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Questions for GRN 962 (Rice bran wax)

Dietary Exposure Questions

In our review of your GRAS notice, we identified deficiencies regarding your dietary exposure
estimates. In the Part 3 (Dietary Exposure) of the notice you estimate the mean and 90"
percentile dietary exposure to be 3.5 mg/kg bw/d and 6.4 mg/kg bw/d, respectively, for the US
population ages 2 years and older. You also estimate the mean and 90™ percentile dietary
exposure for the subpopulation ages 2 to 5 years to be 13.6 and 19.5 mg/kg bw/d, respectively.
We have the following comments:

1. Beginning on page 15 of your notice, you provide information regarding your
dietary exposure estimate for the intended use of rice bran wax in oils used for par-
frying frozen fried potato products. To estimate the dietary exposure for the
intended use, you state that you use a weighted residual level (i.e., 0.009103%) based
on market sales data and NPD/NET potato consumption data.

a. Please provide the estimated dietary exposure with the assumption that the
ingredient is present at the highest use level and in all the proposed food
categories irrespective of market share.

Response: As a point of clarification, rice bran wax (RBW) would be used only in cooking oil
and at a maximum level of 0.15%. Below are the maximum residual RBW levels in potato
products per category based on fat absorption.

Max RBW residual

Total Frozen Potatoes levels (%)

Total Fries including French Fries, Spirals/Curly Fries, Waffle Fries,

Steak/Thick Cut Fries, Crinkle Cut Fries, Julienne/Skinny Fries, 0.01455

Smiles (formed mashed potato), all kinds of Fries; Hash Browns,
Home Chips, Potato Wedges

Frozen Fries

Total Fries including French Fries, Spirals/Curly Fries, Waffle Fries,

Steak/Thick Cut Fries, Crinkle Cut Fries, Julienne/Skinny Fries, all 0.01455

kinds of Fries

Frozen Hash Browns

Hash Browns 0.0087

Frozen French Fries

Frozen French Fries 0.01455




The estimated dietary exposure to RBW employing the highest maximum residual level
(0.015%) is presented below. Further dietary exposure calculations for moisture loss following
baking or deep frying are presented in response to FDA Question no. 3.

Catezory: Frozen Potatoes Average Daily Intake per Weak
m Crrams

-
Gro 15

Total Frozen Potatoes (0.013% REW) | 2+ 1,733 167 [ 128 £20 3.1 103
23 153 150 | 2389 M2 4 311
g-18 358 167 | 2340 20 18 143
18+ 1112 167 [ 225 432 48 93

b. Please provide details on how you derived the weighted residual level and
provide an example calculation using the maximum use level for a specific
food category.

Response: In the absence of an available analytical methodology to detect RBW residual levels
in potato products, McCain estimated the residual levels in the following manner:

1. RBW would be used at maximum level of 0.15% in the par-fry oil.

2. Fat present in the potato products is coming from the par-fry oil, and the fat levels
present in potato products are known. Hence, the oil percentage in potato products is
known and their corresponding residual RBW levels (fat x 0.15%). There is slight
overestimation of oil levels as the potato could contain some very low levels of fat.

3. MccCain has identified all the relevant potato products and their individual average fat
values as per nutrient information (e.g., French fries at different cut sizes, potato
wedges, potato lattice, potato formed products, etc.). McCain reviewed its volume
sales for each product and identified the percentage contribution from each of them to
the total volume sales in the U.S. (e.g., French fries x % of total sales volume)

4. The RBW residual levels had already been estimated for each of these products, so
rather than calculating a straight average, we applied a weighted average based on
individual volume sales. This average would be more representative of the products
most sold/consumed within each relevant category. This approach was applied to
Total Frozen Potatoes, Total Frozen Fries and Total Frozen French Fries.

e Example calculation using maximum RBW residual level for a specific category:

Frozen French Fries: Highest fat value was 9.7%; at 0.15% RBW use in oil, the
maximum residual level would be 0.01455% (0.15%).



2. On page 15 you list the frozen food products in which rice bran wax is intended for
use as the following: French fries, hash browns, home chips/steak-cut fries, waffle
fries, crinkle cut fries, julienne/skinny fries, smiles, potato wedges, and curly/spiral
fries (excluding sweet potatoes). We note that the food products listed are broad and
request that you provide the specific NHANES food codes for the foods in which rice
bran wax is intended for use, and their corresponding use levels.

Response: RBW is not intended for use in potatoes but in the cooking oil. The maximum RBW
residual levels are as follows:

Product Average Total Fat (%) RBW (%)
French Fries - 1/2 INCH cut 5.2 0.0078
French Fries - 1/4 INCH cut 6.6 0.0099
French Fries - 3/16 INCH cut 9.7 0.01455
French Fries - 3/8 INCH cut 5.4 0.0081
French Fries - 3/4 INCH cut 4 0.006
French Fries - 5/16 INCH cut 6.8 0.0102
French Fries - 7/16 INCH cut 55 0.00825
French Fries — Spirals 7.2 0.0108
Potato Lattice 9.7 0.01455
Potato Formed Product —

Smiles 6.7 0.01005
Hash Browns 5.8 0.0087
Potato Wedges 5.6 0.0084

The relevant NHANES food codes are as follows:

Food
code Short description

71401020 POTATO, FRENCH FRIES, FROM FROZEN, BAKED
71401020 WHITE POTATO, FRENCH FRIES, FROM FROZEN, OVEN-BAKED
71401030 POTATO, FRENCH FRIES, FAST FOOD

71401030 WHITE POTATO, FRENCH FRIES, FRM FRZ, DEEP FRD, FF/REST
71401030 WHITE POTATO, FRENCH FRIES, FROM FAST FOOD / RESTAURANT
71401030 WHITE POTATO, FRENCH FRIES, FROM FROZEN, DEEP-FRIED
71401031 POTATO, FRENCH FRIES, RESTAURANT

71401032 POTATO, FRENCH FRIES, FROM FROZEN, FRIED

71401032 WHITE POTATO, FR FRIES, FR FROZ, DEEP FRIED, FR HOME/STORE
71401033 POTATO, FRENCH FRIES, SCHOOL



71401035
71401039
71401041
71401045
71401050
71403030
71404010
71404020
71404030
71404040
71404050
71405020

WHITE POTATO, FRENCH FRIES, FR FRZN, NS AS TO FRIED OR BKD
POTATO, FRENCH FRIES, WITH CHEESE, FAST FOOD / RESTAURANT
POTATO, FRENCH FRIES, WITH CHEESE, SCHOOL

POTATO, FRENCH FRIES, WITH CHILI, FAST FOOD / RESTAURANT
POTATO, FRENCH FRIES, WITH CHILI AND CHEESE, FAST FOOD / RES
POTATO, HOME FRIES, FROM RESTAURANT / FAST FOOD

POTATO, HASH BROWN, FROM FAST FOOD

POTATO, HASH BROWN, FROM FAST FOOD, WITH CHEESE

POTATO, HASH BROWN, FROM RESTAURANT

POTATO, HASH BROWN, FROM RESTAURANT, WITH CHEESE
POTATO, HASH BROWN, FROM SCHOOL LUNCH

WHITE POTATO, HASH BROWN, FROM FROZEN

3. In addition to the dietary exposures related to the maximum and residual use levels,
we request that you address the estimated dietary exposure to rice bran wax from
the final cooked food product. In doing that, please account for potential increases
in the rice bran wax concentration due to moisture loss and/or fat absorption during
the final cooking method of the specified products.

Response:

RBW residual values from oven preparation:

McCain does not have actual data from U.S. products (e.g., fat or moisture levels after oven
preparation), but McCain does have data for the same products manufactured in other
countries. McCain has analyzed this information and identified % fat increases that were then
applied to the fat levels reported in the U.S. The maximum RBW residual levels after
moisture loss from oven preparation (baking) are as follows:

Max RBW residual
Total Frozen Potatoes levels after moisture
loss (%)
Total Fries including French Fries, Spirals/Curly Fries, Waffle Fries,
Steak/Thick Cut Fries, Crinkle Cut Fries, Julienne/Skinny Fries, 0.01618
Smiles (formed mashed potato), all kinds of Fries; Hash Browns,
Home Chips, Potato Wedges
Frozen Fries
Total Fries including French Fries, Spirals/Curly Fries, Waffle Fries, 0.01618
Steak/Thick Cut Fries, Crinkle Cut Fries, Julienne/Skinny Fries, all )
kinds of Fries




Frozen Hash Browns

Hash Browns 0.01
Frozen French Fries

Frozen French Fries 0.01618
Category. Frozen Potatoes Average Daily Intake per Week

i {3rams
_m
Gro ing Median

Total Frozen Potatoes (0.016%REW) | M+ 1,733 167 [ 228 420 fi.l 112
25 153 150 [ 239 M1 B9 341
f-18 358 167 [ 130 420 83 153
18+ 122 167 | 115 42 51 09

RBW residual values from deep frying:

Again, McCain does not have actual data from U.S. products (e.g., fat or moisture levels after
deep fry preparation), but does have data for the same products manufactured in other countries.
McCain analyzed this information and then identified % increases that were then applied to the

fat levels reported in the U.S.

Two different approaches were conducted, each yielding approximately the same values:

- The first approach involved calculating solids before and after cooking and then

recalculating the value for RBW (0.01873 g/100 g).

- The second approach involved identifying % moisture loss during deep frying,
identifying the extra added fat, and then recalculating RBW (0.01855 g/100 g). The

higher of the two values can be found in the following table.

Total Frozen Potatoes

Max RBW residual
levels after moisture
loss (%)

Total Fries including French Fries, Spirals/Curly Fries, Waffle Fries,

Steak/Thick Cut Fries, Crinkle Cut Fries, Julienne/Skinny Fries,
Smiles (formed mashed potato), all kinds of Fries; Hash Browns,
Home Chips, Potato Wedges

0.01873




Frozen Fries

Total Fries including French Fries, Spirals/Curly Fries, Waffle Fries,
Steak/Thick Cut Fries, Crinkle Cut Fries, Julienne/Skinny Fries, all
kinds of Fries

0.01873

Frozen French Fries

Frozen French Fries 0.01873

Category. Frozen Potstoes | Average Daily Intake per Weak |

Total Frozen Potatoes (0.010%BBW) | 2+ 1,733 167 [ 228 420 12 133
2.5 153 150 [ 239 31 2.6 405
6-13 358 167 [ 230 | 440 09 18.1
18+ 111 167 | 15 41 6.l 1.7

4. Please also address the potential dietary exposure from degradation products that
may result from the intended use.

Response:

Rice bran wax (RBW) consists predominantly of wax monoesters accounting for up to 98%
(wt%) of the total wax. These molecules, the esters of saturated long chain fatty acids linked to
fatty alcohols, are chemically stable and can withstand thermal stresses. McCain has conducted
analyses that demonstrate that RBW degradation does not occur under the conditions
encountered upon par frying or conventional industrial food frying (see Attachment 1 for full
report). The findings also strongly suggest that very high temperatures (above 400°C) or an
extremely high number of fry-up cycles (above 280) are necessary to begin to induce RBW
degradation. Since these conditions are never encountered upon industrial, retail, or domestic
food manufacturing practices, it can be concluded that RBW stability is maintained. The
different analytical techniques employed in the studies provided insight into the stability of RBW
at different length-scales: from macroscopic behavior (RBW preserved ability to form gels after
280 fry-ups), to the molecular packing (comparable melting and TGA profile between fresh and




fried samples), to molecular composition as determined through gas chromatography and high-
performance thin layer chromatography.

5. In the safety section we note that you rely on safety data for carnauba wax for
information relevant to rice bran wax. Please provide a cumulative dietary exposure
estimate that includes the uses of rice bran and carnauba wax, as you have stated
that rice bran wax is not substitutional for carnauba wax.

Response:

As noted in GRN 962, a conservative estimate of background dietary exposure to rice bran wax
from current approved uses is approximately 0.1 g/day and the dietary exposure to RBW from
the proposed peanut butter bar in GRN 720 was estimated to be 0.1 — 0.2 g/day at the 90™"
percentile. As for carnauba wax dietary exposure, EFSA (2012) re-evaluated the safety of
carnauba wax as permitted in food and summarized the total dietary exposure to carnauba wax as
follows:

“Refined estimates reported for carnauba wax, when considering Maximum Permitted
Levels (MPLs), resulted in a mean dietary exposure of European toddlers (aged 12-35
months and weighing an average of 15 kg) ranged from 2.6-4.6 mg/kg bw/day, and from
3.1-8.1 mg/kg bw/day at the 95th percentile. The mean dietary exposure of European
children (aged 3-9 years and weighing an average of 30 kg) ranged from 1.6-4.5 mg/kg
bw/day, and from 3.2-7.6 mg/kg bw/day at the 95th percentile. The main contributors to
the total anticipated mean exposure to carnauba wax for these populations were fruits and
confectionary.

The mean dietary exposure of European adolescents (aged 10-17 years and weighing an
average of 50 kg) ranged from 0.9-2.1 mg/kg bw/day, and from 1.9-3.8 mg/kg bw/day at
the 95th percentile. The main contributors to the total anticipated mean exposure to
carnauba wax for this population were fruits and confectionary. Whereas the mean
dietary exposure of the European adult population gave a mean dietary exposure in the
range of 0.7-1.7 mg/kg bw/day and 1.5-3.0 mg/kg bw/day for high level consumers. The
main contributors to the total anticipated mean exposure to carnauba wax for this
population were fruits. For the elderly, mean exposure to carnauba wax was in the range
of 0.8-1.5 mg/kg bw/day and in the range of 1.9-2.7 mg/kg bw/day at the 95th percentile.
Main contributors for these populations were fruits. From the highest consumers of these
populations (95th percentile) these exposures estimates would result in margins of safety
from 83 to 447 when compared to the NOAEL of 670 mg/kg bw/day identified in a
reproductive toxicity study with rats by Parent (Parent et al., 1983), from 31 to 67 when
compared to the NOAEL of 250 mg/kg bw/day identified in a subchronic toxicity study
with dogs by Parent (Parent et al., 1983b), from 185 to 1000 when compared to the
NOAEL of 1500 mg/kg bw/day identified in a subchronic toxicity study with rats by
Edwards (Edwards et al., 1998), and from 1086 to 5867 when compared to the NOAEL
of 8800 mg/kg bw/day identified in a subchronic toxicity study with rats by Rowland
(Rowland et al., 1982). These margins of safety are considered sufficient by the Panel
taking into consideration that the NOAEL’s identified are the highest dose tested not



showing any effect in their respective studies, and that the exposure estimates to carnauba
wax carried out in this opinion are very conservative.”

It must be noted that the EFSA estimate of dietary exposure is very conservative as it assumes
that all processed foods contain carnauba wax added at the MPLs. Given the worst-case dietary
exposure to residual rice bran wax from frying (0.019%), the 90™ percentile exposure to RBW
ranges from 11.7 — 40.6 mg/kg bw/day, significantly higher than the EFSA exposure estimates to
carnauba wax (i.e., 0.7 — 8.1 mg/kg bw/day at the 95™ percentile) summarized above. Therefore,
the overall contribution of carnauba wax to a cumulative dietary exposure estimate is small and a
fraction of the very conservative estimates of RBW dietary exposure from its proposed use in
cooking oil for frozen potato products. The cumulative dietary exposure from both waxes would
certainly be less than 50 mg/kg bw/day at the 90" percentile. As noted in GRN 962, the highest
consumption of RBW from the proposed use is in the 2 — 5-year age group which is the same for
carnauba wax. Similarly large margins of exposure can be calculated for RBW when
consideration is given to the range of publicly available toxicity study NOAEL values cited by
EFSA and reviewed in GRN 962. Margins of exposure are further discussed in response to
Toxicology Question No. 2 below.

Reference: EFSA. 2012. Scientific opinion on the re-evaluation of carnauba wax (E 903) as a
food additive. EFSA Journal 10(10):2880.

Additional Comments

6. On page 11 of the notice, you state that the total arsenic levels in analyzed lots were
below 10 ppb (ug/kg). Please provide a specification for total arsenic that is
reflective of measured analytical values.

Response: McCain sets a specification of 10 ppb for arsenic.

7. We note that there are several errors in your notice regarding incorrect references
in the text to data listed in the provided tables. For example, you state “Table 6
below converts the g/day intake in Table 5 to mg/kg bw/day based on default body
weights”. However, Table 5 is not included in your submission. Further, Table 6 in
the notice provides information on the “NET consumer portion size report”. Please
make sure that references to all tabular data are accurate.

Response: The first sentence on page 18 of GRN 962 should read, “Table 7 below converts the

g/day intake in Table 6 to mg/kg bw/day based on default body weights, as follows: 2+ years, 60
kg; 2-5 years, 16 kg; 6-18 years, 44 kg, 19+ years, 70 kg.”

Toxicology Questions

It appears that the notifier’s safety narrative is based on absorption, distribution, metabolism, and
excretion (ADME) and toxicological properties of other similar waxes such as carnauba wax and
other hard waxes. Given these waxes are not typically used at elevated temperatures such as
during par-frying and thus involves novel uses, it is not clear how the intended use would or



would not be expected to alter the ADME and/or toxicological properties. We note the
following:

The notifier states on pg. 24:

“Smith et al. (1996) demonstrated that the toxicity of waxes decreases with increasing chain
length ... As the molecular weight of the various waxes increased, a decrease in incidence and
severity of adverse effects was observed. Systemic exposure to lower weight waxes resulted in
effects such as increased organ weights and inflammatory changes of the liver and mesenteric
lymph nodes.”

On pg. 14, the notifier states:

“Rice bran wax is considered to be stable by the supplier Koster Kuenen at the proposed par-
frying temperatures. If there were to be any breakdown of the rice bran wax component, it
would form free fatty alcohols and free fatty acids of molecular weight >C24 (see Table 9).”

On pg. 26, the notifier states:

“... the rate of uptake is thought to decrease as chain length and hydrophobicity increase ...
Therefore, the long-chain fatty acid esters present in plant-based waxes such as rice bran wax
and the other waxes referenced here are thought to be poorly absorbed in the GI tract ...”

1. Please provide a more detailed narrative, including publicly available data and
information used, discussing evidence to support the conclusion that the constituents
of rice bran wax are not expected to generate smaller degradation products under
the condition of intended use that would have toxicological consequences.

Response: As noted in response to Question 4 above and Attachment 1, McCain has
demonstrated that RBW (and its constituents) does not degrade under the high temperature
conditions of use (par-frying), as well as subsequent retail or home use of the frozen potato
products (deep-frying or baking). Therefore, the use of other waxes such as carnauba wax to
support the safe use of rice bran wax in cooking oil is justified. The majority (87%-98%) of the
rice bran wax components are monoesters; the remaining components (2%-13% total) of the rice
bran wax product consist of free long-chain fatty alcohols, free long-chain fatty acids, or
triglycerides from rice bran oil. The long-chain fatty acid esters present in plant-based waxes
such as rice bran wax are generally thought to be poorly absorbed in the gastrointestinal (GI)
tract (EFSA, 2012a,b), because uptake of wax esters decreases as chain length and
hydrophobicity increase (Hargrove et al., 2004; Krendlinger et al., 2002.) No adverse or
biological effects have been observed following exposure to the highest molecular weight waxes,
including carnauba wax and rice bran wax. Of the waxes evaluated in this GRAS assessment,
rice bran wax contains the longest alcohol and acid chain lengths and has one of the largest
monoester fractions and thus would be the least bioavailable, positioning it to have the least
potential for toxicity. Thus, any negative findings in safety studies conducted with carnauba wax,
candelilla wax, beeswax, lanolin wax, or jojoba wax can be confidently extended to the more
inert rice bran wax. Given that RBW does not degrade under the proposed conditions of use in
frying oil, the safety study database considered in GRN 720 and GRN 962 is still considered
directly relevant to the safety of RBW.
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2. Given that your safety conclusions are almost entirely based on toxicological and
ADME data from similar but not identical waxes, it is reasonable to consider
background/cumulative exposures resulting from uses for all similar waxes
currently authorized. Based on your new updated dietary exposure estimates,
please provide a narrative describing how exposure from current and the intended
uses of all similar waxes would not be a safety concern.

Response:

Of the waxes evaluated in GRN 962, rice bran wax contains the longest alcohol and acid chain
lengths and has one of the largest monoester fractions (comparable to jojoba) and thus would be
the least bioavailable, positioning it to have the least potential for toxicity. Thus, any negative
findings in safety studies conducted with carnauba wax, candelilla wax, beeswax, lanolin wax, or
jojoba wax can be confidently extended to the more inert rice bran wax. It should also be noted
that carnauba wax can be used in food per 21 CFR 184.1978 with no limitation other than current
good manufacturing practices. Taken together, the available data on these various waxes
provides sufficient publicly available information to assess the safety of rice bran wax and its
constituents for its intended use.

As noted previously, given the worst-case dietary exposure to residual rice bran wax from at
home frying (0.019%), the 90" percentile exposure to RBW ranges from 11.7 — 40.6 mg/kg
bwi/day, significantly higher than the EFSA exposure estimates to carnauba wax (i.e., 0.7 — 8.1
mg/kg bw/day at the 95™ percentile) summarized above. Therefore, the overall contribution of
carnauba wax to a cumulative dietary exposure estimate is small and a fraction of the very
conservative estimates of RBW dietary exposure from its proposed use cooking oil for frozen
potato products. The cumulative dietary exposure from both waxes would certainly be less than
50 mg/kg bw/day and would be considered a very conservative estimate of consumption based



on multiple worst-case assumptions (i.e., use levels, 90-95" percentile intake values). As noted
in GRN 962, the highest consumption of RBW from the proposed use is in the 2 — 5-year age
group which is the same for carnauba wax. Similarly large margins of exposure can be calculated
for RBW when consideration is given to the range of publicly available toxicity study NOAEL
values cited by EFSA and reviewed in GRN 720 and GRN 962.

Worst-case MOEs for rice bran wax for its intended use in potato products were calculated based
on the EDIs summarized in the table related to deep frying of potatoes, the worst-case use level
of 0.019% (see Question 3 response), and body weights for 2+ years, 60 kg; 2-5 years, 16 kg; 6-
18 years, 44 kg, and 18+ years, 70 kg. As presented in the referenced table, estimated mean and
90™ percentile intakes of rice bran wax of 7.2 mg/kg bw/day and 13.3 mg/kg bw/day,
respectively, were calculated (assuming a 0.019% residual level of RBW) for the U.S. population
ages 2 and over. This provides MOEs of approximately 93x and 50x, respectively, for mean and
90™ percentile intakes when compared to the lowest NOAEL (670 mg/kg bw/day) reported from
the 2-generation study with carnauba wax (Parent et al., 1983b). When considering the
population with the highest EDI, ages 2-5 years, the estimated mean and 90" percentile intakes
of rice bran wax were 26.6 mg/kg bw/day and 40.6 mg/kg bw/day, respectively. This provides
MOEs of approximately 25x and 17x, respectively, for the mean and 90" percentile daily intake.
The MOEs for the 6-18-year age group were 68x and 37x at the mean and 90" percentile and for
the 18+ age group, the MOEs were 110x and 57x at the mean and 90™ percentile daily intake.

The above MOEs are based on comparison to the lowest published NOAEL of 670 mg/kg
bw/day, the highest dose tested (Parent et al., 1983b). There are additional published studies with
NOAELSs up to 10,200 mg/kg bw/day, all based on the highest dose level tested. Therefore, the
calculated MOEs based on the study by Parent et al. (1983) are very conservative and represent
minimum MOEs. The MOEs clearly would be more than 10x higher if compared to the highest
NOAEL of 10,200 mg/kg bw/day. None of the published studies on carnauba wax identified an
adverse effect level. EFSA drew a similar conclusion for carnauba wax and stated that “these
margins of safety (83x to 5867x at the 95 percentile) are considered sufficient by the Panel
taking into consideration that the NOAEL’s identified are the highest dose tested not showing
any effect in their respective studies, and that the exposure estimates to carnauba wax carried out
in this opinion are very conservative.” The same can be said for rice bran wax and an evaluation
of the combined intake of rice bran wax and carnauba wax (estimated to be <50 mg/kg bw/day).

In another comparison, employing the worst-case 0.019% inclusion rate, a 2-5-year-old child
would have to consume approximately ten times the 90" percentile daily intake (34.2 mg/kg
bw/day) to ingest the same amount of wax in one standard 5-gram crayon (approximately 312.5
mg/kg bw/day for a 16 kg individual). Furthermore, the 90™ percentile daily intake of 34.2
mg/kg/day is more than 146-fold lower than the highest dose tested in most of the acute oral
toxicity studies identified for waxes (5,000 mg/kg-bw).

In conclusion, the publicly available scientific literature on the consumption and safety of rice
bran wax and similar waxes is sufficient to support the safety and GRAS status of the proposed
rice bran wax product used in cooking oil in the production of frozen potato products. McCain
has demonstrated that RBW does not degrade under the conditions of use. Therefore, the use of
other safety study data on similar waxes to support the safety of RBW is justified. The long-



chain fatty acid esters present in plant-based waxes such as rice bran wax are generally thought
to be poorly absorbed in the gastrointestinal Gl tract because uptake of wax esters decreases as
chain length and hydrophobicity increase. No adverse or biological effects have been observed
following exposure to the highest molecular weight waxes, including carnauba wax and rice bran
wax. An ADI or NOAEL is not a threshold above which the risk of health effects will suddenly
be of concern. The above EDIs for the age group 2-5 years represent a transient time period

that has limited relevance to a lifetime of exposure. Therefore, we believe that the extremely
conservative MOEs presented above for the age group 2-5 years are sufficient to support the safe
use of rice bran wax in the proposed potato products. In addition, the dietary intake analysis
resulted in EDIs (potato products only, as well as cumulative estimated daily intakes) with very
conservative MOEs that are deemed sufficient to support the proposed use of rice bran wax in
oil(s) used in frying operations.



ATTACHMENT 1: Assessment of RBW Degradation



From: Vincenzo di Bari, Food Sciences, The University of Nottingham (UK)

Assessment of rice bran wax stability for industrial frying applications
Executive summary

Rice bran wax (RBW) consists predominantly of wax monoesters accounting for up to 98% (wt%) of the
total wax. These molecules, the esters of saturated long chain fatty acids linked to fatty alcohols, are
chemically stable and can withstand thermal stresses. The experimental evidence discussed in this report
suggest that RBW degradation does not occur under the conditions encountered upon conventional
industrial food frying. The findings also strongly suggest that very high temperatures (above 400°C) or
extremely high number of fry-up cycles (above 280) are necessary to begin to induce RBW degradation.
Since these conditions are never encountered upon industrial, retail, or domestic food manufacturing
practices, it can be concluded that RBW stability will be maintained.

Terminology and abbreviations:

In this report, the word wax will be used as synonym of rice bran wax. The expressions “wax-oil blends”
and “wax-oil gels” will be used interchangeably. The acronym “RBW” and “SFO” will be used as
abbreviations for “rice bran wax” and “sunflower oil”, respectively.

1. Rice bran wax stability upon frying: Overview and rationale of the study

RBW thermal stability at high temperatures has received little attention. This study aims at filling such
knowledge gap by assessing RBW chemical evolution and functionality following prolonged exposure to
frying temperatures. Two samples were tested: (1) RBW added to SFO at a concentration of 0.15% (wt%)
and (2) a control, i.e., neat SFO with no RBW added. These samples were used for potato frying at 175°C
for up 280 fry-up cycles. Each fry-up (FU) cycle lasted five minutes, therefore RBW was exposed to a total
of over 23h of continuous frying. These processing conditions are extreme and significantly more intense
than those encountered on conventional industrial frying. These conditions were implemented to assess
RBW stability upon extensive thermal stress simulating the absolute “worst-case scenario”.

RBW evolution upon exposure to extensive thermal stress was evaluated using a range of analytical
techniques. This enabled gaining a thorough understanding of RBW physical and chemical stability at
different length scales, ranging from the molecular composition to the macroscopic behavior. Results of
the performed analyses are detailed in Sections 1.2, 1.3, 1.4, 1.5, and 1.6.

1.1. Preparation of samples

RBW type 224P was provided by Koster Keunen (US). Sunflower oil (SFO) — RBW blends were
manufactured according to patent “W02021064453 - OIL-WAX COMPOSITIONS AND USES OF OIL-WAX
COMPOSITIONS FOR COOKING FOOD ARTICLES”. Briefly, the blends consisted of RBW added to SFO at a
concentration of 0% (control) and 0.15% (wt%).

1.2. Chemical profile of wax-oil blends pre- and post-frying

RBW and SFO chemical composition was determined using gas chromatography coupled with flame
ionization detector (Fig. 1). The chromatographic profile (upper panel in Fig. 1) confirmed that RBW is
mostly composed of long chain wax monoesters, with a chain length ranging from 44 (C-44, 0.3%, wt%)



to 66 carbon unit (C-66, 0.1%, wt%) with the C-54 being the most abundant compound (20%, wt%). The
analysis of fresh SFO (lower panel in Fig. 1) confirmed that triglycerides are, as expected, the major
constituent with a minor fraction represented by diglycerides.

RBW
C-54

Chain length C-44 C-66

Content 0.3% 20% 0.1%

SFO

Triglycerides

—

Region of interest

A

Diglycerides —

Figure 1: Chromatographic profile of RBW (upper panel) and SFO (lower panel). The main molecular components of both materials
are indicated in each figure. The region of interest (in blues) is highlighted in the lower panel. Refer to text for details.

Comparison of the two chromatograms in Fig. 1 also revealed the existence of a separation region of
interest where only RBW molecular constituents are present while none is observed for SFO (lower panel
in Fig. 1). Since this fingerprint region accounts for molecules with shorter chain length (C48 and C50, see
also Fig. 2), an increase in the size of peaks associated with these molecules would suggest degradation
of RBW wax monoesters during frying.



The chromatograms in Figure 2 refer to the wax-oil blend with 0.15% RBW at O fry-up (i.e., no frying
performed; left panel in Fig. 2) and 280 fry-ups (i.e., extensive thermal stress; right panel in Fig. 2),
respectively. While the content of diglycerides significantly increased during the frying period, a negligible
variation in the peaks size associated with C48 and C50 was observed, suggesting RBW remained stable.

0 Fry-up - 280 Fry-up
C48 - C50 C48 - C50
Diglycerides — - Diglycerides —

- A
o
,,

Figure 2: Chromatograms of 0.15% RBW in SFO at O fry-up (left hand side panel) and 280 fry-ups (right hand side panel). Only the
peak associated with the diglycerides increased significantly upon prolonged frying (280 fry-ups).

1.3. RBW gel formation ability preserved on post-frying

RBW is an effective SFO gelator providing solid-like consistency and self-standing behavior to the liquid
oil. This ability of RBW is due to its high wax-monoesters content (see Section 1.2). If these molecules
were to degrade upon frying, a gel could no longer be formed. In this test, RBW ability to form a gel was
assessed prior to and post frying. In Figure 3 two vials containing the wax-oil gels are shown. Vial “A”
contains the gels produced by RBW prior to frying, while vial “B” contains the gel formed after 280 fry-
ups. In both cases, a firm, self-standing gel is formed suggesting RBW molecular stability is retained upon
extensive frying. The color difference between the two gels can be attributed to typical golden color
formation of oils occurring upon frying and it does not affect RBW.

Figure 3: (A) Gel formed by RBW in SFO prior to frying. (B) Gel formed by RBW in SFO after 280 fry-up. The two gels appear
comparable suggesting RBW molecular stability upon extensive frying.



1.4. Thermal gravimetric analysis of RBW and RBW-SFO blends.

Thermal gravimetric analysis (TGA) is an analytical technique which monitors the mass evolution of a
sample subjected to a controlled temperature program. In this experiment, the oil-wax blends were
heated at 10°C/min from 20 to 550°C in the open air, whilst monitoring the sample mass loss. This results
from the volatilization of molecules within the samples with the peak temperatures representing a
characteristic of constituting molecules. If upon frying the initial molecules were to degrade to form new
species, the number and/or position of peaks would be expected to change.

In Figure 4a the degradation profile of pure RBW is shown. RBW displays a major peak at 445°C and a
small shoulder peak at 459°C. This finding suggests that RBW begins to degrade at very high temperature.
In Figure 4b the degradation profile of a 0.15% wax-oil blend at zero (black line) and 280 fry-ups (orange
line) is shown. The two profiles overlay well, and both display four peaks suggesting that the sample
remains stable during prolonged frying (i.e., 280 fry-ups). The values of the four peak temperatures are
shown in Figure 4c.
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Figure 4: (a) TGA profile of RBW. (b) TGA profile of wax-oil blend after zero (0 FU) and 280 (280 FU) fry-ups. (c) Peak temperatures
of the four main degradation peaks visible in panel b for both samples.

1.5. Differential scanning calorimetry analysis of RBW-SFO blends

Differential scanning calorimetry (DSC) is an analytical technique that measures the energy and
temperature associated with the solid-to-melt phase transition of materials. Such transition depends on
and reflects the molecular composition and interaction. In this study, DSC analysis was implemented to
evaluate RBW temperature and enthalpy of melting. RBW is solid at ambient temperature; this is the
property enabling the gel formation ability observed when blended in SFO (see Fig. 3). If any change in
the RBW molecular composition would occur upon prolonged frying, this would determine a variation in
the melting profile of the wax-oil blend. The melting behavior of samples was recorded at 10°C/min from
20 to 90°C. The melting profiles of a 0.15% wax-oil blend following 0 (black line) and 280 (orange line) fry-
ups (FU) is shown in Figure 5, with the values of enthalpy, onset, and peak of melting compiled in Table 1.
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Figure 5: DSC melting profile of RBW-oil blend at 0 (black line) and 280 (orange line) fry-ups (FU).

The profiles in Figure 5 and the values in Table 1 are comparable for both samples suggesting RBW
molecular degradation has not occurred during frying. These findings are consistent with those shown in
Fig. 3, where RBW ability to form gels is retained after 280 fry-ups, and those shown in Fig. 4 where the
TGA mass loss profile remains unchanged following frying.

Table 1: Values of enthalpy, onset, and peak of melting for wax-oil blends following 0 and 280 fry-ups (FU).

Sample OFU 280 FU
Enthalpy (J/g) 0.54 0.56
Onset temperature (°C) 50.78 49.44
Peak temperature (°C) 58.08 58.25

1.6. High-performance thin layer chromatographic analysis of wax-oil blends

To gain a deeper insight on the chemical profile evolution of wax-oil blends upon frying, thin layer
chromatographic analysis of samples was implemented. Thin layer chromatography (TLC) is a
chromatographic technique to separate the components of a chemical mixture using a thin solid
stationary phase and a mobile liquid phase. The separation results from the relative affinity of each
component for the stationary and the mobile phase, which affects extent and rate of migration. In this
study high-performance thin layer chromatography (HP-TLC) was used. This technique allows to
reproducibly deposit the desired volume of sample and to analyze the compounds migration and band
intensity using the software operating the device (details on the preparation of materials, procedure, and
device in Appendix 1). This enables to obtain semiquantitative data of wax-monoester content.

In Figure 6 the molecular bands obtained after the TLC separation for the samples are shown. The analyzed
samples were (from left to right): (1) lipid standard, (2) RBW, RBW-oil blend at 0.15% concentration and



after (3) zero, (4) 60, (5) 100, (6) 160, (7), 280 fry-ups (FU). The bands associated with each molecular class
are clearly labelled in Fig. 6. Furthermore, for this analysis the samples obtained at intermediate number
of fry-ups (i.e., 60, 100, 160 FU) were investigated to gain a deeper insight on wax-monoesters evolution
upon frying.
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Figure 6: HP-TLC separation profile of molecular constituents displaying clearly separated bands. The name tags are used to
highlight the di- and triglycerides and the wax-monoester bands, respectively. Peak intensity profile was analysed for samples of
(from top to bottom): (1) Lipid standard, (2) RBW, wax-oil blend after (3) zero, (4) 60, (5) 100, (6) 160, (7), 280 fry-ups (FU).

The separated bands were digitally analyzed using the device software to obtain the profile shown in
Figure 7. The dotted and dashed lines are used to highlight the di- and triglycerides and the wax-
monoester bands, respectively. From these profiles it is possible to integrate the peaks to quantify the
wax-monoesters content as a result of number fry-ups.
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Figure 7: Peak intensity profile of bands separated using HP-TLC. The dotted and dashed lines are used to highlight the di- and
triglycerides and the wax-monoester bands, respectively. Peak intensity profile was analysed for samples of (from top to bottom):
(1) Lipid standard, (2) RBW, wax-oil blend after (3) zero, (4) 60, (5) 100, (6) 160, (7), 280 fry-ups (FU).

The concentration of the wax-monoesters for each sample were calculated using Equation 1 and
expressed as percentage relative values:

Area of the peak at any FU

x 100%
Area of the peak at 0 FU ?

Wax-monoester (%) = (Eq. 1),

Where “area of the peak at any FU” is the area of the wax-monoester peak at any fry-up (FU) number
while the “area of the peak at 0 FU” is the area of the wax-monoester peak at zero fry-up (FU). The wax-
monoesters concentration at 60, 100, 160, 280 FU was equivalent to 97%, 94%, 93%, 96% of the
concentration initially, i.e., at zero fry up. These data strongly suggest that wax monoesters remain stable
upon prolonged frying and extensive thermal stress.



2. Conclusions

In this study. the stability of RBW added to SFO to form a wax-oil blend was assessed under prolonged
and extensive thermal stress upon frying. The findings of this work suggest that RBW is able to withstand
thermal stresses without undergoing molecular degradation with subsequent formation of new molecular
species. The different analytical techniques implemented to complete this study allowed to gain a good
insight of such stability at different length-scales: from macroscopic behavior (RBW preserved ability to
form gels after 280 fry-ups) to the molecular packing (comparable melting and TGA profile between fresh
and fried samples), to the molecular composition as determined through gas chromatography and high-
performance thin layer chromatography.



Appendix 1
High-Performance Thin Layer Chromatography (HPTLC)

Due the low RBW content (0.15, wt%) in the studied wax-oil blend, it was necessary to implement an
intermediate step prior to the analysis. This was to separate the wax from the oil allowing to visualize the
bands associated with the RBW components. The separation was performed by refluxing the wax-oil
blends with hexane at 55°C to disrupt the gel structure and separate the wax from the oil. After the
refluxing (30 minutes), the sample wax allowed to rest for two hours at 4 °C prior to centrifugation. This
procedure was repeated twice per each sample at all fry-up times.

To separate compounds using TLC, thin layer silica gel 60 F254 glass TLC plates (20x20 cm) from Merck
were used. The lipid standard mix (consisting of Monoolein (MAG), 1,2-Dioleoyl-rac-glycerol (1,2-DAG),
1,3-Diolein (1,3-DAG) and TAG), wax and oil samples were diluted in chloroform and applied on a TLC plate
using a Linomat V (Camag, Switzerland) sample applicator. Based on an optimization pre-study, a volume
equal to 10 pL was applied on the plate for all samples. To ensure complete dispersion, all wax samples
were heated in sealed containers for 1 min at 40°C before applying to the TLC plate. Chromatograms were
developed to 100 mm in a glass chamber (Camag, Switzerland) saturated with a mobile phase, which
consisted of hexane: diethyl ether: glacial acetic acid (90:10:1, v/v/v). To identify wax esters, plates were
immersed in 10 g cupric sulphate in 100 mL 8% phosphoric acid solution for 2 minutes. When dried, plates
were charred in the oven for up to 5 min at 150°C, until dark brown ester spots were visible. Developed
plates were scanned under white light and UV light at 366 nm using TLC Visualizer 2 (Camag, Switzerland)
and analyzed with VisionCATS version 2.5 software (Camag, Switzerland). Wax ester spots were identified,
comparing retention factor (Rf) to results from literature (Holloway & Challen, 1966; Hwang, Cuppett,
Weller, Hanna, & Shoemaker, 2002; Sarkisyan et al., 2021; Vali, Ju, Kaimal, & Chern, 2005).

The retention factor (Rf) is equal to the distance a compound migrated on the plate over the total distance
covered by the solvent. Rf is unique for each compound. Therefore, when comparing two or more samples
under the same condition, the same compound in different samples will have the same Rf value.
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