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April 20, 2023

Jason Downey, Ph.D.

Regulatory Review Scientist

Division of Food Ingredients

Office of Food Additive Safety

Center for Food Safety & Applied Nutrition
U.S. Food and Drug Administration

5001 Campus Drive

College Park, MD 20740

Re: GRAS Notice No. GRN 1105
Dear Dr. Downey,

Please see the below responses to the United States (U.S.) Food and Drug Administration (FDA)’s
email on March 16, 2023 pertaining to information provided within Unilever‘s Generally
Recognized as Safe (GRAS) Notice for the intended use of polyglycerol polyricinoleic acid
(PGPR) in food.

Question 1. Please clarify whether your intended uses of polyglycerol polyricinoleic (PGPR) are
as an emulsifier in chocolate, chocolate-type products based on vegetable fats other than cocoa
butter, and mayonnaise and spreads only or your intended uses also include each of the other
food categories and use levels in Table 2 (PDF page 16) of your notice.

Response:

Our intent is to only use PGPR as an emulsifier in chocolate, chocolate-type products based on
vegetable fats other than cocoa butter, and mayonnaise and spreads.

Question 2. If your intended uses include use as an emulsifier in flavors and color additives
generally, please provide one of the 21 CFR 170.225(c)(11) statements regarding information
sharing with the U.S. Department of Agriculture’s Food Safety and Inspection Service, if
applicable, as these intended uses include products under USDA’s jurisdiction.

Response:

Our intended uses do not include use as an emulsifier in flavors and color additives generally.

Question 3. Please provide a statement that all starting materials and processing aids used in
the manufacture of PGPR are used in accordance with applicable U.S. regulations, were
concluded to be GRAS for their respective uses or are subjects of effective food contact
notifications.

Response:


https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-170/subpart-E/section-170.225#p-170.225(c)(11)

We confirm that all starting materials and processing aids used in the manufacture of PGPR are
used in accordance with applicable U.S. regulations or were concluded to be GRAS for their
intended uses.

Question 4. For the administrative record, please confirm that PGPR is manufactured using

current good manufacturing practices.

Response:

We confirm that PGPR is manufactured using current good manufacturing practices.

Question 5. You provided the results of the analyses of three consecutive batches of PGPR.

Please provide results from the analyses of a minimum of 3 non-consecutive batches.

Response:

Revised Table 1 is provided below with the results of the analyses of three non-consecutive batches

of PGPR.

Revised Table 1: Product specifications and data for three non-consecutive batches

Test Unit Specification Result Result Result
Parameter Batch No. Batch No. Batch No.
13970 15157 16526
Hydroxyl mg KOH/g 80-100 89 88 80
Value oil
lodine Value 72-103 88.2 88.3 87.5
Refractive 1.463-1.467 1.4654 1.4656 1.4657
Index
Saponification mg KOH/g 170-210 180.6 184.8 182.9
Value oil
Acid Value mg KOH/g NMT 6 1.8 2.6 2.3
oil
Polyglycerols % NLT 75% di-, tri- | 77.3% di-, tri- 81% di-, tri- 79.2% di-, tri-
and and and and
tetraglycerols; | tetraglycerols; | tetraglycerols; | tetraglycerols;
NMT 10% 7.7% 4.9% 5.1%
heptaglycerols | heptaglycerols | heptaglycerols | heptaglycerols
or higher and higher and higher and higher
Arsenic mg/Kg NMT 3 <0.04 <0.04 <0.04
Lead mg/Kg NMT 1 <0.015 <0.015 <0.015
Mercury mg/Kg NMT 1 0.02 <0.01 <0.01
Cadmium mg/Kg NMT 1 <0.010 <0.010 <0.010

Question 6. Please state the analytical methods used for establishing the specifications

PGPR and confirm that they have been validated for their intended purpose.




Response:

The analytical methods used for establishing the specifications for PGPR are listed in the table
below. These methods have been validated for their intended purpose.

Test Parameter Analytical Method
Hydroxyl Value AOCS Cd 4-40
lodine Value AQCS Cd 1b-87 (modified)
Refractive Index Refractometer
Saponification Value AOCS Cd 3-25, Reapproved 2017
Acid Value Metrohm Application

Bulletin No. 80/3 e
Polyglycerols FAO JECFA monographs

No. 1, Vol. 4, mod.
Arsenic DIN EN 15763, mod.
Lead DIN EN 15763, mod.
Mercury DIN EN 15763, mod.
Cadmium DIN EN 15763, mod.

Question 7. Please consider reducing the specifications for arsenic, cadmium, mercury and lead
to reflect the results from the batch analyses presented in the notice.

Response:

We plan to align the heavy metal specifications (arsenic, cadmium, mercury, and lead) to the
European draft requlation amending Annex Il to Regulation (EC) No 1333/2008 of the European
Parliament and of the Council as regards the use of polyglycerol polyricinoleate (E 476). All other
specifications remain the same.

Question 8. In table 1, the cadmium and mercury batch analyses results are indicated as 0.0
mg/kg. Please provide the limit of quantification (LOQ) for these analyses and confirm that the
analytical results expressed as “0.0 mg/kg” represent the levels below the corresponding LOQ.

Response:

For the non-consecutive batches shown in Revised Table 1, the limit of quantification (LOQ) for
arsenic, lead, mercury, and cadmium are listed below.

Test Parameter Limit of Quantification (LOQ)

Arsenic 0.04 mg/Kg
Lead 0.015 mg/Kg
Mercury 0.01 mg/Kg

Cadmium 0.010 mg/Kg



https://ec.europa.eu/transparency/comitology-register/screen/documents/088018/1/consult?lang=en

Question 9. On page 14, the notifier states that they used the estimated dietary intake for FD&C
Red No. 2 from the study by Doell et al 2016. FDA notes that FD&C Red No. 2 was banned in
the US in 1976. Please clarify whether you meant to use the results presented for FD&C Red 40
in the above stated study. Please discuss the reason for using the dietary exposure estimate for
the mean high exposure scenario for the color additive instead of the 90th percentile high dietary
exposure presented in Doell et al 2016.

Response:

The reference to FD&C Red No. 2 on page 14 of the GRN was a typographical error. Estimates
by Doell et al. (2016) for FD&C Red No. 40 was in fact used to calculate the per capita intake
estimate of PGPR from color additive uses. The per capita estimated daily intake of PGPR from
color additive uses presented in Table 4 on page 14 of the GRN were based on FD&C Red no. 40.

As discussed in the notice, the maximum color additive exposure across colors and the high
exposure scenario estimates for the U.S. 2+ y and subpopulations reported in Doell et al, 2016 was
used. According to Doell et al. (2016), the high exposure scenario represents the absolute highest
exposures presuming that an individual always consumes products containing the highest levels of
the given color additive. Further, we applied an additional 10x factor to the maximum and high
exposure scenario estimates to account for additional exposure from other colors. Due to these
highly conservative assumptions and the fact that intake from color additive uses was added to the
90" percentile EDI from food uses, it is reasonable to use the mean intake rather than the 90%
percentile of intake from color additive uses.

However, since the intake of PGPR from color additive uses are very minor in comparison to food
uses, we have revised the intake of PGPR from color additive uses based on the 90" percentile
color intake from Doell et al. (2016). The revised Table 4 and Table 8 are provided below.

Revised Table 1. 90" Percentile Estimated Daily Intake of PGPR from Color Additive Uses

Color Intake? PGPR Intake from Color Uses?
Population mg/kg-bw/day
US.2+y 0.9 0.45
Children 2-5y 2.2 1.10
Adolescent males 13-18 'y 1.1 0.55

! Based on the per user maximum color additive exposure at the 90" percentile of intake across FD&C color additives evaluated
using NHANES 2007-10 by Doell et al. (2016). Color intake based on FD&C Red No. 40 with at least 94% within each population
consuming at least one food containing the color additive. Therefore, the per capita estimate can be assumed to be equal to the per
user estimate.

2 Product of color intake, factor of 10 to account for additional exposure from other colors, and PGPR existing maximum use level
of 5% in color from GRN 270.

Question 10. The notifier discusses on pg. 23 of the notice (ppt. 31) that PGPR is degraded to
the monomer ricinoleic acid. We note that ricinoleic acid is relevant to safety of PGPR due to
its ability to cause ultrastructural alterations in the villi of the intestinal mucosa, which is not
discussed in the current GRAS notice. Does the notifier anticipate exposure to ricinoleic acid
through PGPR at its intended use level will result in adverse Gl effects in consumers?

Response:



The noted ability of ricinoleic acid to cause ultrastructural alterations in the villi of intestinal
mucosa has been reported in the literature (Gaginella and Phillips 1976; Cline et al. 1976;
Gaginella et al. 1977). The route of exposure to ricinoleic acid across these studies is intestinal
perfusion, which is not applicable to standard dietary exposure and as such, these tests are
investigational only and not a basis for a safety determination. In addition, exposure levels in these
references were not biologically relevant. Specifically, in the studies by Gaginella and Philips
(1976) and Gaginella et al. (1977) isolated rabbit ileum was perfused with 10mM?of sodium
ricinoleate. The method of exposure used by Cline et al. (1976) was small bowel in vivo perfusion
of male Syrian golden hamsters at 2 mM and 8 mM sodium ricinoleate at a volume of 0.75-0.8
mL/min for 40 minutes? and, the Cline et al. (1976) authors note “most likely explanation for the
mucosal injury with ricinoleate is related to the detergent properties of the molecule” (i.e., the
property of a concentrated soap) which is not a relevant application for dietary exposure. Lastly,
in support of the irrelevancy of these literature findings, the NTP (1992) chronic dietary studies on
castor oil (87% ricinoleic acid), which is cited in the GRAS notice, did not reveal any adverse
intestinal mucosa pathology or associated effect at doses up to 10% administration in the diet. In
summary, the route of administration and concentrations used in these limited studies are not
biologically relevant to dietary exposure.

As summarized in the GRAS notice, ricinoleic acid is a monomer fatty acid degradant of PGPR
that is absorbed and readily metabolized through the typical physiological pathways of fatty acid
metabolism and is not stored or accumulated in tissue (Howes et al., 1998). Studies in humans
show that ricinoleic acid (as castor oil)® is readily absorbed at low doses and exhibits decreased
absorption with increasing dose (Watson et al. 1963; JEFCA, 1979). The absorption of a 50 g dose
of castor oil (containing 89-92% of ricinoleic acid) in humans was limited, with nearly 64% of the
dose excreted in feces (Watson et al., 1963; JECFA, 1979).

Both Watson et al (1963) and Burdock et al (2006) reported laxative effects in humans at bolus
doses 10-15 g castor oil (equivalent to 167 mg/kg bw/day for a 60 kg human). Burdock et al. (2006)
further stated

“The mechanistic basis for these purgative actions likely includes the membrane-disruptive
effects of detergent-like molecules, such as sodium ricinoleate (a ‘soap’). These effects
have been shown to be dose-related and to exhibit a threshold below which no laxative
response was evident, in both animals and in humans. Moreover, admixture of castor oil
with food has been shown to mitigate, if not eliminate the cathartic action of ricinoleate on
the gastrointestinal tract.”

Burdock et al (2006) reported the acceptable daily intake (ADI) for castor oil set by JECFA of 42
mg/day (0.7 mg/kg in a 60 kg person) was “very conservative”. Although chronic toxicity and

! Equivalent to 4.00 mg sodium ricinoleate per minute or a total of 80 mg sodium ricinoleate over the 20-minute
exposure time. (10mM) * 320.4 g.mol. Assuming a body weight of a white rabbit of 2.75 kg = 29 mg/kg directly
exposed to the intestinal lining.

2 Equivalent to 2.05 mg sodium ricinoleate per minute or a total of 32 mg sodium ricinoleate over 40 minutes. The
hamsters were reported to weigh 80-130 g; therefore, exposure was 246 mg/kg direct to the small intestine.

3 Ricinoleic acid is the main constituent of castor oil; castor oil contains approximate 90% ricinoleic acid (Watson et
al (1963).



carcinogenicity studies with castor oil (or ricinoleic acid) are not available, NTP (1992) conducted
a 90-day dietary toxicity study in rats and mice with reported NOAELSs of 5,000 mg/kg bw/day in
rats and 7,500 mg/kg bw/day in mice. Applying an uncertainty factor of 100 to the 5,000 mg/kg
bw/day NOAEL, the ADI for castor oil is 50 mg/kg, or 3000 mg of castor oil per day in an average
60 kg person. Burdock et al. (2006) adjusted the castor oil ADI for ricinoleic acid using the
approach developed by Watson et al (1963), which considers the weight fraction of glycerol
present, and the distribution of the other fatty acids commonly found in castor oil. On this basis,
Burdock et al. (2006) estimated the ADI of ricinoleic acid to be 2,400 mg/person*, equivalent to
40 mg/kg bw/day in humans (60 kg). The 40 mg/kg bw/day ADI proposed by Burdock et al. (2006)
is protective of the laxative effect in humans reported at dose levels of 167 mg/kg bw/day (60 kg
person).

No adverse Gl effects were reported in the toxicological database of PGPR. Ricinoleic acid and
castor oil are GRAS and approved for use in food up to 500 ppm (21CFR172.876). Ricinoleic
acid-induced Gl effects including laxation are not anticipated to occur at the intended use level of
PGPR based on current food uses and use levels of PGPR as described in U.S. GRAS Notices 9
(Quest International, 1998), 179 (Stepan Company, 2005), 266 (Palsgaard A/S, 2008), 270 (Stepan
Company, 2008), and 466 (McCormick & Company, Inc., 2012).

The GRAS Notice 466 (McCormick & Company, Inc., 2012) concluded that the intake of
ricinoleic acid that result in laxative effects in humans exceeds anticipated dietary intake of PGPR,
a source of ricinoleic acid, by at least three orders of magnitude. Other GRAS Notices (GRAS
Notices 9 (Quest International, 1998), 179 (Stepan Company, 2005), 266 (Palsgaard A/S, 2008),
270 (Stepan Company, 2008)) addressed the safety of ricinoleic acid potential gastrointestinal
effects of ricinoleic acid by inferring ricinoleic acid from the metabolism of PGPR following
ingestion is addressed in the toxicological database for PGPR. The PGPR ADI provided in the
GRAS notices is based directly on dietary toxicology studies with PGPR, which would inherently
be protective of any potential PGPR metabolites, including ricinoleic acid, that could occur
downstream after ingestion.

The conservatively estimated per user 90th percentile cumulative estimated dietary intake (CEDI)
of PGPR in this current GRAS notice by Unilever is 7.73 mg/kg bw/day for the US 2+ y and the
highest (90" percentile) CEDI is 11.66 mg/kg bw/day among the children 2-5 y. Adjusting the
highest (90" percentile) CEDI of 11.66 mg/kg for PGPR for ricinoleic acid, results in a CEDI for
ricinoleic acid of 8.9 mg/kg bw/day®. The ADI of ricinoleic acid in humans is 40 mg/kg bw/day
(derived from Burdock et al. 2006). The ADI for ricinoleic acid is approximately 3.4 orders of
magnitude higher the highest 90" percentile CEDI of PGPR of 11.66 mg/kg bw/day in children 2-

4 Burdock et al (2006). Feeding studies with castor oil in rodents provide a basis for a no observable adverse effect
level (NOAEL) estimate of 7,500 mg/kg/day and 5,000 mg/kg/day in mice and rats, respectively. Applying an
uncertainty factor of 100 to the lesser of these NOAELS, one can thus estimate an acceptable daily intake (ADI)
in man to be 50 mg/kg, or 3,000 mg of castor oil per day in an average 60 kg person. As ricinoleic acid
constitutes approximately 90% of castor oil, applying this calculation to the 3,000 mg/day estimated ADI in
humans for castor oil (given the rapid hydrolysis of castor oil glyceride in the gastrointestinal tract), the
acceptable daily intake of ricinoleic acid may be as high as 2,400 mg/person.

5> The PGPR ADI of 11.66 mg/kg bw/day was adjusted on a molecular weight basis to obtain the ADI for ricinoleic
acid. The molecular weight of PGPR is 390.555 and the molecular weight of ricinoleic acid is 198.4608.



5 years old. Based on the information presented, ricinoleic acid is not anticipated to cause adverse
Gl effects at its intended use level.

Question 11. On pg. 30 if the notice (ppt. 38) the notifier discusses the published 2-year
combined chronic toxicity and carcinogenicity study in rats using PGPR in the diet, but it’s
unclear if the test article used in this study came from a batch of the notified substance. Please
clarify if the test article from this study came from a specified batch of the notified substance,
or, if not, briefly describe how the test article used in this study compares in manufacturing
and/or composition to the subject of this GRAS notice.

Response:

The test materials used in the published studies were manufactured via the same process as that
documented in the GRAS notice. The manufacturing methodology of the test material used in the
published literature was described in Wilson et al. (1998). Smith et al. (1998) directly refers to the
Wilson et al. (1998) methodology. The other published literature (Wilson and Smith 1998a; Wilson
and Smith 1998b) refer to the esterification of condensed castor oil fatty acids (primarily ricinoleic
acid (>80%) with polyglycerol). The table below compares the methods between that described in
the GRAS notice and that available in Wilson et al. (1998). Based on the same preparation of the
castor oil fatty acids, condensation of the castor oil fatty acids, preparation of polyglycerols, partial
esterification of the condensed castor oil fatty acids with polyglycerols and the similar analytical
specifications, the test materials used in the published literature are comparable to manufacturing
and/or composition to the subject of this GRAS notice.

Manufacturing GRAS Notice Wilson et al. (1998)

Process

Preparation of the
castor oil fatty
acids

Castor oil fatty acids are produced
by hydrolyzing castor oil with water
and steam at a pressure of
approximately 2.8 MPa without a
catalyst. The resulting fatty acids
are freed from glycerol by water
washing. This castor oil contains, as
its main fatty acids ricinoleic acid
(80-90%0), oleic acid (3-8%),
linoleic acid (3-7%0) and stearic
acid (0-2%).

The castor oil fatty acids are
prepared by hydro-lysing castor
oil with water and steam at 400
psi pressure without any added
catalyst after which the resulting
fatty acids are freed from
glycerol by water washing.
Castor oil contains as its main
fatty acid component ricinoleic
acid (80+90%o), and it is this
fatty acid which is important in
the condensation reaction. Other
fatty acids present are oleic acid
(3£8%0), linoleic acid (3+7%)
and stearic acid (0£2%o).

Condensation of the
castor oil fatty
acids

Castor oil fatty acids are condensed
by heating at a temperature of 205—
210°C under vacuum and a CO2
atmosphere (to prevent oxidation)

Fatty acid condensation is
brought about by heating the
castor oil fatty acids at elevated
temperatures under vacuum and




Manufacturing
Process

GRAS Notice

Wilson et al. (1998)

for ~8 h. This reaction is controlled
by monitoring the acid value, until
an acid value of 35-40 mg KOH/g
(i.e., about 4-5 fatty acid residues
per molecule of condensed
substance) is reached.

in an atmosphere of carbon
dioxide to prevent oxidation.
Samples are taken at regular
intervals and tested for their free
fatty acid content until an acid
value of 35.0 is achieved. This
acid value is equivalent to an
average of about five fatty acid
residues per molecule of the
condensed product. During the
condensation phase, ricinoleic
acid may react in a number of
ways. Simple linear
esterification is the desired
reaction but cyclic esterification,
which is a chain terminating
process, is theoretically possible.
However, no evidence was
found for the presence of this
type of cyclic material in the
condensed castor oil fatty acids.
Dehydration is also possible, but
occurs to only a small extent.

Preparation of
polyglycerols

The polyglycerol portion can be
prepared by three routes: (1)
polymerization of glycerol using a
strong base as a catalyst, (2) by
polymerization of glycidol, leading
to linear polyglycerols, or (3) by
polymerization of epichlorohydrin,
followed by hydrolysis. This leads to
linear polyglycerols. The
polyglycerols produced by
polymerization of epichlorohydrin
contain reduced proportions of
cyclic components.

The preparation of the
polyglycerol is achieved by
heating glycerol to temperatures
above 200°C in the presence of
a small amount of alkali
(potassium hydroxide). In this
step, two or more molecules of
glycerol condense with a loss of
water and the formation of an
ether linkage between the
glycerol molecules. Carbon
dioxide is bubbled through the
reaction vessel to prevent
oxidation, and unchanged
glycerol is removed by
distillation at the end of the
reaction. The process is
controlled by monitoring the rise
in the refractive index. The result




Manufacturing
Process

GRAS Notice

Wilson et al. (1998)

is a mixture of polyglycerols
containing varying numbers of
glycerol residues. As the 1- and
3-hydroxy groups of glycerol are
more reactive than the 2-hydroxy
group, the polyglycerols formed
are predominantly straight-chain
according to the overall reaction.
In addition, small amounts of
cyclic by-products may be
formed in the reaction mixture as
a result of condensation between
the 1-hydroxy group of one
glycerol molecule and the 2-
hydroxy group of another. The
cyclic diglycerol product is a
solid (m.p. 96°C), and is present
at 4% in the polyglycerol or
0.4% in PGPR.

Partial
esterification of the
condensed castor
oil fatty acids with
polyglycerols

The final stage of the production
process involves the esterification of
condensed castor oil fatty acids with
polyglycerols. The “appropriate”
amount of polyglycerol with the
polyricinoleic acid is heated. After
which, a reaction takes place
immediately, and in the same vessel
while still hot. The esterification
conditions are the same as those for
fatty acid condensation. This process
will continue until a sample is taken
from the reaction mixture and found
to have a suitable acid value (i.e., <
6 mg KOHY/qg) and refractive index
(per required specifications).

The final stage of the preparation
involves heating an appropriate
amount of polyglycerol with the
condensed castor oil fatty acids.
The reaction takes place
immediately following the
preparation of the latter and in
the same vessel while the charge
is still hot. The esterification
conditions are the same as those
for fatty acid condensation. The
process is continued until a
sample withdrawn from the
reaction mixture is found to have
a suitable acid value. The
average value of n is about 3.
R1, R2 and R3 each may be
hydrogen or a linear
condensation product of
ricinoleic acid with itself, with n
being on average between 5 and
8.
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Wilson et al. (1998)

Product
Specifications

The Foods Chemicals Codex (FCC)
states that the acceptance criteria for
the polyglycerol moieties of PGPR
shall be composed of NLT 75% of
di-, tri- and tetraglycerols and shall
contain NMT 10% of polyglycerols
equal to or higher than
heptaglycerol (FCC Vol 12). This
PGPR product meets specification
requirements for polyglycerol
polyricinoleic acid established by
the Foods Chemicals Codex (FCC
Vol 12).

The JECFA specification for
PGPR states that ""the
polyglycerol moiety shall be
composed of not less than 75
percent of the di-, tri- and
tetraglycerols and shall contain
no more than 10 percent of
polyglycerols equal to or
higher than heptaglycerol™
(FAO, 1992). PGPR is specified
further by the following:

Hydroxyl value 85-100
Acid value 2.0 max.
lodine value 80+90

Refractive index at 658C

Hydroxyl value 80-100 85-100

lodine value 72-103 80-90
Refractive index 1.463-1.467 1.4635+1.4665
Saponification 170-210

value

Acid value Not more than (NMT) 6 NMT 2%

Polyglycerols

Not lower than (NLT) 75% di-, tri-
and tetraglycerols; NMT 10%
heptaglycerols or higher

Not lower than (NLT) 75% di-,
tri- and tetraglycerols; NMT 10%
heptaglycerols or higher

Question 12. We note that JECFA and the European Commission Scientific Committee for
Food used the reproductive toxicity study with PGPR as the basis for determining their
acceptable daily intake level (ADI) of 7.5 mg/kg bw/d (Wilson and Smith, 1998a); whereas it
appears the notifiers considered the 2-year combined chronic toxicity and carcinogenicity study
in rats (Smith et al., 1998) to be the most sensitive endpoints for ADI derivation. Please provide
a short narrative or rationale as to your justification for this approach.

Response:



As stated in the GRAS Notice, it should be noted that in their monograph, JECFA does not clearly
articulate their preference for using the reproductive study as the basis for the overall reference
dose for their ADI (JECFA, 1974). As such, it is important to consider that the reproductive study
has methodological limitations that should preclude its use to derive an ADI, including a low
sample size for the first-generation treated animals (six males and 13 females), and potential
breeding issues with all the second-generation animals (see Reproductive Toxicity section of the
GRAS Notice). Secondly, the unpublished data on the chronic toxicity component from the
reproductive study, summarized in Quest (1998), indicated that 14 to 16% of the animals in both
groups of the third generation had a Cysticercus fasciolaris (intermediate stage of the cat tape
worm) in the liver. Further, there is no indication that organ weights were measured as part of
chronic toxicity component and thus no evaluation of liver enlargement, the key treatment-related
endpoint across the PGPR dataset. Given the significant reported deficiencies with the controls in
the reproductive study, it should not be relied upon for derivation of the ADI. Lastly there were no
adverse effects at the highest dose tested and therefore, it does not actually establish an effective
ceiling for the safety of PGPR. On the other hand, the carcinogenicity, and chronic studies (Smith
et al., 1998) tested at a higher concentration for a longer period, had an expanded toxicological
examination battery including reproductive organs, and noted no adverse outcomes.

The GRAS notice conclusion agrees with the EFSA (2017) conclusion. In the 2017 Re-evaluation
of PGPR, EFSA concluded that the endpoint from the chronic toxicity and carcinogenicity study
in rats was the key study with a NOAEL of 2,500 mg/kg bw/day. EFSA (2017) states the following:

“The Panel considered that although the only reproductive toxicity study had
limitations and no data were available regarding potential developmental toxicity
of PGPR, an additional uncertainty factor was not required because the oral two-
year combined chronic toxicity/carcinogenicity study in rats included
histopathology of reproductive organs and no changes were observed. In addition,
at markedly higher doses (up to 13,000 mg/kg bw per day in mice; 16,200 mg/kg
bw per day in rats) no adverse effects were observed in the other chronic studies in
rats and a carcinogenicity study in mice. Furthermore, no adverse effects were
observed in the limited reproductive toxicity study.

Considering all the available toxicological database and based on the absence of
adverse effects in an oral 2-year combined chronic toxicity/carcinogenicity study
in rats from which a NOAEL of 2,500 mg PGPR/kg bw per day, the highest dose
tested, was identified and applying an uncertainty factor of 100, the Panel derived
an ADI of 25 mg PGPR/kg bw per day.

The Panel considered that the available data set gives reason to revise the ADI of
7.5 mg/kg bw per day, allocated by SCF in 1978, to a new ADI of 25 mg/kg bw per
day.”

Based on this information, the chronic toxicity and carcinogenicity study in rats (Smith et al. 1998)
is the key study for the safety assessment.

Question 13. The notifier states that, as part of a weight-of-evidence approach to address the
genotoxicity of PGPR, a published 2-year chronic toxicity and carcinogenicity study was used



to conclude that PGPR is not genotoxic (Smith et al., 1998). Yet, the notifier also states on pg.
29 of the notice (ppt. 37) that an in-silico assessment was used to evaluate PGPR’s genotoxicity
since “there were no available in vitro or in vivo studies”. For the administrative record, please
confirm that the data from the published 2-year rat chronic toxicity and carcinogenicity study
was the pivotal publicly available information used to make your GRAS conclusion, and that
the data generated using the OECD QSAR Toolbox provides supportive evidence for your
conclusion.

Response:

The key data for the lack of genotoxicity are the two PGPR carcinogenicity studies conducted in
rats and mice, which presented no oncogenic outcomes or chronic toxicity (Smith et al., 1998).
The QSAR analyses conducted to provide supportive evidence to corroborate the conclusion that
PGPR is non-genotoxic.

Question 14. Please perform an update to the literature search described in the safety narrative
from August 2021 to present and discuss if any new data were found that would contradict the
current GRAS conclusion.

Response:

An updated safety literature search was conducted for the period of August 1, 2021 to present. The
search terms included polyglycerol polyricinoleic, polyglycerol polyricinoleate, 68936-89-0,
29894-35-7, and PGPR. The literature search was conducted through the commercial database
ToxPlanet ChemEXPERT™ and through PubMed. In addition, the following resources were
included in the search for information bearing on the safety of PGPR: the Organization for
Economic Co-operation and Development (OECD), US FDA 21 Code of Federal Regulations
(CFR), Joint FAO/WHO Expert Committee on Food Additives (JECFA), European Food Safety
Authority (EFSA), National Toxicology Program (NTP), Environmental Protection Agency (EPA)
and EPA’s Integrated Risk Information System (IRIS).

Fourteen documents on polyglycerol polyricinoleate were reviewed from the results of the
ToxPlanet™ search from sources including General Standard for Food Additives, EPA CompTox
Chemicals Dashboard, Goodscents, Joint Substance Data Pool of the German Federal Government
and the German Federal states, New Zealand Inventory of Chemicals, Substances in Preparation
in Nordic Countries, and German Environment Agency. There was no new information or updates
to data with bearing on the safety of PGPR.

The PubMed search produced one result on a paper regarding new methods for the quantitative
determination of PGPR in foods, which did not provide new safety data.

There were no new data that would contradict the current GRAS conclusion.

Question 15. In your narrative, you described several unpublished studies concerning PGPR.
GRAS conclusions must be based on generally available and generally accepted data and
information. Please provide an explanation of how there could be a basis for a conclusion of
GRAS status if qualified experts do not have access to these unpublished studies (21 CFR
170.250(e)).



Response:

The pivotal key toxicological study, and the basis of the safety endpoint, is available in the peer-
reviewed publicly available literature (Smith et al., 1998). The other pivotal data used in the GRAS
Notice are listed below.

Howes et al., 1998 Absorption, distribution, metabolism, and
excretion
Wilson et al. 1998 Acute toxicity

Short-term toxicity

Chronic toxicity

Wilson and Smith, 1998a Reproductive toxicity

Smith et al., 1998 Combined chronic toxicity and
carcinogenicity study in rats

Carcinogenicity study in mice

Wilson and Smith, 1998b Controlled human dietary study conducted
with PGPR

Unpublished toxicological studies and in silico QSAR modeling results were published in part in
the EFSA authoritative review of PGPR (EFSA, 2017) and were included in the GRAS notice as
supportive data to corroborate the safety of PGPR. While the underlying data in the EFSA review
may not be fully publicly available, a summary of those data and the authoritative review of the
studies, including acceptability, has been prepared by EFSA’s qualified experts. Based on their
review, there are no data or information in the unpublished literature that appears inconsistent with
the pivotal data and information that is available in the public literature described above.

We hope this information adequately addresses the Agency’s questions on GRN 1105, and if there
is any additional information or further clarification that is required, we will be happy to provide
such information upon request.

Sincerely,

. W | M ~ 1

Kristin Spoden
Unilever
Regulatory Affairs Leader
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From: Spoden, Kristin

To: Downey, Jason
Subject: RE: [External] - RE: GRN 1105 - Unilever"s PGPR - Question to the Notifier
Date: Friday, April 28, 2023 12:07:52 PM

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hi Jason,

Yes, we confirm for the record that the heavy metal specification is set at 0.1 mg/kg for arsenic,
cadmium, mercury, and lead in Unilever’s PGPR GRAS Notice - GRN 1105.

Thank you,
Kristin

From: Downey, Jason <Jason.Downey@fda.hhs.gov>

Sent: Friday, April 28, 2023 10:47 AM

To: Spoden, Kristin <Kristin.Spoden@unilever.com>

Subject: [External] - RE: GRN 1105 - Unilever's PGPR - Question to the Notifier

Hi Kristin,

| apologize for the multiple emails.

To add to the question below, please also confirm for the record that the heavy metal specification
in the draft regulation referred to in your April 20, 2023, amendment is 0.1 mg/kg for arsenic,
cadmium, mercury, and lead. Additionally, in accordance with FDA’s Closer to Zero action plan, we
note that specifications for heavy metals should reflect the amounts determined in the analyses of
representative batches and be kept as low as possible.

Thank youl!

Jason

From: Downey, Jason

Sent: Friday, April 28, 2023 10:00 AM

To: Spoden, Kristin <Kristin.Spoden@unilever.com>

Subject: GRN 1105 - Unilever's PGPR - Question to the Notifier

Hi Kristin,

While evaluating GRN 001105, we identified one point in your April 20, 2023, amendment that



needs clarification. That request is listed below. Please provide a response to the request below
within 5 business days. If you foresee any issue with this timeline or you have any other questions,
please feel free to contact me.

Thank you for your attention to our comments.

Jason

Question from FDA:

In your April 20, 2023, amendment in response to FDA’s question 7, you state that you “plan to align
the heavy metal specifications (arsenic, cadmium, mercury, and lead) to the European draft
regulation amending Annex Il to regulation (EC) 1333/2008 of the European Parliament and of the
Council as regards the use of polyglycerol polyricinoleate (E 476)”. Please confirm that these
specifications have been implemented in GRN 1105 to support the GRAS conclusion of PGPR for the
specified intended uses and use levels.

Jason Downey, Ph.D. (he/him/his)

Regulatory Review Scientist

Division of Food Ingredients

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration
jason.downey@fda.hhs.gov

IMPORTANT NOTICE: This email and any attachments may contain
information that is confidential and privileged. It is intended
to be received only by persons entitled to receive the
information. If you are not the intended recipient, please
delete it from your system and notify the sender. You should
not copy it or use it for any purpose nor disclose or
distribute its contents to any other person.



From: Spoden, Kristin

To: Downey, Jason
Subject: RE: [External] - RE: GRN 1105 - Unilever"s PGPR - Question to the Notifier
Date: Monday, May 8, 2023 11:45:03 AM

Attachments: Revised GRN 1105 - Unilever Response to FDA Questions.docx

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

Hello Jason,

Thank you for pointing out that Revised Table 8 was missing from our response. | have added it to
our response to question #9 in the document attached. | also noticed that when | saved the Word
document as a PDF, the tables were renumbered. The attached response no longer has the error of
revised Table 4 being labeled as “Revised Table 1...”.

Thank you,
Kristin Spoden

From: Downey, Jason <Jason.Downey@fda.hhs.gov>

Sent: Monday, May 08, 2023 7:18 AM

To: Spoden, Kristin <Kristin.Spoden@unilever.com>

Subject: [External] - RE: GRN 1105 - Unilever's PGPR - Question to the Notifier

Good morning, Kristin,

While evaluating GRN 001105 and its amendments, we identified one point in your April 20, 2023,
amendment that needs follow-up. Your response to our Question #9 (PDF page 4) states that revised
copies of Tables 4 and 8 are included in the amendment. We found a revised Table 4, labeled
“Revised Table 1. 90th Percentile Estimated Daily Intake of PGPR from Color Additive Uses,” but we
do not find a revised version of Table 8. Please provide the revised Table 8 referred to in your
response to our Question #9.

Thank you!

Jason

Jason Downey, Ph.D. (he/him/his)

Regulatory Review Scientist

Division of Food Ingredients

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration



jason.downey@fda.hhs.gov

IMPORTANT NOTICE: This email and any attachments may contain
information that is confidential and privileged. It is intended
to be received only by persons entitled to receive the
information. If you are not the intended recipient, please
delete it from your system and notify the sender. You should
not copy it or use it for any purpose nor disclose or
distribute its contents to any other person.



May 8, 2023

Jason Downey, Ph.D.

Regulatory Review Scientist

Division of Food Ingredients

Office of Food Additive Safety

Center for Food Safety & Applied Nutrition
U.S. Food and Drug Administration

5001 Campus Drive

College Park, MD 20740

Re: GRAS Notice No. GRN 1105
Dear Dr. Downey,

Please see the below responses to the United States (U.S.) Food and Drug Administration (FDA)’s
email on March 16, 2023 pertaining to information provided within Unilever‘s Generally
Recognized as Safe (GRAS) Notice for the intended use of polyglycerol polyricinoleic acid
(PGPR) in food.

Question 1. Please clarify whether your intended uses of polyglycerol polyricinoleic (PGPR) are
as an emulsifier in chocolate, chocolate-type products based on vegetable fats other than cocoa
butter, and mayonnaise and spreads only or your intended uses also include each of the other
food categories and use levels in Table 2 (PDF page 16) of your notice.

Response:

Our intent is to only use PGPR as an emulsifier in chocolate, chocolate-type products based on
vegetable fats other than cocoa butter, and mayonnaise and spreads.

Question 2. If your intended uses include use as an emulsifier in flavors and color additives
generally, please provide one of the 21 CFR 170.225(c)(11) statements regarding information
sharing with the U.S. Department of Agriculture’s Food Safety and Inspection Service, if
applicable, as these intended uses include products under USDA’s jurisdiction.

Response:

Our intended uses do not include use as an emulsifier in flavors and color additives generally.

Question 3. Please provide a statement that all starting materials and processing aids used in
the manufacture of PGPR are used in accordance with applicable U.S. regulations, were
concluded to be GRAS for their respective uses or are subjects of effective food contact
notifications.

Response:



We confirm that all starting materials and processing aids used in the manufacture of PGPR are
used in accordance with applicable U.S. regulations or were concluded to be GRAS for their
intended uses.

Question 4. For the administrative record, please confirm that PGPR is manufactured using

current good manufacturing practices.

Response:

We confirm that PGPR is manufactured using current good manufacturing practices.

Question 5. You provided the results of the analyses of three consecutive batches of PGPR.

Please provide results from the analyses of a minimum of 3 non-consecutive batches.

Response:

Revised Table 1 is provided below with the results of the analyses of three non-consecutive batches

of PGPR.

Revised Table 1: Product specifications and data for three non-consecutive batches

Test Unit Specification Result Result Result
Parameter Batch No. Batch No. Batch No.
13970 15157 16526
Hydroxyl mg KOH/g 80-100 89 88 80
Value oil
lodine Value 72-103 88.2 88.3 87.5
Refractive 1.463-1.467 1.4654 1.4656 1.4657
Index
Saponification mg KOH/g 170-210 180.6 184.8 182.9
Value oil
Acid Value mg KOH/g NMT 6 1.8 2.6 2.3
oil
Polyglycerols % NLT 75% di-, tri- | 77.3% di-, tri- 81% di-, tri- 79.2% di-, tri-
and and and and
tetraglycerols; | tetraglycerols; | tetraglycerols; | tetraglycerols;
NMT 10% 7.7% 4.9% 5.1%
heptaglycerols | heptaglycerols | heptaglycerols | heptaglycerols
or higher and higher and higher and higher
Arsenic mg/Kg NMT 3 <0.04 <0.04 <0.04
Lead mg/Kg NMT 1 <0.015 <0.015 <0.015
Mercury mg/Kg NMT 1 0.02 <0.01 <0.01
Cadmium mg/Kg NMT 1 <0.010 <0.010 <0.010

Question 6. Please state the analytical methods used for establishing the specifications for
PGPR and confirm that they have been validated for their intended purpose.




Response:

The analytical methods used for establishing the specifications for PGPR are listed in the table
below. These methods have been validated for their intended purpose.

Test Parameter

Analytical Method

Hydroxyl Value

AOCS Cd 4-40

lodine Value

AOCS Cd 1b-87 (modified)

Refractive Index

Refractometer

Saponification Value

AOCS Cd 3-25, Reapproved 2017

Acid Value

Metrohm Application
Bulletin No. 80/3 e

Polyglycerols

FAO JECFA monographs
No. 1, Vol. 4, mod.

Arsenic DIN EN 15763, mod.
Lead DIN EN 15763, mod.
Mercury DIN EN 15763, mod.
Cadmium DIN EN 15763, mod.

Question 7. Please consider reducing the specifications for arsenic, cadmium, mercury and lead
to reflect the results from the batch analyses presented in the notice.

Response:

We plan to align the heavy metal specifications (arsenic, cadmium, mercury, and lead) to the
European draft regulation amending Annex II to Regulation (EC) No 1333/2008 of the European
Parliament and of the Council as regards the use of polyglycerol polyricinoleate (E 476). All other
specifications remain the same.

Question 8. In table 1, the cadmium and mercury batch analyses results are indicated as 0.0
mg/kg. Please provide the limit of quantification (LOQ) for these analyses and confirm that the
analytical results expressed as “0.0 mg/kg” represent the levels below the corresponding LOQ.

Response:

For the non-consecutive batches shown in Revised Table 1, the limit of quantification (LOQ) for
arsenic, lead, mercury, and cadmium are listed below.

Test Parameter Limit of Quantification (LOQ)

Arsenic 0.04 mg/Kg
Lead 0.015 mg/Kg
Mercury 0.01 mg/Kg

Cadmium 0.010 mg/Kg




Question 9. On page 14, the notifier states that they used the estimated dietary intake for FD&C
Red No. 2 from the study by Doell et al 2016. FDA notes that FD&C Red No. 2 was banned in
the US in 1976. Please clarify whether you meant to use the results presented for FD&C Red 40
in the above stated study. Please discuss the reason for using the dietary exposure estimate for
the mean high exposure scenario for the color additive instead of the 90th percentile high dietary
exposure presented in Doell et al 2016.

Response:

The reference to FD&C Red No. 2 on page 14 of the GRN was a typographical error. Estimates
by Doell et al. (2016) for FD&C Red No. 40 was in fact used to calculate the per capita intake
estimate of PGPR from color additive uses. The per capita estimated daily intake of PGPR from
color additive uses presented in Table 4 on page 14 of the GRN were based on FD&C Red no. 40.

As discussed in the notice, the maximum color additive exposure across colors and the high
exposure scenario estimates for the U.S. 2+ y and subpopulations reported in Doell et al, 2016 was
used. According to Doell et al. (2016), the high exposure scenario represents the absolute highest
exposures presuming that an individual always consumes products containing the highest levels of
the given color additive. Further, we applied an additional 10x factor to the maximum and high
exposure scenario estimates to account for additional exposure from other colors. Due to these
highly conservative assumptions and the fact that intake from color additive uses was added to the
90" percentile EDI from food uses, it is reasonable to use the mean intake rather than the 90™
percentile of intake from color additive uses.

However, since the intake of PGPR from color additive uses are very minor in comparison to food
uses, we have revised the intake of PGPR from color additive uses based on the 90™ percentile
color intake from Doell et al. (2016). The revised Table 4 and Table 8 are provided below.

Revised Table 4. 90t Percentile Estimated Daily Intake of PGPR from Color Additive Uses

Color Intake' PGPR Intake from Color Uses®
Population mg/kg-bw/day
US.2+y 0.9 0.45
Children 2-5y 2.2 1.10
Adolescent males 13-18 y 1.1 0.55

! Based on the per user maximum color additive exposure at the 90'" percentile of intake across FD&C color additives evaluated
using NHANES 2007-10 by Doell et al. (2016). Color intake based on FD&C Red No. 40 with at least 94% within each population
consuming at least one food containing the color additive. Therefore, the per capita estimate can be assumed to be equal to the per
user estimate.

2 Product of color intake, factor of 10 to account for additional exposure from other colors, and PGPR existing maximum use level
0of 5% in color from GRN 270.



Revised Table 8. Cumulative Estimated Daily Intake (CEDI) of PGPR from Existing
(including Flavor and Color Additive Uses) and New Proposed Uses by the
U.S. Population 2+ y and Select Subpopulations

PGPR Estimated Daily Intake (mg/kg-bw/day)

A) B)

Per User 90 Pseudo 90 O)

Percentile EDI Percentile Intake 90" Percentile

from NHANES from Uses in EDI from Uses in | Cumulative
Population (Table 7) Flavors Colors (Table 4) | (A+B+C)
U.S. 2+y 7.41 0.117 0.45 7.98
Children 2-5 y 11.09 0.117 1.10 12.31
Children 6-12 y 7.11 0.117 1.10* 8.33
Adolescents 13-18 y 6.04 0.117 0.55 6.71
Adults 19+y 7.26 0.117 0.45%* 7.83

* Based on children 2-5 y; ** Based on U.S. 2+y

Question 10. The notifier discusses on pg. 23 of the notice (ppt. 31) that PGPR is degraded to
the monomer ricinoleic acid. We note that ricinoleic acid is relevant to safety of PGPR due to
its ability to cause ultrastructural alterations in the villi of the intestinal mucosa, which is not
discussed in the current GRAS notice. Does the notifier anticipate exposure to ricinoleic acid
through PGPR at its intended use level will result in adverse GI effects in consumers?

Response:

The noted ability of ricinoleic acid to cause ultrastructural alterations in the villi of intestinal
mucosa has been reported in the literature (Gaginella and Phillips 1976; Cline et al. 1976;
Gaginella et al. 1977). The route of exposure to ricinoleic acid across these studies is intestinal
perfusion, which is not applicable to standard dietary exposure and as such, these tests are
investigational only and not a basis for a safety determination. In addition, exposure levels in these
references were not biologically relevant. Specifically, in the studies by Gaginella and Philips
(1976) and Gaginella et al. (1977) isolated rabbit ileum was perfused with 10mM'of sodium
ricinoleate. The method of exposure used by Cline et al. (1976) was small bowel in vivo perfusion
of male Syrian golden hamsters at 2 mM and 8 mM sodium ricinoleate at a volume of 0.75-0.8
mL/min for 40 minutes’ and, the Cline et al. (1976) authors note “most likely explanation for the
mucosal injury with ricinoleate is related to the detergent properties of the molecule” (i.e., the
property of a concentrated soap) which is not a relevant application for dietary exposure. Lastly,
in support of the irrelevancy of these literature findings, the NTP (1992) chronic dietary studies on
castor oil (87% ricinoleic acid), which is cited in the GRAS notice, did not reveal any adverse
intestinal mucosa pathology or associated effect at doses up to 10% administration in the diet. In

! Equivalent to 4.00 mg sodium ricinoleate per minute or a total of 80 mg sodium ricinoleate over the 20-minute
exposure time. (10mM) * 320.4 g.mol. Assuming a body weight of a white rabbit of 2.75 kg = 29 mg/kg directly
exposed to the intestinal lining.

2 Equivalent to 2.05 mg sodium ricinoleate per minute or a total of 32 mg sodium ricinoleate over 40 minutes. The
hamsters were reported to weigh 80-130 g; therefore, exposure was 246 mg/kg direct to the small intestine.



summary, the route of administration and concentrations used in these limited studies are not
biologically relevant to dietary exposure.

As summarized in the GRAS notice, ricinoleic acid is a monomer fatty acid degradant of PGPR
that is absorbed and readily metabolized through the typical physiological pathways of fatty acid
metabolism and is not stored or accumulated in tissue (Howes et al., 1998). Studies in humans
show that ricinoleic acid (as castor oil)? is readily absorbed at low doses and exhibits decreased
absorption with increasing dose (Watson et al. 1963; JEFCA, 1979). The absorption of a 50 g dose
of castor oil (containing 89-92% of ricinoleic acid) in humans was limited, with nearly 64% of the
dose excreted in feces (Watson et al., 1963; JECFA, 1979).

Both Watson et al (1963) and Burdock et al (2006) reported laxative effects in humans at bolus
doses 10-15 g castor oil (equivalent to 167 mg/kg bw/day for a 60 kg human). Burdock et al. (2006)
further stated

“The mechanistic basis for these purgative actions likely includes the membrane-disruptive
effects of detergent-like molecules, such as sodium ricinoleate (a ‘soap’). These effects
have been shown to be dose-related and to exhibit a threshold below which no laxative
response was evident, in both animals and in humans. Moreover, admixture of castor oil
with food has been shown to mitigate, if not eliminate the cathartic action of ricinoleate on
the gastrointestinal tract.”

Burdock et al (2006) reported the acceptable daily intake (ADI) for castor oil set by JECFA of 42
mg/day (0.7 mg/kg in a 60 kg person) was “very conservative”. Although chronic toxicity and
carcinogenicity studies with castor oil (or ricinoleic acid) are not available, NTP (1992) conducted
a 90-day dietary toxicity study in rats and mice with reported NOAELSs of 5,000 mg/kg bw/day in
rats and 7,500 mg/kg bw/day in mice. Applying an uncertainty factor of 100 to the 5,000 mg/kg
bw/day NOAEL, the ADI for castor oil is 50 mg/kg, or 3000 mg of castor oil per day in an average
60 kg person. Burdock et al. (2006) adjusted the castor oil ADI for ricinoleic acid using the
approach developed by Watson et al (1963), which considers the weight fraction of glycerol
present, and the distribution of the other fatty acids commonly found in castor oil. On this basis,
Burdock et al. (2006) estimated the ADI of ricinoleic acid to be 2,400 mg/person®, equivalent to
40 mg/kg bw/day in humans (60 kg). The 40 mg/kg bw/day ADI proposed by Burdock et al. (2006)
is protective of the laxative effect in humans reported at dose levels of 167 mg/kg bw/day (60 kg
person).

No adverse GI effects were reported in the toxicological database of PGPR. Ricinoleic acid and
castor oil are GRAS and approved for use in food up to 500 ppm (21CFR172.876). Ricinoleic

3 Ricinoleic acid is the main constituent of castor oil; castor oil contains approximate 90% ricinoleic acid (Watson et
al (1963).

4 Burdock et al (2006). Feeding studies with castor oil in rodents provide a basis for a no observable adverse effect
level (NOAEL) estimate of 7,500 mg/kg/day and 5,000 mg/kg/day in mice and rats, respectively. Applying an
uncertainty factor of 100 to the lesser of these NOAELSs, one can thus estimate an acceptable daily intake (ADI)
in man to be 50 mg/kg, or 3,000 mg of castor oil per day in an average 60 kg person. As ricinoleic acid
constitutes approximately 90% of castor oil, applying this calculation to the 3,000 mg/day estimated ADI in
humans for castor oil (given the rapid hydrolysis of castor oil glyceride in the gastrointestinal tract), the
acceptable daily intake of ricinoleic acid may be as high as 2,400 mg/person.



acid-induced GI effects including laxation are not anticipated to occur at the intended use level of
PGPR based on current food uses and use levels of PGPR as described in U.S. GRAS Notices 9
(Quest International, 1998), 179 (Stepan Company, 2005), 266 (Palsgaard A/S, 2008), 270 (Stepan
Company, 2008), and 466 (McCormick & Company, Inc., 2012).

The GRAS Notice 466 (McCormick & Company, Inc., 2012) concluded that the intake of
ricinoleic acid that result in laxative effects in humans exceeds anticipated dietary intake of PGPR,
a source of ricinoleic acid, by at least three orders of magnitude. Other GRAS Notices (GRAS
Notices 9 (Quest International, 1998), 179 (Stepan Company, 2005), 266 (Palsgaard A/S, 2008),
270 (Stepan Company, 2008)) addressed the safety of ricinoleic acid potential gastrointestinal
effects of ricinoleic acid by inferring ricinoleic acid from the metabolism of PGPR following
ingestion is addressed in the toxicological database for PGPR. The PGPR ADI provided in the
GRAS notices is based directly on dietary toxicology studies with PGPR, which would inherently
be protective of any potential PGPR metabolites, including ricinoleic acid, that could occur
downstream after ingestion.

The conservatively estimated per user 90th percentile cumulative estimated dietary intake (CEDI)
of PGPR in this current GRAS notice by Unilever is 7.73 mg/kg bw/day for the US 2+ y and the
highest (90" percentile) CEDI is 11.66 mg/kg bw/day among the children 2-5 y. Adjusting the
highest (90" percentile) CEDI of 11.66 mg/kg for PGPR for ricinoleic acid, results in a CEDI for
ricinoleic acid of 8.9 mg/kg bw/day>. The ADI of ricinoleic acid in humans is 40 mg/kg bw/day
(derived from Burdock et al. 2006). The ADI for ricinoleic acid is approximately 3.4 orders of
magnitude higher the highest 90™ percentile CEDI of PGPR of 11.66 mg/kg bw/day in children 2-
5 years old. Based on the information presented, ricinoleic acid is not anticipated to cause adverse
GI effects at its intended use level.

Question 11. On pg. 30 if the notice (ppt. 38) the notifier discusses the published 2-year
combined chronic toxicity and carcinogenicity study in rats using PGPR in the diet, but it’s
unclear if the test article used in this study came from a batch of the notified substance. Please
clarify if the test article from this study came from a specified batch of the notified substance,
or, if not, briefly describe how the test article used in this study compares in manufacturing
and/or composition to the subject of this GRAS notice.

Response:

The test materials used in the published studies were manufactured via the same process as that
documented in the GRAS notice. The manufacturing methodology of the test material used in the
published literature was described in Wilson et al. (1998). Smith et al. (1998) directly refers to the
Wilson et al. (1998) methodology. The other published literature (Wilson and Smith 1998a; Wilson
and Smith 1998b) refer to the esterification of condensed castor oil fatty acids (primarily ricinoleic
acid (>80%) with polyglycerol). The table below compares the methods between that described in
the GRAS notice and that available in Wilson et al. (1998). Based on the same preparation of the
castor oil fatty acids, condensation of the castor oil fatty acids, preparation of polyglycerols, partial
esterification of the condensed castor oil fatty acids with polyglycerols and the similar analytical

> The PGPR ADI of 11.66 mg/kg bw/day was adjusted on a molecular weight basis to obtain the ADI for ricinoleic
acid. The molecular weight of PGPR is 390.555 and the molecular weight of ricinoleic acid is 198.4608.



specifications, the test materials used in the published literature are comparable to manufacturing
and/or composition to the subject of this GRAS notice.

Manufacturing GRAS Notice Wilson et al. (1998)

Process

Preparation of the Castor oil fatty acids are produced The castor oil fatty acids are

castor oil fatty by hydrolyzing castor oil with water | prepared by hydro-lysing castor

acids and steam at a pressure of oil with water and steam at 400
approximately 2.8 MPa without a psi pressure without any added
catalyst. The resulting fatty acids catalyst after which the resulting
are freed from glycerol by water fatty acids are freed from
washing. This castor oil contains, as | glycerol by water washing.
its main fatty acids ricinoleic acid Castor oil contains as its main
(80-90%), oleic acid (3—8%), fatty acid component ricinoleic
linoleic acid (3—7%) and stearic acid (80+£90%), and it is this
acid (0-2%). fatty acid which is important in

the condensation reaction. Other
fatty acids present are oleic acid
(3+8%), linoleic acid (3+7%)
and stearic acid (0+2%).

Condensation of the | Castor oil fatty acids are condensed | Fatty acid condensation is

castor oil fatty by heating at a temperature of 205— | brought about by heating the
acids 210°C under vacuum and a CO» castor oil fatty acids at elevated
atmosphere (to prevent oxidation) temperatures under vacuum and
for ~8 h. This reaction is controlled | in an atmosphere of carbon
by monitoring the acid value, until dioxide to prevent oxidation.
an acid value of 35-40 mg KOH/g Samples are taken at regular
(i.e., about 4-5 fatty acid residues intervals and tested for their free
per molecule of condensed fatty acid content until an acid
substance) is reached. value of 35.0 is achieved. This

acid value is equivalent to an
average of about five fatty acid
residues per molecule of the
condensed product. During the
condensation phase, ricinoleic
acid may react in a number of
ways. Simple linear
esterification is the desired
reaction but cyclic esterification,
which is a chain terminating
process, is theoretically possible.
However, no evidence was
found for the presence of this
type of cyclic material in the
condensed castor oil fatty acids.




Manufacturing
Process

GRAS Notice

Wilson et al. (1998)

Dehydration is also possible, but
occurs to only a small extent.

Preparation of
polyglycerols

The polyglycerol portion can be
prepared by three routes: (1)
polymerization of glycerol using a
strong base as a catalyst, (2) by
polymerization of glycidol, leading
to linear polyglycerols, or (3) by
polymerization of epichlorohydrin,
followed by hydrolysis. This leads to
linear polyglycerols. The
polyglycerols produced by
polymerization of epichlorohydrin
contain reduced proportions of
cyclic components.

The preparation of the
polyglycerol is achieved by
heating glycerol to temperatures
above 200 ° C in the presence of
a small amount of alkali
(potassium hydroxide). In this
step, two or more molecules of
glycerol condense with a loss of
water and the formation of an
ether linkage between the
glycerol molecules. Carbon
dioxide is bubbled through the
reaction vessel to prevent
oxidation, and unchanged
glycerol is removed by
distillation at the end of the
reaction. The process is
controlled by monitoring the rise
in the refractive index. The result
is a mixture of polyglycerols
containing varying numbers of
glycerol residues. As the 1- and
3-hydroxy groups of glycerol are
more reactive than the 2-hydroxy
group, the polyglycerols formed
are predominantly straight-chain
according to the overall reaction.
In addition, small amounts of
cyclic by-products may be
formed in the reaction mixture as
a result of condensation between
the 1-hydroxy group of one
glycerol molecule and the 2-
hydroxy group of another. The
cyclic diglycerol product is a
solid (m.p. 96°C), and is present
at 4% in the polyglycerol or
0.4% in PGPR.




Manufacturing GRAS Notice Wilson et al. (1998)
Process
Partial The final stage of the production The final stage of the preparation

esterification of the
condensed castor
oil fatty acids with

process involves the esterification of
condensed castor oil fatty acids with
polyglycerols. The “appropriate”

involves heating an appropriate
amount of polyglycerol with the
condensed castor oil fatty acids.

polyglycerols amount of polyglycerol with the The reaction takes place
polyricinoleic acid is heated. After immediately following the
which, a reaction takes place preparation of the latter and in
immediately, and in the same vessel | the same vessel while the charge
while still hot. The esterification is still hot. The esterification
conditions are the same as those for | conditions are the same as those
fatty acid condensation. This process | for fatty acid condensation. The
will continue until a sample is taken | process is continued until a
from the reaction mixture and found | sample withdrawn from the
to have a suitable acid value (i.e., < | reaction mixture is found to have
6 mg KOH/g) and refractive index a suitable acid value. The
(per required specifications). average value of n is about 3.
R1, R2 and R3 each may be
hydrogen or a linear
condensation product of
ricinoleic acid with itself, with n
being on average between 5 and
8.
Product The Foods Chemicals Codex (FCC) | The JECFA specification for
Specifications states that the acceptance criteria for | PGPR states that *“the

the polyglycerol moieties of PGPR
shall be composed of NLT 75% of
di-, tri- and tetraglycerols and shall
contain NMT 10% of polyglycerols
equal to or higher than
heptaglycerol (FCC Vol 12). This
PGPR product meets specification
requirements for polyglycerol
polyricinoleic acid established by
the Foods Chemicals Codex (FCC
Vol 12).

polyglycerol moiety shall be
composed of not less than 75
percent of the di-, tri- and
tetraglycerols and shall contain
no more than 10 percent of
polyglycerols equal to or
higher than heptaglycerol"
(FAO, 1992). PGPR is specified
further by the following:

Hydroxyl value 85-100
Acid value 2.0 max.
lodine value 80+90

Refractive index at 658C




Manufacturing GRAS Notice Wilson et al. (1998)

Process

Hydroxyl value 80-100 85-100

Iodine value 72-103 80-90

Refractive index 1.463-1.467 1.4635+1.4665

Saponification 170-210

value

Acid value Not more than (NMT) 6 NMT 2%

Polyglycerols Not lower than (NLT) 75% di-, tri- Not lower than (NLT) 75% di-,
and tetraglycerols; NMT 10% tri- and tetraglycerols; NMT 10%
heptaglycerols or higher heptaglycerols or higher

Question 12. We note that JECFA and the European Commission Scientific Committee for
Food used the reproductive toxicity study with PGPR as the basis for determining their
acceptable daily intake level (ADI) of 7.5 mg/kg bw/d (Wilson and Smith, 1998a); whereas it
appears the notifiers considered the 2-year combined chronic toxicity and carcinogenicity study
in rats (Smith et al., 1998) to be the most sensitive endpoints for ADI derivation. Please provide
a short narrative or rationale as to your justification for this approach.

Response:

As stated in the GRAS Notice, it should be noted that in their monograph, JECFA does not clearly
articulate their preference for using the reproductive study as the basis for the overall reference
dose for their ADI (JECFA, 1974). As such, it is important to consider that the reproductive study
has methodological limitations that should preclude its use to derive an ADI, including a low
sample size for the first-generation treated animals (six males and 13 females), and potential
breeding issues with all the second-generation animals (see Reproductive Toxicity section of the
GRAS Notice). Secondly, the unpublished data on the chronic toxicity component from the
reproductive study, summarized in Quest (1998), indicated that 14 to 16% of the animals in both
groups of the third generation had a Cysticercus fasciolaris (intermediate stage of the cat tape
worm) in the liver. Further, there is no indication that organ weights were measured as part of
chronic toxicity component and thus no evaluation of liver enlargement, the key treatment-related
endpoint across the PGPR dataset. Given the significant reported deficiencies with the controls in
the reproductive study, it should not be relied upon for derivation of the ADI. Lastly there were no
adverse effects at the highest dose tested and therefore, it does not actually establish an effective
ceiling for the safety of PGPR. On the other hand, the carcinogenicity, and chronic studies (Smith
et al., 1998) tested at a higher concentration for a longer period, had an expanded toxicological
examination battery including reproductive organs, and noted no adverse outcomes.



The GRAS notice conclusion agrees with the EFSA (2017) conclusion. In the 2017 Re-evaluation
of PGPR, EFSA concluded that the endpoint from the chronic toxicity and carcinogenicity study
in rats was the key study with a NOAEL of 2,500 mg/kg bw/day. EFSA (2017) states the following:

“The Panel considered that although the only reproductive toxicity study had
limitations and no data were available regarding potential developmental toxicity
of PGPR, an additional uncertainty factor was not required because the oral two-
year combined chronic toxicity/carcinogenicity study in rats included
histopathology of reproductive organs and no changes were observed. In addition,
at markedly higher doses (up to 13,000 mg/kg bw per day in mice; 16,200 mg/kg
bw per day in rats) no adverse effects were observed in the other chronic studies in
rats and a carcinogenicity study in mice. Furthermore, no adverse effects were
observed in the limited reproductive toxicity study.

Considering all the available toxicological database and based on the absence of
adverse effects in an oral 2-year combined chronic toxicity/carcinogenicity study
in rats from which a NOAEL of 2,500 mg PGPR/kg bw per day, the highest dose
tested, was identified and applying an uncertainty factor of 100, the Panel derived
an ADI of 25 mg PGPR/kg bw per day.

The Panel considered that the available data set gives reason to revise the ADI of
7.5 mg/kg bw per day, allocated by SCF in 1978, to a new ADI of 25 mg/kg bw per
day.”

Based on this information, the chronic toxicity and carcinogenicity study in rats (Smith et al. 1998)
is the key study for the safety assessment.

Question 13. The notifier states that, as part of a weight-of-evidence approach to address the
genotoxicity of PGPR, a published 2-year chronic toxicity and carcinogenicity study was used
to conclude that PGPR is not genotoxic (Smith et al., 1998). Yet, the notifier also states on pg.
29 of the notice (ppt. 37) that an in-silico assessment was used to evaluate PGPR’s genotoxicity
since “there were no available in vitro or in vivo studies”. For the administrative record, please
confirm that the data from the published 2-year rat chronic toxicity and carcinogenicity study
was the pivotal publicly available information used to make your GRAS conclusion, and that
the data generated using the OECD QSAR Toolbox provides supportive evidence for your
conclusion.

Response:

The key data for the lack of genotoxicity are the two PGPR carcinogenicity studies conducted in
rats and mice, which presented no oncogenic outcomes or chronic toxicity (Smith et al., 1998).
The QSAR analyses conducted to provide supportive evidence to corroborate the conclusion that
PGPR is non-genotoxic.

Question 14. Please perform an update to the literature search described in the safety narrative
from August 2021 to present and discuss if any new data were found that would contradict the
current GRAS conclusion.



Response:

An updated safety literature search was conducted for the period of August 1, 2021 to present. The
search terms included polyglycerol polyricinoleic, polyglycerol polyricinoleate, 68936-89-0,
29894-35-7, and PGPR. The literature search was conducted through the commercial database
ToxPlanet ChemEXPERT™ and through PubMed. In addition, the following resources were
included in the search for information bearing on the safety of PGPR: the Organization for
Economic Co-operation and Development (OECD), US FDA 21 Code of Federal Regulations
(CFR), Joint FAO/WHO Expert Committee on Food Additives (JECFA), European Food Safety
Authority (EFSA), National Toxicology Program (NTP), Environmental Protection Agency (EPA)
and EPA’s Integrated Risk Information System (IRIS).

Fourteen documents on polyglycerol polyricinoleate were reviewed from the results of the
ToxPlanet™ search from sources including General Standard for Food Additives, EPA CompTox
Chemicals Dashboard, Goodscents, Joint Substance Data Pool of the German Federal Government
and the German Federal states, New Zealand Inventory of Chemicals, Substances in Preparation
in Nordic Countries, and German Environment Agency. There was no new information or updates
to data with bearing on the safety of PGPR.

The PubMed search produced one result on a paper regarding new methods for the quantitative
determination of PGPR in foods, which did not provide new safety data.

There were no new data that would contradict the current GRAS conclusion.

Question 15. In your narrative, you described several unpublished studies concerning PGPR.
GRAS conclusions must be based on generally available and generally accepted data and
information. Please provide an explanation of how there could be a basis for a conclusion of
GRAS status if qualified experts do not have access to these unpublished studies (21 CFR
170.250(e)).

Response:

The pivotal key toxicological study, and the basis of the safety endpoint, is available in the peer-
reviewed publicly available literature (Smith et al., 1998). The other pivotal data used in the GRAS
Notice are listed below.

Howes et al., 1998 Absorption, distribution, metabolism, and
excretion
Wilson et al. 1998 Acute toxicity

Short-term toxicity

Chronic toxicity

Wilson and Smith, 1998a Reproductive toxicity




Smith et al., 1998 Combined chronic toxicity and
carcinogenicity study in rats

Carcinogenicity study in mice

Wilson and Smith, 1998b Controlled human dietary study conducted
with PGPR

Unpublished toxicological studies and in silico QSAR modeling results were published in part in
the EFSA authoritative review of PGPR (EFSA, 2017) and were included in the GRAS notice as
supportive data to corroborate the safety of PGPR. While the underlying data in the EFSA review
may not be fully publicly available, a summary of those data and the authoritative review of the
studies, including acceptability, has been prepared by EFSA’s qualified experts. Based on their
review, there are no data or information in the unpublished literature that appears inconsistent with
the pivotal data and information that is available in the public literature described above.

We hope this information adequately addresses the Agency’s questions on GRN 1105, and if there
is any additional information or further clarification that is required, we will be happy to provide
such information upon request.

Sincerely,

-
Kristin Spoden

Unilever
Regulatory Affairs Leader
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