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1311 Iris Circle

Broomfield, CO, 80020, USA
Tel: +1-303-464-8636

Mob: +1-720-989-4590
Email: vrsi@comcast.net

December 31, 2020

Susan J. Carlson, PhD

Director, Division of Food Ingredients

Office of Food Additive Safety (HFS-200)
Center for Food Safety and Applied Nutrition
Food and Drug Administration

5001 Campus Drive

College Park, MD 20740

RE:  GRAS Notice for Maltosyltrehalose Syrup (TG4 Syrup)
Dear Dr. Carlson:

The attached GRAS Notice for Maltosyltrehalose Syrup {TG4 Syrup) is submitted on behalf of the
Notifier, Hayashibara Co., Ltd. of Okayama, Japan (Hayashibara), in accordance with 21 CFR Part
170, subpart E Hayashibara has concluded that TG4 Syrup is generally recognized as safe (GRAS)
for its intended use based on scientific procedures, and can therefore can be excluded from
premarket approval requirement of the Food, Drug, and Cosmetic Act.

The intended use of TG4 syrup is as a food ingredient that can be used to substitute for other
substantially equivalent commercial carbohydrates such as glucose syrups, dextrin and maltodextrin
at concentrations not to exceed the amounts required to accomplish the intended effect. TG4 is a
substance composed of only glucose molecules in relatively short linear chains (DE about 19 on dry
basis) including only a-1,4, and to a lesser extent a-1, 1 glycosidic bonds.

TG4 has been consumed in Japan and Taiwan since 2003, and classified as a starch syrup and food
ingredient, respectively. No known untoward reports have been received at any time since its

introduction.

If the Agency has questions or requires additional information please contact me at the above
address, phone number or email.

Enclosures


















































































































































































































































































































































































































































































































Responses to FDA Questions of October 6, 2021 regarding TG4 Syrup GRN 001004
CHEMISTRY

Question

1. In Section 2.1 for identity (page 14), you describe that there is approximately 7.7% of
other saccharides that are in TG4 syrup. According to the saccharide composition of TG4
Syrup by HPLC analysis (Section 2.6.1), the average content of other saccharides varies
from 2.1% (Table 2-11) to 18.3% (Table 2-12). Please describe what the “other
saccharides” impurities are in the TG4 syrup and clarify the levels of “other saccharides” in
the final TG4 syrup.

Response

1. The confusion lies in the results of the specific assays that were performed related to
“other saccharides”. In Part 2.1 (page 14) it presents the percentages of molecules
having only a-1-4 linkages (except glucose), namely G1, G2, G3 and G4. The total is
about 36.3%. The amount of molecules containing terminal a-1,1 linkages, namely TG3
and TG4, is about 56%. This leaves 7.7% of “Other saccharides”, all of which are also
exclusively made of glucose monomers. These consist of polyglucose of G5 or larger,
and TG molecules of TG5 or greater. The term “Other saccharides” is specific to each
analytical method reported in the Tables.

Tables 2-11 and 2-12 provided data using different analytical methods to further
demonstrate the composition of the TG4 Syrup. This process is complex because, as
noted, some of the molecules co-resolve and therefore multiple methods need to be used
to tease apart these types of molecules. Table 2-11 included molecules of G5 and G6,
and TG5 — TG7, which were not mentioned in the above paragraph (Part 2.1). If you add
the percentage of these to “Other saccharides” (2.1%) in this Table the value is 7.6%.
Table 2-12 only included the analysis of G3, G4, G5, TG3, TG4 and TG5. It did not
include G1, G2, G6 or TG6 and TG7. When these are added with any larger molecules, it
averages 18.3% of “Other saccharides”.

Table 2-13, using cation-exchange HPLC, is the closest to the values found in Part 2.1.
The only difference is that G4 and TG3 co-resolve (18.4%); however, using other
analyses it was shown that TG3 is about 3.5%, and G4 is 15%, with non-listed (Other
saccharides) being 7.7%.

Question

2. In Section 1.5 (page 8), you describe that “TG4 Syrup will be used as a carbohydrate
source that can be substituted for standard starch-based syrups.” Therefore, if the notified
use would be a complement to the current standard starch-based syrups in the food
industry, please address whether there would be an impact on overall dietary starch-
based syrup intake for U.S. consumers.

Response

2. As mentioned in part 3.3, page 49 based on the years of use in Japan TG4 Syrup is
only likely to replace a portion of the starch syrup that would normally be used in a
particular product, but could theoretically be used to replace the total amount. This is



unlikely because of the cost. In Parts 3 and 4 it uses the word “replace” several times.
Because of the functional properties of TG4 Syrup it is Hayashibara’'s experience from
over 10 years of sales in Japan that TG4 will not be additive, and has not impacted the
overall dietary starch syrup intake by Japanese consumers. As related in the Notice, TG4
Syrup amounts to less than 1.6% of the starch syrup consumed in Japan after years of
marketing because of the self-limiting cost and/or technical functions that are not suitable
for use in most products using starch-based syrups. Therefore the Notifier does not
believe that TG4 Syrup would impact dietary consumption in the US.

Question

3. In Section 2.1 (page 14), you describe that G4 is one of the 2 main constituents of the
TG4 syrup, but G4 is not included in the specifications. Please provide aspecification or a
narrative as to why G4 was not included in the proposed specifications for TG4 syrup.

Response

3. While G4 is the second of the two main components of TG4 syrup, it is the trehalose
moiety (TGn), primarily TG4, that provides the product with its unique technical functions,
and hence it is used in the specifications. G4 is found in most all starch-based syrups and
simply offers the functionality of many of the other glucose (Gn) molecules. A higher or
lower percentage of G4 would not appreciable change the technical functionality of TG4
Syrup. Therefore it is not believed that a G4 specification would offer any benefit.

Question

4. You provided a parameter for “Color in solution” by Absorption spectrophotometer, 30%
(Japanese Agricultural Standards) in the specifications table (Table 2-1, page 20).
However, please clarify what the color value is for in the specification, and if you are
measuring the browning intensity of the sugar solution from Maillard reaction, please also
provide maximum absorption (Amax) for the browning index using a UV-Vis
spectrophotometer.

Response

4. Hayashibara uses the “Color of solution” in many of their starch-based products. This
is also a standard assay used by essentially all producers of these types of products in
Japan. The purpose is not specifically because of the Maillard reaction, but rather to
detect possible color development during the later stages of production and storage. The
Maillard reaction is more likely to occur during liquefaction and saccharification when the
protein content is higher. Much of the protein is removed during the purification steps
(Part 2.5.2)

The analytical method for “Color of solution” is as follows, which is almost the same as the
“Trehalose” monograph in USP-NF and FCC:

Sample solution: Dissolve 30 g of the sample in recently boiled water to make 100
mL.
Analysis: Determine the absorbance of the Sample solution at 420 nm and

720 nm using a 10-cm cuvette. Calculate Color in Solution:
Result = As20 — A720
A420 = absorbance at 420 nm



A720 = absorbance at 720 nm
Acceptance criteria: NMT 0.100

Yellow color may develop because of the Maillard reaction, caramelization, etc. during
production. The As20 determines the yellow color, which is the complementary color of
violet. As also described in the “Trehalose” monograph in USP-NF and FCC, A72o
determines turbidity of solution (insoluble floating matter such as active carbon,
diatomaceous earth, etc., if any), which does not transmit light including at A42o.
Therefore, A720 is subtracted from Aazo to obtain the real “Color of solution”.

Question

5. You provide results of arsenic (< 2 ppm) and lead (< 0.1 ppm) in Table 2.3 (page 22).
However, please include the heavy metals in the proposed specifications table (Table 2.1)
along with analytical method.

Response

5. Hayashibara has added “Arsenic (As203) not more than 2 ppm” and “Lead not more
than 0.1 ppm”, and the analytical methods to the proposed product specifications (see
attachment).

Question

6. You provide the analytical results of SOz in the nutritional components table (Table 2-
4). However, if SO2 was used to reduce and prevent color formation in the browning
reaction in the refined syrup, please include residual SOz in the proposed Specifications,
as proposed for trehalose in the previous notification (GRN 000045).

Response

6. In 21CFR 168.120 for Glucose Syrups, it gives a specification for SOz of not more than
40 mg/kg. In four commercial lots the SOz concentration was below the 3 mg/kg limit of
detection, which is greater than 10 fold under the concentration that is considered safe. It
is felt that the recovery/purification process of TG4 Syrup has demonstrated a consistent
record of removal and therefore should not be needed as a specification.

Trehalose GRN 000045 does not have a specification for SOa2.

Question

7. In Section 3.5 (EDI based on data from the US surveys), you provide the mean
estimated daily intake of TG4 syrup by age-gender groups using the mean number of
calories consumed from added sugars (NCHS 2012-13), and 95th intake using the
percentiles of usual intake of total sugars from food and beverages (Dietary Reference
Intake in the US, 2007-2010), respectively. However, we consider that estimates of
chronic (long-term) intake should generally be derived for the general population instead
of by age-gender group. We also note that the Dietary Reference Intake database
provides total sugar intake at the mean (directly from the day 1 dietary recall) and
distribution of usual intake estimate for “All individuals 1 and over.” Therefore, please

revise and provide an estimate for the mean as well for the high percentile (90'[h
percentile) consumers to reflect chronic average daily intake for the general U.S.



population. Additionally, an adult body weight of 60 kg is typically used for the dietary
intake assessments.

Response

7. The Notifier was providing a worst-case scenario for consumption. The average EDI
for the general population is “2.55 g/person/day”, calculated from EDI of TG4 Syrup
(g/person/day) in Table 3-2 (p. 58) and the population pyramid of the U.S. in 2020
(https://www.populationpyramid.net/ja/%E3%82%A2%E3%83%A1%E3%83%AA%E3%82
%ABY%ES5%90%88%E8%A1%86%E5%9B%BD/2020/) as follows:

(2.55 g/person/day x 3.0%) + (4.04 x 3.1%) + (5.17 x (3.3 + 3.3)%) + (4.65 % (3.4 + 3.7 +
35+3.3)%) +(3.96 x (3.1 +3.0+3.1+3.2)%) + (2.62x (3.0+2.6 +2.0+1.3+0.8+0.5
+0.2+0.1+0.0)%) + (2.29 x 2.9%) + (3.43 x 3.0%) + (3.68 x (3.1 + 3.1)%) + (3.22 x (3.3
+35+34+32)%)+(276%x(3.1+3.0+3.1+3.3)%)+(2.13x(3.2+28+23+16+
1.1+0.7+0.4+0.1+0.00%)
= 774+ 789+ 166.5 +354.6 + 316.7 + 267.6 + 74.1 + 75.5 + 159.6 + 344.6 + 318.6
+ 315.7 mg/person/day

= 2.55 g/person/day

The EDI for the general population is “0.0425 g/kg-bw/day” in case of using the body
weight of 60 kg for the dietary intake assessments according to the comment from the
FDA as follows:

2.55 g/person/day + 60 kg-bw /person = 0.0425 g/kg-bw/day

Question

8. In Part 4 (page 60), you describe that “the trehalose moiety does not participate in
Maillard reactions (Figure 2-15), so it would not be used in the many applications...”
However, we note that Figure 2-15 was not provided in the submission. Please provide
Figure 2-15 for the completion of the submission.

Response
8. Please find attached Figure 2-15, which was not provided in the submission.

TOXICOLOGY

Question
1. Inthe published 90-day oral feeding study (Matsumoto et al. 2020), it was stated
that several gross findings were observed at necropsy.

a. Notably, there were animals in the TG4 syrup group with kidney nodules
and herniated livers, which were not observed in any control animals (see
Table 7 in Appendix B on page 120). Please explain why these are not
considered to be treatment-associated observations, and why they are not a
safety concern.


https://www.populationpyramid.net/ja/%E3%82%A2%E3%83%A1%E3%83%AA%E3%82

b. The notifier also presents data from the 90-day repeated oral dose
toxicity study showing an increase in ketone bodies and protein in the urine
of animals given TG4 syrup (see page 89 and Table 7 in Appendix B on
page 149). The notifier states that these results are not significant because
no dose relationship is observed. However, there are clearly trends towards
an increase in both parameters at higher doses, and there is in fact a dose-
relationship seen in females. Please explain why these results are not a
safety concern.

Response

l.a. A general comment that should be made is that TG4 Syrup is composed of
essentially only glucose which is completely digested in the small intestine in a manner
identical to trehalose and starch-based syrups that have been GRASed and consumed for
many years without any reported adverse effects, other than those associated with
saccharidase deficiencies (see Response 3. below).

The study in question was performed by a U.S laboratory that meets Good Laboratory
Practice requirements of the EPA, FDA and OECD. It was a 90-day Preliminary study
with only control and 10% TG4 Syrup consumption groups. The conclusion of the
laboratory was that the observations at necropsy were “sporadic, not seen in both sexes
and not treatment associated”. The clinical chemistry values were reviewed and showed
neither untoward kidney-associated values for the male group, nor abnormal hepatic
values for the female group. The only exception was a significantly lower Na+ value in the
TG4 Syrup treatment group than in the control group; however, both values were within
the standard range for this age and strain of animal. No organ weight or relative weight
differences were observed. Additionally there was no histopathology that would suggest
any treatment associated kidney or liver issues.

Further, subsequent to this preliminary study a full 90-day gavage repeated oral dose
toxicity study was performed using a control and three treatment groups. Gross
inspection in this second study did not reveal similar gross lesions in the liver, except a
single hepatodiaphramatic nodule of 2x4 mm in a control female rat. The kidneys showed
focal depressions that were observed in both female and male animals, and in a male
control and not in a dose dependent manner. Histopathology also provided no suggestion
of toxicity in the kidneys or liver. The preliminary 90-day study had a mean high dose
(10%) of 7,141 mg/kg/day, while in the second study the highest dose was 5,000
mg/kg/day by gavage. Because there were no lesions consistent between the two
studies, lesions in both male and female, even at the highest doses, and no supporting
clinical chemistry or other physical variations in the preliminary 90-day study; therefore it
was concluded that the original determination of the study laboratory of “sporadic, not
seen in both sexes and not treatment associated” was consistent with all the associated
available data.

1.b. This study was performed by a laboratory that works under OECD Principles of Good
Laboratory Practice (as revised in 1997), ENV/MC/CHEM(98)17, and OECD Guideline for
Testing of Chemicals 408 (21st September 1998: Repeated Dose 90-Day Oral Toxicity
Study in Rodents).



In males, both ketones and proteins were more positive in the 3000 mg/kg/day group than
in the 5000 mg/kg/day group, it was judged that there was no dose response. Regarding
protein, in females, there was an example showing 100 mg/dL even in the control group,
therefore the toxicologist concluded that this trend in protein urea was artifactual.

To support these conclusions the laboratory examined the control data from 35 trials from
2013 to 2018, which bracket that date of the study (attached). According to the data 1+
ketone body reactions were observed in 19.6% of the male control groups, and +/-
reactions in the 10.6%. In addition, in regard to protein, reactions at the level of 100
mg/dL are frequently observed in both males and females (attached). Considering this
fact, it was concluded that the results of male with 5000 mg/kg/day in both ketone body
and protein are not uncommonly high. Similarly females receiving the 5000 mg/kg, both
ketone body and protein scores are not uncommon. Further, although a slightly higher
score is observed, this tendency is often seen in repeated oral toxicity tests of food
materials rich in enzymes and amino acids. Finally, it was concluded that these urine
values were of low or no clinical significance because there were no blood biochemical
test results indicating decreased renal function, abnormal glucose metabolism, or
starvation, and no pathological findings of impaired changes in the liver, pancreas, or
kidneys.

Question

2. Using the NOAEL of 5000 mg/kg bw/d from the Matsumoto et al. 2020 study, it is not
clear that your exposure estimate provides sufficient margin of exposure. Please provide
your rationale as to how you came to your GRAS conclusion based on this study and the
exposure estimate based on your proposed uses for TG4 syrup.

Response

2. The Notifier used calculations that were extremely conservative, which resulted in the
low Margin of Exposure (MOE). One of those variables was the use of the highest EDI
consumption groups by age and sex. Chemistry Question 7. above requested that the
EDI for estimates of chronic (long-term) intake be recalculated for the general population
instead of by age-gender groups. Using this recalculation from the response to item 7.,
provides the EDI of 0.0425 g/kg-bw/day. Therefore, the Margin of Exposure (MOE) is
calculated to be 3.65/0.0425 = 85.9

It is concluded that for a macroingredient composed of approximately 99.9% glucose this
MOE should be sufficient.

This is also calculated with a market share of 5% of the starch-based syrups. As was
noted in Part 4 about 73% of these syrups consist of HFCS, for which it would be highly
unlikely for TG4 Syrup to substitute. Further, if the market share potential of TG4 Syrup in
the U.S. is 1.6%, which is the market share in Japan after over 10 years of sales, instead
of the worst case 5% used for the EDI calculation in Table 3-2, the MOE would be “268”.



Question

3. The notifier has discussed safety of TG4 syrup in the context of patients with trehalase
enzyme deficiencies (see page 69 of the notice). Please also address safety of TG4
consumption in patients with primary carbohydrate malabsorption and digestion disorders,
for example, a-glucosidase enzyme deficiencies, and secondary diseases, such as
pancreatic insufficiency.

Response

3. As shown in Figure 6-1 TG4 Syrup demonstrates the same glycemic index and profile
as glucose showing that the entire dose of TG4 Syrup is digested into glucose. Figure 6-2
shows the similar insulin profile as glucose. The reason only trehalase deficiency was
discussed is that the addition of trehalose to the diet is a fairly recent occurrence and
unknown to many. However, the consumption of dietary starch-based syrups has been
known for many decades, and deficiencies of disaccharidases well studied.

U.S starch syrup production started in 1831, and now produces starch-based syrup from
corn, wheat, potato and rice (Hobbs, 2009). As stated in Part 4., the per capita
consumption of such starch-based sweeteners in 2016 was 25.6 kg, approximately 8.27 x
10°kg in total (USDA, 2019). About 73% of the total consists of HFCS, which required
very little pancreatic or small intestinal enzymes to digest (USDA, 2019). Rather itis the
other 27% of starch-based syrup sold in the US that requires the enzymes that were
referred to in the Agency’s question about individuals with primary carbohydrate
malabsorption and digestive disorders. The enzymes involved in carbohydrate
breakdown and absorption as glucose would include pancreatic alpha-amylase, the two
enzyme complexes called maltose-glucoamylase (MGAM) and sucrose-isomaltase (Sl),
lactase, and trehalase.

TG4 Syrup does not contain starch, which is the primary substrate of pancreatic a-
amylase. A primary or secondary deficiency in this enzyme would not cause the
malabsorption of glucose. Next, TG4 Syrup does not contain lactose, so a lactase
deficiency would not be an issue in the consumption of TG4 Syrup. According to the NIH,
lactose intolerance, because of lactase deficiency, is the most common carbohydrate
deficiency in the US and world (NIH, 2020).

As with lactase and trehalase deficiencies (absent or low concentrations), the
consumption of the respective enzyme substrates results in transient self-limiting osmotic
laxation with accompanying symptoms of abdominal pain/distention, tenesmus,
borborygmus, flatus, and nausea/vomiting.

If an individual has a deficiency of either of the other two small intestinal enzyme
complexes (MGMA, SI) consumption of TG4 Syrup would result in similar symptoms
resulting from osmotic laxation as described above. However, this would also be the case
for any other starch-based syrup that the person would consume. The FDA has already
considered all of these starch-based substances that are similar to TG4 Syrup as GRAS
(21CFR 168.120; 184.1865; 184.1444; 184:1277).



Therefore consumption of TG4 Syrup would present no more of a safety concern than the
approximately 4.4 x 10° kg of starch-based syrups that are consumed each year in the US
(2016 data; USDA, 2019).

Question

4. On page 77, the notifier states: “Carcinogenicity of fructose appears to be similar to
glucose” in the section related to cariogenic activity of sugars, starches, and foods. Please
clarify that this statement should be cariogenicity and not carcinogenicity.

Response
4. As was noted the use of “Carcinogenicity of fructose .....", was a mistake and should
have read “Cariogenicity of fructose .....".

Question

5. On page 86, the notifier details the search parameters and databases used for the
literature search performed for the safety assessment of this GRAS notice. Please specify
the timeframe this literature search encompasses.

Response
5. The date of the last review of the parameters used for the literature search performed
for the safety assessment of the GRAS submission was in early December of 2020.



Table 2-1 Final Product Specifications for TG4 Syrup
Variables Specifications Analytical Methods
Refractive index method (Industrial
Dry solid Not less than 72.0% Analytical Methods for Starch-
derived Saccharides)
Electric conductivity method
Total ash Not more than 0.05% | (Industrial Analytical Methods for
Starch-derived Saccharides)
. o
pH 35_65 pH determination, 30% (Japanese

Industrial Standards)

Color in solution

Not more than 0.100

Absorption spectrophotometer, 30%
(Japanese Agricultural Standards)

Turbidity

Not more than 0.050

Absorption spectrophotometer, 30%
(Japanese Agricultural Standards)

Sugar composition (on the dry basis)

Glucose

Not more than 6.0%

Maltosyltrehalose

Not less than 50.0%

HPLC method (Industrial Analytical
Methods for Starch-derived
Saccharides)

Arsenic (As203)

Not more than 2 ppm

Arsenic Limit Test, Method 1,
Apparatus B (Japan’s Specifications
and Standards for Food Additives)

Lead

Not more than 0.1 ppm

Modified Atomic Absorption
Technique (FCC)

Total aerobic
microbial count

Not more than
300 CFU/g

Pour plate method, Standard agar
(Standard Methods of Analysis for
Hygiene Chemists)

Coliform organisms

Negative

BGLB method (Standard Methods
of Analysis for Hygiene Chemists)




Figure 2-15 Malliard Reaction of TG4 Syrup Compared to Other Common Starch
Syrups.
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