it's 
GRAS.  I think that specificity and including it in a table will be really challenging unless someone from 
FDA would go through and do the evaluation for us, which I don't think is going to be likely. 
 
MS. BURNETT:  That's what we found once it was -- they won't. 
 
DR. HILL:  I know uses included sometimes capture but it hasn't been consistently always captured, so I 
think I made the comment last time we looked at this ingredient, I don't remember exactly what I said 
without going back to the transcript, and then somebody said yes, and then the question is is it always in 
baking, we have cooked it, it's raw.  That could have a difference in terms of any kind of read across. 
 
That is what I was looking for here because let's look at the table and see how many of these we actually 
have data on that are like versus what we have zero data on and are unlike. 
 
For example, in the flower oil, I was reading across only from that generic and saying tends to be very 
similar in composition, and on that basis, I don't have any concern.  I'm counting seven ingredients where I 
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think they are insufficient and still insufficient.  If I had a little more information about the limitations of 
what we know from food uses in some of these, I might feel a little better. 
 
The other part, of course, that is important is the very low concentrations of use, and that goes to our 
boilerplate and our conclusions where we say if in the future ingredients of a similar nature are used, then 
does that person look and see the.005 percent use or do they say well, there are ingredients in this class up 
to 6 percent, I can put this use substance in there at 6 percent and I will be fine.  I'm trusting industry would 
not be so foolish as to do that, but you never know. 
 
MS. DEWAN:  (off mic) 
 
DR. HILL:  No, ma'am. 
 
DR. MARKS:  My understanding, Ron Shank, correct me if it's GRAS, perhaps the oral toxicity we like to 
see in ingredients, you can say it's safe because it's being ingested commonly, and there is no systemic 
toxicity.  Obviously, that doesn't apply to topical applications for irritation or sensitization.  Perhaps, I don't 
know, Tom, you can comment, whether GRAS would be also a carry over for carcinogenicity. 
 
DR. SLAGA:  Only for internal. 
 
DR. MARKS:  Right. 
 
DR. SLAGA:  You have no idea -- 
 
DR. MARKS:  Exactly. 
 
DR. SLAGA:  If it's non-irritating, then I would say GRAS would be -- 
 
DR. HILL:  Again, skin is not as good a metabolic barrier as gut for certain substances that cannot be 
absorbed dermally because the characteristics match, which is a lot of natural products.  If you have 
something and you are creating or 15 percent and smear it over large portions of the body, then we might 
again have to worry about systemic, but I think we all know that. 
 
DR. ANSELL:  Our position is it's an important data point, it's not the only data point. 
 
DR. HILL:  Agreed. 
 
DR. MARKS:  Let's go back.  Ron Shank, you first mentioned we need composition, is there anything 
more specific or just any of these? 
 
DR. SHANK:  We have a lot. 
 
DR. SLAGA:  We have a good bit. 
 
MS. BURNETT:  I do have a few more outstanding sources that I've located, it's just a matter of organizing 
it, the references.  I got a little bit more comp data, possibly on orange.  I can't remember.  I wrote it all 
down. 
 
DR. ANSELL:  Citrus oils. 
 
DR. HILL:  I gave you my list of ones I questioned whether we had enough data, maybe you could shoot 
me down one by one, and that would be fine with me. 
 
MS. BURNETT:  If you want comp data, I have lemon leaf oil, amara, which is bitter orange, bitter orange 
flower, bitter orange flower water, orange leaf, bitter orange leaf.  Mandarin leaves, Kaffir lime leaf, and 
that's it. 
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DR. HILL:  Could you read that list one more time? 
 
MS. BURNETT:  Essentially, I have lemon leaf oil, orange blossom, I'm not sure if that is bitter or sweet 
orange. 
 
DR. HILL:  Straight blossom? 
 
MS. BURNETT:  Yes.  Orange flower, again, I don't know which one, orange flower water, orange leaf, 
bitter orange leaf, Mandarin leaf, and Kaffir lime leaf. 
 
DR. HELDRETH:  Since this is tentative -- 
 
MS. BURNETT:  Yes, I can still add data. 
 
DR. MARKS:  I'm going to be seconding a motion, presumably it is going to be a tentative report with an 
insufficient conclusion, so the question is in the chemical composition. 
 
The other thing, Christina, when you looked at it, was there significant differences in chemical 
composition?  This gets back to the database, highlight certain chemicals that are in the composition that 
may be ones we are concerned about. 
 
Are there significant differences between the ingredient composition in this report compared to what we 
have approved before, with the peel and fruit derived ingredients? 
 
MS. BURNETT:  I can honestly say I've not done a comparative analysis of them. 
 
In terms of the ones I have data for, they all have very similar qualities, they might have a few constituents 
that probably make them their own unique fragrance or whatever.  They might all have linalyl acetate -- 
 
DR. MARKS:  What I found interesting is you state there are no pure coumarins in these ingredients. 
 
MS. BURNETT:  I did not see any -- 
 
DR. HELDRETH:  Seems to be limited. 
 
DR. MARKS:  In fact, tested at a neat concentration and had no further toxicity.  There is a significant 
difference.  Okay, a tentative report with an insufficient conclusion at this point.  Shall we just put 
"generally" in there, Ron Shank, chemical composition? 
 
DR. SLAGA:  More detailed maybe. 
 
DR. HILL:  The key point is if you have made extracts of anything, having the composition in the bulk leaf, 
for example, tells you everything that is in there, but until you know what they are using to extract, in other 
words, what temperature and for how long, and how much of the thing is concentrated at the end to get 
down to something that fits that definition, which may or may not be the same for different suppliers. 
 
You don't know how much of those substances are in the final product, and you don't know how much gets 
formulated, the main margin of safety here for me is that the vast majority of these are used at very low 
concentrations, dermally, so we have to keep that in mind, and even assuming we have 6, 8, or 10 of these 
botanicals, we are still probably never getting the high enough concentrations to worry about, and then we 
have a loophole for sensitization, formulated to be non-sensitizing because it is a botanical. 
 
I still have seven of these ingredients that for me I feel like we don't have sufficient data, and again, I'd like 
to tell you what they are and you can shoot me down. 
 
DR. MARKS:  Why don't you do that?  Chemical composition, we want more data on that.  Go ahead. 

Distributed for Comment Only -- Do Not Cite or Quote 



DR. ANSELL:  We have additional chemicals in the data that we provided, so I don't know that is going to 
be very helpful to say you need more data.  Can we at least cite one that we think we have sufficient data, 
and say the others should be -- otherwise, we won't know for the ones we think are sufficient why you 
consider that to be insufficient. 
 
MS. BURNETT:  On that point, for a specific ingredient, the ones I have are in the published literature, 
they are not specifically -- these are extracts that some college grad students extracted in a lab, this is what 
they pulled off the orchard. 
 
DR. HILL:  We have four ingredients that are here. 
 
MS. BURNETT:  There's more. 
 
DR. HILL:  Figure out what we have and complete the array of data.  I am looking at the read across table 
way back at the beginning of the document where you have a little "x" in the box where we have the 
ingredient itself and method of manufacture and composition.  We know how they got to whatever extract. 
 
MS. BURNETT:  Right, and I divided that table.  The top part is INCI ingredient names, the lower part are 
the general names.  I do have a bunch ticked off.  They might not actually have an INCI name, because I 
don't necessarily know where to go. 
 
DR. HILL:  I was looking down there as well.  Again, when we just say flowers, but then the ingredient is 
extract, missing some key piece of information.  Actually, with the method of manufacture, in conjunction 
with that information, now you have something that you can begin to make decisions, including read 
across. 
 
Again, we only have data on like five of these in the table, so flower wax, flower extract, for the dulcis, 
Hystrix leaf extract, Natsudaidai flower oil and Natsudaidai flower water, which we don't even have 
indication is in use, but we suspect they are. 
 
DR. MARKS:  Chemical composition, Tom, Ron, at this point after discussion, do you think we have 
enough there, that that shouldn't be a hurdle? 
 
DR. SHANK:  Probably not.  I'm not sure all of them were a GRAS, if they are, then the composition data 
is not so important, if you say formulated to be non-irritating or sensitizing. 
 
DR. MARKS:  Okay.  The second point, Ron Shank, a while ago, and we got a long discussion, you want 
clarification of which are GRAS? 
 
DR. SHANK:  Yes. 
 
DR. MARKS:  And food additive? 
 
DR. SHANK:  Yes. 
 
DR. HILL:  I would still like to read my list of six or so.  It is the lime flower extract -- 
 
MS. BURNETT:  These are the ones you consider to be safe? 
 
DR. HILL:  These are the ones I think are sketchy. 
 
DR. MARKS:  As far as? 
 
DR. HILL:  As far as assessing safety by read across in absence of any data, which we are absent any data.  
Lime flower extract, bitter orange flower water, Bergamot leaf extract, Bergamot leaf oil.  Do I need to 
slow down? 
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MS. BURNETT:  Yes, please. 
 
DR. HILL:  I'm almost done. 
 
MS. BURNETT:  Lime flower extract, bitter orange flower water? 
 
DR. HILL:  Lime flower extract, Bergamot leaf extract, Bergamot leaf oil, Dulcis orange flower, Dulcis 
flower wax, Dulcis leaf extract. 
 
DR. ANSELL:  That's seven. 
 
DR. HILL:  Seven, yes. 
 
DR. MARKS:  What did you want defined? 
 
DR. HILL:  Data, no safety data, no composition data, no method of manufacture data.  No data at all.  I 
can drop down to the bottom and see with our generic INCI which ones of those are being informed, and 
the answer is not many. 
 
DR. MARKS:  When you say you need more data, is chemical composition a part? 
 
DR. HILL:  Yes, chemical composition as well as method of manufacture that gives some indication the 
extract somehow reflects that composition, especially when our composition is coming from generic 
literature data that is not necessarily ingredient. 
 
DR. SLAGA:  So, what endpoint are you worried about, is it irritation, sensitization, toxicity?  If we go 
with formulating to be non-irritating, we eliminate that. 
 
DR. HILL:  If you formulate it to be non-sensitizing and we trust sensitization is a sentinel for any activity 
like carcinogenesis of some sort -- 
 
DR. MARKS:  Or irritation. 
 
DR. HILL:  Or irritation is a sentinel.  I'm still working on cancer biology at the level where I think I need 
it, and I'm learning a lot these days. 
 
DR. SLAGA:  We could ask for genotoxicity because there is no data. 
 
DR. HILL:  Run an Ames test or something else. 
 
DR. SLAGA:  The fact that there was no furocoumarins -- 
 
DR. HILL:  Not those endpoints. 
 
DR. MARKS:  You would like to see genotoxic -- 
 
DR. SLAGA:  We forgot that last time. 
 
DR. HILL:  I went down through each one of these and I wrote down the concentrations in tabular form, I 
just had maximum concentrations, and they are all small with a couple of exceptions.  That is the margin of 
safety.  In fact, a significant margin of safety. 
 
I really was paying attention to and taking it into account.  I just wanted to let people know that, so in that 
regard, perhaps sensitization is a sufficient sentinel in combination with irritation. 
 
Having a little more to go on when I'm being asked to read across and say sure, fine, no problem. 

Distributed for Comment Only -- Do Not Cite or Quote 



DR. MARKS:  It sounds like the seven ingredients Ron Hill is talking about, should we ask for those or see 
what comes out?  I agree, if you're not concerned about an endpoint, then do we really need it. 
 
DR. SLAGA:  There has to be a reason you want it for composition.  The composition among all these is 
not that far apart. 
 
DR. MARKS:  That's why I asked that question with Christina, how much is there a similarity. 
 
DR. SLAGA:  Based on a long time ago, we never got this level of composition before.  It's kind of nice to 
see going through there.  I didn't come up with any chemicals that I felt were -- 
 
DR. HILL:  It's beautiful to have that composition and really highly valuable and important.  I would not 
want somebody to think why bother.  Again, there are at low concentrations.  Cancers do start and cancers 
are promoters in skin, promotion is a sketchy thing, and the reality is most of the ingredients that we see in 
these plant substances are actually cancer suppressing. 
 
DR. SLAGA:  Anti-genotoxic. 
 
DR. HILL:  Anti-genotoxic, perhaps curative in some cases. 
 
DR. MARKS:  The list I have now is Ron Hill's seven ingredients, more data on method of manufacture, 
chemical composition.  Do you want me to present that tomorrow and you can clarify, or at this point, no, 
after our discussion, we really need -- 
 
DR. HILL:  If this is not the last time we are seeing this report, unless -- 
 
DR. MARKS:  It is not the last time. 
 
DR. HILL:  Unless somebody asks me from across this table, I see -- 
 
DR. MARKS:  Do you want me to include that tomorrow or should we see what falls out in the next one, 
Ron Hill? 
 
DR. HILL:  I don't care if you don't include it.  If we are asked from across the table, probably better to list. 
 
MS. BURNETT:  The list that you are looking at is from the profile, so you are marking the ones that are in 
current use?  That profile table, that is not all the ingredients, it says at the bottom -- 
 
DR. HILL:  I'm looking at the bottom, and saying how many of those would actually inform the ones at the 
top. 
 
MS. BURNETT:  No, no.  At the very bottom, not all ingredients are listed in that profile table.  You are 
concerned about the ones that are in current use. 
 
DR. HILL:  You're talking about the ingredients that don't show up in that profile table? 
 
MS. BURNETT:  Right. 
 
DR. ANSELL:  That's what I heard. 
 
DR. HILL:  I thought in your profile tables like this, you had every ingredient, I don't think I noticed we 
were missing any. 
 
MS. BURNETT:  When there is a lot of ingredients, like over 10, I do not include -- if there is no data, I 
put that disclaimer at the bottom. 
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DR. HILL:  Okay.  I didn't see that disclaimer.  I assumed these tables were always 100 percent complete 
and every ingredient in the report was showing up in the read across.  It needs to all the time, period.  If it's 
400 ingredients, that needs to show up in that table, data or not. 
 
We are going to have a list at the bottom of the ones that have no data at all, no uses and no data, put them 
at the bottom.  Why would you not?  You can capture them straight out of the conclusion or the 
introduction, and then put the whole list there, and erase the ones that are already in the table. 
 
DR. MARKS:  I'd go to the introduction and look at the list of ingredients. 
 
DR. HILL:  But then you don't see the read across, so you don't see the concentrations, now in my head I 
have to put together the table that has the use concentrations, the table where I have safety data profile for 
read across with that listing in the introduction and eventually in the conclusion. 
 
I can do that work, but we're talking hours and hours, and you have given me three weeks to prepare.  
Pretty much weekends because I work.  (Laughter) 
 
DR. HELDRETH:  Table 10 that lists those ingredients not recorded to be in use, beginning on page 33. 
 
DR. HILL:  See, that comes to that statement which again, the statement where we say in our conclusion 
after it, for ingredients that are not in current use to be used, it would be consistent with the table, is that 
consistent with the six percent or is that consistent with.00005 percent, in some of the ingredients. 
 
So, I'm assuming somebody would look at all the in's and out's of different ingredients that we did assess 
the safety and come to a conclusion about what they really need to do and what those limits really are based 
on similarity to the other ingredients that they reviewed. 
 
If that happens a lot, I don't want to name a specific company, I would have very great confidence they did 
it right.  If it happens with mom and pop somewhere, they might have also done it right because maybe 
they are consulting with high power people who are consultants in this industry, so we had an assessment, 
we say all is well, wherein ingredients that are not being used or used in a similar fashion and then what do 
I mean by similar fashion.  It's a very vague statement at that point.  That is my concern. 
 
On Table 10, you say, not being used? 
 
DR. MARKS:  Let's get back to -- you can look at those in more detail, Ron Hill, a bit later. 
 
DR. HILL:  For some of those, those are the ones where we have generic data -- sorry to interrupt -- we 
have generic data which actually informs some of these, even though they are not in current use per our 
VCRP and survey data.  They are not used in the United States but they are in Japan or in India, wherever it 
happens to be. 
 
DR. MARKS:  So, we want clarification, is it just GRAS on these ingredients? 
 
DR. ANSELL:  Food use. 
 
DR. MARKS:  And food additive use?  Just say food use or both?  I hear GRAS in one instance and food 
additive in another. 
 
DR. ANSELL:  Right, different -- 
 
DR. MARKS:  I can say clarification of GRAS and food additive status or use. 
 
DR. LORETZ:  If we said food use, that would get even outside the U.S., too.  That would be relevant.  If 
we just said "food," that would also get outside the U.S. 
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DR. ANSELL:  That list wouldn't pull up -- 
 
DR. HELDRETH:  To help Christina out here, where is that information coming from?  It's not like there is 
a clear cut database that tells you one of these specific genus and species is used as a food in Japan for the 
past 50 years or used in Sri Lanka for the last few years as a food. 
 
MS. BURNETT:  I get recipes from Food Network.  I know one of them is used.  It is not specifically listed 
anywhere.  They use that in cooking all the time now, but -- 
 
DR. ANSELL:  Kale is losing its popularity. 
 
DR. HILL:  Sometimes the Code of Federal Regulations does have genus species listed in there and it says 
for direct food addictive use.  In one of the other reports today, where it has a specific listing, and it has 
direct and indirect. 
 
DR. MARKS:  Ron Shank, are you happy that Christina can find out what she can find out in terms of this, 
and let's just see what we get back with that? 
 
DR. ANSELL:  The CIR Science and Support Committee would promise to help with perhaps some 
searchable databases, the Expert Committee on Food Additives run by the World Health Organization, as 
an example. 
 
MS. BURNETT:  That would be wonderful. 
 
DR. HILL:  It would be informative, in some of these cases like this because I don't like to be making 
something out of nothing.  I'd rather make nothing out of nothing. 
 
DR. MARKS:  After all this discussion, I'm trying to solidify what our team really would like to see, 
second was just genotoxicity, any genotoxicity at this point, we have none, right? 
 
MS. BURNETT:  Correct. 
 
DR. MARKS:  Third -- 
 
DR. SLAGA:  I don't have a concern but it would be nice to see if there was any data. 
 
DR. MARKS:  That will obviously be in the minutes that you don't have a concern.  I guess the question is 
if we don't get any genotoxicity, will that then be a reason to say it's insufficient. 
 
DR. SLAGA:  I'll drop it. 
 
DR. HILL:  I won't, at least not right now. 
 
DR. SHANK:  If the compounds are approved as food, food additives, and generally used, then you would 
not need -- 
 
MS. BURNETT:  A caveat, if it is not approved food use, then genotoxicity data? 
 
DR. SHANK:  Yes, that's the way to go. 
 
DR. SLAGA:  Furocoumarins, too, that are not being present. 
 
DR. HILL:  Or enough details in the method of manufacture and composition that we can use that for the 
read across. 
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DR. MARKS:  So, we have one clarification, GRAS food use to genotoxicity of not approved for food use, 
so that will drop out, presumably, and then three, I wanted to see the orange flower extract at 6 percent in 
HRIPT or some sensitization, despite our conclusion that says formulated to be non-sensitizing, because 
when you look at the concentrations of use, the citrus aurantium dulcis, the orange flower extract, has 70 
uses, and the highest concentration is 6 percent, nothing in the other ingredients where we have 
concentration that even comes close to 1 percent.  So, it is really a lot higher concentration.  That is in an 
eye shadow. 
 
DR. HILL:  But I wanted to point out on the flower wax that we have five uses showing up in the VCRP 
but we don't have any concentration data. 
 
DR. MARKS:  Yes. 
 
DR. HILL:  There is another one, flower water, but I'm not so worried about flower water honestly, because 
knowing what those waters are like and when they are typically used.  That would be a low concentration. 
 
DR. MARKS:  That was the only need from sensitization, again, I find it somewhat contradictory to ask for 
HRIPTs when presumably we are going to say -- it is going to be second a motion with a tentative report, 
insufficient conclusion, and those three data needs at this point.   Does that sound good, team? 
 
DR. SHANK:  Yes. 
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Dr. Belsito’s Team 
DR. BELSITO:  So moving on to the next group of interesting botanicals.  Citrus flower and leaf-derived 
ingredients.  So we had split these up at the December 2015 or even before.  Actually I guess before we 
split up how we're going to look at the citrus-derived ingredients.  And at the December 2015, we went 
insufficient for the 32 ingredients including method of manufacture, composition, and some HRIPT data.  
We got a lot of the requested data on method of manufacture and composition that have been added.  We 
got irritation and sensitization on the bitter orange flower extract, but not the requested HRIPT.  Of note 
however, some of the ones that we had asked for, HRIPT sensitization data, based upon the reported 
concentration of use when we last looked at them, we now find are used at much lower concentrations of 
use.  So a lot of, I think, those data needs have probably disappeared but maybe not.  So as soon as my 
report opens. 
 
So, I thought that we're still having some issues on sensitization and irritation.  Obviously, in the summary 
we're getting rid of the methoxypsoralen issues, right, because those are peel only, so we're not dealing with 
them with -- and you mentioned that.  But on PDF page 20 of the summary, you still have -- you've still 
brought up the psoralen issues.  That needs to be deleted. 
 
So for the dulcis flower extract, it's used at six percent and we have no sensitization at that level.  What we 
have is a study, a new study, at.0225 percent.  We also don't have composition for the dulcis.  We have it 
for the sinensis.  The ingredient -- 
 
DR. EISENMANN:  Sinensis is another name for -- 
 
DR. BELSITO:  Dulcis. 
 
DR. EISENMANN:  -- the orange.  Yes. 
 
DR. BELSITO:  Okay, so we do have -- so we need to make that clearer because it wasn't clear to me. 
 
MS. BURNETT:  Yes, they INCI -- there's two different INCI names.  But sinensis is the old botanical 
nomenclature if I understand it for -- or it's the other way around or -- 
 
DR. EISENMANN:  I don't know if it's old or new but there -- 
 
MS. BURNETT:  It's the same thing. 
 
DR. EISENMANN:  Right. 
 
DR. BELSITO:  Okay, did -- is this one of the reports where we had a table listing the various names? 
 
MS. BURNETT:  In the back. 
 
DR. BELSITO:  And is that clear?  What table was that, Christina. 
 
MS. BURNETT:  It should be Table 2, I think. 
 
DR. BELSITO:  Because I -- 
 
MS. BURNETT:  Two or three. 
 
DR. BELSITO:  -- obviously missed that.  Okay, two not use, okay. 
 
MS. BURNETT:  Table -- 
 
DR. BELSITO:  Species name, yeah.  Table 3. 
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MS. BURNETT:  Table 3. 
 
DR. BELSITO:  And where's it have sweet orange? 
 
MS. BURNETT:  Under citrus sinensis it also mentions citrus ex-aurantium.  It doesn't specifically say 
dulcis, but. 
 
DR. BELSITO:  Could we put that in? 
 
MS. BURNETT:  Put -- no, I'm sorry, it does say that at the top. 
 
DR. EISENMANN:  It does say it. 
 
MS. BURNETT:  Sorry, the fourth line down; one, two, three, four.  Citrus aurantium dulcis orange. 
 
DR. BELSITO:  Yeah, but then -- 
 
MS. BURNETT:  Oh, it doesn't say. 
 
DR. BELSITO:  -- it -- there's citrus aurantium bergamia.  There's citrus aurantium amara, bitter orange, so. 
 
MS. BURNETT:  Yep. 
 
DR. BELSITO:  So citrus aurantium -- 
 
MS. BURNETT:  Dulcis, it's just a -- 
 
DR. BELSITO:  Sinensis -- 
 
MS. BURNETT:  Right. 
 
DR. BELSITO:  -- is also citrus aurantium dulcis. 
 
MS. BURNETT:  Okay. 
 
DR. BELSITO:  You need to make that clearer in the table. 
 
MS. BURNETT:  Okay. 
 
DR. BELSITO:  So basically, still, the sensitization we have for this, that's the max concentration of use of 
these.  Six percent, is the dulcis.  And we have an HRIPT or we have a study at.025 percent, 0.0225 
percent. 
 
So if we look at what the sinensis is, the constituents of concern from my standpoint, in terms of skin 
sensitization, are linalool at 47 percent if it's oxidized.  That would be used if assuming it's used at six 
percent, the maximum amount of linalool in that product would be 2.8 percent.  Now IFRA does not have a 
standard for a concentration of linalool.  It has a standard for how much linalool hydroperoxides can be in 
linalool.  And that's 20 millimole per liter is the RIFM restriction. 
 
So I'm okay with allowing a.0225 study to pass for six percent.  Is -- but then we would have to say 
something about -- which we always do RIFM restrictions but, you know, it's our -- I think here as opposed 
to restricting the methoxypsoralens as we did for peel ingredients, we probably have to look at at least 
mentioning the idea of linalool hydroperoxides as potential sensitizers.  I didn't know which way to go.   
 
The bottom line is we don't have a six percent study. 
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So we could go insufficient that we want a study at six percent, or we could, you know, discuss the 
composition and say something about, you know, we're not concerned that, you know, linalool could be at 
six percent or 2.8 percent in a product as long as the peroxides -- hydroperoxides are 20 millimole or less 
per their -- per IFRA standards. 
 
DR. LIEBLER:  Don, are you confident that linalool's the only problem, potential problem, in that? 
 
DR. BELSITO:  So it -- this is Table 7 which is the constituents. 
 
DR. LIEBLER:  Uh-huh. 
 
DR. BELSITO:  And so there is -- the citrus flower and leaves are really, you know, -- the sensitizers are 
really all pretty low. 
 
DR. LIEBLER:  Mm-hmm. 
 
DR. BELSITO:  And there was nothing there that jumped out at me.  And then Table 7 for the volatiles in 
the citrus sinensis, or any of them for that matter.  I mean, when you're looking down them, the only ones 
that jump out at me are the linalool.  And then there -- limonene -- again, the issue is with the 
hydroperoxides and there are none reported or, you know, fairly low -- well, I guess.  Limonene oxide 
trends, 3.05 in lemon.  But otherwise the concentrations -- I mean, of the sensitizers, geranial, you know, 
citral, citranello, they're all pretty low in these. 
 
DR. LIEBLER:  So I -- I mean I'm not taking issue with the logic, but we -- I can't recall our having used 
this, sort of, provisionally calculation as a way around having test data at a maximum use concentration.  
And so I don't necessarily object.  I need to think about it a little bit.  But I don't necessarily object, but it 
seems to me the thing to do is ask for test data. 
 
DR. BELSITO:  Yeah, on the other hand we always go - - we know the fact also that there -- this could be 
combined with other botanicals containing linalool, and we always go when formulated to be 
non-sensitizing.  The sensitizing capacity of that would be the hydroperoxides.  So I don't know if -- I mean 
I'm just -- 
 
DR. LIEBLER:  Yeah. 
 
DR. BELSITO:  -- you know, pointing this out because before we were asking for HRIPT data on several 
compounds because of their concentration of use.  So now we've gotten different concentrations of use 
which eliminates our need for that data for certain compounds, but not for sweet orange, orange dulcis.  
So -- and we know that it -- the flower extract is used up to six percent and we -- the -- or whatever study it 
is, I have it listed here as.0225 percent. 
 
And I didn't have -- I just wanted to raise this, you know, because the way we frame our conclusion with it 
being non-sensitizing, you know, would cover the fact that we don't have the data in a sense.  But it also 
covers the fact that we realize that this could be added with other botanicals that would, in this case, 
potentially have linalool and limonene in them.  And we shouldn't exceed those levels.  I just -- you know, 
in this case, the ingredient or the component of concern in the mixture is not the concern for sensitization.  
It's the oxidation of that component to a hydroperoxide -- 
 
DR. LIEBLER:  Right. 
 
DR. BELSITO:  -- that presents the concern.  So it's a little bit of a twist on what we've looked at before. 
 
DR. LIEBLER:  Correct, yeah.  So you're saying, with that logic we could say basically safe as used, 
formulated to be non-sensitizing? 
 
DR. BELSITO:  I mean, again -- 
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DR. LIEBLER:  That our data needs are met. 
 
DR. BELSITO:  Yeah, I mean I think that, you know, perhaps in the discussion we could point out that, 
you know, we had no sensitization at six percent, but you know, I -- again, what I said here is safe as used.  
We don't have repro or genotox studies.  It didn't really bother me.  We need the pesticide boilerplate, the 
inhalation boilerplate, the botanical boilerplate for non-sensitizing, and that covers the fact that we don't 
have the sensitization data for six percent.  But I'm amenable to saying it's insufficient and we want to see 
that data.  I don't -- you know, I'm surprised that there were reports that it said six percent, and we get one 
study at.0225.  I could go either way here.  I -- 
 
DR. SNYDER:  But the six percent becomes irrelevant if it's going to be combined with other botanicals 
and formulations of being at a similar constituent. 
 
DR. BELISTO:  Right, -- 
 
DR. SNYDER:  So it -- we -- 
 
DR. BELSITO:  -- it still has to be non-sensitizing. 
 
DR. SNYDER:  So (inaudible) 
 
DR. BELSITO:  Oh, no, I agree that we -- you know, we've decided for all these botanicals that have a 
sensitizer or a component of concern, that we'll use that boilerplate when formulated to be non-sensitizing 
or, you know, when formulated to have pohon below a certain level or whatever.  But, you know, I think 
that the conclusion will cover the fact that we don't have the data, but I'm certainly willing to say 
insufficient and I would like to see if there are other data out there for sensitization for the orange flower 
extract at six percent. 
 
DR. LIEBLER:  You know, relative to the other ingredients in this report, that six percent just stands out 
like a sore thumb.  It's an order of magnitude -- 
 
DR. BELSITO:  Right. 
 
DR. LIEBLER:  -- higher than the next highest use concentration which is the flower oil.  Now I don't 
know if it's just one product that was driving that or what, but we'll either get the data -- if we ask for the 
data we'll either get the data or we'll get a clarification or we might not get the data I suppose.  Then we can 
weigh whether or not we want to use the logic you described.  I guess, you know, if you put it to me, I 
basically fall down -- fall on the side of let's ask for the data. 
 
DR. BELSITO:  Yeah, it's said to be is at six percent in an eye area. 
 
DR. BERGFELD:  Carol, you have a comment about that? 
 
DR. EISENMANN:  I can't remember specifically.  I probably asked, but I don't know if I got a response, 
but I would ask again.  We could always set -- I mean, what is a more reasonable limit?  You could set a 
limit as if you wanted to move the report forward. 
 
DR. BELSITO:  Well we are setting a limit simply because of the botanical -- the way we phrase botanicals 
to be non-sensitizing.  So that's setting a limit because we understand that a single product when formulated 
could contain multiple botanicals that could include linalool and limonene which would be the substances 
of concern for this group.  So in that sense, we've covered our need.  But I agree with Dan.  It does sort of 
stick out.  You have everything else.  I mean, and even here in that range you're going from like 16 parts 
per million or per billion up to six percent which is a huge, huge range. 
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DR. LIEBLER:  It's like selling a spice mixture that's 50 percent nutmeg.  I mean, we used just a teeny bit 
of nutmeg.  I mean these oil -- these extracts, you know, a little goes a long way.  And in a way it seems 
like it's got to be wrong -- 
 
DR. EISENMANN:  Some companies -- 
 
DR. LIEBLER:  -- because it would be so wasteful. 
 
DR. EISENMANN:  -- have difficulty understanding when I ask for the context and abstract of it.  I mean 
just the abstract part of it and not the rest of the material so that -- does it -- (inaudible) possible the six 
percent means -- includes the solvent also.  But -- 
 
DR. BELSITO:  Right. 
 
DR. EISENMANN:  -- I tend -- I try to get them to not tell me to include the solvent, but sometimes, you 
know, I -- they -- I don't get through to them. 
 
DR. BELSITO:  Okay. 
 
DR. LIEBLER:  Okay. 
 
DR. BELSITO:  Well the -- so then I think we need to determine tomorrow whether we're going safe as 
used or if we're going insufficient for clarification as to whether the dulcis flower extract is in fact used at 
six percent.  And assuming that we're going insufficient for that, then I think we have to be saying we also 
want sensitization data if it is used at six percent.  Is that what you're saying, Dan? 
 
DR. LIEBLER:  I completely agree with that.  Yeah, that's exactly what I'm saying. 
 
DR. BELSITO:  Paul and Curt? 
 
DR. SNYDER:  That's fine. 
 
DR. BELSITO:  Okay. 
 
DR. EISENMANN:  One comment.  There's a material in here called petitgrain bigarade oil, however you 
say the second term.  It's actually a leaf twig preparation so that either the data has to be moved to the other 
report or the ingredient has to be moved to this report. 
 
DR. BELSITO:  Okay, and we have no repro or genotox studies, so I'm asking my other colleagues are we 
comfortable with that? 
 
DR. SNYDER:  Well I made a comment that in the discussion where we make this (inaudible), we've done 
this in two or three reports this time.  We need to put a basis for why we don't think it's necessary. 
 
DR. BELSITO:  So what is that basis, Paul? 
 
DR. SNYDER:  Would be that probably the -- 
 
DR. BELSITO:  GRAS status? 
 
DR. SNYDER:  GRAS and low concentration of use, et cetera.  So -- 
 
DR. BELSITO:  But six percent is not low, is it? 
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DR. EISENMANN:  Well if you're not comfortable to six percent and that's what I'm trying to say.  Go to 
the next highest concentration and say save up to whatever percent, when formulated to meet that -- to be 
formulated to be non- sensitizing. 
 
MS. BURNETT:  For that ingredient the next lowest is two percent in a lipstick. 
 
DR. BELSITO:  Yeah, I mean I'm not uncomfortable with it, Carol, because of the way we formulate the 
conclusions for these botanicals, as long as my colleagues are not uncomfortable with a lack of repro or 
genotox studies for these which need to be in the discussion.  So I don't know that we need to -- I mean, 
you know, regardless of whether we say, you know, it can't be used over two percent the -- if our only 
concern is sensitization, we've covered whatever concentration they want to use.  I mean they can add 
antioxidants to a BHA, BHG.  I mean they can do various things to prevent the formation of 
hydroperoxides.  And then I'm not concerned with the linalool at a potential max of six percent, you know.   
 
Or the content of linalool when this -- the orange dulcis is used at a potential max of six percent.  I would 
be concerned about the hydroperoxides that could be formed.  And then the question is, you know, do we 
add that degree of information from the IFRA standards for the components of concern which would be 
linalool and limonene because for both of those the IFRA standards are not on concentrations of the actual 
material, but on concentrations of the hydroperoxides that could be there as contaminants. 
 
But -- so we're going for insufficient sensitization at six percent or clarification that it in fact is used at six 
percent.  And again, are we asking for repro or genotox studies or are we just going to explain why -- 
 
DR. SNYDER:  I think we need to just explain why. 
 
DR. BELSITO:  Okay. 
 
DR. LIEBLER:  Yeah, we don't need it, we don't need it. 
 
DR. SADRIEH:  You just mentioned that the reason why was because it's GRAS.  I just want to mention 
that GRAS is not for cosmetics.  It's for the indications, so. 
 
DR. BELSITO:  Right. 
 
DR. SNYDER:  So there's no constituents of concern related to dermal or systemic exposure works with 
that. 
 
DR. BELSITO:  Okay, so I mean I think that, in all honesty, we'll probably, even if we don't get the data 
going sufficient.  So I think when you start writing up more of the discussion when used again it's going to 
be the pesticide boilerplate, the inhalation boilerplate, and the botanical usual non-sensitizing, 
non-sensitizer formulation boilerplate.  And then an explanation as to why we felt that repro and genotox 
studies weren't necessary for this group.  Or, I guess, this is Christina, right?  I'm sorry.  Why it's not 
necessary for this group.  Is that fair?  But right now we're going insufficient. 
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Full Panel Meeting 
DR. BERGFELD:  Okay.  Moving on to the second set reports advancing.  And the first one of that set is 
citrus flower and leaf.  Dr.  Belsito. 
 
DR. BELSITO:  Right.  So this is part of a continuing citrus group that we split and resplit, and so now 
we've decided to group the leaf and flower ingredients.  After looking at this, we noted that citrus sinensis 
and citrus dulcis are actually the same orange.  And so, the composition we had for one was the same for 
the other.  Because we were a bit concerned the citrus dulcis/sinensis had no sensitization at six percent, 
which was its maximum leave on.  However, given the fact that we now know the constituents and given 
our usual boilerplate about not combining them with other botanicals to make them sensitizing and our 
GRAS status, we thought we could go ahead with a safe-as-used for this group. 
 
DR. BERGFELD:  And that's a motion? 
 
DR. BELSITO:  That's a motion. 
 
DR. BERGFELD:  Is there a second or a comment? 
 
DR. MARKS:  So you'd answered one of our questions of our tact was to issue a tentative report with an 
insufficient conclusion.  Ultimately, we will get a conclusion that's safe when formulated to be nonirritating 
and non- sensitizing.  But needs we have:  One, is we wanted clarification of the GRAS food use of these 
ingredients, so that we could have a better understanding of potential toxicity.  Two, we want a 
genotoxicity, if not, approved food use.  And then you have answered, Don, the question about the orange 
flower extract as six percent.  So that need could drop off for us.  So we have two needs.  The clarification 
of GRAS food use and genotoxic if not approved use.  Now, with that saying, and these are clarifications, 
perhaps it could go on as a safe and then just clarify those two points. 
 
DR. BELSITO:  If we don't get GRAS, we also have no reproductive toxicity.  And which is we cleared the 
(inaudible) based on GRAS status.  So would you want reproductive toxicity as well? 
 
DR. SHANK:  (And no GRAS)? 
 
DR. BELSITO:  No, but if you have like part of the flower that's not GRAS, do you want repro toxicity.  
Because Jim just mentioned genotoxicity. 
 
DR. SLAGA:  Well, the genotoxicity was only a side because without the furocoumarins, I didn't really 
have a concern.  But if we were asking for something, I (inaudible).  So I'm not really big on that. 
 
DR. BELSITO:  So, okay.  So you're going insufficient for clarification of the GRAS status and for if any 
of them are not GRAS for genotoxicity. 
 
DR. SLAGA:  Well, yeah. 
 
DR. BELSITO:  Dan?  And you guys were the ones that cleared these based upon GRAS, what do you -- 
 
DR. LIEBLER:  I'm fine with that. 
 
DR. BELSITO:  Okay.  So I'll change my motion, and we'll go -- 
 
MS. SADRIEH:  I just want to clarify the GRAS is not for cosmetics. 
 
DR. BELSITO:  Well, we understand that. 
 
MS. SADRIEH:  I just need to say so. 
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DR. BELSITO:  So we'll amend it insufficient to determine the GRAS status of the ingredients and any that 
aren't GRAS for reproductive toxicity. 
 
DR. MARKS:  And geno if it is. 
 
DR. BELSITO:  I mean genotoxicity, I'm sorry.  Ron said he -- Tom said he didn't need repro, correct?  So 
just geno.  And the only thing that obviously would go in the discussion are the usual boilerplates; 
inhalation pesticide, sensitizing.  And I thought that in terms of the composition of these, it's really not so 
much the linalool and the limonene that are issues for sensitization, it's the hydroperoxides of limonene and 
linalool and probably a little bit of discussion about that because that's what IFRA regulates.  It doesn't 
regulate the concentration of linalool or limonene in a product.  It regulates the amount of hydroperoxides 
that are present. 
 
DR. BERGFELD:  Are you seconding that, Jim? 
 
DR. MARKS:  Yes, second. 
 
DR. BERGFELD:  And you feel that he's gotten all that -- 
 
DR. GILL:  Yes. 
 
DR. BERGFELD:  -- that's been sent?  Okay.  All right then, Ron, are you raising hand to make a 
comment? 
 
DR. HILL:  Yes. 
 
DR. BERGFELD:  Please. 
 
DR. HILL:  I would still like to express a little bit of perturbation that we don't have -- we have five uses 
for the flower wax, which is a key piece because we have data on that.  We don't have concentrations of 
use.  We have the uses in VCRP, but we don't have concentrations.  And, similarly, for the lime, the kaffir, 
the hystrix, we have 26 VCRP, 12 leave on, and 12 rinse off, I guess, and still no concentrations of use.  So 
that missing information is bothersome because you're always making an assessment.  And also, when we 
say in current -- state of current use, that's a key piece of information.  And we don't have -- we got method 
of manufacturer for the dulcis flower extract that says specified eluant and doesn't provide enough 
information to give an idea of what sorts of things would be extracted.  And since we're relying on -- I'm 
not suggesting it, but we're relying on that kind of information in lieu of the fact that we don't have 
direct-safety testing or getting some sense of what components might be present that might be of concern.  
So I feel like that's information that industry could readily provide, and that they didn't is bothersome. 
 
DR. BERGFELD:  Don, comment on adding that to your list of -- 
 
DR. HILL:  I wasn't even saying you had to add to the list, I was suggesting it would be good if we pushed 
on that a little bit. 
 
DR. BERGFELD:  Well, if it's going to go insufficient, it might be added.  What do you think? 
 
DR. BELSITO:  We can ask for them.  I don't think we need it, but. 
 
DR. BERGFELD:  Okay.  We can ask.  Beth, you want to say anything?  Anyone else want to make a 
comment?  Then we're going to proceed with insufficient, and it's been -- the motion's been made and 
seconded.  The comments have been recorded.  All those in favor of insufficient.  Okay.  Unanimous.  
Okay.  Thank you. 
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ABSTRACT 
The Cosmetic Ingredient Review (CIR) Expert Panel (Panel) assessed the safety of 33 Citrus flower- and leaf-derived 
ingredients, which are most frequently reported to function in cosmetics as fragrances and/or skin conditioning agents. The 
Panel reviewed the available data to determine the safety of these ingredients. Because final product formulations may 
contain multiple botanicals, each containing similar constituents of concern, formulators are advised to be aware of these 
constituents and to avoid reaching levels that may be hazardous to consumers. Industry should use good manufacturing 
practices to limit impurities that could be present in botanical ingredients. The Panel concluded that the data are insufficient 
to determine safety.  
 

INTRODUCTION 
According to the International Cosmetic Ingredient Dictionary and Handbook (Dictionary), Citrus flower- and leaf-

derived ingredients are most frequently reported to function in cosmetics as fragrances and/or skin conditioning agents (Table 
1).1  This report assesses the safety of the following 33 ingredients: 

 
Citrus Aurantifolia (Lime) Flower Extract  
Citrus Aurantifolia (Lime) Leaf Oil  
Citrus Aurantium Amara (Bitter Orange) Flower Extract 
Citrus Aurantium Amara (Bitter Orange) Flower Oil 
Citrus Aurantium Amara (Bitter Orange) Flower Water 
Citrus Aurantium Amara (Bitter Orange) Flower Wax 
Citrus Aurantium Bergamia (Bergamot) Leaf Cell 
Extract 
Citrus Aurantium Bergamia (Bergamot) Leaf Extract 
Citrus Aurantium Bergamia (Bergamot) Leaf Oil 
Citrus Aurantium Dulcis (Orange) Flower Extract 
Citrus Aurantium Dulcis (Orange) Flower Oil 
Citrus Aurantium Dulcis (Orange) Flower Wax 
Citrus Aurantium Dulcis (Orange) Flower 
Citrus Aurantium Dulcis (Orange) Leaf Extract 
Citrus Clementina Leaf Cell Extract 
Citrus Depressa Flower Water 

Citrus Grandis (Grapefruit) Leaf Extract 
Citrus Hystrix Leaf Extract 
Citrus Hystrix Leaf Oil 
Citrus Junos Flower Oil 
Citrus Limon (Lemon) Flower Water 
Citrus Limon (Lemon) Leaf Extract 
Citrus Limon (Lemon) Leaf Cell Extract 
Citrus Natsudaidai Flower Water  
Citrus Natsudaidai Flower Oil 
Citrus Reticulata (Tangerine) Leaf Oil   
Citrus Reticulata (Tangerine) Leaf Water 
Citrus Sinensis (Orange) Flower Water 
Citrus Tamurana Flower Extract 
Citrus Unshiu Flower Extract 
Citrus Unshiu Flower powder 
Citrus Unshiu Flower Water 
Citrus Unshiu Leaf Extract

 
 

The Panel has previously reviewed the safety of Citrus-derived peel oils and Citrus fruit-derived 
ingredients in separate assessments and concluded that 14 Citrus-derived peel oil ingredients and 80 Citrus fruit-
derived ingredients are safe for use in both rinse-off and leave-on cosmetic products when formulated to be non-
sensitizing and non-irritating, provided that leave-on products do not contain more than 0.0015% (15 ppm) 5-
methoxypsoralen (5-MOP).2,3  Citrus plant- and seed-derived ingredients and Citrus peel-derived ingredients are 
being reviewed in separate reports. 

Some of the Citrus flowers and leaves that are used to derive the ingredients described in this safety 
assessment are food ingredients.  The U.S. Food and Drug Administration (FDA) determined that the use of some 
Citrus flowers and leaves as direct food additives is generally recognized as safe (GRAS).  Additionally, essential 
oils, oleoresins (solvent-free), and natural extracts (including distillates) derived from bitter orange flowers, sweet 
orange leaves and possibly other Citrus flowers and leaves are GRAS for their intended use in foods for human and 
animal consumption.  Daily consumption of these GRAS foods would result in much larger systemic exposures than 
what is expected from use in cosmetic products, even if there was 100% absorption from cosmetics.  Thus, the 
systemic toxicity potential of Citrus flower- and leaf-derived ingredients via oral exposure is not addressed further 
in this report. The primary focus of the safety assessment is the review of the safety of topical exposure to the 
ingredients used as foods. 

To avoid redundancy, CIR has the option to exclude ingredients that are known to exclusively function as 
fragrance ingredients, because the safety of fragrance ingredients is commonly evaluated by the Research Institute 
for Fragrance Materials (RIFM).  According to the Dictionary, four of the Citrus flower- and leaf-derived 
ingredients in this report are reported to function exclusively as fragrance ingredients (see Table 2).1 However, 
personal communications with RIFM in March 2015, revealed that these ingredients have neither been assessed for 
safety by the   RIFM expert panel, nor are these ingredients on RIFM’s prioritized agenda to be reviewed in the 
foreseeable future.  Thus CIR is reviewing the safety of these ingredients as part of this current assessment. 

Botanicals such as Citrus-derived ingredients contain numerous constituents, some of which have the 
potential to be toxic. In this assessment, CIR is reviewing the potential toxicity of each Citrus flower- or leaf-
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derived ingredient as a whole, complex substance.  Except for specific constituents of concern that the Panel has 
identified, CIR is not reviewing the potential toxicity of the individual constituents of the Citrus flowers and leaves 
from which the ingredients in this report are derived. 

Note:  In many of the published studies included in this assessment, the information provided is not 
sufficient to determine how well the substance being tested represents the cosmetic ingredient.  In this safety 
assessment, if a test substance in a study is not clearly a cosmetic ingredient, because of lack of information on the 
genus and species from which the substance was derived and/or the method of extraction used, the test substance 
will be referred to by a common name (e.g. bitter orange flower oil). If the substance is clearly a cosmetic 
ingredient, the International Nomenclature of Cosmetic Ingredients (INCI) name will be used (e.g. “Citrus 
Aurantium Amara (Bitter Orange) Flower Oil”).  Additionally, some inconsistencies were noted in both taxonomic 
and INCI naming conventions. For example, this report includes the sweet orange ingredient described as Citrus 
Aurantium Dulcis (Orange) in the Dictionary.1  In contrast, most of the published literature and the FDA Voluntary 
Cosmetic Registration Program (VCRP) refer to this ingredient as Citrus Sinensis (Sweet Orange).  Another 
example of a naming inconsistency is Citrus Grandis (Grapefruit); Citrus grandis is generally considered a name for 
a pummelo, which may also be referred to as Citrus maxima.  Citrus paradisi appears to be the more widely 
accepted nomenclature for grapefruit.  The INCI Committee of the Personal Care Products Council (Council) is 
working to correct some of these inconsistencies.  The genus and species names associated with the ingredient 
names designated by the INCI Committee are listed in Table 3.4 

 

CHEMISTRY 

Definition and General Characterization 
The definitions and functions of the Citrus flower- and leaf-derived ingredients included in this report are 

provided in Table 1.  The definition indicates what part(s) of the plant from which an ingredient is derived.  In some 
cases, the definition provides insight on the method(s) of manufacture.  Essential oils are the hydrophobic, liquid, 
volatile aroma compounds in the insoluble condensate fraction.  The essential oils are typically small molecules, but 
their chemical structures can vary widely.  Fixed oils, on the other hand, are hydrophobic, nonvolatile, fatty 
compounds from plants, animals or algae.  These are primarily composed of glycerides, and to some extent, free 
fatty acids. Constituents of these Citrus-derived ingredients may include both oil types.  The volatile nature of 
essential oils makes them more likely to be useful as fragrances, but that does not mean that fragrance is their only 
function.   

 
Physical and Chemical Properties 

Citrus Aurantium Amara (Bitter Orange) Flower Extract 
A supplier reported that Citrus Aurantium Amara (Bitter Orange) Flower Extract in sunflower seed oil has 

an ultraviolet (UV) absorption wavelength <250 nm, with the maximum absorption value at 220 nm.5 
 
Citrus Aurantium Dulcis (Orange) Flower Extract 

As reported by a supplier, Citrus Aurantium Dulcis (Orange) Flower Extract is a medium-to-dark amber 
liquid with a characteristic odor.6  At 25◦ C, the pH range is 4.0 to 6.5 (actual 4.1).  Specific gravity range is 0.99 to 
1.01 (1.01 actual) at 25◦ C. Citrus Aurantium Dulcis (Orange) Flower Extract is soluble in any proportion of water, 
has less than 100 organisms/g, and has a refractive index range of 1.3250 to 1.3450 (1.3385 actual) at 25◦ C. 
 
Citrus Aurantium Dulcis (Orange) Flower Wax 

A supplier reported that Citrus Aurantium Dulcis (Orange) Flower Wax has a melting point of 60.0◦ C and  
a UV absorption value of 1250 at 280 nm.7 

 
Method of Manufacturing 

According to the Dictionary, essential oils and waters are prepared from leaves, stems, flowers, bark, roots, 
or other parts of a plant or the whole plant.1 Essential oils are prepared by a number of processes including, but not 
limited to, steam or dry distillation, flash pasteurization and mechanical processes such as cold-pressing; however, 
the most widely used method for preparing essential oils from plants is steam distillation. The condensate from 
steam distillation produces two distinct fractions that contain the volatile ingredients from the plant. The water 
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insoluble fraction contains the "oil." The water soluble fraction contains constituents of the plant that are water 
soluble. The name assigned to the water insoluble fraction from steam distilled plant materials includes the term 
"oil" in the INCI name. The water soluble fraction from the steam distilled plant material includes the term "water" 
in the INCI name.  
 
Citrus Aurantium Amara (Bitter Orange) Flower Extract 

A supplier reported that Citrus Aurantium (Bitter Orange) Flower Extract is produced by macerating the 
flowers in hot water followed by clarification, addition of glycerin and preservative, and filtration.8  This supplier 
also reported that the flowers may be extracted in sunflower seed oil before clarification and decontamination.9 

Another supplier reported that Citrus Aurantium Amara (Bitter Orange) Flower Extract was extracted by 
hydrocarbons (not specified) from Citrus aurantium amara flowers grown in Morocco.10  The resultant mixture was 
treated with ethanol, filtrated, and then concentrated and purified by distillation. 

 
Citrus Aurantium Amara (Bitter Orange) Flower Water 

As reported by a supplier, Citrus Aurantium Amara (Bitter Orange) Flower Water is produced through 
distillation of the flowers followed by acidification, addition of preservative, and decontamination.11  

  
Citrus Aurantium Amara (Bitter Orange) Flower Wax 

Figure 1 is a generic representation of the method of manufacturing for Citrus Aurantium Amara (Bitter 
Orange) Flower Wax. In the preparation of this ingredient, Citrus aurantium amara flowers undergo extraction with 
an organic solvent to form a “concrete”, which is then dissolved in alcohol.  The insoluble portion is the floral wax, 
which is further refined. 

 
Citrus Aurantium Dulcis (Orange) Flower Extract 

According to a supplier, fresh or dried flowers of Citrus aurantium dulcis are extracted with specified 
eluent under appropriate temperatures to yield a concentrate.6  The concentrate is then blended with the desired 
diluent and preservation systems to produce Citrus Aurantium Dulcis (Orange) Flower Extract.   

 
Citrus Hystrix Leaf Extract 

A supplier has reported that Citrus Hystrix Leaf Extract is produced by extracting dried leaves with 80% 
ethanolic solution, and the extract is filtered and concentrated before the addition of 70% 1,3-butylene glycolic 
solution.12  The material then undergoes sedimentation, filtration, and adjustment before packaging. 

 
Citrus Natsudaidai Flower Water and Oil 

In the preparation of Citrus Natsudaidai Flower Water and Citrus Natsudaidai Flower Oil, Citrus 
natsudaidai flowers were handpicked and then refrigerated.13  Approximately 4 to 8 kg of flowers were then 
distilled with 10 to 20 L of purified water.  The water and oil were then separated and the resulting products were 
analyzed for heavy metals and bacteria content. 

 
Constituents/Composition/Impurities 

The Citrus ingredients are complex botanicals composed of numerous constituents. Table 4 lists Citrus 
constituents that are established contact allergens, according the European Commission’s Scientific Committee on 
Consumer Safety (SCCS).  Table 5 presents the cosmetic allergens certificates of analysis for Citrus Aurantium 
Amara (Bitter Orange) Flower ingredients. Table 6, Table 7, Table 8, Table 9, and Table 10 list the composition (%) 
of several Citrus leaf and flower ingredients and volatiles. 

The International Fragrance Association (IFRA) has issued standards for limonene and linalool in natural 
products, stating that these constituents “should only be used when the level of peroxides is kept to the lowest 
practical level, for instance by adding antioxidants at the time of production.”14,15 

 
Citrus Aurantium Amara (Bitter Orange) Flower Extract 

A supplier reported that their raw material contains 1.5%-2.5% Citrus Aurantium (Bitter Orange) Flower 
Extract, 73.05%-74.05% water, >23% glycerin, <1.0% citric acid, 0.3% sodium benzoate, and 0.15% potassium 
sorbate.16  This product was certified to contain 27 ppm of acetaldehyde (detection limit was 10 ppm).17  This 
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product was certified to not contain the furocoumarins bergapten and 8-methoxypsoralen (detection limit was 10 
ppm).18 

Another raw material of this supplier was reported to contain 0.1%-0.5% Citrus Aurantium Amara (Bitter 
Orange) Flower Extract in 99.5%-99.9% sunflower seed oil.19 
 A raw material containing 0.15% Citrus Aurantium Amara (Bitter Orange) Flower Extract is reported to 
have 0.0016% (16 ppm) furanocoumarins with the following (calculated) break-out: 0.95 ppm psoralen, 0.3 ppm 
bergapten, 0.88 ppm oxypeudecanin, 0.08 ppm imperatorin, 0.18 ppm isoimperatorin, and 13.62 ppm 
epoxybergamottin.10  This material also contains approximately 630 ppm linalool, 185 ppm linalyl acetate, 6 ppm β-
pinene, and 2 ppm ocimene. Total polyphenolic content is approximately 29  ppm. 

 
Citrus Aurantium Amara (Bitter Orange) Flower Water 

A supplier reported that their raw material contains >98% Citrus Aurantium Amara Flower Water, <1% 
citric acid, 0.55% water, 0.3% sodium benzoate, and 0.15% potassium sorbate.20  This product was certified to not 
contain furocoumarin, bergapten, bergaptol, bergamothine, citropten, coumarine, imperatorine, isoemperatorine, 
isopimpinelline, ombelliferone, or scopolettine (detection limit was 10 ppm).21 

 
Citrus Aurantium Amara (Bitter Orange) Flower Wax 

In data provided by a supplier, Citrus Aurantium Amara (Bitter Orange) Flower Wax had less than 0.1 
mg/kg heavy metals (arsenic, cadmium, and lead) and no detectable pesticides (< 0.005 mg/kg) or polycyclic 
aromatic hydrocarbons (< 0.25 µg/kg).22 Concentrations of aflatoxins (B1, B2, G1, G2) were less than 0.1 µg/kg, 
with the total aflatoxins concentration less than 0.4 µg/kg, and dioxins were less than 0.6 pg/g. 

 
Citrus Aurantium Dulcis (Orange) Flower Extract 

According to a supplier, impurities testing on Citrus Aurantium Dulcis (Orange) Flower Extract is 
performed on the concentrate in alcohol base.6 No residual pesticides or heavy metals (including arsenic, lead, and 
mercury) were detected.  In addition, none of the 26 cosmetic allergens listed in Table 5 were detected (detection 
limit < 1 ppm). 

 
Citrus Aurantium Dulcis (Orange) Flower Wax 

A supplier reported that Citrus Aurantium Dulcis (Orange) Flower Wax contains 35%-50% hydrocarbons 
(C21-C35), 12%-20% polycosanols (C24-C36), 25%-40% esters (C40-C60), and 0.5%-5.0% essential oils and 
bioflavoids.7 

 
Citrus Hystrix Leaf Extract 

A supplier reports that Citrus Hystrix Leaf Extract is composed of tannin and sugar.12  Impurities of heavy 
metals are not more than 20 ppm and arsenic is not more than 2 ppm. 

 

 USE 
Cosmetic 

The safety of the cosmetic ingredients included in this assessment is evaluated based on data received from 
the U.S. Food and Drug Administration (FDA) and the cosmetics industry on the expected use of these ingredients 
in cosmetics.   Use frequencies of individual ingredients in cosmetics are collected from manufacturers and reported 
by cosmetic product category in FDA’s Voluntary Cosmetic Registration Program (VCRP) database.  Use 
concentration data are submitted by Industry in response to surveys, conducted by the Council, of maximum 
reported use concentrations by product category. 

According to 2016 VCRP data, Citrus Aurantium Amara (Bitter Orange) Flower Oil has the most reported 
uses of the cosmetic ingredients in this report, with a total of 99; the majority of the uses are in leave-on skin care 
preparations (Table 11).23 Citrus Aurantium Dulcis (Orange) Flower Extract has the second greatest number of 
overall uses reported, with a total of 70; a majority of the uses are in rinse-off and leave-on skin care preparations. 
The results of the concentration of use survey conducted by the Council indicate Citrus Aurantium Dulcis (Orange) 
Flower Oil has the highest reported maximum concentration of use; it is used at up to 0.66% in a depilatory.24  
Citrus Aurantium Dulcis (Orange) Flower Wax had the second highest reported maximum concentration of use; it is 
used at up to 0.12% in a lipstick.   
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Table 12 lists all Citrus flower- and leaf-derived ingredients not indicated to be in use based on the VCRP 
data or the results of the Council concentration of use survey.   

Some of these ingredients may be used in products that can be incidentally ingested or come into contact 
with mucous membranes.  For example, Citrus Aurantium Dulcis (Orange) Flower Wax is used at 0.12% in lipstick. 
Additionally, some of these ingredients were reported to be used in hair sprays, fragrance preparations, and face 
powders and could possibly be inhaled. For example, Citrus Aurantium Dulcis (Orange) Flower Oil was reported to 
be used in hair spray at a maximum concentration of 0.015% and Citrus Aurantium Amara (Bitter Orange) Flower 
Oil was reported to be used in face powders at a maximum concentration of 0.01%.  In practice, 95% to 99% of the 
droplets/particles released from cosmetic sprays have aerodynamic equivalent diameters >10 µm, with propellant 
sprays yielding a greater fraction of droplets/particles below 10 µm compared with pump sprays.25-28 Therefore, 
most droplets/particles incidentally inhaled from cosmetic sprays would be deposited in the nasopharyngeal and 
bronchial regions and would not be respirable (i.e., they would not enter the lungs) to any appreciable amount.26,27  
Conservative estimates of inhalation exposures to respirable particles during the use of loose powder cosmetic 
products are 400-fold to 1000-fold less than protective regulatory and guidance limits for inert airborne respirable 
particles in the workplace.29-31 

The Citrus flower- and leaf-derived ingredients in this safety assessment are not restricted from use under 
the rules governing cosmetic products in the European Union.32 

 
Non-Cosmetic 

The essential oils, oleoresins (solvent-free), and natural extractives (including distillates) derived from the 
following Citrus plant sources are GRAS for their intended use in foods for human consumption:  Citrus 
aurantifolia (lime); Citrus aurantium (bergamot); Citrus aurantium (bitter orange; the flowers and peel); Citrus 
limon (lemon); Citrus paradisi (grapefruit); Citrus reticulata (tangerine); Citrus reticulata blanco (mandarin); 
Citrus sinensis (orange; the leaf, flowers, and peel) and Citrus peels (species not specified) (21CFR182.20).  These 
essential oils, oleoresins (solvent-free), and natural extractives (including distillates) of these Citrus plant sources 
are GRAS for their intended use in animal drugs, feeds, and related products (21CFR582.20). 

While not specifically listed as GRAS, Citrus hystrix (kaffir lime) leaves are recognized as a seasoning 
ingredient commonly used in Southeast Asian cuisine.33 

 

TOXICOKINETICS 
No relevant published toxicokinetics studies on Citrus flower- and leaf-derived ingredients were identified 

in a literature search for these ingredients and no unpublished data were submitted. Toxicokinetics data were not 
expected to be found because each botanical ingredient is a mixture of hundreds of constituents. 

 

TOXICOLOGICAL STUDIES 
Acute Toxicity 

Some of the Citrus ingredients in this assessment are found in foods, and daily exposures from food use 
would result in much greater systemic doses than those resulting from use in cosmetic products.  Also, as noted 
earlier, essential oils, oleoresins (solvent-free), and natural extractives (including distillates) derived from bitter 
orange flowers, sweet orange flowers and leaves, and possibly other Citrus flowers and leaves are GRAS for their 
intended use in foods for human and animal consumption according to the FDA.  Consequently, the systemic 
toxicity potential is not addressed further in this report. The safety assessment focuses on the potential for irritation 
and sensitization from topical exposure to these Citrus ingredients.  

 
Repeated Dose Toxicity 

No relevant published repeated dose toxicity studies on Citrus flower- and leaf-derived ingredients were 
identified in a literature search for these ingredients, and no unpublished data were submitted. 

 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
No relevant published reproductive and developmental studies on Citrus flower- and leaf-derived 

ingredients were identified in a literature search for these ingredients, and no unpublished data were submitted. 
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GENOTOXICITY 
No relevant published genotoxicity studies on Citrus flower- and leaf-derived ingredients were identified in 

a literature search for these ingredients, and no unpublished data were submitted. 
 

CARCINOGENICITY 
No relevant published carcinogenicity studies on Citrus flower- and leaf-derived ingredients were 

identified in a literature search for these ingredients, and no unpublished data were submitted. 

IRRITATION AND SENSITIZATION 
Dermal Irritation 

Dermal irritation studies are summarized in Table 13.12,34-37  In rabbit studies, moderate, reversible 
erythema was observed with undiluted Citrus Aurantium Amara (Bitter Orange) Flower Wax.  Citrus Hystrix Leaf 
Extract was not irritating in rabbits at up to 10%.  In human subjects, no irritation was observed after topical 
exposure to Citrus Natsudaidai Flower Oil (1% in jojoba seed oil) or Citrus Aurantium Amara (Bitter Orange) 
Flower Extract (up to 0.001% in leave-on formulations). 

 
Ocular Irritation 

Citrus Auramtium Amara (Bitter Orange) Flower Water 
The irritancy potential of a raw material product containing >98% Citrus Aurantium Amara (Bitter Orange) 

Flower Water was tested in a hen’s egg test-chorioallantoic membrane (HET-CAM) assay and a cytotoxicity in vitro 
(CFIO) method.36  The test material was studied diluted at 10% in saline or in Hank’s balanced salt solution.  While 
the HET-CAM assay concluded the test material was practically not irritating, the CFIO method concluded that the 
test material must be considered slightly irritating to the eye. 
Citrus Aurantium Amara (Bitter Orange) Flower Wax 

The eye tolerance of Citrus Aurantium Amara (Bitter Orange) Flower Wax (> 50%) was tested in vitro 
using the Statens Seruminstitut rabbit cornea (SIRC) cell model.38  Tolerance was evaluated by measuring 
cytotoxicity.  Negative control solutions were physiological serum or sample diluent and positive control solutions 
were 0.01% to 0.2% sodium dodecyl sulfate.  Negligible cytotoxicity was observed. 

 
Sensitization 

Sensitization studies are presented in Table 14.12,37,39-42  Citrus Hystrix Leaf Extract was not sensitizing in 
guinea pigs at up to 10%. In human repeated insult patch tests (HRIPT), Citrus Aurantium Amara (Bitter Orange) 
Flower Extract was considered not sensitizing in formulations at up to 0.0225%, and Citrus Aurantium Dulcis 
(Orange) Flower Oil was not irritating or sensitizing at 0.4% in a face and neck product. 

 
Photosensitization 

Photosensitization studies are presented in Table 15.37,43  Undiluted Citrus Aurantium Amara (Bitter 
Orange) Flower Oil (described as neroli oil) was not photosensitizing in tests with hairless mice or miniature swine.  
Citrus Aurantium Amara (Bitter Orange) Flower Extract at up to 0.002% in a leave-on product was not phototoxic 
or photosensitizing. 

 

CLINICAL STUDIES 
No relevant published clinical studies on Citrus flower- and leaf-derived ingredients were identified in a 

literature search for these ingredients and no unpublished data were submitted. 
 

SUMMARY 
The 33 Citrus flower- and leaf-derived ingredients described in this report function primarily as fragrances 

and/or skin conditioning agents. Botanicals such as Citrus are composed of hundreds of constituents, some of which 
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have the potential to be toxic.  CIR reviewed the information available for each Citrus flower- and leaf-derived 
ingredient as a whole, complex substance; CIR did not review the potential toxicity information on the individual 
constituents of which the Citrus flower- and leaf-derived ingredients are composed.   

Citrus Aurantium Amara (Bitter Orange) Flower Oil has the most reported uses of the cosmetic ingredients 
in this report, with a total of 99; the majority of the uses are in leave-on skin care preparations. Citrus Aurantium 
Dulcis (Orange) Flower Extract has the second greatest number of overall uses reported, with a total of 70; a 
majority of the uses are in rinse-off and leave-on skin care preparations. The results of the concentration of use 
survey conducted by the Council indicate that Citrus Aurantium Dulcis (Orange) Flower Oil has the highest reported 
maximum concentration of use; it is used at up to 0.66% in a depilatory.   Citrus Aurantium Dulcis (Orange) Flower 
Wax had the second highest reported maximum concentration of use; it is used at up to 0.12% in a lipstick.   

The Citrus flower- and leaf-derived ingredients in this safety assessment are not restricted from use under 
the rules governing cosmetic products in the European Union. 

Some of the Citrus ingredients in this assessment are found in foods, and the daily exposure from food use 
would result in much larger systemic exposures than those resulting from use in cosmetic products.  Essential oils, 
oleoresins (solvent-free), and natural extractives (including distillates) derived from some Citrus sources 
(specifically Citrus aurantium (bitter orange; the flowers and leaf/twig oil) and Citrus sinensis (orange; the leaf and 
flowers)) are GRAS for their intended use in foods for human and animal consumption according to the FDA.  
While not specifically listed as GRAS, Citrus hystrix (kaffir lime) leaves are commonly used in Southeast Asian 
cuisine. 

In rabbit studies, moderate, reversible erythema reactions were observed with undiluted Citrus Aurantium 
Amara (Bitter Orange) Flower Wax.  Citrus Hystrix Leaf Extract was not irritating in rabbits at up to 10%.  In 
human subjects, no irritation was observed after topical exposure to Citrus Natsudaidai Flower Oil (1% in jojoba 
seed oil). 

A raw material product containing >98% Citrus Aurantium Amara (Bitter Orange) Flower Water was 
considered practically not irritating in a HET-CAM assay but was considered slightly irritating to the eyes in a CFIO 
test.  Essentially no cytotoxicity was observed in an in vitro eye tolerance study of Citrus Aurantium Amara (Bitter 
Orange) Flower Wax (> 50%) using the SIRC cell strain. 

Citrus Hystrix Leaf Extract was not sensitizing in guinea pigs at up to 10%. In human studies, Citrus 
Aurantium Amara (Bitter Orange) Flower Extract was considered not sensitizing in formulations at up to 0.0225%.  
Citrus Aurantium Dulcis (Orange) Flower Oil was not irritating or sensitizing at 0.4% in a face and neck product. 

No published studies on toxicokinetics, repeated dose toxicity, reproductive and development toxicity, 
genotoxicity, carcinogenicity, or clinical studies of Citrus flower- and leaf-derived ingredients were discovered and 
no unpublished data were submitted to address these topics. 

 

DISCUSSION 
The Citrus ingredients in this assessment are found in foods, and daily exposures from the consumption of 

foods can be expected to yield much larger systemic exposures to these ingredients than those from use in cosmetic 
products.  Essential oils, oleoresins (solvent-free), and natural extracts (including distillates) derived from some 
Citrus flowers and leaves are GRAS in foods and animal feeds.  Consequently, the primary focus of this safety 
assessment is on the potential for irritation and sensitization from dermal exposures to the Citrus ingredients. 

The Panel noted that, because botanical ingredients are complex mixtures, there is concern that multiple 
botanical ingredients in one formulation may each contribute to the final concentration of a single constituent.  
Therefore, when formulating products, manufacturers should avoid reaching levels in final formulation of botanical 
constituents that may cause sensitization or other adverse effects.  Specific examples of constituents that could 
induce adverse effects include the hydroperoxides of limonene and linalool.   

The Panel discussed the issue of incidental inhalation exposure from hair sprays, fragrance preparations, 
and face powders. There were no inhalation toxicity data available. The Panel noted that droplets/particles from 
spray and loose-powder cosmetic products would not be respirable to any appreciable amount.  The potential for 
inhalation toxicity is not limited to respirable droplets/particles deposited in the lungs.  In principle, inhaled 
droplets/particles deposited in the nasopharyngeal and thoracic regions of the respiratory tract may cause toxic 
effects depending on their chemical and other properties.  However, coupled with the small actual exposure in the 
breathing zone and the concentrations at which the ingredients are used, the available information indicates that 
incidental inhalation would not be a significant route of exposure that might lead to local respiratory or systemic 
effects. A detailed discussion and summary of the Panel’s approach to evaluating incidental inhalation exposures to 
ingredients in cosmetic products is available at http://www.cir-safety.org/cir-findings. 
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The Panel expressed concern about pesticide residues and heavy metals that may be present in botanical 
ingredients.  They stressed that the cosmetics industry should continue to use current good manufacturing practices 
(cGMPs) to limit impurities. 

The Panel found that the data are insufficient to make a conclusion upon the safety of the 33 Citrus flower- 
and leaf-derived ingredients found in this safety assessment.  The data that are needed to properly evaluate the safety 
of these ingredients are: 

• Clarification of the generally recognized as safe (GRAS) food status of these ingredients and/or verification 
of accepted food use 

• Genotoxicity data if these ingredients are not GRAS foods or recognized as being an accepted food 
• Concentration of use data for Citrus Aurantium Amara (Bitter Orange) Flower Wax and Citrus Hystrix 

Leaf Oil 
• Composition and impurities data for Citrus Aurantium Dulcis (Orange) Flower Extract. 

 

CONCLUSION 
The CIR Expert Panel concluded that the available data are insufficient to make a determination that the following 

33 ingredients are safe under the intended conditions of use in cosmetic formulations.  
 
 

Citrus Aurantifolia (Lime) Flower Extract 
Citrus Aurantifolia (Lime) Leaf Oil* 
Citrus Aurantium Amara (Bitter Orange) Flower Extract 
Citrus Aurantium Amara (Bitter Orange) Flower Oil 
Citrus Aurantium Amara (Bitter Orange) Flower Water 
Citrus Aurantium Amara (Bitter Orange) Flower Wax 
Citrus Aurantium Bergamia (Bergamot) Leaf Cell 
Extract* 
Citrus Aurantium Bergamia (Bergamot) Leaf Extract 
Citrus Aurantium Bergamia (Bergamot) Leaf Oil 
Citrus Aurantium Dulcis (Orange) Flower Extract 
Citrus Aurantium Dulcis (Orange) Flower Oil 
Citrus Aurantium Dulcis (Orange) Flower Wax 
Citrus Aurantium Dulcis (Orange) Flower 
Citrus Aurantium Dulcis (Orange) Leaf Extract 
Citrus Clementina Leaf Cell Extract* 
Citrus Depressa Flower Water* 

Citrus Grandis (Grapefruit) Leaf Extract* 
Citrus Hystrix Leaf Extract* 
Citrus Hystrix Leaf Oil 
Citrus Junos Flower Oil* 
Citrus Limon (Lemon) Flower Water* 
Citrus Limon (Lemon) Leaf Extract* 
Citrus Limon (Lemon) Leaf Cell Extract* 
Citrus Natsudaidai Flower Water* 
Citrus Natsudaidai Flower Oil* 
Citrus Reticulata (Tangerine) Leaf Oil 
Citrus Reticulata (Tangerine) Leaf Water* 
Citrus Sinensis (Orange) Flower Water 
Citrus Tamurana Flower Extract* 
Citrus Unshiu Flower Extract* 
Citrus Unshiu Flower Powder* 
Citrus Unshiu Flower Water* 
Citrus Unshiu Leaf Extract*

 
*Not reported to be in current use. Were ingredients in this group not in current use to be used in the future, the 

expectation is that they would be used in product categories and at concentrations comparable to others in this group. 
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FIGURES 
                        
Figure 1. Manufacturing flow chart of Citrus Aurantium Amara (Bitter Orange) Flower Wax.44  
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TABLES 
Table 1. Definitions and functions of Citrus-derived ingredients. 1 
Ingredient Definition Function 
Citrus Aurantifolia (Lime) Flower Extract Citrus Aurantifolia (Lime) Flower Extract is the extract of the flowers 

of Citrus aurantifolia. 
Cosmetic Astringents; Skin-
Conditioning Agents - Miscellaneous 

Citrus Aurantifolia (Lime) Leaf Oil Citrus Aurantifolia (Lime) Leaf Oil is the volatile oil obtained from 
the leaves of Citrus aurantifolia. 

Fragrance Ingredients 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 
CAS No. 72968-50-4 

Citrus Aurantium Amara (Bitter Orange) Flower Extract is the extract 
of the flowers of Citrus aurantium amara. 

Skin-Conditioning Agents - Occlusive 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Citrus Aurantium Amara (Bitter Orange) Flower Oil is the volatile oil 
obtained from the flowers of Citrus aurantium amara. 

Fragrance Ingredients; Skin-
Conditioning Agents - Miscellaneous 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Citrus Aurantium Amara (Bitter Orange) Flower Water is an aqueous 
solution of the steam distillate obtained from the flowers of Citrus 
aurantium amara. 

Fragrance Ingredients; Skin-
Conditioning Agents - Miscellaneous 

Citrus Aurantium Amara (Bitter Orange) 
Flower Wax 

Citrus Aurantium Amara (Bitter Orange) Flower Wax is a wax 
obtained from the flower of Citrus aurantium amara. 

Not reported 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Cell Extract 

Citrus Aurantium Bergamia (Bergamot) Leaf Cell Extract is the 
extract of a culture of the leaf cells of Citrus aurantium bergamia.  

Antioxidants; Skin Protectants 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Extract 

Citrus Aurantium Bergamia (Bergamot) Leaf Extract is the extract of 
the leaves of Citrus aurantium bergamia. 

Cosmetic Astringents 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Oil 

Citrus Aurantium Bergamia (Bergamot) Leaf Oil is the volatile oil 
obtained from the leaves of Citrus aurantium bergamia. 

Cosmetic Astringents 

Citrus Aurantium Dulcis (Orange) Flower Citrus Aurantium Dulcis (Orange) Flower is the flower of Citrus 
aurantium dulcis. 

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Citrus Aurantium Dulcis (Orange) Flower Extract is the extract of the 
flowers of Citrus aurantium dulcis. 

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 
CAS No. 8016-38-4 

Citrus Aurantium Dulcis (Orange) Flower Oil is the volatile oil 
obtained from the flowers of Citrus aurantium dulcis. 

Fragrance Ingredients; Skin-
Conditioning Agents - Miscellaneous 

Citrus Aurantium Dulcis (Orange) Flower 
Wax 

Citrus Aurantium Dulcis (Orange) Flower Wax is a wax obtained 
from the flowers of Citrus aurantium dulcis. 

Skin-Conditioning Agents - Occlusive 

Citrus Aurantium Dulcis (Orange) Leaf 
Extract 

Citrus Aurantium Dulcis (Orange) Leaf Extract is the extract of the 
leaves of Citrus aurantium dulcis. 

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Clementina Leaf Cell Extract Citrus Clementina Leaf Cell Extract is the extract of a culture of the 
leaf cells of Citrus clementina.  

Antioxidants; Skin Protectants 

Citrus Depressa Flower Water Citrus Depressa Flower Water is the aqueous solution of the steam 
distillates obtained from the flowers of Citrus depressa.  

Skin-Conditioning Agents - Humectant 

Citrus Junos Flower Oil Citrus Junos Flower Oil is the volatile oil obtained from the flowers 
of Citrus junos.  

Flavoring Agents; Fragrance 
Ingredients 

Citrus Limon (Lemon) Flower Water Citrus Limon (Lemon) Flower Water is an aqueous solution of the 
steam distillates obtained from the flowers of Citrus limon (lemon).  

Skin-Conditioning Agents - Humectant 

Citrus Grandis (Grapefruit) Leaf Extract Citrus Grandis (Grapefruit) Leaf Extract is the extract of the leaves of 
Citrus grandis. 

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Hystrix Leaf Extract Citrus Hystrix Leaf Extract is the extract of the leaves of Citrus 
hystrix. 

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Hystrix Leaf Oil (or Kaffir Lime 
(Citrus Hystrix) Leaf Oil) 

Not in Dictionary. Not in Dictionary. 

Citrus Limon (Lemon) Leaf Cell Extract 
CAS No. 84929-31-7 

Citrus Limon (Lemon) Leaf Cell Extract is the extract of a culture of 
the leaf cells of Citrus limon.  

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Limon (Lemon) Leaf Extract Citrus Limon (Lemon) Leaf Extract is the extract of the leaves of 
Citrus limon. 

Antioxidants 

Citrus Natsudaidai Flower Oil Citrus Natsudaidai Flower Oil is the volatile oil obtained from the 
flowers of Citrus natsudaidai.  

Fragrance Ingredients 

Citrus Natsudaidai Flower Water Citrus Natsudaidai Flower Water is the aqueous solution of the steam 
distillates obtained from the flowers of Citrus natsudaidai. 

Fragrance Ingredients 

Citrus Reticulata (Tangerine) Leaf Oil  
CAS No. 8014-17-3 

Citrus Reticulata (Tangerine) Leaf Oil is the volatile oil derived from 
the leaves of Citrus reticulata 

Fragrance Ingredients; Skin-
Conditioning Agents - Miscellaneous 

Citrus Reticulata (Tangerine) Leaf Water Citrus Reticulata (Tangerine) Leaf Water is an aqueous solution of the 
steam distillate obtained from the leaves of Citrus reticulata. 

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Sinensis (Orange) Flower Water Citrus Sinensis (Orange) Flower Water is an aqueous solution of the 
steam distillates obtained from the flowers of Citrus sinensis.  

Skin-Conditioning Agents - Humectant 

Citrus Tamurana Flower Extract Citrus Tamurana Flower Extract is the extract of the flowers of Citrus 
tamurana. 

Skin-Conditioning Agents - 
Miscellaneous 

Citrus Unshiu Flower Extract Citrus Unshiu Flower Extract is the extract of the flowers of Citrus 
unshiu.  

Skin Protectants; Skin-Conditioning 
Agents - Humectant 

Citrus Unshiu Flower Powder Citrus Unshiu Flower Powder is the powder obtained from the dried, 
ground flowers of Citrus unshiu. 

Exfoliants 

Citrus Unshiu Flower Water Citrus Unshiu Flower Water is an aqueous solution of the steam 
distillates obtained from the flowers of Citrus unshiu. 

Fragrance Ingredients 
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Table 1. Definitions and functions of Citrus-derived ingredients. 1 
Ingredient Definition Function 
Citrus Unshiu Leaf Extract Citrus Unshiu Leaf Extract is the extract of the leaves of Citrus 

unshiu.  
Skin Protectants; Skin-Conditioning 
Agents - Humectant 

 *Accepted or alternate scientific names for these Citrus ingredients are found in Table 3. 
 
 
 
 
 
 
 
Table 2. Citrus-ingredients that potentially function exclusively as fragrance ingredients. 
Citrus Aurantifolia (Lime) Leaf Oil 
Citrus Natsudaidai Flower Oil 
Citrus Natsudaidai Flower Water 
Citrus Unshiu Flower Water 
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Table 3. Review of Citrus genus species names.4 
Genus Species Name Used in INCI Names (common name) Accepted Genus Species Name 
Citrus aurantifolia (lime) Citrus x aurantifolia 
Citrus aurantium amara (bitter orange) Citrus x aurantium 
Citrus aurantium bergamia (bergamot) Citrus x limon 
Citrus aurantium dulcis (orange) ALSO Citrus sinensis (orange) Citrus x aurantium 
Citrus clementina (clementine) Citrus x aurantium 
Citrus depressa Citrus reticulata 
Citrus glauca Citrus glauca 
Citrus grandis (grapefruit or pomelo) Citrus maxima or Citrus x aurantium 
Citrus hassaku Citrus medica x Citrus x aurantium 
Citrus iyo Citrus x aurantium 
Citrus jabara Not known 
Citrus japonica (kumquat) Citrus japonica 
Citrus junos Citrus x junos 
Citrus limon (lemon) Citrus x limon 
Citrus madurensis Citrus x microcarpa 
Citrus medica vulgaris Citrus reticulata 
Citrus natsudaidai Citrus x aurantium 
Citrus nobilis (mandarin orange) Citrus reticulata 
Citrus paradisi (grapefruit) Citrus x aurantium 
Citrus reticulata (tangerine) Citrus reticulata 
Citrus shunkokan Cultivated hybrid 
Citrus sinensis (orange) ALSO Citrus aurantium dulcis (orange) Citrus x aurantium 
Citrus sphaerocarpa Cultivated hybrid 
Citrus sudachi Citrus reticulata 
Citrus tachibana Not listed 
Citrus tamurana Cultivated hybrid 
Citrus tangelo (tangelo) Citrus x aurantium 
Citrus tangerine (tangerine) Citrus reticulata 
Citrus tankan Citrus reticulata 
Citrus unshiu Citrus reticulata 

 
 
 
 
 
 
 
 
 
 
 

Table 4. Potential constituents that are established contact allergens in humans, according to the 
SCCS. 
Constituent 
β-caryophyllene 
carvone 
citral 
citronellol 
coumarin 
farnesol 
geraniol 
linalyl acetate 
α- and β-pinene 
(DL)-limonene 
tepineol (mixture of isomers)/α-terpineol 
terpinolene 
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Table 5. Cosmetic allergens certificates from manufacturer of Citrus Aurantium Amara (Bitter Orange) Flower ingredients.45-47  

Allergen 

Citrus Aurantium Amara (Bitter 
Orange) Flower Wax 

Citrus Aurantium Amara (Bitter 
Orange) Flower Water 

Citrus Aurantium Amara (Bitter 
Orange) Flower Extract 

Citrus Aurantium Amara (Bitter 
Orange) Flower Extract in 

sunflower seed oil‡ 
Amyl cinnamal < 5 ppm ND ND ND 
Benzyl alcohol < 20 ppm ND ND ND 
Cinnamyl alcohol < 1 ppm ND ND ND 
Citral < 10 ppm ND ND ND 
Eugenol < 5 ppm ND ND ND 
Hydroxycitronellal < 5 ppm ND ND ND 
Isoeugenol < 5 ppm ND ND ND 
Amylcinnamyl alcohol < 1 ppm ND ND ND 
Benzyl salicylate < 5 ppm ND ND ND 
Cinnamal < 5 ppm ND ND ND 
Coumarin < 15 ppm ND ND ND 
Geraniol < 5 ppm ND ND ND 
Hydroxyisohexyl 3-cyclo hexane 
carboxaldehyde < 5 ppm ND ND ND 

Anise alcohol < 30 ppm ND ND ND 
Benzyl cinnamate < 15 ppm ND ND ND 
Farnesol < 50 ppm ND ND ND 
Butylphenyl methylpropional < 1 ppm ND ND ND 
Linalool < 50 ppm ND ND ND 
Benyl benzoate < 5 ppm ND ND ND 
Citronellol < 5 ppm ND ND ND 
Hexyl cinnamal < 1 ppm ND ND ND 
Limonene < 200 ppm ND ND ND 
Methyl 2-octynoate < 1 ppm ND ND ND 
Alpha-isomethyl ionone < 1 ppm ND ND ND 
Evernia prunastri ND ND* ND† ND 
Evernia furfuracea ND ND* ND† ND 
Unless noted, detection limit was 2 ppm.  
*Detection limit was 20 ppm 
†Detection limit was 5 ppm 
‡Detection limit was 1 ppm for all allergens 
ND = unable to be detected by GCSM 
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Table 6. Chemical composition of orange flower absolute.48 
Constituent Percent Range 
linalool 34.0-48.0 
linalyl acetate 14.0-21.0 
farnesol 3.6-15.4 
nerolidol 4.9-8.9 
indole 2.6-9.9 
methyl anthranilate 1.0-4.3 
α-terpineol 1.5-3.7 
limonene 0-3.6 
geraniol 0-2.0 
geranyl acetate 0-1.3 
(E)-β-ocimene 0-2.2 
2-phenethyl alcohol 0-2.1 
β-pinene 0-2.7 
benzyl cyanide 0-1.1 
nerol 0-1.1 
neryl acetate 0-0.7 
terpinen-4-ol + β-caryophyllene 0-0.8 
myrcyne 0-0.5 
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Table 7. Composition (%) of Citrus flower and leaves. 49-51 
 Citrus Natsudaidai 

Flower Oil 
Citrus reticulata leaf 

oil (mandarin) 

Citrus aurantium 
L. flower oil (bitter 

orange) 

Citrus aurantium 
L. leaf oil (bitter 

orange) 
β-pinene 4.49 4.71 19.08 1.90-3.58 
sabinene 0.65 0.57 2.01 0.22-0.37 
β-myrcene 1.26 0.63 1.59 1.63-2.74 
α-terpinene 0.35 NR NR NR 
limonene 23.48 3.63 12.04 0.53-0.77 
citronellol NR 5.19 NR NR 
eucalyptol 0.55 NR NR NR 
α-phellandrene NR 0.49 NR NR 
β-phellandrene or β-thujene 0.17 NR NR NR 
α-pinene NR 3.91 1.35 0.19 
γ-terpinene or 3-carene 9.56 20.15 0.36/0.17 NR 
β-cis-ocimene 4.69 NR 0.77 0.71-1.22 
(E)-β-ocimene NR 1.74 6.06 3.11-4.08 
p-cymene 14.53 16.29 NR NR 
caryophyllene oxide 0.24 NR NR NR 
dihydropseudoionone 0.34 NR NR NR 
germacrene A 0.96 NR 0.13 NR 
(E)-β-farnesene 0.06 NR NR 00-0.13 
β-bisabolene 0.93 NR NR NR 
δ-elemene NR NR 0.12 NR 
elemene 2.90 NR NR NR 
α-caryophyllene 0.47 NR NR NR 
β-selinene 0.24 NR NR NR 
α-selinene 0.83 NR NR NR 
γ-cadinene 2.90 NR NR NR 
α-farnesene 1.81 NR NR NR 
β-cubebene 0.19 NR NR NR 
α-humulene NR NR NR 0-0.10 
caryophyllene 1.40 NR 0.42 0.22-1.09 
linalool 7.57 9.55 29.14 36.03-58.21 
linalool oxide NR NR 0.29 NR 
nerolidol 13.99 NR 1.76 0-0.10 
farnesol 0.40 NR 5.14 NR 
α-terpineol NR 0.85 4.56 7.11-12.89 
(-)-4-terpineol 0.58 7.13 0.68 0.13-0.17 
α-terpinolene NR NR 0.47 0.40-0.70 
carvacrol 0.80 NR NR NR 
nerol NR 0.21 0.83 1.45-2.89 
neral NR 0.36 NR NR 
geranial NR 0.83 NR NR 
geraniol 0.26 NR 4.31 NR 
geraniol or geranyl isopentanoate 0.25 NR NR NR 
phenylethyl alcohol NR NR NR NR 
nonanal NR NR NR NR 
linalyl acetate NR NR 3.88 12.42-23.00 
linalyl propanoate 0.67 NR NR NR 
methyl anthranylate 1.41 NR 0.19 NR 
geranyl acetate NR 2.13 2.59 4.49-8.70 
bornyl acetate NR 0.24 NR NR 
terpinyl acetate NR NR 0.20 0-0.11 
neryl acetate NR NR 1.30 2.18-4.46 
eicosane 0.35 NR NR NR 
benzeneacetonitrile NR NR NR NR 
bicyclogermacrene NR NR NR 0.18-0.20 
NR = not reported     
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Table 8. Key constituents (%)  of Citrus flowers and leaves*52 

 Citrus Limon 
(Lemon) Leaf 

Oil 

Citrus 
Aurantium 

Amara (Bitter 
Orange) 

Flower Oil 

Bitter Orange 
Flower Extract 

Citrus 
Aurantium 

Amara (Bitter 
Orange) 

Flower Water 

Bitter Orange 
Leaf Extract 

Citrus 
Aurantium 

Amara (Bitter 
Orange) Leaf 

Oil 

Citrus 
Reticulata 

(Mandarin) 
Leaf Oil 

Citrus Hystrix 
Leaf Oil 

β-pinene 3.5-13.6 3.5-13.0 NR NR NR 0.3-2.7 1.9-2.5 0.2-1.5 
sabinene NR 0.4-2.8 NR NR NR NR NR 1.6-4.8 
β-myrcene 0.4-1.5 1.4-3.1 NR NR 2.5 0-2.0 NR 0.4-1.4 
p-cymene NR NR NR NR NR NR 3.0-4.8 NR 
(+)-limonene 8.1-30.7 6.0-17.9 NR NR NR 0.3-8.0 7.2-11.7 NR 
citronellal 1.5-2.9 NR NR NR NR NR NR 58.9-81.5 
α-pinene 0.1-2.2 0.8-1.1 NR NR NR NR 1.8-2.3 NR 
γ-terpinene  0.4-2.3 NR NR NR NR NR 23.9-28.5 0.1-1.1 
(E)-β-ocimene NR 4.6-7.0 NR NR 1.2 0-2.2 NR NR 
(Z)-β-ocimene NR 0.7-1.0 NR NR NR NR NR NR 
(+)-limonene + (Z)-β-ocimene NR NR 0-5.1 NR NR NR NR NR 
β-caryophyllene 0.6-2.0 NR NR NR NR NR 1.2-1.4 NR 
α-thujene NR NR NR NR NR NR 0.8-1.0 NR 
linalool 1.2-1.8 31.4-54.3 30.0-32.0 NR 42.5 12.3-25.2 NR 2.9-4.7 
linalool + 2-phenylethanol NR NR NR 67.5 NR NR NR NR 
2-phenylethanol NR NR 4.5-35.0 NR NR NR NR NR 
(Z)-linalool oxide NR NR NR 1.9 NR NR NR NR 
(E)-linalool oxide NR NR NR 1.1 NR NR NR NR 
nerolidol NR NR 0-7.6 NR NR NR NR NR 
(E)-nerolidol NR 1.3-4.0 NR NR NR NR NR NR 
farnesol NR NR trace-7.7 NR NR NR NR NR 
(E,E)-farnesol NR 1.6-3.2 NR NR NR NR NR NR 
(E,Z)-farnesol NR 0.7-1.6 NR NR NR NR NR NR 
α-terpineol 0.4-1.1 1.1-5.8 2.0-2.4 20.0 NR 2.1-6.8 NR NR 
terpinen-4-ol NR 0.3-1.3 NR NR NR NR NR NR 
nerol 1.3-7.4 1.1-1.3 0.9-4.0 3.0 NR 0.4-1.1 NR NR 
neral 6.5-25.3 NR NR NR NR NR NR NR 
geranial 10.9-39.0 NR NR NR NR NR NR NR 
geraniol 0.5-15.0 0.8-3.6 < 1.5 NR NR 1.4-3.0 NR NR 
isopulegol NR NR NR NR NR NR NR 0.3-4.9 
linalyl acetate trace-6.5 0.6-10.0 7.0-16.8 NR 48.9 47.4-71.0 NR NR 
methyl anthranilate NR NR 3.0-15.0 3.0 NR NR NR NR 
dimethyl anthranilate NR NR NR NR NR NR 43.2-51.9 NR 
geranyl acetate trace-4.0 0.7-4.1 NR NR 1.6 1.9-4.5 NR NR 
citronellyl acetate NR NR NR NR NR NR NR 0.9-5.1 
α-terpinyl acetate trace-7.3 NR NR NR NR NR NR NR 
neryl acetate 3.7-7.4 0.3-2.1 0.8-4.0 NR 1.0 0-3.0 NR NR 
indole NR NR 0.1-1.0 NR NR NR NR NR 
benzyl cyanide NR NR 1.0 NR NR NR NR NR 
NR = not reported         
*Composition reported down to the level of 1%, or lower for known toxic constituents. 
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Table 9. Citrus flower volatiles composition (%), identified by headspace-solid phase microextraction gas 
chromatography-mass spectrometry.53 
 Citrus reticulata 

(mandarin 
orange) 

Citrus unshiu Citrus sinensis 
(sweet orange) 

Citrus limon 
(lemon) 

Citrus grandis 
(pomelo) 

hexanal 0.1-1 NR 0.1-1 0.1-1 0.1-1 
2-hexanal 0.1-1 0.1-2.84 1.19-2.36 0.1-1.45 0.1-1.68 
benzaldehyde trace-1 trace-1 trace-1 Trace trace 
benezene acetaldehyde 0.1-1.08 NR 0.1-1.31 0.1-1 1.34 
lilac aldehyde B NR NR trace NR trace-1 
myrtenal NR 0.1-1 trace NR trace 
decanal trace trace trace trace-1 trace-1 
undecanal NR NR NR trace-1 NR 
α-thujene 0.1-1 0.1-1 0.1-1 trace-1 trace-2.18 
α-pinene 0.1-1 0.1-2.80 0.1-1.42 0.1-1 0.1-1 
camphene NR NR NR NR trace-4.48 
sabinene NR NR 6.07-11.15 NR NR 
β-pinene 6.59-9.20 2.92-6.51 3.53-11.88 0.1-2.07 1.67-7.49 
β-myrcene 1.11-1.46 1.53-2.55 1.48-2.53 2.01-2.42 0.1-8.08 
α-terpinene 0.1-1 0.1-1 0.1-1.62 NR trace-1 
p-cymene 0.1-1 6.538.56 0.1-1 NR 1.01 
limonene 1.07-1.48 1.69 1.54-4.64 44.95-52.53 2.19-4.92 
(Z)-ocimene trace NR 0.1-1.71 0.1-1 0.1-1 
(E)-ocimene 2.16-3.03 2.27-6.37 1.18-8.40 5.35-6.35 1.97-9.14 
γ-terpinene 1.44-1.90 0.1-13.79 0.1-1 1.97-3.17 trace-11.06 
terpinolene NR NR 0.1-1 0.1-1 NR 
2,4,6-octatriene,3,4-
dimethyl 

0.1-1 trace-1 trace-1 trace-1 trace-1 

1,8-cineol NR 3.15-6.05 NR NR NR 
cis-β-terpineol 1.08-1.99 0.1-1 0.1-3.60 trace-1 trace-1 
cis-linalol oxide NR NR NR NR trace-1 
linalool 46.76-50.43 17.41-42.76 24.95-46.98 3.94-7.95 21.59-56.16 
limonene oxide, cis NR NR NR NR trace-1.15 
limonene oxide, trans NR NR NR 2.58-3.04 NR 
citronellal 0.1-1 0.1-1 0.1-1 0.1-1.05 trace-1 
umbellulone trace NR NR NR NR 
terpinen-4-ol 0.1-1 0.1-1 0.1-1 0.1-1 0.1-1 
p-cymen-8-ol trace-1 0.1-1 NR NR NR 
α-terpineol 1.96-3.83 1.01-5.58 0.1-4.59 1.54 0.1-1 
trans-dihydrocarvone NR NR NR 0.1-1 NR 
p-menth-1-en-9-al trace-1 0.1-1 NR 0.1-1 0.1-1 
cis-carveol NR 0.1-1 trace 0.1-1 trace 
cis-geraniol NR 0.1-1 0.1-1 trace-1 0.1-2.84 
β-citronellol trace-1 0.1-1 trace-1 Trace 0.1-1 
methyl thymyl ether 1.07-1.93 NR trace-5.74 Trace NR 
β-citral trace-1 0.1-1 0.1-2.55 0.1-1 0.1-2.28 
trans-geraniol 0.1-2.47 0.1-1 trace-6.80 NR 0.1-6.52 
α-citral trace-1 0.1-1 0.1-11.17 0.1-1.24 0.1-3.07 
α-thujenal NR 0.1-1.33 NR NR NR 
carvacrol NR NR NR 0.1-1 NR 
E,E-farnesal NR 0.1-1 NR trace-1 0.1-1 
δ-elemene 0.1-1.36 NR 0.1-1 0.1-1 0.1-1.23 
α-cubebene trace NR NR trace-1 NR 
copaene NR NR NR 0.1-1 NR 
β-elemene trace-1 2.13-5.40 0.1-19.43 6.02-7.53 0.1-4.98 
zingiberene 0.1-1 NR NR NR 0.1-1 
bergamotene NR NR trace-1 Trace 0.1-1 
trans-α-bergamotene trace-1 0.1-1 trace-1 Trace NR 
caryophyllene 0.1-1 2.11-2.61 0.1-1.34 3.14-3.93 trace-2.18 
α-santalene NR NR NR Trace NR 
β- cubebene trace 0.1-1 0.56 Trace 0.06-1.64 
γ-elemene 0.1-1.16 0.1-1 1.37 Trace trace-1.77 
bicyclosesquiphellandrene 0.1-1 NR 0.1-1 NR trace-1 
β-farnesene 2.24-3.53 NR 2.03-3.89 1.64-2.26 trace-5.16 
α-elemene NR NR NR Trace 0.1-1 
germacrene D trace-1 trace-1 1.36 0.1-1 0.1-1.17 
β-eudesmene NR NR trace 0.1-1 NR 
α-selinene NR trace-1 0.1-1 0.1-1 0.1-1 
allo-aromadendrene NR NR trace 0.1-1 NR 
bicyclogermacrene NR trace-1 trace NR trace-1 
α-muurolene 0.1-1 NR NR NR trace-1 
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Table 9. Citrus flower volatiles composition (%), identified by headspace-solid phase microextraction gas 
chromatography-mass spectrometry.53 
 Citrus reticulata 

(mandarin 
orange) 

Citrus unshiu Citrus sinensis 
(sweet orange) 

Citrus limon 
(lemon) 

Citrus grandis 
(pomelo) 

α-bulnesene trace-1 NR trace 0.1-1 trace 
(Z,E)-α-farnesene NR NR NR 0.1-1 trace-1 
α-farnesene 0.1-1 NR trace 0.1-1 NR 
β-bisabolene NR NR NR 2.34-2.82 NR 
δ-cadinene 1.30-2.17 NR 0.1-1.07 NR 0.1-1.13 
β-sesquiphellandrene 0.1-1 4.31-6.41 0.1-1 Trace 0.1-1 
eudesma-3,7(11)-diene NR NR 0.1-1 NR NR 
cis-α-bisabolene NR NR NR Trace trace 
nerolidol trace-1 0.1-1 0.1-3.64 trace-1 0.1-8.75 
caryophyllene oxide NR 0.1-1 NR NR NR 
β-eudesmol trace NR NR NR NR 
tetradecanal NR NR 0.1-1 NR NR 
farnesol 0.1-1 0.1-1.07 0.1-1.54 0.1-1 0.1-2.38 
α-sinensal 0.1-1 NR 0.1-1 NR NR 
chrysanthenone NR 0.1-1 0.1-1 NR NR 
cis-jasmone 0.1-1 0.1-1.44 0.1-1 trace-1 0.1-1 
methyl geranate NR 0.1-1 1.79-15.81 0.1-1 0.1-1 
citronellyl acetate NR NR NR Trace NR 
nerol acetate NR trace trace NR 0.1-1 
geranyl acetate NR trace-1 NR NR NR 
p-thymol 4.03-4.96 0.1-1 NR 0.1-1.05 trace 
methyl jasmonate NR NR trace NR trace 
1-octanol NR NR NR Trace NR 
phenylethyl alcohol trace-1 0.1-1 trace-1 NR 0.1-1 
styrene NR NR NR Trace NR 
α,p-dimethylstyrene 0.1-1 1.33-2.17 NR Trace 0.1-1 
benzyl nitrile 0.1-4.61 1.20-3.43 0.1-2.49 Trace 0.1-1 
indole 2.28-4.99 3.69-5.00 4.45-10.41 0.1-1.01 4.79-8.84 
methyl anthranilate 0.1-1 1.12-17.91 1.77 trace-2.47 2.79-8.21 
pentadecane,3-methyl NR 2.56 trace-1.14 Trace NR 
hexadecane,2-methyl NR trace trace-1 NR NR 
8-heptadecene 1.70-2.23 0.1-1.26 trace-2.76 0.1-1.65 1.03 
octadecane, 2-methyl trace NR trace-1 NR 0.1-1 
NR = not reported 
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Table 10. Volatile organic compounds (%) in Citrus leaves, identified by gas chromatography-mass spectroscopy.54 
 Citrus aurantium 

(bitter orange) 
Citrus sinensis 
(sweet orange) 

Citrus grandis 
(pomelo) 

Citrus paradisi 
(grapefruit) 

Citrus depressa Citrus reticulata 
(mandarin 

orange) 
sabinene NR 1.33 NR 1.38 NR 4.38 
myrcene 6.42 1.09 NR 0.00 0.96 4.06 
limonene 2.08 2.51 NR 2.68 11.18 2.52 
citronellol NR NR 11.68 NR 4.67 NR 
α-pinene NR 2.90 NR NR NR 1.01 
β-pinene NR NR NR NR 1.03 NR 
γ-terpinene NR 0.40 NR NR NR 1.85 
δ-3-carene 1.99 NR NR NR NR NR 
2-carene 0.59 NR NR NR NR NR 
(E)-β-ocimene 4.82 3.75 1.45 1.34 1.86 4.14 
ocimene 0.87 NR NR NR NR NR 
o-Isopropenyltoluene NR NR NR NR NR NR 
α-farnesene NR NR NR NR 1.59 NR 
(E)-β-farnesene NR 0.43 NR 2.28 NR 0.57 
α-bisabolene NR NR NR NR NR NR 
β-bisabolene NR NR NR NR 1.11 NR 
β-elemene NR 0.97 NR 1.99 NR NR 
γ-elemene NR NR NR NR NR 0.43 
α-selinene NR 0.34 NR 1.26 NR NR 
δ-cadinene NR NR 0.40 NR NR 0.29 
ledene NR NR NR NR NR 0.47 
α-humulene NR 0.20 0.23 0.70 NR NR 
β-caryophyllene 1.07 0.52 2.16 0.91 2.16 0.31 
linalool 56.93 14.45 5.76 8.26 23.56 67.27 
β-fenchyl alcohol NR NR NR NR NR NR 
2-cyclohexen-1-ol NR 0.36 NR NR NR NR 
α-terpineol 0.91 0.87 NR NR 4.22 2.04 
α-terpinolene 0.82 0.99 NR NR 1.00 1.44 
terpinen-4-ol NR NR NR NR NR 1.49 
citronella 0.78 3.60 54.26 17.33 12.51 NR 
nerol 1.65 4.14 NR 6.27 NR NR 
neral 2.31 16.14 NR 11.35 5.78 NR 
geranial 3.33 23.24 NR 16.25 8.26 NR 
geraniol NR 2.07 NR 2.07 0.96 NR 
nonanal NR NR NR NR NR NR 
linalyl acetate 5.12 NR NR NR NR NR 
linalyl propanoate NR NR NR 1.19 NR NR 
citronellyl propionate NR NR NR 0.37 NR NR 
geranyl acetate 4.72 0.43 NR NR NR NR 
neryl acetate 2.08 0.19 NR 0.46 NR NR 
citronellyl acetate NR NR 1.22 NR NR NR 
α-bergamotene NR NR NR NR 0.57 NR 
aromadendrene NR NR 0.52 NR NR NR 
propanoic acid NR 0.40 0.31 NR NR 0.38 
1,3,8-p-menthatriene NR NR NR NR NR NR 
2-octene NR 2.29 NR NR NR NR 
1,5-hexadiene NR NR NR NR NR NR 
1,5-heptadiene NR NR NR NR NR NR 
isopulegol NR NR 10.36 4.34 2.71 NR 
neo-isopulegol NR NR 1.33 NR NR NR 
bicyclogermacrene NR NR 0.86 NR NR NR 
bicycloelemene NR NR 0.40 NR NR NR 
spiro[2.5]octane NR NR 4.07 2.29 1.64 NR 
cyclooctane NR 7.12 NR NR NR NR 
3-cyclohexene-
carboxaldehyde 

NR 4.18 NR 4.61 NR NR 

thymyl methyl ether NR NR NR NR 6.94 1.14 
NR = not reported 
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Table 11. Frequency  and concentration of use according to duration and type of exposure for Citrus flower- and leaf-derived ingredients.23,55  
 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

  Citrus Aurantifolia (Lime) Flower Extractd Citrus Aurantium Amara (Bitter 
Orange) Flower Extracte 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oile 

Citrus Aurantium Amara (Bitter Orange) 
Flower Watere 

Totals† 10 0.00001-0.005 45 0.000000072-0.032 
 99 0.00098-0.049 31 0.000033-0.05 

Duration of Use         
Leave-On 5 0.00001-0.0005 36 0.000000072-0.032 83 0.00098-0.049 23 0.00016-0.0023 
Rinse Off 2 0.0005-0.005 9 0.00028-0.001 13 0.001-0.019 8 0.00005-0.05 
Diluted for (Bath) Use 3 0.0005 NR NR 3 NR NR 0.000033 
Exposure Type         
Eye Area NR NR 6 NR 4 NR 8 0.0017-0.0023 
Incidental  Ingestion NR NR NR NR NR NR NR NR 

Incidental Inhalation-Spray 1a 0.00001-0.0005; 
0.00001b 1; 6b; 19a 0.000000072-0.001; 

0.032b 2; 34b; 32a 0.0024; 0.049b 1; 10b; 3a NR 

Incidental Inhalation-Powder 1a 0.0005c 19a 0.001-0.023c 2c; 32a 0.01; 0.00098-0.005c 3a 0.00021c 

Dermal Contact 9 0.0005 43 0.00001-0.023 95 0.00098-0.019 31 0.000033-0.05 
Deodorant (underarm) NR NR NR 0.00001-0.0099 NR NR NR NR 
Hair - Non-Coloring 1 0.00001-0.005 1 0.000000072-0.032 4 0.001-0.049 NR 0.00005-0.00014 
Hair-Coloring NR NR NR NR NR NR NR NR 
Nail NR NR 1 NR NR NR NR NR 
Mucous Membrane 4 0.0005 3 0.00028-0.001 8 0.019 1 0.000033-0.05 
Baby Products NR NR NR NR 3 NR NR NR 
         

  
Citrus Aurantium Amara (Bitter Orange) 

Flower Waxe 
Citrus Aurantium Bergamia 

(Bergamot) Leaf Extract 
Citrus Aurantium Bergamia (Bergamot) 

Leaf Oilf Citrus Aurantium Dulcis (Orange) Flowerg 

Totals† 5 NR NR 0.002 2 0.002 6 0.00008-0.005 
Duration of Use         
Leave-On 5 NR NR 0.002 2 0.002 5 NR 
Rinse Off NR NR NR 0.002 NR 0.002 NR 0.00008-0.005 
Diluted for (Bath) Use NR NR NR NR NR NR 1 NR 
Exposure Type         
Eye Area 1 NR NR NR NR NR 1 NR 
Incidental  Ingestion NR NR NR NR NR NR NR NR 
Incidental Inhalation-Spray 1b; 2a NR NR NR 2a NR 3b; 1a NR 
Incidental Inhalation-Powder 2a NR NR 0.002c 2a 0.002c 1a NR 
Dermal Contact 4 NR NR 0.002 2 0.002 6 NR 
Deodorant (underarm) NR NR NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR 0.002 NR 0.002 NR 0.00008-0.005 
Hair-Coloring NR NR NR NR NR NR NR NR 
Nail NR NR NR NR NR NR NR NR 
Mucous Membrane NR NR NR NR NR NR 1 NR 
Baby Products NR NR NR NR NR NR NR NR 
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Table 11. Frequency  and concentration of use according to duration and type of exposure for Citrus flower- and leaf-derived ingredients.23,55  
 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

  
Citrus Aurantium Dulcis (Orange) Flower 

Extracth 
Citrus Aurantium Dulcis (Orange) 

Flower Oili 
Citrus Aurantium Dulcis (Orange) Flower 

Water 
Citrus Aurantium Dulcis (Orange) Flower 

Waxj 
Totals† 70 0.0000016-0.1 67 0.000011-0.66 16 NR 4 0.12 
Duration of Use         
Leave-On 36 0.00003-0.056 44 0.000035-0.21 9 NR 2 0.12 
Rinse Off 33 0.0000016-0.04 19 0.000011-0.66 7 NR 2 NR 
Diluted for (Bath) Use 1 0.01-0.1 4 NR NR NR NR NR 
Exposure Type         
Eye Area NR 0.01 1 NR 2 NR NR NR 
Incidental  Ingestion NR NR NR NR NR NR NR 0.12 
Incidental Inhalation-Spray 2; 19b; 9a 0.01 8; 13b; 15a 0.015; 0.032b 1; 4b; 1a NR 2b NR 
Incidental Inhalation-Powder 9a 0.002-0.056c 15a 0.04-0.21c 1a NR NR NR 
Dermal Contact 70 0.0000016-0.1 60 0.000011-0.66 14 NR 2 NR 
Deodorant (underarm) NR NR NR NR NR NR NR NR 
Hair - Non-Coloring NR 0.0002-0.005 6 0.015-0.069 2 NR 2 NR 
Hair-Coloring NR 0.0018 NR NR NR NR NR NR 
Nail NR NR 1 NR NR NR NR NR 
Mucous Membrane 14 0.01-0.1 11 0.0099-0.12 NR NR NR 0.12 
Baby Products NR NR NR NR NR NR NR NR 
         

 Citrus Aurantium Dulcis (Orange) Leaf 
Extract 

Citrus Reticulata (Tangerine) Leaf 
Oilk Kaffir Lime (Citrus Hystrix) Leaf Oill  

Totals† 1 0.1 35 0.02-0.1 26 NR   
Duration of Use         
Leave-On 1 0.1 18 0.02-0.1 12 NR   
Rinse Off NR NR 12 0.066-0.069 12 NR   
Diluted for (Bath) Use NR NR 5 NR 2 NR   
Exposure Type         
Eye Area NR NR NR NR NR NR   
Incidental  Ingestion NR NR 1 0.02 NR NR   
Incidental Inhalation-Spray 1b NR 3; 4b; 6a 0.027b 2; 3b; 1a NR   
Incidental Inhalation-Powder NR NR 6a 0.1c 1a NR   
Dermal Contact 1 0.1 31 0.1 21 NR   
Deodorant (underarm) NR NR NR NR NR NR   
Hair - Non-Coloring NR NR 3 0.027-0.069 5 NR   
Hair-Coloring NR NR NR NR NR NR   
Nail NR NR NR NR NR NR   
Mucous Membrane NR NR 11 0.02 9 NR   
Baby Products NR NR 1 NR NR NR   

NR = Not reported.       † Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses. 
a. Not specified whether a powder or a spray, so this information is captured for both categories of incidental inhalation. 
b. It is possible these products may be sprays, but it is not specified whether the reported uses are sprays. 
c. It is possible these products may be powders, but it is not specified whether the reported uses are powders. 
d. Includes generic lime blossom extract in the VCRP database. 
e. Listed as Citrus Aurantium (Bitter Orange) in the VCRP database. 
f. Listed as Citrus Bergamia (Bergamot Orange) in the VCRP database.  
g. Includes uses listed under Orange Blossom in the VCRP database. 
h. Includes uses listed under Citrus Sinensis (Sweet Orange) Flower Extract in the VCRP database. 
i. Includes uses under Citrus Sinensis (Sweet Orange) Flower Oil; Oil of Orange Flowers; and Orange Flower Oil, Sweet in the VCRP database. 
j. Includes uses listed under Orange Blossom Wax in the VCRP database. 
k. Includes uses listed under Citrus Reticulata (Mandarin Orange) Leaf Oil in the VCRP database. 
l. Only listed in the VCRP database, not an INCI ingredient.  Included because of similarity. 
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Table 12. Ingredients that are not reported to be in use. 
Citrus Aurantifolia (Lime) Leaf Oil 
Citrus Aurantium Bergamia (Bergamot) Leaf Cell Extract 
Citrus Clementina Leaf Cell Extract 
Citrus Depressa Flower Water 
Citrus Grandis (Grapefruit) Leaf Extract 
Citrus Hystrix Leaf Extract 
Citrus Junos Flower Oil 
Citrus Limon (Lemon) Flower Water 
Citrus Limon (Lemon) Leaf Extract 
Citrus Limon (Lemon) Leaf Cell Extract 
Citrus Natsudaidai Flower Water 
Citrus Natsudaidai Flower Oil 
Citrus Reticulata (Tangerine) Leaf Water 
Citrus Tamurana Flower Extract 
Citrus Unshiu Flower Extract 
Citrus Unshiu Flower Powder 
Citrus Unshiu Flower Water 
Citrus Unshiu Leaf Extract 
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Table 13. Dermal irritation studies for Citrus-derived ingredients. 
Test Article  Concentration/Dose Test Population Procedure Results Reference 

NON-HUMAN 
Citrus Aurantium Amara 
(Bitter Orange) Flower Wax 

neat 6 New Zealand male rabbits primary cutaneous tolerance 
test ; test material applied to 
scarified and intact shaved 
skin with 2.5 cm 2 occluded 
patches for 24 h 

moderate irritation reactions 
(erythema) that were totally 
reversible by 72 h; reactions 
were accompanied by minor, 
isolated structural 
modifications 

34 

Citrus Hystrix Leaf Extract 10% 3 rabbits primary skin irritation test, 
details not provided 

no irritation 12 

Citrus Hystrix Leaf Extract 10% Details not provided cumulative application test, 
details not provided 

no irritation 12 

HUMAN 
Citrus Aurantium Amara 
(Bitter Orange) Flower Extract 

0.0001% in a leave-on 
product 

26 subjects Cumulative irritation patch; 
occluded; 100 µl applied on a 
total of 12 patches 

not irritating 37 

Citrus Aurantium Amara 
(Bitter Orange) Flower Extract 

0.0005% to 0.001% in a 
leave-on product 

140 subjects Cumulative irritation patch; 
occluded; 20 µl applied on a 
total of 12 patches 

not irritating 37 

98% Citrus Aurantium Amara 
(Bitter Orange) Flower Water   

10% diluted in distilled 
water 

11 subjects 24 h occlusive cutaneous 
patch test; patch area 50 mm 
on upper back 

No skin reaction in 9 subjects, 
very slight erythema in 2 
subjects; irritation index = 
0.04; not irritating 

36 

Citrus Natsudaidai Flower Oil 1% in jojoba seed oil 20 subjects 24 h human insult patch test 
using Finn chambers; control 
patches of white petrolatum, 
normal saline and distilled 
water 

not irritating 35 
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Table 14. Sensitization studies for Citrus-derived ingredients. 
Test Article  Concentration/Dose Test Population Procedure Results Reference 

ANIMAL 
Citrus Hystrix Leaf Extract 10% 25 guinea pigs dermal sensitization test, details not 

provided 
not sensitizing 12 

HUMAN 
Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

0.0001% in a leave-on 
product 

207 subjects HRIPT; 50 µl; occlusive patch not sensitizing 37 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

0.00001% in a rinse-off 
product 

207 subjects  HRIPT; 50 µl; occlusive patch not sensitizing 37 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

0.0225% in a cream 108 subjects HRIPT;  0.2 g; occlusive patch as many as 17 subjects had faint, 
minimal erythema reactions during 
induction (7th patch); as many as7 
subjects had a erythema reaction (4th 
patch) during induction; as many as 3 
subjects had a erythema with edema 
reactions (3rd patch) during induction; 
during challenge as many as 14 
subjects had faint, minimal erythema 
reactions (2nd challenge reading) and as 
many as 6 subjects had erythema 
reactions (1st challenge reading);  study 
authors concluded test material was 
non-sensitizing  

40 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

0.0225% in a body 
cream 

106 subjects HRIPT; 0.2 g; semi-occlusive patch one subject had a faint, minimal 
erythema reaction on the 1st challenge 
reading; study authors concluded test 
material was non-sensitizing 

39 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

0.089% 108 healthy subjects modified Marzulli and Maibach method 
with 0.02 ml over 50 mm2; occlusive 
patch 

not irritating; not sensitizing 41 

Citrus Aurantium Dulcis (Orange) 
Flower Oil 

0.4% in a face and neck 
product 

104 subjects modified HRIPT; semi-occlusive patch; 
150 μl over 2 cm2 

not irritating, not sensitizing 42 
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Table 15. Photosensitization studies. 
Test Article  Concentration/Dose Test Population Procedure Results Reference 

NON-HUMAN 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil (described as “oil neroli 
bigarde petale”) 

undiluted hairless mutant mice 
(6/light source; 12 total) 
and miniature swine 
(1/light source; 2 total) 

20 µl test material was applied to 2 cm2 back 
skin, and the test sites were irradiated with 
UVA irradiation by blacklight or 6 kW long-
arc xenon lamp; exposure was 40 min at a 
distance of 1 m 

barely perceptible erythema; not 
photosensitizing 

43 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil (described as “oil neroli 
Tunisian”) 

undiluted hairless mutant mice 
(6/light source; 12 total) 
and miniature swine 
(1/light source; 2 total) 

20 µl test material was applied to 2 cm2 back 
skin, and the test sites were irradiated with 
UVA irradiation by blacklight or 6 kW long-
arc xenon lamp; exposure was 40 min at a 
distance of 1 m 

barely perceptible erythema; not 
photosensitizing 

43 

HUMAN 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

0.0001% to 0.002% in a 
leave-on product 

92 subjects phototoxicity test; 20µl test material; occluded; 
17 min exposure to UVA 

not phototoxic 37 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

0.0001% to 0.002% in a 
leave-on product 

247 subjects photoallergy test; 0.2 g test material; occluded; 
17 min exposure to UVA 

not photoallergenic 37 
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2016 VCRP Raw Data for Citrus Flower- and Leaf-Derived Ingredients 
05F - Shampoos (non-coloring) CITRUS AURANTIFOLIA (LIME) FLOWER EXTRACT 1 
10A - Bath Soaps and Detergents CITRUS AURANTIFOLIA (LIME) FLOWER EXTRACT 1 
   
03D - Eye Lotion CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 5 
03G - Other Eye Makeup 
Preparations 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 1 

04A - Cologne and Toilet waters CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 1 
05F - Shampoos (non-coloring) CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 1 
08F - Nail Polish and Enamel 
Removers 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 1 

10A - Bath Soaps and Detergents CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 2 
10E - Other Personal Cleanliness 
Products 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 1 

12A - Cleansing CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 3 
12C - Face and Neck (exc shave) CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 11 
12D - Body and Hand (exc shave) CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 8 
12F - Moisturizing CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 3 
12G - Night CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 3 
12H - Paste Masks (mud packs) CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 1 
12J - Other Skin Care Preps CITRUS AURANTIUM (BITTER ORANGE) FLOWER EXTRACT 4 
   
01A - Baby Shampoos CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 
01B - Baby Lotions, Oils, Powders, 
and Creams 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 2 

02A - Bath Oils, Tablets, and Salts CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 3 
03G - Other Eye Makeup 
Preparations 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 4 

04A - Cologne and Toilet waters CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 
04B - Perfumes CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 
05G - Tonics, Dressings, and Other 
Hair Grooming Aids 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 2 

05I - Other Hair Preparations CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 
07I - Other Makeup Preparations CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 2 
10A - Bath Soaps and Detergents CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 3 
10E - Other Personal Cleanliness 
Products 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 2 

11D - Preshave Lotions (all types) CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 
11E - Shaving Cream CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 
12A - Cleansing CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 3 
12C - Face and Neck (exc shave) CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 23 
12D - Body and Hand (exc shave) CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 9 
12F - Moisturizing CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 18 
12G - Night CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 7 
12H - Paste Masks (mud packs) CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 2 
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12I - Skin Fresheners CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 
12J - Other Skin Care Preps CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 6 
13A - Suntan Gels, Creams, and 
Liquids 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 1 

13B - Indoor Tanning Preparations CITRUS AURANTIUM (BITTER ORANGE) FLOWER OIL 5 
   
03D - Eye Lotion CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 3 
03E - Eye Makeup Remover CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 1 
03G - Other Eye Makeup 
Preparations 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 4 

04A - Cologne and Toilet waters CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 1 
10E - Other Personal Cleanliness 
Products 

CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 1 

12A - Cleansing CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 6 
12C - Face and Neck (exc shave) CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 2 
12D - Body and Hand (exc shave) CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 1 
12F - Moisturizing CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 4 
12G - Night CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 3 
12I - Skin Fresheners CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 3 
12J - Other Skin Care Preps CITRUS AURANTIUM (BITTER ORANGE) FLOWER WATER 2 
   
03F - Mascara CITRUS AURANTIUM (BITTER ORANGE) FLOWER WAX 1 
12D - Body and Hand (exc shave) CITRUS AURANTIUM (BITTER ORANGE) FLOWER WAX 2 
12F - Moisturizing CITRUS AURANTIUM (BITTER ORANGE) FLOWER WAX 1 
12J - Other Skin Care Preps CITRUS AURANTIUM (BITTER ORANGE) FLOWER WAX 1 
   
02B - Bubble Baths CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 

EXTRACT 
1 

04A - Cologne and Toilet waters CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

2 

07C - Foundations CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

2 

07F - Makeup Bases CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

1 

10A - Bath Soaps and Detergents CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

6 

10E - Other Personal Cleanliness 
Products 

CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

7 

12A - Cleansing CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

11 

12B - Depilatories CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

6 

12C - Face and Neck (exc shave) CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

4 

12D - Body and Hand (exc shave) CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

4 

12F - Moisturizing CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

13 
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12G - Night CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

4 

12H - Paste Masks (mud packs) CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

3 

12I - Skin Fresheners CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

1 

12J - Other Skin Care Preps CITRUS AURANTIUM DULCIS   (ORANGE)   FLOWER 
EXTRACT 

2 

   
03D - Eye Lotion CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 
03E - Eye Makeup Remover CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 
04A - Cologne and Toilet waters CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 
05A - Hair Conditioner CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 
05G - Tonics, Dressings, and Other 
Hair Grooming Aids 

CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 

07H - Makeup Fixatives CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 
12A - Cleansing CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 5 
12C - Face and Neck (exc shave) CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 
12I - Skin Fresheners CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 3 
12J - Other Skin Care Preps CITRUS AURANTIUM DULCIS (ORANGE) FLOWER WATER 1 
   
12G - Night CITRUS AURANTIUM DULCIS (ORANGE) LEAF EXTRACT 1 
   
12C - Face and Neck (exc shave) CITRUS BERGAMIA (BERGAMOT ORANGE) LEAF OIL 1 
12D - Body and Hand (exc shave) CITRUS BERGAMIA (BERGAMOT ORANGE) LEAF OIL 1 
   
12A - Cleansing CITRUS RETICULATA (MANDARIN ORANGE) LEAF OIL 2 
12D - Body and Hand (exc shave) CITRUS RETICULATA (MANDARIN ORANGE) LEAF OIL 1 
   
01C - Other Baby Products CITRUS RETICULATA (TANGERINE) LEAF OIL 1 
02A - Bath Oils, Tablets, and Salts CITRUS RETICULATA (TANGERINE) LEAF OIL 3 
02B - Bubble Baths CITRUS RETICULATA (TANGERINE) LEAF OIL 1 
02D - Other Bath Preparations CITRUS RETICULATA (TANGERINE) LEAF OIL 1 
04E - Other Fragrance Preparation CITRUS RETICULATA (TANGERINE) LEAF OIL 3 
05A - Hair Conditioner CITRUS RETICULATA (TANGERINE) LEAF OIL 1 
05F - Shampoos (non-coloring) CITRUS RETICULATA (TANGERINE) LEAF OIL 2 
07E - Lipstick CITRUS RETICULATA (TANGERINE) LEAF OIL 1 
10A - Bath Soaps and Detergents CITRUS RETICULATA (TANGERINE) LEAF OIL 3 
10E - Other Personal Cleanliness 
Products 

CITRUS RETICULATA (TANGERINE) LEAF OIL 2 

12A - Cleansing CITRUS RETICULATA (TANGERINE) LEAF OIL 2 
12D - Body and Hand (exc shave) CITRUS RETICULATA (TANGERINE) LEAF OIL 5 
12F - Moisturizing CITRUS RETICULATA (TANGERINE) LEAF OIL 1 
12G - Night CITRUS RETICULATA (TANGERINE) LEAF OIL 2 
12J - Other Skin Care Preps CITRUS RETICULATA (TANGERINE) LEAF OIL 3 
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13A - Suntan Gels, Creams, and 
Liquids 

CITRUS RETICULATA (TANGERINE) LEAF OIL 1 

   
11B - Beard Softeners CITRUS SINENSIS (SWEET ORANGE) FLOWER EXTRACT 1 
12D - Body and Hand (exc shave) CITRUS SINENSIS (SWEET ORANGE) FLOWER EXTRACT 1 
12F - Moisturizing CITRUS SINENSIS (SWEET ORANGE) FLOWER EXTRACT 1 
   
02A - Bath Oils, Tablets, and Salts CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
04E - Other Fragrance Preparation CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
05A - Hair Conditioner CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
05F - Shampoos (non-coloring) CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
10A - Bath Soaps and Detergents CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 4 
11B - Beard Softeners CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
12C - Face and Neck (exc shave) CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
12D - Body and Hand (exc shave) CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
12H - Paste Masks (mud packs) CITRUS SINENSIS (SWEET ORANGE) FLOWER OIL 1 
   
02A - Bath Oils, Tablets, and Salts KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 1 
02D - Other Bath Preparations KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 1 
04A - Cologne and Toilet waters KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 1 
04E - Other Fragrance Preparation KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 1 
05A - Hair Conditioner KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 2 
05F - Shampoos (non-coloring) KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 3 
10A - Bath Soaps and Detergents KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 7 
12D - Body and Hand (exc shave) KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 1 
12F - Moisturizing KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 3 
12J - Other Skin Care Preps KAFFIR LIME (CITRUS HYSTRIX) LEAF OIL 6 
   
02D - Other Bath Preparations LIME BLOSSOM EXTRACT 3 
12C - Face and Neck (exc shave) LIME BLOSSOM EXTRACT 1 
12J - Other Skin Care Preps LIME BLOSSOM EXTRACT 4 
   
02A - Bath Oils, Tablets, and Salts OIL OF ORANGE FLOWERS 2 
02D - Other Bath Preparations OIL OF ORANGE FLOWERS 1 
03D - Eye Lotion OIL OF ORANGE FLOWERS 1 
04A - Cologne and Toilet waters OIL OF ORANGE FLOWERS 2 
04B - Perfumes OIL OF ORANGE FLOWERS 1 
04E - Other Fragrance Preparation OIL OF ORANGE FLOWERS 3 
05A - Hair Conditioner OIL OF ORANGE FLOWERS 1 
05B - Hair Spray (aerosol fixatives) OIL OF ORANGE FLOWERS 1 
05F - Shampoos (non-coloring) OIL OF ORANGE FLOWERS 2 
10A - Bath Soaps and Detergents OIL OF ORANGE FLOWERS 1 
10E - Other Personal Cleanliness OIL OF ORANGE FLOWERS 1 
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Products 
11A - Aftershave Lotion OIL OF ORANGE FLOWERS 1 
11E - Shaving Cream OIL OF ORANGE FLOWERS 1 
12A - Cleansing OIL OF ORANGE FLOWERS 5 
12C - Face and Neck (exc shave) OIL OF ORANGE FLOWERS 4 
12D - Body and Hand (exc shave) OIL OF ORANGE FLOWERS 9 
12F - Moisturizing OIL OF ORANGE FLOWERS 8 
12G - Night OIL OF ORANGE FLOWERS 1 
12J - Other Skin Care Preps OIL OF ORANGE FLOWERS 4 
13B - Indoor Tanning Preparations OIL OF ORANGE FLOWERS 3 
   
02A - Bath Oils, Tablets, and Salts ORANGE BLOSSOM 1 
03G - Other Eye Makeup 
Preparations 

ORANGE BLOSSOM 1 

12D - Body and Hand (exc shave) ORANGE BLOSSOM 1 
12F - Moisturizing ORANGE BLOSSOM 3 
   
05F - Shampoos (non-coloring) ORANGE BLOSSOM WAX 2 
12F - Moisturizing ORANGE BLOSSOM WAX 2 
   
08B - Cuticle Softeners ORANGE FLOWER OIL, SWEET 1 
10A - Bath Soaps and Detergents ORANGE FLOWER OIL, SWEET 1 
13A - Suntan Gels, Creams, and 
Liquids 

ORANGE FLOWER OIL, SWEET 1 
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TO:

FROM:

DATE:

Products Council
Committed to Safety,
Quality & Innovation

Lillian Gill. D.P.A.
Director - COSMETIC INGREDIENT REVIEW (CIR)

Beth A. Lange, Ph.D.
Industr Liaison to the CIR Expert Panel

July 6,2016

SUBJECT: Information on Citrus hystrix Leaves

Although not listed as GRAS Citrus hi’strLt leaves (Kaffir lime leaves) are listed as an edible
spice (see: http://www.seasoninaandspice.ora.uk/ssalbacktzround culinary-herbs-spices.aspx).
The leaves of Citrus hystrix are a common ingredient in Southeast Asian cuisine.

1620 1 Street, N.W., Suite 1200 Washington, D.C. 20036 202.331.1770 I 202.331.1969 (fax) www.personalcarecouncfl.org

Personal Care

Mcrno rand urn
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Memorandum

TO: Lillian Gill, D.P.A.
Director - COSMETIC INGREDIENT REVIEW (CIR)

FROM: Beth A. Lange, Ph.D. 
Industry Liaison to the CIR Expert Panel

DATE: August 2, 2016

SUBJECT: Updated Concentration of Use by FDA Product Category: Citrus Flower and Leaf-
Derived Ingredients
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Concentration of Use by FDA Product Category – Citrus Flower- and Leaf-Derived Ingredients* 

Citrus Aurantifolia (Lime) Flower Extract 
Citrus Aurantium Amara (Bitter Orange) Flower 
Extract 
Citrus Aurantium Amara (Bitter Orange) Flower 
Oil 
Citrus Aurantium Amara (Bitter Orange) Flower 
Water 
Citrus Aurantium Amara (Bitter Orange) Flower 
Wax 
Citrus Aurantium Dulcis (Orange) Flower  
Citrus Aurantium Dulcis (Orange) Flower Extract 
Citrus Aurantium Dulcis (Orange) Flower Oil 
Citrus Aurantium Dulcis (Orange) Flower Wax  
Citrus Depressa Flower Water 
Citrus Junos Flower Oil 
Citrus Limon (Lemon) Flower Water 
Citrus Natsudaidai Flower Oil 
Citrus Natsudaidai Flower Water 
Citrus Sinensis (Orange) Flower Water 

Citrus Tamurana Flower Extract  
Citrus Unshiu Flower Extract 
Citrus Unshiu Flower Powder 
Citrus Unshiu Flower Water  
Citrus Aurantifolia (Lime) Leaf Oil 
Citrus Aurantium Bergamia (Bergamot) Leaf Cell 
Extract  
Citrus Aurantium Bergamia (Bergamot) Leaf 
Extract 
Citrus Aurantium Bergamia (Bergamot) Leaf Oil 
Citrus Clementina Leaf Cell Extract 
Citrus Aurantium Dulcis (Orange) Leaf Extract 
Citrus Grandis (Grapefruit) Leaf Extract 
Citrus Hystrix Leaf Extract 
Citrus Limon (Lemon) Leaf Cell Extract  
Citrus Limon (Lemon) Leaf Extract 
Citrus Reticulata (Tangerine) Leaf Oil  
Citrus Reticulata (Tangerine) Leaf Water 
Citrus Unshiu Leaf Extract

 
Ingredient Product Category Maximum 

Concentration of Use 
Citrus Aurantifolia (Lime) Flower Extract Bubble baths 0.0005% 
Citrus Aurantifolia (Lime) Flower Extract Other bath preparations 0.0005% 
Citrus Aurantifolia (Lime) Flower Extract Other fragrance preparations 0.0005% 
Citrus Aurantifolia (Lime) Flower Extract Hair sprays 

     Aerosol 
 
0.00001% 

Citrus Aurantifolia (Lime) Flower Extract Shampoos (noncoloring) 0.005% 
Citrus Aurantifolia (Lime) Flower Extract Tonics, dressings and other hair 

grooming aids 
0.00001% 

Citrus Aurantifolia (Lime) Flower Extract Bath soaps and detergents 0.0005% 
Citrus Aurantifolia (Lime) Flower Extract Body and hand products 

     Not spray 
 
0.0005% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

Colognes and toilet waters 0.001% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

Hair sprays 
     Pump spray 

 
0.000000072% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

Shampoos (noncoloring) 0.001% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

Tonics, dressings and other hair 
grooming aids 

0.032% 

Citrus Aurantium Amara (Bitter Orange) Bath soaps and detergents 0.00028-0.001% 
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Flower Extract 
Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

Deodorants 
     Not spray 

 
0.00001-0.0099% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

Body and hand products 
     Not spray 

 
0.001-0.023% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Extract 

Moisturizing products 
     Not spray 

 
0.001% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Hair conditioners 0.001-0.0026% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Shampoos (noncoloring) 0.001-0.003% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Tonics, dressings and other hair 
grooming aids 

0.049% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Face powders 0.01% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Bath soaps and detergents 0.019% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Face and neck products 
     Not spray 

 
0.00098% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Body and hand products 
     Not spray 
     Spray 

 
0.005% 
0.0024% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Oil 

Moisturizing products 
     Not spray 

 
0.008% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Bubble baths 0.000033% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Eye lotions 0.0023% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Eye makeup removers 0.0017% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Hair conditioners 0.00014% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Shampoos (noncoloring) 0.00005% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Bath soaps and detergents 0.00018-0.05% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Skin cleansing (cold creams, 
cleansing lotions, liquids and pads) 

0.000076% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Face and neck products 
     Not spray 

 
0.00021% 

Citrus Aurantium Amara (Bitter Orange) 
Flower Water 

Suntan products 
     Not spray 

 
0.00016% 

Citrus Aurantium Dulcis (Orange) Flower Hair conditioners 0.001% 
Citrus Aurantium Dulcis (Orange) Flower Shampoos (noncoloring) 0.00008-0.005% 
Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Bubble baths 0.1% 
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Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Other bath preparations 0.01% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Other eye makeup preparations 0.01% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Colognes and toilet waters 0.01% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Hair conditioners 0.005% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Shampoos (noncoloring) 0.0002-0.005% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Hair rinses (coloring) 0.0018% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Bath soaps and detergents 0.01-0.04% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Other personal cleanliness 
products 

0.01% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Skin cleansing (cold creams, 
cleansing lotions, liquids and pads) 

0.0000016-0.01% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Depilatories 0.007% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Face and neck products 
     Not spray 

 
0.002-0.056% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Body and hand products 
     Not spray 

 
0.01% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Paste masks and mud packs 0.0002% 

Citrus Aurantium Dulcis (Orange) Flower 
Extract 

Suntan products 
     Not spray 

 
0.0045% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Hair conditioners 0.066% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Hair sprays 
     Aerosol 

 
0.015% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Shampoos (noncoloring) 0.069% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Tonics, dressings and other hair 
grooming aids 

0.032% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Blushers 0.000035% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Bath soaps and detergents 0.0099-0.12% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Skin cleansing (cold creams, 
cleansing lotions, liquid and pads) 

0.000011-0.1% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Depilatories 0.66% 

Citrus Aurantium Dulcis (Orange) Flower 
Oil 

Face and neck products 
     Not spray 

 
0.1-0.21% 

Citrus Aurantium Dulcis (Orange) Flower Body and hand products  

Distributed for Comment Only -- Do Not Cite or Quote 



Page 4 of 4 
 

Oil      Not spray 0.04-0.05% 
Citrus Aurantium Dulcis (Orange) Flower 
Wax 

Lipstick 0.12% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Extract 

Hair conditioners 0.002% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Extract 

Shampoos (noncoloring) 0.002% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Extract 

Face and neck products 
     Not spray 

 
0.002% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Extract 

Body and hand products 
     Not spray 

 
0.002% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Oil 

Hair conditioners 0.002% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Oil 

Shampoos (noncoloring) 0.002% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Oil 

Face and neck products 
     Not spray 

 
0.002% 

Citrus Aurantium Bergamia (Bergamot) 
Leaf Oil 

Body and hand products 
     Not spray 

 
0.002% 

Citrus Aurantium Dulcis (Orange) Leaf 
Extract 

Makeup bases 0.1% 

Citrus Reticulata (Tangerine) Leaf Oil Hair conditioners 0.066% 
Citrus Reticulata (Tangerine) Leaf Oil Shampoos (noncoloring) 0.069% 
Citrus Reticulata (Tangerine) Leaf Oil Tonics, dressings and other hair 

grooming aids 
0.027% 

Citrus Reticulata (Tangerine) Leaf Oil Lipstick 0.02% 
Citrus Reticulata (Tangerine) Leaf Oil Face and neck products 

     Not spray 
 
0.1% 

*Ingredients included in the title of the table but not found in the table were included in the 
concentration of use survey, but no uses were reported. 

Information collected 2015-2016 
Table prepared February 9, 2016 

Updated August 2, 2016: Citrus Aurantium Dulcis (Orange) Flower: deleted colognes and toilet waters, 
other personal cleanliness products, shaving cream, body and hand products; Citrus Aurantium Dulcis 
(Orange) Flower Extract: deleted eyeliners, eye shadows, lipstick; removed 0.75% concentration from 

body and hand products; added other personal cleanliness products 0.01% 
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Citrus Aurantium Amara (Bitter Orange) Flower Extract 
Clinical Safety Testing Summary 

CIR  
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Human Repeated Insult Patch Test-1 
 % Citrus Aurantium 
Amara (Bitter Orange) 
Flower Extract 

Product Type Completed Subjects Occlusivit
y 

Did formula 
Induce an 
Allergic 
Response 

Number of 
Subject 
showed 
Allergic 
Response 

0.000100 Leave-on 207 Occlusive No 0 

0.000010 Rinse-off 207 Occlusive No 0 

HRIPT Protocol Testing Summary 

Test material applied 
to patch 

50µl 

Panelist 
discontinued due to 
reactions 

0 

Patch duration 48 hours 

Induction patches 9 
Weeks Induction 3 weeks 
Week Rest Period 12 days 

Challenge original & alternative ( naïve 
sites) 

Challenge readings 48 & 96 hours post 
application 
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Human Repeated Insult Patch Test-2 
 % Citrus Aurantium 
Amara (Bitter Orange) 
Flower Extract 

Product 
Type 

Completed 
Subjects 

Occlusivity Did formula 
Induce an 
Allergic 
Response 

Number of 
subject 
showed 
Allergic 
Response 

0.000500 Wipe-off 212 Occlusive No 0 
0.000600 – 0.00080 Leave-on 212 Occlusive No 0 

HRIPT Protocol Testing 
Summary 

Test material 
applied to patch 

0.1 ml 

panelist 
discontinued due 
to reactions 

0 

patch duration 48 Hours 
induction 
patches 

9 

weeks induction 3 weeks 
week rest period 2 weeks 
challenge Original Site & naïve site on 

the opposite side of back 

challenge 
readings 

after 48 hours & 96 Hours 
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Human Repeated Insult Patch Test 
Scales - 1 
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Cumulative Irritation Test - 1 
 % Citrus Aurantium Amara 
(Bitter Orange) Flower 
Extract 

Product Type Completed 
Subjects 

Occlusivity Irritation Classification*  

0.0001000 Leave-on 26 Occlusive Mild material no experimental 
irritation 

Cumulative Irritation Test Protocol Summary 

Test material applied to patch 100µl 

panelist discontinued due to 
reactions 

0 

patch duration 24 Hours 

Total Number of patches 12 

Irritation Readings frequency 24 Hours 

*Reference- Berger RS, Bowman JP. A reappraisal of the 21-day cumulative irritation test 
in man. J. Toxicol Cutaneous Ocul Toxicol. 1982;1(2):109-15. 
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 % Citrus 
Aurantium Amara 
(Bitter Orange) 
Flower Extract 

Product Type Completed Subjects Occlusivity Irritations classification*  

0.0005 - 0.001 Leave-on 140 Occlusive Mild material no 
experimental irritation 

Cumulative Irritation Test - 2 

*Reference- Berger RS, Bowman JP. A reappraisal of the 21-day cumulative irritation test in man. J. 
Toxicol Cutaneous Ocul Toxicol. 1982;1(2):109-15. 

Cumulative Irritation Test Protocol Summary 

Test material applied to patch 20µl 

panelist discontinued due to reactions 0 

patch duration 22 ± 1 hour 

Total Number of patches 12 

Irritation Readings frequency 24 Hours 
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 % Citrus 
Aurantium Amara 
(Bitter Orange) 
Flower Extract 

Product Type Completed 
Subjects 

Occlusivity No of Subjects 
exhibiting 
phototoxic 
response 

0.0001 - 0.002 Leave-on 92 Occlusive 0 

Photo Toxicity Testing   

Phototoxicity Protocol Summary 

Test material applied to patch 20µl 

Panelist discontinued due to reactions 0 
Patch duration 24 Hours 
Total Number of patches 1 Patch 
Irritation Readings frequency 24, 48 & 72 hours 
Duration of UVA radiation 17 mins 
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PhotoToxicity Scales 
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Photoallergy Testing 
% Citrus Aurantium 
Amara (Bitter 
Orange) Flower 
Extract 

Product Type Completed Subjects Occlusivity No of Subjects 
Exhibiting 
Photoallergic 
Response 

0.0001 - 0.002 
 

Leave-on 247 Occlusive 0 

Photoallergy Testing Protocol Summary 
Test material applied to patch 0.2gm 
Panelist discontinued due to 
reactions 

0 

Patch duration 24 Hours 
Total Number of patches 6 Patches 
Irritation Readings frequency 48 & 72  & 96 hours 
Duration of UVA radiation 17 mins 
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Photoallergy Scales 
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Thank you 
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