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FOREWORD

Daepyung Co., Ltd. (“Daepyung”) based our Generally Recognized as Safe (GRAS) assessment of
high purity glucosylated steviol glycosides primarily on the composite safety information, i.e.,
scientific procedures with corroboration from history of use. The safety/toxicity of steviol

glycosides, history of use of steviol glycosides, and compositional details, specifications, and
method of preparation of the subject ingredient were reviewed. In addition, a search of the
scientific and regulatory literature was conducted through May 26, 2019, with particular attention
paid to adverse reports, as well as those that supported conclusions of safety. Those references
that were deemed pertinent to this review are listed in Part 7. The composite safety/toxicity studies,
in concert with dietary exposure information, ultimately provide the specific scientific foundation for
the GRAS conclusion.

At Daepyung’s request, GRAS Associates, LLC (“GA”) convened an Expert Panel to complete an
independent safety evaluation of Daepyung’s high purity enzyme glucosylated steviol glycosides
preparations. The purpose of the evaluation is to ascertain whether Daepyung’s conclusion that
the intended food uses of high purity glucosylated steviol glycosides as described in Part 3 are
generally recognized as safe, i.e., GRAS, under the intended conditions of use. In addition,
Daepyung has asked GA to act as Agent for the submission of this GRAS notification.

PART 1. SIGNED STATEMENTS AND CERTIFICATION

A. Claim of Exclusion from the Requirement for Premarket Approval Pursuant to 21 CFR
170 Subpart E*

Daepyung has concluded that our high purity glucosylated steviol glycosides preparations that are
a blend of glucosylated steviol glycosides, unreacted steviol glycosides, and maltodextrin, referred
to as “STEVITEN FRESH” (80 - 90% total glucosylated steviol glycosides and unreacted steviol
glycosides) and “STEVITEN RICH” (85 - 95% total glucosylated steviol glycosides and unreacted
steviol glycosides), and which meet the specifications described below, are GRAS in accordance
with Section 201(s) of the Federal Food, Drug, and Cosmetic (FD&C Act) Act. This determination
was made in concert with an appropriately convened panel of experts who are qualified by
scientific training and experience. The GRAS determination is based on scientific procedures as
described in the following sections. The evaluation accurately reflects the intended conditions of
food use for the designated high purity glucosylated steviol glycosides preparations.

1 See 81 FR 54960, 17 August 2016. Accessible at: https://www.gpo.gov/fdsys/pka/FR-2016-08-17/pdf/2016-19164.pdf (Accessed 5/23/19).
GRAS ASSOCIATES, LLC Page 4 of 158



https://www.gpo.gov/fdsys/pkg/FR-2016-08-17/pdf/2016-19164.pdf

GRAS Notice — High Purity Glucosylated Steviol Glycosides
Daepyung Co., Ltd. 7/23/19

Signed:

Agent for Daepyung

William J. Rowe Date: 7/23/19
President

GRAS Associates, LLC

27499 Riverview Center Blvd.

Suite 212

Bonita Springs, FL 34134

B. Name and Address of Responsible Parties

Daepyung Co., Ltd.

Leaders B/D 604, #274-4 Seohyeon-Dong
Bundang-Gu, Seongnam-Si, Gyeonggi-Do
Republic of South Korea (463-824)

As the Responsible Party, Daepyung accepts responsibility for the GRAS conclusion that has been
made for our high purity glucosylated steviol glycosides preparations as described in the subject
safety evaluation; consequently, the purified steviol glycosides preparations having acceptable
steviol glycosides compositions which meet the conditions described herein, are not subject to
premarket approval requirements for food ingredients.

C. Common Name and Identity of Notified Substance

The common name of the ingredient to be used on food labels is “Enzyme Treated Stevia” or
“Enzyme Modified Stevia.” Daepyung also plans to market our high purity glucosylated steviol
glycosides preparations under the trade names “STEVITEN FRESH” and “STEVITEN RICH.”

D. Conditions of Intended Use in Food

Daepyung’'s STEVITEN FRESH (80 - 90% total glucosylated steviol glycosides and unreacted
steviol glycosides) and STEVITEN RICH (85 - 95% total glucosylated steviol glycosides and
unreacted steviol glycosides) high purity glycosylated steviol glycosides preparations are intended
for use as general-purpose sweeteners in foods, excluding meat and poultry products and infant
formulas, at levels determined by current good manufacturing practices (CGMP).
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E. Basis for GRAS Conclusion

Pursuant to 21 CFR 170.30(a) and (b)?, Daepyung’s STEVITEN FRESH (80 - 90% total
glucosylated steviolglycosides and unreacted steviol glycosides) and STEVITEN RICH (85 - 95%
total glucosylated steviol glycosides and unreacted steviol glycosides) high purity glucosylated
steviol glycosides preparations have been concluded to be GRAS on the basis of scientific
procedures as discussed in the detailed description provided below.

Purified steviol glycosides are not subject to premarket approval requirements of the FD&C Act
based on Daepyung’s conclusion that the substance is GRAS under the conditions of its intended
food use.

Daepyung certifies, to the best of our knowledge, that this GRAS notice is a complete,
representative, and balanced assessment that includes all relevant information, both favorable and
unfavorable, available and pertinent to the evaluation of the safety and GRAS status of high purity
glucosylated steviol glycosides.

F. Availability of Information

The data and information that serve as the bases for this GRAS Notice will be maintained at the
offices of Daepyung Co, Ltd. (Republic of South Korea), and will be made available during
customary business hours.

Daepyung certifies that no data or information contained herein are exempt from disclosure under
the Freedom of Information Act (FOIA). No non-public, safety-related data were used by the Expert
Panel to reach a GRAS conclusion.

PART 2. IDENTITY, METHOD OF MANUFACTURE, SPECIFICATIONS, AND PHYSICAL
OR TECHNICAL EFFECT

A. Chemical Identity of Ingredient

“Enzyme modified steviol glycosides” or “glucosylated steviol glycosides” are the common or usual
names of the non-nutritive sweetener derived from the enzymatic glycosylation of a high purity
extract of Stevia rebaudiana Bertoni. The compositional features of Daepyung’s high purity
glucosylated steviol glycosides preparations are described in more detail in this section. The
preparations are also marketed as STEVITEN FRESH and STEVITEN RICH.

The general chemistry of steviol glycosides and enzyme modified steviol glycosides has previously
been reviewed in a number of GRAS Notifications (GRN), including GRN 337 (NOW Foods, 2010),
GRN 667 (Blue California, 2016), and GRN 715 (Blue California, 2017). Representative chemical
structures of steviol glycosides that have been identified to date are presented in Figure 1.

2 https:/www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=170.30 (Accessed 5/22/19).
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No known toxins have been identified in stevia or stevia-derived products.

Figure 1. Chemical Structures of Various Steviol Glycosides?

a8From Perrier et al. (2018)

Enzyme modified steviol glycosides are produced when additional glucose moieties are bonded to
the original steviol glycoside structure via a(1->4) linkages, resulting in a-glucosylated steviol
glycosides. The product a-glucosylated steviol glycosides consists of a mixture of both o-D-
glucosylated steviol glycosides and steviol glycosides, including rebaudioside A, rebaudioside C,
dulcoside A, steviolbioside, rubusoside, and rebaudioside B. The enzyme attaches the additional
glucose residues by sterio- and regio-specific 1,4-a-D-glycosidic bonds, whereas the glucose is
attached by B-glycosidic bonds in naturally occurring steviol glycosides. The primary constituents
of enzymatically modified stevia have been identified (Koyama et al., 2003a) and are described in
Table 1. The chemical structures are shown in Figure 2.
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Table 1. Components Expected to be Present in Glucosylated Steviol Glycosides?

COMPOUND MOLECULAR WEIGHT EMPIRICAL FORMULA LEVEL OF ENZYME

GLYCOSYLATION®
Steviolbioside 642 Cs2H50013 -
Dulcoside A 788 CasHsoO17 -
Stevioside 804 CasHs001s -
Rebaudioside C 950 CaaH70022 -
Rebaudioside A 966 CaaH70023 -
Monoglucosyl Rebaudioside B 966 CaaH70023 +1
Monoglucosyl Stevioside 966 Ca4H70023 +1
Monoglucosyl Rebaudioside C 1112 CsoHgoO27 +1
Monoglucosyl Rebaudioside A 1128 CsoHs0O2s +1
Diglucosyl Rebaudioside B 1128 CsoHsoO28 +2
Diglucosylstevioside 1128 CsoHs0028 +2
Diglucosyl Rebaudioside C 1274 Cs6Ho0032 +2
Diglucosyl Rebaudioside A 1290 Cs6Hg0033 +2
Triglucosyl Rebaudioside B 1290 Cs6Ho0O33 +3
Triglucosyl Rebaudioside A 1452 Ce2H100038 +3

a Data from Koyama et al. (2003a)
b The level of enzymatic glycosylation indicates the number of glucose units that have been added via enzyme modification.
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Figure 2. Chemical Structures of Various Glucosylated Steviol Glycosides?
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B. Manufacturing Processes

Daepyung’'s STEVITEN FRESH and STEVITEN RICH glucosylated steviol glycosides preparations
are manufactured via an enzymatic reaction with Stevia rebaudiana Bertoni extract [> 95% total
steviol glycosides, which meets Joint FAO/WHO Expert Committee on Food Additives (JECFA)
specifications] using cyclomaltodextrin glucanotransferase (CGTase). The resulting preparations
are high purity enzyme modified steviol glycosides products: STEVITEN FRESH (80 - 90% total
glucosylated steviolglycosides and unreacted steviol glycosides) and STEVITEN RICH (85 - 95%
total glucosylated steviolglycosides and unreacted steviol glycosides). The remaining 5 - 20% of
the finished product is unreacted maltodextrin.

1. Steviol Glycosides Raw Material

For the manufacturing of the starting steviol glycosides material, Daepyung employs a fairly typical
process that is used in the industry for the production of stevia extracts. In order to extract
rebaudioside A from the leaves of Stevia rebaudiana Bertoni, Daepyung has developed a state-of-
the-art process in which a 30 - 60% rebaudioside A extract powder is prepared and further purified
to obtain an extract with 95% steviol glycosides, as described in the flow chart in Figure 3.

2. STEVITEN FRESH and STEVITEN RICH Enzyme Modified Steviol Glycosides

Daepyung uses the purified stevia extract product, maltodextrin, and cyclomaltodextrin
glucanotransferase enzyme to manufacture high purity enzyme modified steviol glycosides. After
being heated to 78+1°C at pH 5.6 for 25 to 48 hours, the mixed starting material is deactivated at
95°C for 1 hour at pH 4.0, absorbed with absorption resin, and eluted with food grade ethanol. The
eluted solution is then concentrated, filtered through diatomaceous earth (celite), sterilized by ultra-
high temperature (UHT), and spray dried to obtain either the STEVITEN FRESH or STEVITEN
RICH preparation, which is a mixture of glucosylated steviol glycosides and unmodified steviol
glycosides, with 5 - 20% unreacted maltodextrin.

The enzyme used to glucosylate the purified stevia extract is Toruzyme 3.0L, which is a CGTase
enzyme produced by a genetically modified strain of Bacillus licheniformis.® The glucose source is
maltodextrin derived from tapioca. The ethanol, resin, and celite used in the purification process
comply with applicable Food Chemicals Codex (FCC) or 21 CFR specifications. Supporting
documentation for the raw materials and processing aids are provided in Appendix 1.

Daepyung’s high purity glucosylated steviol glycosides preparations are prepared in accordance
with CGMP regulations in a food facility registered with the Department of Health and Human
Services/Food and Drug Administration (DHHS/FDA).

The manufacturing process is summarized in the flow charts provided in Figure 4 and Figure 5.

3 Toruzyme 3.0L, manufactured by Novozymes, is a cyclomaltodextrin glucanotransferase produced by submerged fermentation of a selected
strain of Bacillus licheniformis. It is a food grade product and complies with JECFA and FCC recommended specifications for food grade
enzymes, and is GRAS as defined in 21 CFR 170.30(a).
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Figure 3. Flow Chart of Manufacturing Process for Daepyung’s Steviol Glycosides Raw
Material (>95% Steviol Glycosides)*

4 UHT- Ultra-high temperature; SUS - steel use stainless, a Japanese Industrial Standards acronym for stainless steel
GRAS ASSOCIATES, LLC Page 11 of 158
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Figure 4. Flow Chart of Manufacturing Process for Daepyung’s STEVITEN FRESH High
Purity Glucosylated Steviol Glycosides Preparations®

5 Maltodextrin is a short-chain dextrin commonly used in food applications. In this flowchart, the term “Dextrin” refers to the tapioca-derived
maltodextrin that serves as the enzyme’s glucose sources; UHT — Ultra-high temperature
GRAS ASSOCIATES, LLC Page 12 of 158
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Figure 5. Flow Chart of Manufacturing Process for Daepyung’s STEVITEN RICH High
Purity Glucosylated Steviol Glycosides Preparations®

6 Maltodextrin is a short-chain dextrin commonly used in food applications. In this flowchart, the term “Dextrin” refers to the tapioca-derived
maltodextrin that serves as the enzyme’s glucose sources; UHT — Ultra-high temperature
GRAS ASSOCIATES, LLC Page 13 of 158
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C. Product Specifications

1. JECFA Specifications for Steviol Glycosides

The compositions of extracts of Stevia rebaudiana Bertoni depend upon the compositions of the
harvested leaves, which are, in turn, influenced by soil, climate, and the manufacturing process
itself (FAO, 2007b).

In the most recent JECFA monograph, published in 2017 (FAO, 2017), steviol glycosides
specifications were modified to include a minimum requirement of not less than 95% total steviol
glycosides, on a dry basis, “determined as the sum of all compounds containing a steviol backbone
conjugated to any number, combination or orientation of saccharides (glucose, rhamnose,
fructose, deoxyglucose xylose, galactose, arabinose and xylose) occurring in the leaves of Stevia
rebaudiana Bertoni.”

JECFA'’s 2017 monograph describes steviol glycosides as white-to-yellow powders that are
odorless or have a slight characteristic odor and exhibit a sweetness that is 200 - 300 times
greater than that of sucrose. The ingredient must consist of a minimum of 95% total steviol
glycosides, as defined above. The steviol glycosides are freely soluble in a 50:50 mixture of
ethanol and water, and the 1 in 100 solutions exhibit pH values between 4.5 and 7.0. The product
should not have more than 1% ash, with no more than a 6% loss on drying at 105 °C after 2 hours.
Any residual methanol levels should not exceed 200 mg per kg, and ethanol residues should not
exceed 5,000 mg per kg. Arsenic and lead levels should not exceed 1 mg per kg. Microbiological
criteria have also been established, with specifications of no more than 1,000 colony forming units
(CFU) per g total plate count, not more than 200 CFU per g yeasts and molds, and E. coli and
Salmonella negative in 1 g and 25 g, respectively.

Daepyung has adopted specifications for our purified steviol glycosides extract starting material
that meet or exceed current JECFA specifications, as demonstrated in Table 2. The typical
glycosides content of production batches is provided in Table 3.
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Table 2. Specifications for Steviol Glycosides Starting Material

DAEPYUNG'S
PHYSICAL & CHEMICAL JECFA®2 SPECIFICATIONS
SPECIFICATIONS FOR STEVIOL
PARAMETERS STEVIOL GLYCOSIDES
GLYCOSIDES STARTING MATERIAL
Appearance Form Powder Powder
Appearance Color White to light yellow White to off-white

Freely soluble in 50:50 water:

Solubility ethanol Freely soluble in water and ethanol
Assay Notless tr;;rl:;‘:itsobtal steviol > 95% total steviol glycosides
Residual Ethanol NMT 5,000 mg/kg < 5,000 ppm
Residual Methanol NMT 200 mg/kg <200 ppm
Loss on Drying NMT 6.0% < 6%
pH, 1% Solution 45-70 45-70
Total Ash NMT 1% NMT 1%
Arsenic NMT 1 mg/kg NMT 1 mg/kg
Lead NMT 1 mg/kg NMT 1 mg/kg
Total Plate Count NMT 1,000 cfulg < 1,000 cfulg
Yeast & Mold NMT 200 cfulg <100 cfulg
Salmonella Negative in 25 ¢ Negative
Escherichia coli Negative in 1 g <10 mpn/g

NS = not specified; NMT = not more than; mpn = most probable number

a Prepared at 84t JECFA (2017)

b Total steviol glycosides as the sum of all compounds containing a steviol backbone conjugated to any number,
combination, or orientation of saccharides (glucose, rhamnose, fructose, deoxyglucose xylose, galactose,
arabinose, and xylose) occurring in the leaves of Stevia rebaudiana Bertoni.
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Table 3. Typical Levels of Steviol Glycosides in Unmodified Stevia Extract &
STEVITEN FRESH and STEVITEN RICH High Purity Glucosylated Steviol
Glycosides Preparations

STEVITEN FRESH STEVITENRICH
UNMODIFIED STEVIA
HIGH PURITY HIGH PURITY
COMPONENT EXTRACT
GLUCOSYLATED STEVIOL GLUCOSYLATED STEVIOL
(%)
GLYCOSIDES (%) GLYCOSIDES (%)
Rubusoside 2.0-35 0.0-0.6 0.0-06
Steviolbioside 0.0-1.0 05-15 05-15
Dulcoside A 0.0-1.0 05-15 05-15
Rebaudioside B 00-1.0 00-10 0.0-1.0
Stevioside 46.0 - 50.0 8.0-10.0 6.0-7.0
Rebaudioside C 55-6.5 20-30 10-20
Rebaudioside F 05-1.0 0.0-05 0.0-05
Rebaudioside A 35.0-40.0 70-9.0 50-6.0
Rebaudioside D 0.0-05 ND ND
Monoglucosyl stevioside ND 9.0-110 80-10.0
m/z 966
Monoglucosyl
rebaudioside C ND 2.0-2.6 13-16
m/z 1112
Monoglucosyl
rebaudioside A ND 70-8.0 7.0-9.0
m/z 1128
Diglucosyl stevioside
/7 1128 ND 9.0-11.0 9.0-12.0
Diglucosyl rebaudioside
C miz 1274 ND 15-25 15-25
Diglucosyl rebaudioside
A m/z 1290 ND 8.0-11.0 11.0-13.0
Triglucosyl stevioside ND 80-13.0 90-14.0
m/z 1290 ' ' ' '
Triglucosyl rebaudioside
A miz 1452 ND 35-5.0 45-6.5
Tetraglucosyl stevioside
iz 1452 ND 70-85 50-8.0
Tetraglucosyl
rebaudioside A m/z 1614 ND 25-335 40-6.0
Unidentified glucosylated
steviol glycosides ND 5.0-6.0 40-70

m/z > 1614

ND = not detected
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2. Specifications for Daepyung’s STEVITEN FRESH and STEVITEN RICH High Purity
Glucosylated Steviol Glycosides Preparations and Supporting Methods

Daepyung has adopted product specifications for our STEVITEN FRESH and STEVITEN RICH
high purity glucosylated steviol glycosides preparations that meet or exceed current JECFA
recommendations, while also complying with Food Chemicals Codex (FCC, 2010) specifications
for rebaudioside A as a consumable human food substance. The compositions of five non-
consecutive lots of Daepyung’s STEVITEN FRESH (80 - 90% total glucosylated steviol glycosides
and unreacted steviol glycosides) and STEVITEN RICH (85 - 95% total glucosylated steviol
glycosides and unreacted steviol glycosides) preparations are compared to the JECFA and FCC
specifications in Table 4 and Table 5, respectively.
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Table 4. Specifications for Daepyung’s STEVITEN FRESH Enzyme Modified Stevia Preparation

JECFA? FCCb ResuLTs oF STEVITEN FRESH ENzYME MODIFIED STEVIA PREPARATIONS
PHYsICAL & CHEMICAL SPECIFICATIONS SPECIFICATIONS DAEPYUNG’S MINIMUM SPECIFICATIONS FOR
PARAMETERS STEVIOL 5 A | STEVITEN FRESH ENzyME MODIFIED STEVIA LoTNumBer | LoTNumBer | LoTNumeer | LoTNumBER | LoT NUMBER
GLYCOSIDES EBAUDIOSIDE 190110 190116 190214 190308 190314
Appearance Form Powder Crystal, granle Powder Pass Pass Pass Pass Pass
or powder
Appearance Color White to light White .to off White Pass Pass Pass Pass Pass
yellow white
Freely soluble in Freely soluble in
Solubility water: ethanol water: ethanol Freely soluble in water and ethanol Pass Pass Pass Pass Pass
(50:50) (50:50)
- 0, i i
et | e | me | me | me | o
Purity = 95% Steviol > 95Y% 9 fyWelg
(HPLC Area) Glycosides B . . .
NLT 65.0% glucosylatgd steviol glycosides 75.9% 76.1% 76.3% 76.1% 75.9%
(dry weight)

Residual Ethanol NMT 5,000 mg/kg NMT 0.5% NMT 5,000 mg/kg 78 mglkg 75 mglkg 80 mg/kg 71 mg/kg 78 mg/kg
Residual Methanol NMT 200 mg/kg NMT 0.02% NMT 200 mg/kg 41 mglkg 45 mglkg 39 mglkg 43 mglkg 51 mg/kg
Loss on Drying NMT 6.0% NMT 6.0% NMT 6.0% 4.1% 4.0% 4.2% 3.8% 3.5%
pH, 1% Solution 45-70 45-70 45-7.0 5.8 5.9 55 5.6 5.5

Total Ash NMT 1% NMT 1% NMT 1.0 % 0.2% 0.2% 0.2% 0.2% 0.2%
Arsenic NMT 1 mg/kg NMT 1 mg/kg NMT 1 mglkg ND ND ND ND ND
Lead NMT 1 mg/kg NMT 1 mg/kg NMT 1 mglkg ND ND ND ND ND
TotalPlate Count NMT 1,000 NA NMT 1,000 ND ND ND ND ND
(cfulg, max)
Yeast &n':";:;’ (cfulg, NMT 200 NA NMT 100 ND ND ND ND ND
E. coli (mpn/g) Negative in 1 g NA Negative in 1 g Negative Negative Negative Negative Negative
Salmonella spp. Negative in 25 g NA NMT 10 mpn per g ND ND ND ND ND

a Prepared at 84! JECFA (2017)
b Rebaudioside A monograph. Food Chemicals Codex (7th Ed.) (FCC, 2010)
NS = not specified; NA = not applicable; NMT = not more than; NLT = not less than; mpn = most probable number; ND = not detected
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JECFA2

ResuLTs oF STEVITEN RICH ENzYME MODIFIED STEVIA PREPARATIONS

Fcece )
PHYSICAL & CHEMICAL SPECIFICATIONS SPECIEICATIONS DAEPYUNG'S MINIMUM SPECIFICATIONS FOR
PARAMETERS STEVIOL 5 a | STEVITEN RICH ENzYE MODIFIED STEVIA LoTNumBeR | LoOTNUMBER | LOTNUMBER | LOTNUMBER | LOTNUMBER
Al EBAUDIOSIDE 190108 190129 190221 190321 190325
Appearance Form Powder Crystal, granule Powder Pass Pass Pass Pass Pass
or powder
Appearance Color | White to light yellow Wh:,tviittc; off White Pass Pass Pass Pass Pass
Freely soluble in Freely soluble in
Solubility water: ethanol water: ethanol Freely soluble in water and ethanol Pass Pass Pass Pass Pass
(50:50) (50:50)
- 0, 1 i
Purity > 95% Steviol . gy ywelg
(HPLC Area) Glycosides - . , )
NLT 70.0% glucosylatgd steviol glycosides 86.6% 86.4% 86.9% 86.5% 86.9%
(dry weight)

Residual Ethanol NMT 5,000 mg/kg NMT 0.5% NMT 5,000 mg/kg 69 mg/kg 70 mg/kg 64 mglkg 62 mglkg 62 mglkg
Residual Methanol NMT 200 mg/kg NMT 0.02% NMT 200 mg/kg 38 mglkg 35 mglkg 31 mglkg 35 mglkg 41 mglkg
Loss on Drying NMT 6.0% NMT 6.0% NMT 6.0% 3.8% 4.0% 4.1% 4.0% 3.9%
pH, 1% Solution 45-70 45-7.0 45-70 5.6 5.8 5.8 55 5.6

Total Ash NMT 1% NMT 1% NMT 1.0 % 0.2% 0.2% 0.2% 0.2% 0.2%
Arsenic NMT 1 mg/kg NMT 1 mg/kg NMT 1 mg/kg ND ND ND ND ND
Lead NMT 1 mg/kg NMT 1 mg/kg NMT 1 mg/kg ND ND ND ND ND
Total Plate Count NMT 1,000 NA NMT 1,000 ND ND ND ND ND
(cfulg, max)
Yeast &n':/'ac:)d (ctulg, NMT 200 NA NMT 100 ND ND ND ND ND
E. coli (mpn/g) Negativein 1 g NA Negative in 1 g Negative Negative Negative Negative Negative
Salmonella spp. Negative in 25 g NA NMT 10 mpn per g ND ND ND ND ND

a Prepared at 84" JECFA (2017)
b Rebaudioside A monograph. Food Chemicals Codex (7th Ed.) (FCC, 2010)
NS = not specified; NA = not applicable; NMT = not more than; mpn = most probable number; ND = not detected
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Details of the analytical methodology employed to characterize and quantitate the steviol
glycosides are provided in Appendix 2. The certificates of analysis and representative
chromatograms for five representative lots of material are presented in Appendix 3 and Appendix
4. A test report for the analysis of pesticides residues in the raw material stevia extract used to
manufacture the high purity enzyme modified steviol glycosides is provided in Appendix 5. The
collection of these reports demonstrates that Daepyung’s high purity enzyme modified steviol
glycosides products are well characterized and meet the established purity criteria.

D. Physical or Technical Effect

Daepyung conducted sweetness equivalence evaluations for STEVITEN FRESH and STEVITEN
RICH high purity enzyme modified steviol glycosides preparations. A taste panel compared
solutions of STEVITEN FRESH with 5% sucrose solution and determined that STEVITEN FRESH
is 100 times sweeter than sucrose. Following the same methodology, a taste panel determined
that STEVITEN RICH is 110 times sweeter than sugar.

E. Stability

1. Stability Data on Steviol Glycosides

The stability of steviol glycosides and enzyme modified steviol glycosides has previously been
reviewed in a number of GRAS Notifications, including GRN 337 (NOW Foods, 2010), GRN 667
(Blue California, 2016), and GRN 715 (Blue California, 2017).

Steviol glycosides have been reported to be stable over the pH range 3-9 and can be heated at
100 °Cfor 1 hour, but, at pH levels greater than 9, they rapidly decompose (Kinghorn, 2002).
Previously submitted GRAS Notifications, GRN 252 (Merisant, 2008), GRN 253 (Cargill, 2008),
and GRN 304 (Sunwin/WILD, 2010), reported stability data indicating that Rebaudioside A is stable
under the intended conditions of use.

Furthermore, in the over 57 GRAS Notifications that have been submitted to FDA to date for steviol
glycosides, the presented stability data have supported the position that steviol glycosides are
stable and well-suited for the intended uses in foods.

2. Stability Data for Daepyung’s STEVITEN FRESH Enzyme Modified Steviol Glycosides
Preparations

Daepyung conducted a battery of stability studies on our STEVITEN FRESH high purity enzyme
modified steviol glycosides preparations, including powder shelf and solution stability under a
variety of conditions.
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Table 6. Daepyung’s STEVITEN FRESH Powder Storage Stability Data

TOTAL ENZYME MODIFIED
TOTAL ENZYME MODIFIED STEVIOL
STEVIOL GLYCOSIDES AND
GLYCOSIDES AND UNREACTED
DURATION UNREACTED STEVIOL
STEVIOL GLYCOSIDES (%)
(25°0) GLYCOSIDES (%)
(40°C)
t=0 83.4 83.3
6 months 83.5 83.4
12 months 83.5 83.4
18 months 83.3 83.3
24 months 83.4 83.3
30 months 83.4 83.4
36 months 83.4 835

Tabulated results are an average of data obtained for three lots of material: Lot 151127; Lot 151209; and
Lot 151225. Individual results are provided in Appendix 6.

Table 7. Daepyung’s STEVITEN FRESH Powder Microbiological Stability

TOTAL PLATE YEAST &
E. coLl
DURATION COUNT MoLD SALMONELLA
(MPN/G)
(crulG) (crulG)
t=0 0 0 Negative 0
6 months 0 0 Negative 0
12 months 0 0 Negative 0
18 months 0 0 Negative 0
24 months 0 0 Negative 0
30 months 0 0 Negative 0
36 months 0 0 Negative 0

Tabulated results are an average of data obtained for three lots of material: Lot 151127; Lot 151209;
and Lot 151225. Individual results are provided in Appendix 6.

Table 8. Daepyung’s STEVITEN FRESH Solution Stability Data
(10% Water Solution, pH 5)

TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND UNREACTED
DURATION STEVIOL GLYCOSIDES (%)
5°C 25°C 50°C
t=0 83.4 834 834
20 hours 83.3 83.4 83.3
40 hours 83.4 83.4 83.4
60 hours 83.4 83.4 83.5

Tabulated results are an average of data obtained for three lots of material: Lot 151127; Lot 151209;
and Lot 151225. Individual results are provided in Appendix 6.
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Table 9. Daepyung’s STEVITEN FRESH Solution Stability Data
(1% Water Solution)

TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND
DURATION UNREACTED STEVIOL GLYCOSIDES (%)
PH 2 PH5 PH8
t=0 835 83.4 83.4
Day 2 83.4 83.5 83.5
Day 4 83.3 83.4 83.5
Day 6 835 83.4 83.4

Tabulated results are an average of data obtained for three lots of material: Lot 151127; Lot 151209;
and Lot 151225. Individual results are provided in Appendix 6.

A stability study report for STEVITEN FRESH is provided in Appendix 6.

These short-term solution stability studies on STEVITEN FRESH corroborate the findings of
previously published stability studies on steviol glycosides solutions (Kinghorn, 2002; Merisant,
2008; Cargill, 2008; Sunwin/WILD, 2010) as described in more detail in Part 2.E.1.

From the data presented in Table 6 through Table 9, Daepyung concludes that STEVITEN FRESH
preparations are shelf stable for up to 36 months, and the solutions are stable under the conditions
specified.

3. Stability Data for Daepyung’s STEVITEN RICH Enzyme Modified Steviol Glycosides
Preparations

Daepyung conducted a battery of stability studies on our STEVITEN RICH high purity enzyme
modified steviol glycosides preparations, including powder shelf and solution stability under a
variety of conditions.

Table 10. Daepyung’s STEVITEN RICH Powder Storage Stability Data

TOTAL ENZYME MODIFIED STEVIOL TOTAL ENZYME MODIFIED STEVIOL
GLYCOSIDES AND UNREACTED GLYCOSIDES AND UNREACTED
DURATION
STEVIOL GLYCOSIDES (%) STEVIOL GLYCOSIDES (%)
(25°C) (40°C)
t=0 925 924
6 months 92.4 92.5
12 months 925 92.4
18 months 924 92.5
24 months 92.4 92.4
30 months 92.4 92.4
36 months 92.4 92.4

Tabulated results are an average of data obtained for three lots of material: Lot 151130; Lot 151218; and Lot
151223. Individual results are provided in Appendix 7.
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Table 11. Daepyung’s STEVITEN RICH Powder Microbiological Stability

TOTAL PLATE YEAST &
E. coLl
DURATION COUNT MoLD SALMONELLA
(MPN/G)
(crulG) (crulG)
t=0 0 0 Negative 0
6 months 0 0 Negative 0
12 months 0 0 Negative 0
18 months 0 0 Negative 0
24 months 0 0 Negative 0
30 months 0 0 Negative 0
36 months 0 0 Negative 0

Tabulated results are an average of data obtained for three lots of material: Lot 151130; Lot 151218; and
Lot 151223. Individual results are provided in Appendix 7.

Table 12. Daepyung’s STEVITEN RICH Solution Stability Data
(10% Water Solution, pH 5)

TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND

DURATION UNREACTED STEVIOL GLYCOSIDES (%)
5°C 25°C 50°C
t=0 92.4 92.4 92.4
20 hours 92.4 92.4 92.5
40 hours 924 924 925
60 hours 92.4 92.3 92.5

Tabulated results are an average of data obtained for three lots of material: Lot 151130; Lot 151218; and
Lot 151223. Individual results are provided in Appendix 7.

Table 13. Daepyung’s STEVITEN RICH Solution Stability Data
(1% Water Solution)

TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND

DURATION UNREACTED STEVIOL GLYCOSIDES (%)
PH2 PH5 PH8
t=0 92.4 92,5 92.4
Day 2 92.4 92.5 92.5
Day 4 92.4 92.4 92,5
Day 6 92.4 92.5 92.4

Tabulated results are an average of data obtained for three lots of material: Lot 151130; Lot 151218; and
Lot 151223. Individual results are provided in Appendix 7.

A stability study report for STEVITEN RICH is provided in Appendix 7.
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These short-term solution stability studies on STEVITEN RICH corroborate the findings of
previously published stability studies on steviol glycosides solutions (Kinghorn, 2002; Merisant,
2008; Cargill, 2008; Sunwin/WILD, 2010) as described in more detail in Part 2.E.1.

From the data presented in Table 10 through Table 13, Daepyung concludes that STEVITEN
FRESH preparations are shelf stable for up to 36 months, and the solutions are stable under the
conditions specified.

F. Calculation of Steviol Equivalents of STEVITEN FRESH and STEVITEN RICH Enzyme
Modified Steviol Glycosides

For comparative purposes, the content of steviol glycosides is often expressed as steviol or steviol
equivalents. Each component steviol glycoside has a steviol equivalence factor that is calculated
based upon the ratio of the molecular weights (MW) of steviol and a particular steviol glycoside, as
shown in Table 14.

Table 14. Steviol Equivalency Factors for Various Steviol Glycosides

COMPONENT STEVIOL GLYCOSIDE MOLECULAR WEIGHT STEVIOL EQUIVALENCY
FACTOR?

Rubusoside 643 0.495
Steviolbioside 643 0.495
Dulcoside A 789 0.403
Rebaudioside B 805 0.395
Stevioside 805 0.395
Rebaudioside C 951 0.334
Rebaudioside F 937 0.339
Rebaudioside A 967 0.329
Rebaudioside D 1129 0.282

a Calculated by dividing the molecular weight of steviol (MW=318) by the molecular weight of each
glycoside.

Using these steviol equivalency factors, along with the percent composition of the stevia extract
starting material, it is possible to determine the steviol equivalency of the raw material steviol
glycosides extract, as presented in Table 15.

Table 15. Steviol Equivalency of Steviol Glycosides Extract Raw Material

COMPONENT STEVIOL GLYCOSIDE UPPER RANGE? (%) STEVIOL EQUIVALENTS® (%)
Rubusoside 3.5 1.7
Steviolbioside 1.0 0.50
Dulcoside A 1.0 0.40
Rebaudioside B 1.0 0.40
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COMPONENT STEVIOL GLYCOSIDE UPPER RANGE? (%) STEVIOL EQUIVALENTS? (%)

Stevioside 50.0 19.8
Rebaudioside C 6.5 2.2
Rebaudioside F 1.0 0.33
Rebaudioside A 40.0 13.2
Rebaudioside D 0.5 0.1
Total Steviol Equivalencec 38.6
a Based on the typical levels of steviol glycosides in the raw material steviol glycosides extract, as reported
in Table 3.

b Calculated by multiplying the % of the steviol glycoside by the steviol equivalency factor.
¢ Steviol equivalent calculated on worst-case basis, using the highest typical values for all steviol
glycosides.

The stevia extract starting material is enzymatically glycosylated as described in Part 2.B, in a
process in which a glucosyltransferase enzyme adds glucose moieties, obtained from a
maltodextrin source, to the steviol glycosides present in the raw material. It is reasonable to
assume that all steviol glycosides and glucosylated steviol glycosides will maintain the same level
of steviol equivalence described above since no other reactions are known to occur from the
known chemistry of the enzyme. Therefore, the steviol equivalency of the STEVITEN FRESH and
STEVITEN RICH preparations is expected to be no greater than 38.6 g steviol per 100 g
STEVITEN FRESH or STEVITEN RICH.

PART 3. DIETARY EXPOSURE

The subject STEVITEN FRESH and STEVITEN RICH preparations are intended to be used as
table top sweeteners and general purpose non-nutritive sweeteners in various foods other than
infant formulas and meat and poultry, as defined in 21 CFR 170.3(0)(19).” The intended use levels
will vary by actual food category, but the actual levels are self-limiting due to organoleptic factors
and consumer taste considerations. However, the amounts of STEVITEN FRESH and STEVITEN
RICH to be added to foods will not exceed the amounts reasonably required to accomplish the
intended technical effect in foods as required by FDA regulation.®

A. Estimate of Dietary Exposure to the Substance

Many scholarly estimates of potential dietary intake replacement of sweeteners, including steviol
glycosides have been published (FSANZ, 2008; WHO, 2003; Renwick, 2008) or submitted to FDA
(Merisant, 2008). These are summarized in Appendix 8. In GRAS notification 301, a simplified
estimate was proposed to, and accepted by, FDA based on the estimates of exposure in “sucrose
equivalents” (Renwick, 2008) and the sweetness intensity of any particular sweetener (BioVittoria,

7 Non-nutritive sweeteners: Substances having less than 2 percent of the caloric value of sucrose per equivalent unit of sweetening capacity.
8 See 21 CFR 182.1(b)(1).
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2009). As summarized in GRN 301, the 90" percentile consumer of a sweetener that is 100 times
as sweet as sucrose when used as a total sugar replacement would be a maximum of 9.9 mg per
kg body weight (bw) per day for any population subgroup.

The estimated sweetness intensity for STEVITEN FRESH is approximately 100 times that of
sucrose, while the estimated sweetness intensity for STEVITEN RICH is approximately 110 times
that of sucrose. A weighted sum estimate was used to determine the steviol equivalency factor for
the STEVITEN FRESH and STEVITEN RICH preparations on a worst-case scenario basis, and
was determined to be 38.6 g steviol per 100 g STEVITEN FRESH or STEVITEN RICH (as
described in Part 2.F).

The highest 90" percentile consumption by any population subgroup of either STEVITEN
preparation (corresponding to STEVITEN FRESH) would consume approximately 9.90 mg per kg
steviol glycosides bw per day. Based on a weighted sum estimate for steviol equivalents provided
in Table 15, the consumption would be less than 3.82 mg per kg bw per day on a steviol
equivalents basis for any population group, on a worst-case scenario basis, for any of Daepyung’s
STEVITEN preparations described herein. These calculations are summarized in Table 16 and
Table 17 for STEVITEN FRESH and STEVITEN RICH, respectively.

Table 16. Daily Intake of Sweeteners (in Sucrose Equivalents) & Estimated Daily Intakes
of STEVITEN FRESH

CALCULATED INTAKE OF CALCULATED INTAKE OF
POPULATION INTAKES OF SWEETENERS STEVITEN FRESH (MG/KG STEVITEN FRESH As
(MG SUCROSE/KG BW/DAY)2 STEVIOL EQUIVALENTS
GROUP BW/DAY)P
(MG/KG BW/DAY)
Low HIGH Low HIGH Low HIGH
Healthy 255 675 255 6.75 0.98 2,60
Population
Diabetic Adults 280 897 2.80 8.97 1.08 3.46
Healthy Children 425 990 4.25 9.90 1.64 3.82
Diabetic
Children 672 908 6.72 9.08 2.59 3.50

a From Renwick (2008)
b Calculated by dividing the sucrose intake by the minimum average relative sweetness value of 100 for STEVITEN FRESH.
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Table 17. Daily Intake of Sweeteners (in Sucrose Equivalents) & Estimated Daily Intakes
of STEVITEN RICH

CALCULATED INTAKE OF CALCULATED INTAKE OF
POPULATION INTAKES OF SWEETENERS STEVITEN RICH STEVITEN RICH As STEVIOL
(MG SUCROSE/KG BW/DAY)a EQUIVALENTS
GROUP (MG/KG BW/DAY)b
(MG/KG BW/DAY)
Low HiGH Low HiGH Low HiGH
Healthy 255 675 2.32 6.14 0.89 237
Population
Diabetic Adults 280 897 2.55 8.15 0.98 3.15
Healthy Children 425 990 3.86 9.00 1.49 3.47
Diabetic
Children 672 908 6.11 8.25 2.36 3.18

a From Renwick (2008)
b Calculated by dividing the sucrose intake by the minimum average relative sweetness value of 110 for STEVITEN RICH.

The values in Table 16 and Table 17 assume that Daepyung’s STEVITEN FRESH and STEVITEN
RICH preparations constitute the entire sweetener market, which makes these estimates extremely
conservative since the likelihood of that occurrence is minimal. For the general healthy adult
population, the estimated maximum intake of purified steviol glycosides is 6.75 mg per kg bw per
day (2.60 mg per kg steviol equivalents) for STEVITEN FRESH and 6.14 mg per kg bw per day
(2.37 mg per kg steviol equivalents) for STEVITEN RICH. For healthy children, the estimated
maximal intake is 9.90 mg per kg bw per day (3.82 mg per kg as steviol equivalents) for STEVITEN
FRESH and 9.00 mg per kg bw per day (3.47 mg per kg steviol equivalents) for STEVITEN RICH.
In all population groups, the estimated daily intake of purified steviol glycosides, expressed as
steviol equivalents, is below the JECFA-established acceptable daily intake (ADI) of 4.0 mg per kg
bw per day steviol equivalents.

B. Estimated Dietary Exposure to Any Other Substance That is Expected to be Formed In or
On Food

This section is not applicable to Daepyung’s STEVITEN FRESH and STEVITEN RICH products,
which would be chemically stable under conditions of use.

C. Dietary Exposure to Contaminants or Byproducts

While a recent publication by Kumari et al. (2016) investigated the Total Phenolic Content (TPC),
Total Flavonoid Content (TFC), and Total Antioxidant Capacity (TAC) of S. rebaudiana leaf --- and
the observed activity has been attributed to naturally-occurring phytochemicals such as phenolics,
flavonoids, and pigments in the plant --- the study has minimal relevance with regard to the safety
considerations of highly purified stevia extract, of which > 95% consists of the most familiar steviol
glycosides and their glucosylated steviol glycosides. These phytochemical contaminants, if
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present, are in low amounts and were likely similarly present in purified test materials that were
used in the toxicology studies summarized in Appendix 9.

Furthermore, no concerns regarding dietary exposure to contaminants or byproducts have been
raised by expert regulatory bodies, including the World Health Organization/Joint FAO/WHO
Expert Committee on Food Additives (WHO/JECFA), European Food Safety Authority (EFSA),
Food Standards Australia New Zealand (FSANZ), and FDA, since JECFA'’s first steviol glycosides
review was performed in 2000 (WHO, 2000).

PART 4. SELF-LIMITING LEVELS OF USE

It has been well-documented in the published literature that the use of steviol glycosides is self-
limiting due to organoleptic factors and consumer taste considerations (Kochikyan et al., 2006;
Carakostas et al., 2008; Brandle et al., 1998; Prakash et al., 2008; Gupta et al., 2016; Gerwig et
al., 2016). These organoleptic factors include bitterness and astringency, as well as a lingering
metallic aftertaste (Gerwig et al., 2016).

PART 5. EXPERIENCE BASED ON COMMON USE IN FOOD BEFORE 1958

A. Other Information on Dietary Exposure

1. History of Traditional Medicinal and Human Food Use

Stevia has been used as a traditional medicine and sweetener by native Guarani tribes for
centuries (Esen, 2016; Gerwig et al., 2016; Brusick, 2008; Brandle et al., 1998). Hawke (2003)
reported that stevia is commonly used as a treatment for type 2 diabetes in South America.
However, therapeutic doses of 1 gram per person per day or more were reported to be necessary
to achieve the desired effects (Gregersen et al., 2004).

For about 30 years, consumers in Japan and Brazil, where stevia has long been approved as a
food additive, have been using stevia extracts as non-caloric sweeteners (Raintree, 2012). It was
previously reported that 40% of the artificial sweetener market in Japan had been stevia based and
that stevia is commonly used in processed foods in Japan (Lester, 1999). Use of steviol glycosides
as a dietary supplement is presently permitted in the US, Canada, Australia, and New Zealand,
and use as a natural health product is permitted in Canada. It has wide use in China and Japan in
food and in dietary supplements. In 2005, it was estimated that sales of stevia in the US reached
$45 million (Newsday, 2006).

NewHope360 reported that the global market for stevia in 2014 was $347 million, and is expected
to increase to $565.2 million by 2020. In addition, consumption is expected to increase from 2014
levels of 5,100.6 tons to 8,506.9 tons by 2020 (NewHope360, 2015).
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Most recently, Nutritional Outlook reported that Mintel data indicated a 48% increase in stevia-
containing products over the last five years (Decker and Prince, 2018).

B. Summary of Regulatory History of Enzyme Modified Steviol Glycosides

Stevia-derived sweeteners are permitted as food additives in South America and in several
countries in Asia, including China, Japan, and Korea. In recent years, these sweeteners have
received food usage approvals in Mexico, Australia, New Zealand, Switzerland, France, Peru,
Uruguay, Colombia, Senegal, Russia, Malaysia, Turkey, Taiwan, Thailand, Israel, Canada, and
Hong Kong (EFSA, 2010; Watson, 2010; Health Canada, 2012). In the United States, steviol
glycosides have been used as a dietary supplement since 1995 (Geuns, 2003).

A brief overview of the most recent regulatory activity regarding steviol glycosides is presented
below in Part 5.B Sections 1-5; a more detailed historical overview is provided in Appendix 10.

1. U.S. Regulatory History

Based on available information from FDA’'s GRAS Notice Inventory website (FDA, 2019) as of May
23, 2019, FDA has issued 57 “no questions” letters on GRAS notices on rebaudioside A,
rebaudioside D, rebaudioside M, or steviol glycosides, including those undergoing enzyme
modification.

In addition, the Flavor and Extract Manufacturers Association (FEMA) includes 11 steviol
glycosides preparations, three of which are for enzymatically modified stevia extracts, on their
GRAS lists.

2. Canadian Regulatory History

On November 30, 2012, Health Canada published its final clearance for use of steviol glycosides
as a sweetener in foods (Health Canada, 2012). In March 2014, Health Canada updated the List of
Permitted Sweeteners (Lists of Permitted Food Additives) to include steviol glycosides in
applications as a table-top sweetener and as an ingredient in a variety of foods, beverages, baked
goods, meal replacement bars, condiments, and confectionary and gums (Health Canada, 2014).
On January 15, 2016, Health Canada approved the use of rebaudioside M as a high-intensity
sweetener under the same conditions as the previously approved steviol glycosides (Health
Canada, 2016).

Health Canada’s Food Directorate updated its List of Permitted Sweeteners to allow for the use of
steviol glycosides as a sweetener in “unstandardized snack bars,” including granola bars, cereal
bars, fiber bars, and protein isolate-based bars (Health Canada, 2017b). Health Canada (2017a)
also modified the List of Permitted Sweeteners to include “all the steviol glycosides in the Stevia
rebaudiana Bertoni plant (stevia plant).”
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In April 2019, Health Canada’s Food Directorate modified the List of Permitted Sweeteners to allow
for the use of steviol glycosides from Stevia rebaudiana Bertoni in canned fruit products (Health
Canada, 2019b). Most recently, Health Canada’s Food Directorate modified the List of Permitted
Sweeteners to allow for the use of steviol glycosides derived from Saccharomyces cerevisiae
strains CD15380 and CD15407 at the same maximum levels of use as steviol glycosides derived
from Stevia rebaudiana Bertoni (Health Canada, 2019a).

3. European Regulatory History

An amendment to the European Union (EU) food additives regulation 231/2012, which became
active on November 3, 2016, removed the previous requirement for stevia blends to contain at
least 75% Reb A or stevioside. In addition, the updated regulation ---(EU) 2016/1814---now permits
the following steviol glycosides in stevia blends: stevioside, rebaudiosides A, B, C, D, E, F and M,
steviolbioside, rubusoside, and dulcoside (Searby, 2016).

In 2017, JECFA updated the steviol glycosides specifications to include a minimum requirement of
not less than 95% total steviol glycosides, on a dry basis, “determined as the sum of all
compounds containing a steviol backbone conjugated to any number, combination or orientation of
saccharides (glucose, rhamnose, fructose, deoxyglucose, xylose, galactose, arabinose and xylose)
occurring in the leaves of Stevia rebaudiana Bertoni.” Microbiological criteria were also
established, with specifications of no more than 1,000 CFU per g total plate count, not more than
200 CFU per g yeasts and molds, and E. coli and Salmonella negative in 1 g and 25 g,
respectively (FAO, 2017).

Most recently, the European Food Safety Authority (EFSA) Panel of Food Additives and Nutrient
Sources reviewed an application for glucosylated steviol glycoside preparations for use as a new
food additive. The Panel concluded that the data supplied by the applicant were “insufficient to
assess the safety” of the glucosylated steviol glycosides preparation. It should be noted that no
safety concerns were raised by the EFSA Panel, and that their decision was based on the “limited”
data provided in the dossier submitted by the applicant (EFSA, 2018).

4. Asian Regulatory History

No regulatory updates have been identified in recent years. The Asian regulatory history for steviol
glycosides through 2014 is presented in Appendix 10.

5. Other Regulatory History

FSANZ called for submissions on permitting all minor steviol glycosides extracted from stevia leaf
to be included in the definition of steviol glycosides in the Food Standards Code, noting that “[no]
evidence was found to suggest that the proposed changes pose any public health and safety
concerns.” The submission period ended on December 19, 2016 (FSANZ, 2016b). Subsequently,
on February 8, 2017, FSANZ approved a draft variation of the definition of steviol glycosides to
include all steviol glycosides present in the Stevia rebaudiana leaf (FSANZ, 2017).
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Most recently, FSANZ called for comments on the production of Reb M using enzymes derived
from genetically modified yeast. The comment period closed on August 31, 2018 (FSANZ, 2018b).
Subsequently, on October 31, 2018, FSANZ approved a draft variation to include a reference to
the production method (FSANZ, 2018a).

PART 6. NARRATIVE

The biological, toxicological, and clinical effects of stevia and steviol glycosides have been
extensively reviewed (Carakostas et al., 2008; Geuns, 2003; Huxtable, 2002). Additionally---and as
noted earlier---the national and international regulatory agencies have thoroughly reviewed the
safety of stevia and its glycosides. Most notably, over the years, JECFA has evaluated purified
steviol glycosides multiple times (WHO, 2000; WHO, 2006; WHO, 2007; WHO, 2008), and their
findings have been summarized in Part 5.B.3. FSANZ (2008) also evaluated steviol glycosides for
use in food. The JECFA reviews, as well as the other reviews completed before 2008, primarily
focused on mixtures of steviol glycosides. These studies are summarized in Appendix 11.

Since the JECFA evaluation (WHO, 2008), FDA has received and not objected to over fifty-five
GRAS notifications for steviol glycosides or enzyme modified steviol glycosides, many of which
were discussed by Perrier et al. (2018). In each case, FDA has agreed with the conclusions that
steviol glycosides are GRAS based largely on the 0-4 mg per kg bw per day ADI on a steviol
equivalence basis that was established by JECFA. A recent publication by Roberts et al. (2016)
indicates that the ADI could be higher, as discussed further in Appendix 8. Among the GRAS
notifications submitted to FDA, several assessed purified preparations of rebaudioside A, and they
were supported by additional toxicology and clinical studies that are summarized in Appendix 9.

Because of their sweetness characteristics, steviol glycosides have viable uses as a non-nutritive
sweetener in foods.® Periodic reviews by JECFA over the years indicate the progression of
knowledge on the toxicology of steviol glycosides. Several early safety-related studies on these
compounds were performed on crude extracts of stevia. These studies also included multiple
investigations with in vivo and in vitro models, which explored the biological activity of stevia
extracts at high doses or high concentrations. These early investigations raised several concerns,
including impairment of fertility, renal effects, interference with glucose metabolism, and inhibition
of mitochondrial enzymes. In recent years, as more and more studies were performed on purified
glycosides, the toxicology profile of steviol glycosides eventually proved to be rather unremarkable.
A number of subchronic, chronic, and reproductive studies have been conducted in laboratory
animals. These studies were well designed with appropriate dosing regimens and adequate

9 It has also been reported that steviol glycosides may have pharmacological properties, which can be used to treat certain disease conditions
such as hypertension and type 2 diabetes. Chatsudthipong and Muanprasat (2009), as well as others, have published reviews where they
note that such therapeutic applications have not been firmly established as being due to steviol glycosides. The reviewers point out that the
effects occur at higher doses than would be used for sweetening purposes. Furthermore, many effects noted in older studies may have been
due to impurities in preparations that do not meet the contemporary purity specifications established by JECFA for use as a sweetener. If oral
doses of steviol glycosides impart pharmacological effects, such effects would undoubtedly occur due to actions of the principal metabolite,
steviol, but the pharmacological effects of steviol have not been comprehensively investigated.

GRAS ASSOCIATES, LLC Page 31 of 158



GRAS Notice — High Purity Glucosylated Steviol Glycosides
Daepyung Co., Ltd. 7/23/19

numbers of animals to maximize the probability of detection of important effects. Notably, the
initially reported concerns related to the effects of stevia leaves or crude extracts on fertility were
refuted by the well-designed reproductive studies with purified steviol glycosides. All other
concerns failed to manifest themselves at the doses employed in the long-term rat studies.

As discussed in Appendix 11 and elsewhere, at its 515 meeting, JECFA determined that there
were adequate chronic studies in rats, particularly the study by Toyoda et al. (1997), to establish a
temporary ADI of 0 - 2 mg per kg bw per day with an adequate margin of safety (Toyoda et al.,
1997). The Committee also critically reviewed the lack of carcinogenic response in well-conducted
studies. These studies validated the Committee’s conclusion that the in vitro mutagenic activity of
steviol did not present a risk of carcinogenic effects in vivo and, therefore, all common steviol
glycosides that likely share the same basic metabolic and excretory pathway and that use high
purity preparations of various steviol glycosides, are safe as sugar substitutes. Subsequently, the
additional clinical data reviewed by JECFA allowed the Committee to establish a permanent ADI of
0 - 4 mg per kg bw per day (based on steviol equivalents).

Recently, JECFA published a safety evaluation of a number of food additives, including steviol
glycosides (WHO, 2017). The JECFA Committee reviewed information supporting the safety of a
Yarrowia lipolytica fermentation-produced rebaudioside A, which included a 90-day rat toxicity
study and two in vitro genotoxicity studies, as well as in vitro colonic microflorae hydrolysis studies
in several steviol glycosides, toxicokinetic studies of stevioside in humans and rats, and literature
published since the 69t meeting.

The Committee noted that the most recent short-term toxicity studies were consistent with those
reviewed at or prior to the 69" meeting, and that the new toxicokinetic study in humans did not
have a large enough subject pool to provide reliable toxicokinetic estimates to derive an update
ADI for steviol glycosides. The Committee confirmed the current ADI of O - 4 mg per kg bw steviol.
In addition, the Committee prepared new “tentative” specifications for steviol glycosides, which
were expanded to include “any mixture of steviol glycosides compounds derived from S.
rebaudiana Bertoni” while retaining the requirement that the total percentage of steviol glycosides
is > 95% (WHO, 2017).

Daepyung critically reviewed the JECFA assessments and agrees with the calculation of the ADI
for steviol glycosides.

Several published and unpublished studies (summarized in Appendix 9) on purified preparations of
rebaudioside A showed an absence of toxicological effects in rats (Curry and Roberts, 2008;
Nikiforov and Eapen, 2008) and dogs (Eapen, 2008) in subchronic studies, and an absence of
reproductive (Curry et al., 2008; Sloter, 2008a) and developmental effects (Sloter, 2008b) in rats.
Most notably, pharmacokinetic studies in rats (Roberts and Renwick, 2008) and humans (Wheeler
et al., 2008) on purified rebaudioside A follow the same pathway of being degraded to steviol by
intestinal bacteria with subsequent rapid glucosylation and elimination in urine and feces.
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Daepyung concluded that these studies on rebaudioside A strengthen the argument that all steviol
glycosides that follow the same metabolic pathway are safe at the JECFA established ADI.

Daepyung has also reviewed the findings from human clinical studies. Daepyung noted that, with
regard to the clinical effects reported in humans, in order to corroborate the observations in these
studies, these effects of steviol glycosides only occur in patients with either elevated blood glucose
or blood pressure (or both). JECFA called for studies in individuals that are neither hypertensive
nor diabetic (WHO, 2006). The supplemental data presented to JECFA and also published by
Barriocanal et al. (2008) demonstrate the lack of pharmacological effects of steviol glycosides at
11 mg per kg bw per day in normal individuals, or approximately slightly more than 4 mg per kg bw
on the basis of steviol equivalents (Barriocanal et al., 2008). Clinical studies on purified
rebaudioside A showed an absence of effects on blood pressure (Maki et al., 2008a) and blood
glucose levels (Maki et al., 2008b) at doses slightly higher than the exposures expected in food.
Daepyung concludes that there will be no effects on blood pressure and glucose metabolism in
humans at the doses of steviol glycosides expected from its use in food as a non-nutritive
sweetener.

Two previously published studies summarized in Appendix 9 raised a potential concern regarding
the toxicological effects of steviol glycosides. In one study, DNA damage was seen in a variety of
organs as assessed by Comet assay in rats given drinking water containing 4 mg per mL steviol
glycosides for up to 45 days (Nunes et al., 2007a). Several experts in the field have since
guestioned the methodology used in this study (Geuns, 2007; Williams, 2007; Brusick, 2008).
Daepyung has reviewed the cited publications, along with the responses made by the authors
(Nunes et al., 2007b; Nunes et al., 2007c), and concurs with the challenges to the methodology
utilized by Nunes et al. (2007a), thereby discounting the validity and relevance of this study.

In another study with stevioside in rats, tartrate-resistant alkaline phosphatase (TRAP) levels were
measured and found to be significantly decreased at doses as low as 15 mg per kg bw (Awney et
al., 2011). TRAP is an enzyme that is expressed by bone-resorbing osteoclasts, inflammatory
macrophages, and dendritic cells. This enzyme was not measured in any previous toxicology
studies on steviol glycosides, nor has it been adequately vetted for application in toxicological
studies. Critical reviews of this study by Carakostas (2012) and Waddell (2011) revealed a poor
study design that included: insufficient numbers of animals; group-housing with the potential for
stress-related changes; unreliable access to steviol via drinking water resulting in suspect dosing
calculations in group-housed cages; no indication of fasting prior to blood collection (which affects
many chemistry and hematological values); no urine collection; and no histopathological
evaluations for confirmation of findings beyond the controls. Additionally, the report did not
adequately describe mean or individual organ weight data, and it lacked comparison of study
findings against laboratory historical control data.

Urban et al. (2013) examined the extensive genotoxicity database on steviol glycosides because
some concern has been expressed in two relatively recent publications (Brahmachari et al., 2011,
Tandel, 2011) in which the authors concluded that additional testing is necessary to adequately
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address the genotoxicity profile (Urban et al., 2013). The review aimed to address this matter by
evaluating the specific genotoxicity studies of concern, while evaluating the adequacy of the
database that includes more recent genotoxicity data not noted in these publications. The results
of this literature review showed that the current database of in vitro and in vivo studies for steviol
glycosides is robust and does not indicate that either stevioside or rebaudioside A is genotoxic.
This finding, combined with a paucity of evidence for neoplasm development in rat bioassays,
establishes the safety of all steviol glycosides with respect to their genotoxic/carcinogenic
potential.

In addition, a paper by Shannon et al. (2016) raises a possible concern of endocrine disruption by
steviol. Daepyung reviewed the publication and noted that the effects on progesterone production
and on the action of progesterone (both antagonistic and agonistic) were observed in vitro in
sperm cells. Daepyung concludes that it is difficult to translate in vitro concentrations to local
concentrations in vivo at receptors and that no adverse effects were observed in well-conducted
reproductive toxicology studies. Therefore, this study does not alter Daepyung’s opinion that
steviol glycosides preparations are generally recognized as safe. A summary of this study is
provided in Appendix 9.

Philippaert et al. (2017) demonstrated that stevioside, rebaudioside A, and steviol potentiate the
activity of transient receptor potential cation channel subfamily melastatin member 5 (TRPM5), a
Ca?*-activated cation channel that is expressed in type |l taste receptor cells and pancreatic -
cells. The authors found that the steviol glycosides increased the perception of bitter, sweet, and
umami tastes and also enhanced glucose-induced insulin secretion in a TRPM5-dependent
manner. Furthermore, in vivo studies indicated that daily consumption of stevioside prevents high-
fat-induced diabetic hyperglycemia development in wild-type mice. No adverse events or animal
deaths were discussed.

A commercially available steviol glycoside extract (>99%, composition and brand unknown) was
used to investigate genotoxicity in human peripheral blood lymphocytes. Ucar et al. (2017)
observed no significant differences in chromosomal aberration induction or micronuclei between
the control and treatment groups at 24 and 48 h. These data support previous findings that steviol
glycosides are not genotoxic.

Panagiotou et al. (2018) observed that steviol and steviol glycosides exert glucocorticoid receptor-
mediated effects in human leukemic T-cells (Jurkat cells) but not in normal human peripheral blood
mononuclear cells, which they concluded was due to a cell-type specific manner of glucocorticoid
receptor-modulation.

Thggersen et al. (2018) investigated the effect of rebaudioside A, stevioside, and steviol on
porcine cytochrome p450 (CYP) expression and activity to assess their potential food-drug
interactions in the IPEC-J2 cell line, which is a non-transformed cell line derived from intestinal
porcine epithelial cells and in primary hepatocytes. The authors reported that there were no
changes in CYP messenger ribonucleic acid (mMRNA) expression following treatment of IPEC-J2
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cells with rebaudioside A, stevioside, and steviol compared with control. Treatment of primary
hepatocytes resulted in increases in CYP329 mRNA at low concentrations of rebaudioside A and
steviol, and at all concentrations of stevioside. The authors reported that while treatment with the
steviol glycosides tested over 24 hours resulted in minor increases in CYP3A29 mRNA expression
(< 2.0 fold), “no direct effect on CYP activity” was observed. The authors concluded that
rebaudioside A, stevioside, and steviol are unlikely to cause a food-drug interaction but noted that
the study could not predict long term effects and effects in vivo.

A recently published study addressed the genotoxic activity of stevia (Svetia™, purity not
reported??). Human lymphocytes were treated with 5% and 0.5% Svetia™ for 2 hours. No
statistically significant difference in genetic damage was observed in the 0.5% treatment
concentration compared with the negative control, while the 5% treatment concentration resulted in
a statistically significant difference (P<0.0001) compared with the control, with a decrease in
migration average. The authors described the effect as being beneficial. Human lymphocytes
treated with 10% Svetia™ demonstrated significant (P<0.0001) genotoxic activity compared to the
control; however, at treatment concentrations of 0.05%, 0.5%, and 5% Svetia™, a significant
(P<0.0001) decrease in average migration of DNA was observed compared with the control. The
authors conclude that these results demonstrate the absence of genotoxicity at concentrations up
to 5% Svetia™ (Silva et al., 2018). It should be noted that these observations are inconsistent with
data reported by Nunes et al. (2007a); however, as discussed above, the validity and importance
of the Nunes et al. study has been discounted given the questions surrounding the methodology.

Daepyung agrees with the safety conclusions of the 57 GRAS Expert Panels in the notifications for
steviol glycosides previously submitted to FDA that resulted in "no questions" responses from FDA,
JECFA (WHO, 2006; WHO, 2008), and Renwick (2008) that a sufficient number of good quality
health and safety studies exist to support the determination that purified preparations of steviol
glycosides, when added to food at levels up to full replacement of sucrose on a sweetness
equivalency basis, meet FDA'’s definition of safe.

Daepyung concludes that it is reasonable to apply the JECFA ADI of 4 mg per kg bw per day for
steviol glycosides (expressed on a steviol basis) to STEVITEN FRESH and STEVITEN RICH.
Therefore, with the steviol equivalence values shown in Table 16, Daepyung concludes that, for
the general population, the estimated maximum daily intake of any STEVITEN preparation
described herein is 9.90 mg per kg bw or 3.82 mg per kg expressed as steviol equivalents. Based
upon these calculations, the intake of all of Daepyung’s STEVITEN preparations described herein
safely aligns with the 4 mg per kg bw per day ADI expressed as steviol equivalents as determined
by JECFA.

The raw material steviol glycosides extract used to manufacture Daepyung’s STEVITEN
preparations contain not less than 95% total steviol glycoside. The finished high purity glucosylated

10 While the purity of the material used for the study was not reported by Silva et al. (2018), a search of the manufacturer’s website
(www.svetia.us) indicates that the trademarked material is a blend of cane sugar and 97% pure Reb A.
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steviol glycosides preparations are a mixture of glucosylated steviol glycosides, unreacted steviol
glycosides, and unreacted maltodextrin, where STEVITEN FRESH is 80-90% total glucosylated
steviol glycosides and unreacted steviol glycosides, and STEVITEN RICH is 85-95% total
glucosylated steviol glycosides and unreacted steviol glycosides. Given the structural similarities
with rebaudioside A, stevioside, and other steviol glycosides, and considering analogous metabolic
pathways for all these substances, the safety data on stevia and its other components have a
direct bearing on the present safety assessment for STEVITEN FRESH and STEVITEN RICH.
This is further supported by over a decade and a half of scientific studies on the safety of these
substances, along with the fact that the major regulatory bodies view the results of toxicology
studies on either stevioside or rebaudioside A as applicable to the safety assessment of all known
steviol glycosides, since all are metabolized and excreted by similar pathways, with steviol being
the common metabolite for each. The foundational safety of Reb A, other steviol glycosides and
steviol has been summarized, with key studies summarized in Appendix 9.

Furthermore, Daepyung has reviewed this safety information and have concluded that STEVITEN
FRESH and STEVITEN RICH preparations are generally recognized as safe for the proposed
uses.

A. GRAS Criteria

FDA defines “safe” or “safety” as it applies to food ingredients as:

“...reasonable certainty in the minds of competent scientists that the substance is
not harmful under the intended conditions of use.”*!

Amplification is provided in that the conclusion of safety is to include probable consumption of the
substance in question, the cumulative effect of the substance and appropriate safety factors. It is
FDA'’s operational definition of safety that serves as the framework against which this evaluation is
provided.

Furthermore, in discussing GRAS criteria, FDA notes that:

“...General recognition of safety requires common knowledge, throughout the
expert scientific community knowledgeable about the safety of substances directly
or indirectly added to food, that there is reasonable certainty that the substance is
not harmful under the conditions of its intended use.”

“Common knowledge’ can be based on either “scientific procedures” or on
experience based on common use of a substance in food prior to January 1,
1958.” 12

11 See 21 CFR 170.3 (e)(i) and 81 FR 54959 Available at: https://www.federalregister.gov/documents/2016/08/17/2016-19164/substances-
generally-recognized-as-safe (Accessed on 9/8/18).

12 See 81 FR 54959 Available at: https://www.federalregister.gov/documents/2016/08/17/2016-19164/substances-generally-recognized-as-safe
(Accessed on 9/8/18).
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FDA discusses in more detail what is meant by the requirement of general knowledge and
acceptance of pertinent information within the scientific community, i.e., the so-called “common
knowledge element,” in terms of the two following component elements: 13

e Data and information relied upon to establish safety must be generally available, and this is
most commonly established by utilizing published, peer-reviewed scientific journals; and

e There must be a basis to conclude that there is consensus (but not unanimity) among
qualified scientists about the safety of the substance for its intended use, and this is
established by relying upon secondary scientific literature such as published review articles,
textbooks, or compendia, or by obtaining opinions of expert panels or opinions from
authoritative bodies, such as JECFA and the National Academy of Sciences.

General recognition of safety based upon scientific procedures shall require the same quantity and
quality of scientific evidence as is required to obtain approval of a food additive. General
recognition of safety through scientific procedures shall be based upon the application of generally
available and accepted scientific data, information, or methods, which ordinarily are published, as
well as the application of scientific principles, and may be corroborated by the application of
unpublished scientific data, information, or methods.

The apparent imprecision of the terms “appreciable,” “at the time,” and “reasonable certainty”
demonstrates that the FDA recognizes the impossibility of providing absolute safety in this or any
other area (Lu, 1988; Renwick, 1990; Rulis and Levitt, 2009).

As noted below, this safety assessment to ascertain GRAS status for high purity steviol glycosides
for the specified food uses meets FDA criteria for reasonable certainty of no harm by considering
both the technical and common knowledge elements.

B. Expert Panel Findings on Safety of STEVITEN FRESH and STEVITEN RICH Preparations

An evaluation of the safety and GRAS status of the intended use of Daepyung’'s STEVITEN
FRESH (80-90% total unreacted steviol glycosides and glucosylated steviol glycosides) and
STEVITEN RICH (85-95% total unreacted steviol glycosides and glucosylated steviol glycosides)
preparations has been conducted by an Expert Panel convened by GRAS Associates; the Panel
consisted of Robert Kapp, Ph.D., Fellow Academy of Toxicological Sciences (ATS), Fellow Royal
Society of Biology (FRSB) & European Registered Toxicologist (ERT, UK); Kara Lewis, Ph.D.; and
Katrina Emmel, Ph.D., as Panel Chair. The Expert Panel reviewed Daepyung’s dossier as well as
other publicly available information available to them. The individuals who served as Expert
Panelists are qualified to evaluate the safety of foods and food ingredients by merit of scientific
training and experience.

The GRAS Expert Panel report is provided in Appendix 12.

13 See Footnote 1.
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C. Common Knowledge Elements for GRAS Conclusions

The first common knowledge element for a GRAS conclusion requires that data and information
relied upon to establish safety must be generally available; this is most commonly established by
utilizing studies published in peer-reviewed scientific journals. The second common knowledge
element for a GRAS conclusion requires that consensus exists within the broader scientific
community.

1. Public Availability of Scientific Information

The majority of the studies reviewed on steviol glycosides and steviol have been published in the
scientific literature as summarized in Appendix 9. Most of the literature relied upon by JECFA has
also been published---most importantly the chronic rat studies on steviol glycosides. JECFA did
make limited use of unpublished studies, and they were summarized in the two JECFA
monographs. Moreover, JECFA publicly releases the results of their safety reviews, and their
meeting summaries and monographs are readily available on their website.

With regard to the safety documentation, the key pharmacokinetic data establish that steviol
glycosides are not absorbed through the gastrointestinal (Gl) tract, per se; they are converted to
steviol by bacteria normally present in the large intestine, and the steviol is absorbed but rapidly
metabolized and excreted (Gardana et al., 2003; Koyama et al., 2003b). The action of bacteria in
the large intestine is directly supported by the published study that showed that steviol glycosides
can be converted to steviol in the large intestine by normal anaerobic Gl flora as demonstrated by
an in vitro study in fecal homogenates (Koyama et al., 2003b; Renwick and Tarka, 2008).

The ADI for steviol glycosides has been set largely based on a published chronic study in rats
(Toyoda et al., 1997) and several published clinical studies that report no pharmacological effects
in humans at doses several fold higher than the ADI (Barriocanal et al., 2006; Barriocanal et al.,
2008; Wheeler et al., 2008). As mentioned above, Roberts et al. (2016) noted that the ADI could
be higher using a chemical-specific adjustment factor (CSAF), as defined by the WHO in 2005,
determined by comparative studies in rats and humans, which they conclude can justify an ADI
value of 6-16 mg per kg bw per day for steviol glycosides.

The toxicity of the metabolite, steviol, has been well reviewed in the published literature (Geuns,
2003; WHO, 2006; Urban et al., 2013).

In addition, there is a large, publicly available, collection of GRNs regarding steviol glycosides on
FDA’s website.

2. Scientific Consensus

The second common knowledge element for a GRAS conclusion requires that there be a basis to
conclude that consensus exists among qualified scientists about the safety of the substance for its
intended use.
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A number of well-respected regulatory agencies, including JECFA, EFSA, FSANZ, the Switzerland
Office of Public Health, and Health Canada, as well as numerous well-respected individual
scientists, have indicated that steviol glycosides are safe for human consumption at doses in the
range of the JECFA ADI (FAO, 2010; EFSA, 2010; FSANZ, 2008; Switzerland Federal Office of
Public Health, 2008; Health Canada, 2012; Xili et al., 1992; Toyoda et al., 1997; Geuns, 2003;
Williams, 2007). Since December 2008, over fifty-five GRAS notifications have been submitted to
FDA for highly purified stevia-derived sweetener products, and FDA detailed reviews have
consistently yielded “no questions” letters.

In summary, a compelling case can be made that scientific consensus exists regarding the safety
of steviol glycosides when of sufficiently high purity. The central role of conversion to steviol and
subsequent elimination with these naturally occurring steviol glycosides extends to the manner in
which the various steviol glycosides molecules are metabolized and eliminated from the body.
While the scientific conclusions are not unanimous regarding the safe human food uses of steviol
glycosides, Daepyung believes that a wide consensus does exist in the scientific community to
support a GRAS conclusion as evidenced by several publications (Carakostas, 2012; Geuns,
2007; Urban et al., 2013; Waddell, 2011; Williams, 2007; Brusick, 2008) that refute safety concerns
expressed by a minority of scientists. Roberts et al. (2016) suggests that the ADI could be higher
than has been previously accepted by the scientific community.

D. Conclusion

In consideration of the aggregate safety information available on naturally occurring steviol
glycosides, Daepyung concludes that STEVITEN FRESH (80-90% total unreacted steviol
glycosides and glucosylated steviol glycosides) and STEVITEN RICH (85-95% total unreacted
steviol glycosides and glucosylated steviol glycosides) preparations defined in the subject
notification are safe for use as a general purpose non-nutritive sweetener in foods other than infant
formulas and meat and poultry products. The JECFA ADI for steviol glycosides of 4 mg per kg bw
per day (as steviol equivalents) can be applied to Daepyung’s STEVITEN FRESH and STEVITEN
RICH preparations. Based on published dietary exposure data for other approved sweeteners and
adjusting for relative sweetness intensity, intake was estimated for healthy non-diabetic children
and adults, and diabetic children and adults with the following findings.

The worst-case estimated intakes of Daepyung’s STEVITEN FRESH and STEVITEN RICH
preparations for several population groups summarized in Part 3.A. are no greater than 3.82 mg
per kg steviol equivalents per bw per day, which is below the ADI of 4 mg per kg bw expressed as
steviol equivalents as established by JECFA. The dietary levels from anticipated food consumption
are not likely to exceed the ADI when high purity glucosylated steviol glycosides composed of at
least 80% total unreacted steviol glycosides and glucosylated steviol glycosides mixed with
unreacted maltodextrin are used as a general non-nutritive sweetener.

Accordingly, STEVITEN FRESH (80-90% total unreacted steviol glycosides and glucosylated
steviol glycosides) and STEVITEN RICH (85-95% total unreacted steviol glycosides and
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glucosylated steviol glycosides) as produced by Daepyung and declared within the subject
notification meet FDA'’s definition of safety in that there is “reasonable certainty of no harm under
the intended conditions of use” as described herein and, therefore, are generally recognized as
safe (GRAS).
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PART 7. LIST OF SUPPORTING DATA AND INFORMATION IN THE GRAS NOTICE.

A. References

1. List of Acronyms

ADI Acceptable daily intake

ADME Absorption, Distribution, Metabolism and Excretion
ALT Alanine aminotransferase

AST Aspartate aminotransferase

ATS Academy of Toxicological Sciences

AUC Area under the plasma-concentration time curve
AVA Agri-food and Veterinary Authority of Singapore
BP Blood pressure

bw Body weight

C Celsius

CFR Code of Federal Regulations

CFU Colony Forming Unit

CGMP Current Good Manufacturing Practice

CGTase Cyclomaltodextrin glucanotransferase

Crnax Maximum (peak) serum concentration of substance is observed
CSAF Chemical-specific adjustment factor

CYpP Cytochrome P450

DBP Diastolic blood pressure

DHHS/FDA Department of Health and Human Services/Food and Drug Administration
DNA Deoxyribonucleic acid

EDI Estimated daily intake

EFSA European Food Safety Authority

ERT European Registered Toxicologist

EU European Union

FAO/WHO Food and Agriculture Organization of the United Nations/World Health Organization
FCC Food Chemicals Codex

FD&C Act Federal Food Drug and Cosmetics Act

FDA Food and Drug Administration

FEMA Flavor Extract Manufacturers Association

FOIA Freedom of Information Act

FRSB Fellow Royal Society of Biology

FSANZ Food Standards Australia New Zealand

FSSAI Food Safety and Standards Authority of India

g Gram

GA GRAS Associates

GEMS Global Environment Monitoring System

GGT Gamma-glutamyltransferase

Gl Gastrointestinal

GRAS Generally Recognized as Safe

GRN GRAS Notification

hor hr Hour

HbAlc Glycated hemoglobin

HPLC High-Performance Liquid Chromatography
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IADSA International Alliance of Dietary/Food Supplement Associations

INS International Numbering System

JECFA Joint FAO/WHO Expert Committee on Food Additives

kg Killogram

LDso Median (50%) lethal dose

mg Milligram

ml Milliliter

MPL Maximum permitted level

MPN Most probable number

mRNA Messenger ribonucleic acid

MW Molecular weight

NA Not applicable

ND Not detected

ng Nanogram

NHANES National Health and Nutrition Examination Surveys

NHPs Natural Health Products

NMT Not more than

NOAEL No Observed Adverse Effect Level

NOEL No Observed Effect Level

NS Not specified

OECD Organisation for Economic Co-operation and Development

PPM Parts per million

Reb A Rebaudioside A

Reb M Rebaudioside M

SBP Systolic blood pressure

SuUs Steel use stainless

TAC Total Antioxidant Capacity

TFC Total Flavonoid Content

Trax Time at which maximum (peak) plasma concentration (Cmax) of substance is observed
TPC Total Phenolic Content

TRAP Tartrate-resistant alkaline phosphatase

TRPM5 Transient receptor potential cation channel subfamily melastatin member 5
uDS Unscheduled DNA synthesis

ug Microgram

UHT Ultra-high temperature

WHO World Health Organization

WHO/JECFA World Health Organizaiton/Joint FAO/WHO Expert Committee on Food Additives
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Appendix 1 Specifications and Certificates of Analyses for Raw
Materials and Production Processing Aids

Appendix 1.1 Steviol Glycosides Extract
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Appendix 1.2 Maltodextrin
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Appendix 1.3 Cyclomaltodextrin Glucanotransferase Enzyme
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Det er ligeledes en forudssetning, at de eventuelle tilsetningsstoffor, der er anvendt ved
fremstilling af’ eller i enzymproduktet, opfylder Positiviistens krav til identitet og
renhed, hvis atofferne er optaget i denne.

Herudover forudssettes det, at enzymprodukiet anvendes i overensstemmelse sével med
de oplysninger, der er givet 1 anmeldelsen, d.v.s. alene til de deri n@vnte produkter,
som med god tilvirkningsmsssig praksis.

Levnedsmiddelstyrelsen vil desuden gere opmeaerksom pd, at den fortsatte anvendelse
afl enzymproduktet pa el senere tidspunkt kan geres betinget af, at der bliver fremlagt
nye data, ligesom styrelsen generelt forbeholder sig ret til pd et senere tidspunkt at
indhente nye oplysninger om produktet. Og endelig bemserkes, at accepten kan
tilbagekaldes, hvis styrelsen finder, at forholdene har udviklet sig 1 en sddan retning,
at dette er gnskeligt eller pikr=vet,

Hvis der sker ndringer i forbindelse med produktets fremstilling, eller hvis pro-
duktionen af produkiet opherer, skal dette meddeles Levnedsmiddelstyrelsen. Da
virksomheden er producent af det pAgaeldende produkt, pal=gges det desuden virksom-
heden ved videresalg afl produktet til danske grossister eller levnedsmiddelproducenter
at gpre opmarrksom pd, at produktet kun méa anvendes pd de i denne aceept fasteatte
vilkdr, herunder de anferte anvendelsesbegreensninger, og at brugeren skal indgive
anmeldelse til styrolsen, hvis man snsker al anvende produkiet pa andre vilkir end de
i denne accopt anfarte.

Mzerkning

Produktet skal markes i overenssternmelse med bestemmelserne i tilsetrungsstofbe-
kendtgarelsen.

Med venlig hilsen

i

toie Mok
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Positivlisten: Fortegnelse over tilsmtningsstoffer til levnedsmidler, december 1985,

Tilszetningsstofbekendtgorelsen: Bekendtgarelse nr. 1055 af 18, december 1995 om
tilsgeiningsstoller Gl lovnedsmidler.

Kopi til orientering til: Levnedsmiddelkontrollen I/S, Dyregirdsvej 1, 2740 Skovlunde,
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CANGZHOU YUANWEI CHEMICAL ENGINEERING CO.,LTD

Absorption Resin Specification

' sample Name | AB-8 | Batch Mumber | pa1zns
Sample Quantify 3dg o
Sampling date 2009-12-18 | Test Finish Date | 2000-12-19
Test Basis Q/CBNO1-2006
Main Test Equiprment Cﬂnﬁdenii:ali:-,r
Ircde Technical Require Test Result
Mokstiire 65-75% 7217
Absorh =50 74.58
hydroxybenzene
quartity
Yisual Density in wet 0.68-0.75 .70
statefgdmi)
Granule  Diameter(.3- >00% G168
1.2mim)
| Result Eligibility
Remark This Test resull just with the responsibility for current sample, if have the
oljection please require the check in 20 days, expire date will not take
the transaction,
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Appendix 1.5 Ethanol
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Appendix 1.6 Celite
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L

7123119

0 Linjiang Imerys Diatomite Co., Ltd.

Lincheng Industtl Pas, Linjiang City,  KEn Provincet,  China

IMERYS Tei {+B5) 2122230080

Pt B} 2422230000

Certificate of Analysis

Customer Name: Forea IMKL Product Type: 503
Order Numbser: 18366 Lot# Production 126-180800
Customer PO No.:
Date of isue: 16-Sep-18
Supplier Test Methods
Min Max  Method Result Units

160009
Permeability 1.0 25 CC-101-002 1.2 Darcy
150-mesh sleve retains o 15 CC-101-005 42 %
Centrifuged wet density = 0.42 CC-101-004 0.338 giml
Food Grade: Meet requirements of KFDA
Regards,

The Quality System of this
Ping Wang facility is 150 9001:2015
Quality Control Manager Registered by CQC

Suiier's nlandard prodec! inepections sad teéting processunes in offect a1 the lime of trsling wers used to poovide the mformation hersin. Tests foed by Salier
ot time of shipment shall ba cosclsive g binding noon Buyer as o ail peodect 4ok andior shipped. Seller regresants and warrants & Buyarihal all
product confonms, as of shipment from SeSors plant, is = material respects to Saler's product Rpecificalions in eMect al thelime of shipment. Galer makes
N0 aher writhen, oral, Exprass, of Impled warranties, Selar dsclaims all warmanties of marcsantabiity med fiinees for  pamiculer purpose.

For additional information including MSDS see hitp2ifwww.imerys-fillration.comimsds.htm  Page 1 of 1
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Appendix 1.7 Statement of Compliance
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Appendix 2 Analytical Method

Please refer to the Appendix 2 reports, provided as separate files:
Appendix 2.a Analysis Methods & Data (STEVITEN FRESH)

Appendix 2.b Analysis Methods & Data (STEVITEN RICH).pdf
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Appendix 3 Certificates of Analysis and Representative
Chromatograms for Multiple Batches of STEVITEN FRESH

Appendix 3.1 STEVITEN FRESH Batch 190110

/™. DAE PYUNG CO., LTD.
t’ http://www.daepyung.co.lr daspyungadacpyung.co.kr

Head Office : #19-8, Yeongdong-gil, Hamchang-eup, Sang-si, Gyeongbuk, Komea
Tel: 82-54-541-9001 Fax: B2-54-541-9004

Bundang Office: 604Ho, Leaders B/D, #14, Hwangsaeulro 311lbeon-gil, Bundang-gu, Seongnam-si,
Cyeonggi, Korea  Tel 82-31-T09-7755  Fax: 82-31-709-7756

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN FRESH
Lot Number: 190110
Manufactured date: January 10, 2019
Expiry date; January 9, 2022
Storage: Dryvfshade place and at room temperature

Analytical test Methods Specification Results
Appearance Visual White powder Passed
Odour . Sensory test | Slight characteristic Passed
Teste Bensory test Sweet Fassed
Freely soluble in water and
Solubility JECFA Vol.4 Passed
ethanol |
Total content of a-ghucosyl
Steviol glycosies and unreacted
. . HPLC+UV B0.0 ~ 90.0 % 834
steviol  glycoside{dry weight
basis |
Content of a-glucosyl Steviol
_ uv Not less than 65.0% 75.9
ghycosides(dry weight basis)
Loss on drying JECFA Val4 | Not more than 6.0% 4.1
'pH JECFA Vol4 | 4.5-7.0 5.5
| Ash JECFA Vold Not more than 1.0% 0.2
| Residual methanol USP 467 Net mere than 200 mg/ kg 41
Residual ethanol USP 467 Not more than S000 mg/ kg T8
| Lead JECFA Vold Mot more than 1 mg/kg Not detected
! Arasenic JECFA Vaol4 ' Mot more than 1 mg/kg Not detected
I- L Bt A U S —
| Total plate count ADAC 97727 Less than 10%:fu /g Not detected
Yeast and mold AQAC 997.02 Less than 10%cfu/g Not detected
E. coli ADAC 983.25 | Negative CFU/1g MNegative
Salmonella ADAC 967.25 | Not more than 10 npm/g Not detected

Issued by QA Department on May 14, 2019
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GRAS

SAMPLE INFORMATION
Sample Mams: STEVITEN FRESH Acquired By. System
Lot 120110 Sample Set Name: GRAS
Vial 5 Acg. Method Set G—AB—MS
Injection # 1 Processing Methoe  Defaultt
Injection Yolume 2000 ul Channel Name: 24B7Channel 1
Run Time: 80.0 Minutes Prog. Chal. Descr.:
Date Acquired; 2018-02-25 AM 11:04:26 KST
Date Processed  2019-04-28 PM 3:38:35 KST
&
a.10 =2 =
X 3
% Ea
£ _ o4
0.08 2 g O g
| = 2. £8
g Fz I
0.05- i ‘g?!_ : = £ ¥ m O
- 3 2
3 e, 'EN 7 E o — E [
' . s &0 d - .
| 08" g T =
0.04 % - o ; o o B
o g P | I = = 2 -
| g - . o ]
002- - 1 E E H w
il E 5
0.00 i
' 1000 20.00 30.00 40,00 sno0 §0.00 70.00 B0.0D
Minutes
Peak Mame RT Area | % Area | Height Peak Mama RT Area | % Area | Height
G A.73T | 201085 0.60 2590 14 | miz 966 25.881 | 3214081 9.56 | 102882
2 4145 | 484785 1.46| 29764 15 Z7.718 | 285981 0D.85 | 11338
3 4.748 | 448993 1.35) 54011 16 | miz 1112 28191 | #4175189 1.25 | 13445
4 8437 | 127885 038| 4271 17 31.503 | 1441647 4.33 | 47783
5 | Rubusoside 9485 128038 0.38 3830 18 | miz 1128 31.999 | 996192 288 | 33710
6 | Steviobioside [ 11.904 | 316740 0.95( 7BEE 19 33.873 | 1043650 314 | 33389
7 | Dulcoside A 13.006| 283812 085 9178 20| miz 1128 34,495 | 2288470 B.&T | 56274
& | Rebaudioside B | 15.140| 149783 045 4584 21 35.764 | 312857 0.94 arzz2
9 | Stewoside 17.107 | 2855012 8.58 | B4asT 22 | miz 1274 36,261 | 31ggs53 0.96 8885
10 | Rebaudioside C | 18.301 | 840705 253 | 25481 23 | mfz 1280 38,842 | 2400435 721 | 93815
11 20267 | 136248 041) 4326 24 40,057 | 974850 283 | 26717
12 | Rebaudioside F | 21.219| 130835 0.42| 4978 25 | mi z 1280 40.857 | 1858515 558 61834
13 | Rebaudioside A | 23.338 | 2644382 T.95| 6548 | |25 41377 | 2215235 | 6.66| 596884
Peak Name RT Area [ % Area | Helght
27 | mfz 14562 45583 | 1313651 3.85| 15126
28 | mi z 1452 45 800 | 2406128 7.23| 15384
29 | miz 1614 61.007 | 1205704 388 | 9087
30 lE?.EEB 1718858 5.23 B400
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Appendix 3.2 STEVITEN FRESH Batch 190116

—
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:». DAE PYUNG CO., LTD.
W

http:/ /fwww.daepyung.co. kr daepyungideepyung.co.kr

Head Office : #19-8, Yeongdong-gil, Hamchang-eup, Sangu-si, Greonghuk, Keren
Tel: 83-54.541-0001 Fan; 82-54-541-0004

Bundang Office: 604Ho, Leaders B/D, #14, Hwengsseul-m 311beon-gil, Bundang-gu, Seongrem-si,

Oyeongg, Korea  Tel: B2-31-T09-7753  Fax: 82-31-709-7756

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN FRESH
Lot Number: 190116
Manufactured date; January 16, 2019
Expiry date: January 15, 2022
Storage: Dry/shade place and at room temperature

Analytical test Methods Specification Results
Appearance Visual White powder Passed
Cdour Sensory test | Slight characteristic Pagsed
Teste Sensory test | Sweet Passed
} Freely soluble in water and
Solubility JECFA Vol 4 FPassed
ethanol
Total content of o-glucosvl
Steviol ghycosies and unreacted
. ; ; HPLC+UV | BO.O - 90,0 % B3.4
steviol  glycoside{dry weight
basis |
Content of a-glucosy]l Sieviol
. } y uv Not less than 65.0% 76.1
glvcosides|dry weight basia)
Loss on drying JECFA Vol4 | Not more than 6.0%
pH JECFA Vold | 4.5-7.0
Ash JECFA Vol4 | Not more than 1.0%
Residual methanol USP 467 Mot more than 200 mg/ ke

Fesidual ethanol | UBP4&T Mot more than S000 mg/ ke

Lesd JECFA Viol4 | Mot mare than 1 mg/ke

Not detected
Arsenic JECFA Vold4 | Not more than 1 mg/ ke Mot detected
Toral plate count ADAC 977.27 .me than 100cfu/g Mot detw:ted‘-
Yeast and mold ADAC 997,02 | Less than 10%fu/g Nat detected
E. coli AQAC 9B3.25 | Megative CFU/ 1g Negative
Salmeonella AQAC 96T.25 | Mot more than 10 npmifg Mot detected |

Issued by QA Department on May 14, 2019
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Empower?
__- GRAS
_ SAMPLE INFORMATION B
Sample Narne: STEVITEN FRESH Acquired By System
Lot 190116 Sample Set Name: GRAS
Vial 8 Acg. Method Seat; G—AB—MS
Injection # 1 Processing Mathoe  Defaultt
Injection Valume 2000 ul Channel Name: 2487 Channel 1
Run Time: 80.0 Minutes Proc. Chel. Deser.:
Date Acquinad: 2018-02-25 PM 12:34:.01 KST
Date Processed  2018-04-20 PM 3:44.25 KST
niz -
&
g 8
a.10 - | _?
0.08 | - e E: § :
2 008 ﬁi-ﬂfﬂ £ g &
B gETE |8 g 2 3
P (T i ! =
004 Tho(lzag || ¥ 8 B o
% &g 2 = F.§ N N E o
002 é ' % E E : =
[2x] o '
3 E B
o ST /\L_

D.oo--

.00

1000 20.00 3Ja.00 40.00 50.00 60.00 70.00 80.00
Minutes

Peak Mamea RT Area | % Ares | Height
1 3735 195572 058 | 10362
2 4.143 | 544849 152 31813
3 4747 | 483818 1.28 | 580M
4 6448 ( 255G 007 1158
& 8441 113110 0.32 4142
8 | Rubusoside 8472 115474 0.32| 3873
T | Stevolbioside 11.564 | 323574 080 2318
8 | Dulceside A 12805 | 280447 0.78| @532
8 | Rebaudioside 8 | 15130 118823 0.33 421
10 | Stevoside 17.085 | 3085510 ( 860 BOS54
11| Rebaudicside © [ 19302 | 21120 257 | 25842
12 20239 152811 043 | 4914
13 | Rebaudioside F | 21206 | 150061 0.421 5472
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Peak Mame RT Area | % Area| Height
14 | Rebauddioside A | 23 324 | 2817796 T.86| 92810
15 | m'z 965 25,870 | 3468523 ST | 112611
18 27.721| 281175 0.70) 10805
17 | miz 1112 28.183| 512018 143 15731
18 31.495 | 1458226 407 | 51189
19 miz 1128 31.624 [ 1116778 311] 36233
20 33.970 | 1058728 285| 42829
2| mlz 1128 34,492 | 2458425 685 61105
22 35.808 | 298910 084 | 10043
23 [ miz 1274 35260 | 404852 1.43| 11685
24 | miz 1200 34841 | 2716337 75T | 103933
25 40.055 | 1068157 205| 288186
26| mf z 1290 40856 | 1937413 540| 65832
27 41.387 | 2375257 GB2| 83300
28 | miz 1452 45588 | 1370353 382 | 16247
29| mf z 1452 49,823 | 2408142 G.HE | 16255
30| m'z 1614 61.001 | 1457160 4.08 | 10086
31 67.704 | 2080655 5.80 | o604

7/23/19
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Appendix 3.3 STEVITEN FRESH Batch 190214

:». DAE PYUNG CO., LTD.
WY

http: [/ www.daepyung, co. kr daspyungordaepyung.co.kr

Head Office : #19-8, Yeongdong-gil, Hamchang-eup, Sangu-s1, Greongbuk, Korea
Tel: 82.54-541-9001 Fax: BX-54-541-9004

Bundang Office: 604Ho, Leaders B/D, #14, Hwangsaeulro 311beon-gil, Bundang-gu. Seongnam-si,
Gyeongei, Korea  Tel: B2-31-T09-T755 Fax B2-31-709-7756

CERTIFICATE OF ANALYSIS

Product Name: STEVITEN FRESH

Lot Mumber: 190214

Manufactured date: February 14, 2019

Expiry date; February 13, 2022

Storage: Dry/shade place and at room temperature

Analvtical test Methods Specification Results
Appearance Visual White powder Passed
-E)duur Sensory test | Slight characteristic Passed
. Teste Sensory test | Sweel Fassed
Solubility JECFA Vol.4 Freely soluble in water and o
ethanol
Total content of a-glucosyl - N
Steviol ghvoosies and unreacted
it glycosldeidry  weight HPLC+LV 80,0 - 90.0 % 83.6
basis
Content of a-glucosyl Steviol
Piyeosidesldy weight besia) L Mot less than 65,0% T6.3
Loss on drying JECFA Vold | Not more than &.0% 4.2
pH JECFA Vol4 #4.5-7.0 5.5
Ash JECFA Vol4 | Mot mare than 1.0% 0.2
Residual mtl.hannl- UBP 467 Mot more than 200 mg/kg ki)
Residual ethansl USF 467 Mot more than 5000 mg/ kg B0
Lead JECFA Vol4 | Met more than 1 mg/kg Mot detected
Arsenic JECFA Vol4 | Mot more than 1 mg/kg Not detected
Total plate count ADAC 97727 | Less than 109:fu/g Not detected
Yeast and mold AQAC 997.02 | Less than 10%cfu/g Mot detected
E. coli AOAC 983.25 | Negative CFU/ lg Negative
Balmonella AOQAC 967.25 | Not more than 10 npm /g i Mot Ef..rl‘.erc’r.id.
Issued by QA Department on May 14, 2019
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SHMPL_E_ |NFURM&T|Q.N
Sampla Nama: STEVITEM FRESH Acquired By System
Let; 180214 Sample Set Name, GRAS
Vial 7 Acq. Method Set G—AB-—MS
Injection # 1 Processing Methor  Default
Injgction Volume 2000wl Channel Name: 2487Channal 1
Run Time: 80.0 Minutes Proc. Chnl. Descr,:
Date Acquired: 2019-02-25 PM 1:59;24 KST
Date Processed:  2018-04-20 PM 3:51.05 KST
D42
@.10- % ]
5 B=
¥ (=
; B = H
g =t Lg
b L5 @ N ol
4 - &E T
¥ cg 3 - = = E -
3 008 £=, o FE 3 B
. £a g 2 2 g
b E 1 o b om o
004 P f o 8 a
- g i - -+ = '
3 . - _*
I uﬁ = N o o
ooz M ¥ £ E = @
Lt k{J E E
ogg — e
0.0 10.00 20.00 30.00 43,00 60,00 BO.OO T70.00 B0.00
Mirutes
Peak Mame RT Area | % Area | Heght Paak Name RT Area | % Area | Height
1 3752 | 198051 0.57 | 10060 s | Rebaudioside & | 23.312 | 2859828 B.24 | 93794
2 4.148 | 487966 141 31043 15 | miz 966 25.852 [ 3519687 | 1014 | 111307
3 4.747 | 441009 1.27| 57411 16 27658 | 358523 1.068| 13266
4 B.430 | 138333 040 4563 17 [ miz 1112 28.162 | 485023 1.40 | 14555
5 | Rubusoside 0.456 | 152980 044 | 4408 1B 28877 | 43018 012 2054
6 | Steviolbioside | 11,616 | 345373 1.00| 8303 19 2. 7BT | TH3TE 022 3115
7 | Dulcoside A 12892 | 303573 0.87 8838 20 31.475 | 1630869 441 | 51407
B | Rebaudioside 8 | 15113 184103 0.53 5753 21 | miz 1128 31.971 | 1085018 307 | G121
g 15.583 23118 0.07 1472 22 33.954 | 1073248 3.08 | 41944
10 | Stevioside 17.082 | 3085382 5.93| 94285 23 |mfz 1128 34,468 | 2801212 721 | 61338
11 | Rebaudicside C | 19.265 | 8965084 2.58| 27848 24 35714 | 393420 1.13 | 11340
12 20.255| 142038 0.41 4518 25 | miz 1274 36.238 | AT3ITTO 1.08| 11063
13 | Rebaudioside F | 21,194 | 152021 .44 5409 25 | miz 1260 38.830 | 2338724 6.74 | 9B6ET
Peak Name RT Area | % Area | Height
27 40025 | 815781 2.35| 24257
2B | m/ z 1280 40.828 | 1565652 4.51| 55384
28 41.365 | 1596513 460 ( 52328
an 42383 33448| 0.40| 1725
31 | miz 1452 45541 | 1439935 4.15| 16818
32| miz 1452 48,760 | 2698034 T.77| 16716
33 | miz 16814 60895 | 1240068 358 ao11
34 G67.632 | 2125738 B.12 BE04
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Appendix 3.4 STEVITEN FRESH Batch 190308

7/23/19

:». DAE PYUNG CO., LTD.
WY

http:// www.daepyung.co.kr

daepyungidaepyung.co.kr

Head Office : #19-8, Yeongdong-gil, Hamchang-eup, San giu-si, Gyeonghbuk, Korea

Tel: 83-54.541.-9001

Gyeong, Korea

Fasx: 82-54-541-9004
Bundang Office: 604Ho, Leaders B/D, #14, Hwengsaeul-ro 311beon-gil,

Tel: 82-31-709-7755  Fax: 82-31-709-7755

Bundang-gu, Seongnam-.

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN FRESH

Lot Number: 190308

Manufactured date: March &, 2019

Expiry date: March 7, 2022

Storage: Dry/shade place and at room temperature

—
Analytical test Methads Specification Reaults
Appearance Visual White powder Passed
Cdour Sensory test | Blight charncteristie Passed
Teste Sensory test | Sweet Passed
Freely soluble in water and
Sohubiliy JECFA Vol.4 Passed
ethanol
Total content of a-glucosyl
Steviol glycosies and unreacted
_ HPLC+LUV 80.0 - 90.0 % 2835

steviol  glycoside(dry  weight
basis |
Content of a-glucosyl Stevial

i . 194 Mot less than 65.0% 6.1
glycosides(dry weight basis) |
Loss on drying JECFA Vol4 | Mot more than 6.0% 3.8
pH JECFA Vald | 4.5-70 5.6
Ash JECFA Vold | Mot more than 1.0% 0.2
Residual methanol ISP 467 Mot mare than 200 mg/kg 43
Residual ethanol LUSP 467 Mot more than 5000 mg/ kg 71
Lead JECFA Vald | Not more than 1 mg/kg Not detected
Arsenic JECFA Vold | Not more than 1 mg/kg Mot detected
Total plate count ADAC O77.27 | Less than 10%fu/g Nat detected
Yeast and mold AOAC 997,02 | Less than 10%fu/g Mot detected
E. coli AQAC 983.25 | Megative CFU/ 1g Negative

| Salmonells | AOAC 267.25 | Not mere than 10 npm/g Not detécted |
Issued by QA Department on May 14, 2019
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GRAS

. SAMPLE INFORMATION
Sampla Mame: STEVITEN FRESH Acquired By System
Lot 190308 Sample Set Mame: GRAS
Vial 2 Acg Method Set G—AB—MS
Infection #: 1 Processing Methoo  Defaultt
Injection Velume 2000wl Channel Name: 2487 Channel 1
Run Time: B0.0 Minutes Proc. Chnl, Deser.:
Date Acquired: 2019-04-26 PM 7:17:48 KST
| Date Processed:  2019-04-28 AM 11:53:00 KST
a1z 5
£ A8
LWET -] o
E : § § % a _'i o
* - = L. £
008 B o E b i
", -— E ﬂ P~
; g0 <58 [2 &
o -
008 L K = T8 % ¥ 8 £
., v e N ey 3 =
a 0 ] uy i E
L= e ¥ = t:‘ i
0.04- g " = & n -
. T = o
} - ] 1y s, I et
0.02| 5 e E E =)
| i~
M
o.00 . * :
0.00 10,00 20,00 30.00 #0100 50.00 £0.00 70,00 BO.00
Minubes
Peak Name RT Area | % Area | Height Peak Mame RT Area | % Area | Height
1 2.6049 3033 0.0 k2l 14 | Stevioside 16,704 [ 1667304 5.24 | 59004
2 3366 171185 0.54| 14202 16 17.883 | 133712 042 4758
3 4702 | 299282 0.94| 14079 18 | Rebaudicside C | 18,880 | B14205 1.03 | 22704
4 4133 | 538793 2.01) 58385 17 18.827 [ 139218 044 4685
5 4,736 ST4BED 1.81| TBs41 18 | Rebaudioside F | 20782 | 210887 (.88 B4
& 6.3r9| so827 022 2031 1% 22000 | 24408 008| 1284
T 8339 220452 083 | 7140 20 | Rebaudioside A | 22 BT | 2274030 715 | BOET4
8 | Rubusoside 9266 | 148548 046 3937 21 23,885 | 178811 056 252
9. | Btevioibioside 10.777 | 208208 0.68 5851 22 | miz 966 25424 | 2402214 7.55 | 75682
10 | Dulcoside A 12703 | 330568 1.04 [ 11708 23 27.228 | 303728 0.95| 11808
11 14.024 | 21914 o7 87D 24 | miz 1112 27774 | 547878 172 17417
12 | Rebaudioside B | 14.720| 170723 0.56 G558 25 28602 508842 0.31 T4
13 165.878 | 319967 1.01| 10897 28 28395 136200 0.43| 5102
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Peak Name | RT | Area |% Area| Height
27 | miz 1128 31.083 (1318626 4.14| asa3s
e 31,583 | 1405738 | 4.42 | 48681
29 33580 | 698003 2.20( 31133
30 [ mrz 1128 34.053 |1736700 | 548 42410
31 | miz 1274 35424 | 340405 1.07| 10088
a2 35.897 | asa7se| 1.12] 12048
33 37.283| s0013| o019| 2558
34 | miz 1280 38684 | 2892204 0,00 | 130431
36 39757 | 840847 | 264 27135
36 (m/ z 1290 40604 (1223548 2.85| 40790
ar 41261 [ 1640708 5.16| asess
38 | miz 1452 45247 (2172449 @683| 28084
39 | mi z 1452 49381 | 2234179 T.02| 14289
40 | miz 1614 60370 | 1517468 | 4.77 | 13483
a1 67004 [ 1463586 | 460 6633

7/23/19
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Appendix 3.5 STEVITEN FRESH Batch 190314

». DAE PYUNG CO., LTD.
Wy

http://www.daepyung.co. kr daepyungidaepyung.co.kr

Head Office : #19-8, Yeongdong-gil, Hamchang-eup, Sangu-si, Gyeongbuk, Koren
Tel: 82.54-541-9001 Fax: 83-54-541-0004%

Bundang Office: 604Ho, Leaders B/D, @14, Hwengsaeul-ro 311beon-gil, Bundang-gu, Seongnam-si,
Gyeong, Horea  Tel: B2-31-T09-7755  Fax: 82-31-T09-T756

CERTIFICATE OF ANALYSIS

Product Name: STEVITEN FRESH

Lot Number: 1903 14

Manulactured date: March 14, 2019

Expiry date: March 13, 2022

Storage: Dry/shade place and at room temperature

Analytical test Methods Specification Results
Appearance Visual ‘White powder Fazsed
Odour Sensory test . Slight characteristic FPassed
Teste Sensory test | Sweet FPassed
. Freely soluble in water and
Sohsbility JECFA Vol.4 Passed
ethanal
Total content of a-glucosyl
Steviol givcosies and unreacted
HPLC+LIV BO.O - 90.0 % B34
steviol  glycoside{dry  weight
basis |
Content of x-glucosyl Sieviol
v Mot less than 65.0% 75.9
glycosides{dry weight basis)
Loss on drying JECFA Vol4 | Wot more than 6.0% 35
pH JECFA Val4 | 4.5-7.0 5.5
Ash JECFA Vald | Mot more than 1.0% 0.2
Residual methanol USP 467 Mat more than 200 mg/lkg 51
Residual ethanaol USP 467 Mot more than S000 mg/ kg TE
Lead JECFA Vald | Mot more than 1 mg/kg Not detected
Arsenic JECFA Vol4 | Mot more than 1 mg/kg Not detected
Total plate count AQAC 9F7.2Y | Less than 10%fu,/g Mot detected
| Yeast and mold AQAC 897.02 | Less than 10%cfu /g Not detected
E. coli ADAC 983.35 | Megative CFU/ Ig Negative
Salmonelia AQAC 957,25 | Mot more than 10 npm/g Mot detetted
lssued by QA Department on May 14, 2019 .
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Empower? GRAS
 SAMPLE INFORMATION _
Sample Mame- STEVITEN FRESH Acquired By: System
Lot 190314 Sample Set Name: GRAS
Wiat 3 Ach. Method Set G—AB—MS
injection & 1 Processing Methoe  Defaultl
Injection Volume 20,00 ul Channil Nama 2487 Channial 1
Run Tima: B0.0 Minutes Proc. Chnl, Deser.:
Date Acquired: 2018-04-25 PM B:38:53 KST
Date Processed 2018-04-20 AM 11:48:41 KST
oz =
o
8 o
oo = . =
8 e 8 S35
- O w H b=l
: €8 —
vos- E S _$E LB
= IIII "- l'% + ﬁ :! E
{ (& i w0 : [=:]
* nos 'E_Eﬁ % R ¥ 3 8
| . ] L = o " - q
w B ‘ ] oo E
'E & iy i E N i
004 aah || 2 s - B 3
csB | &_[| f]& T = 2
B EE o " o a
002- 26pd : =3 E E o
0o ai : .
oo 10.00 20.00 3000 0,00 50.00 &0.40 7000 B0.00
Minulss
Paak Name RT Area | % Area | Height Peak Name RT Area | % Area | Height
1 2.829 2128 0 205 14 | Stevioside 16,706 | 1630273 522 | 57248
2 33831 | 180028 051 | 13818 15 17.903 | 138257 044 4465
3 890 | 248381 080 13386 18 | Rebaudicside C | 18 58 | SRZR43 187 | 21708
4 4134 | B04141 1.04 | B4515 17 19,825 | 130980 042 4459
5 4738 | 559545 1.79| 7E337 18 | Rebaudioside F | 20.790 | 198203 0.64 7564
<] 6.383 71068 0.23 2105 12 22133 23TB8 0.0 1537
¥ 8.331| 189584 0&1 8470 20 | Rebaudioside A | 22 870 | 2161088 B.o2 | 7722
& | Rubusoside 2,270 BSE0E o021 2372 21 23826 | 147588 0.47 4808
9 | Sleviolbioside 10.785 | 193993 .62 GB5E 22 | m/z BEB 25,430 | 2192297 62| 743
10 | Dulcoside A 12687 | 290213 3.93 | 10843 23 [miz 1112 27.780 | 751682 2.41| 15082
11 14.025 42507 014 1746 24 2615 75206 0,24 20868
12 | Rebudioside B | 14.737 | 218870 ova 7017 25 25,401 95200 0.3 4303
13 16.043 | 302391 0.97 | 10840 26 | miz 1128 31.077 | 1245510 3.99 | 48032
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Peak Name RT Area | % Area | Helght
& 31.611 | 1385464 4.44 | 45241
28 33.580 | 703555 225 20116
28 \mfz 1128 34,0687 (1587148 5.09 | 38703
30 35430 | 303305 0.87 | 10043
31| miz 1274 35914 | 329437 1.06 | 11176
az 37.300| 62715 020 2587
33| miz 1280 38 688 | 2990909 9.61 | 127518
34 3L 763 | 1028278 329 30193
35 | m/ z 1280 40.612 | 1365398 4.35 | 44028
36 41.266 | 2095409 6.72( 48043
37 | miz 1452 45257 | 2037527 6.53) 24282
38| mi 2z 1452 49 3849 | 1865071 6,08 | 12545
39| miz 1814 G0.406 | 1852601 5.30| 14228
40 67120 | 1466537 470 G454

7/23/19
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Appendix 4 Certificates of Analysis and Representative
Chromatograms for Multiple Batches of STEVITEN RICH

Appendix 4.1 STEVITEN RICH Batch 190108

/™ DAE PYUNG CO., LTD.
Q@WY

http:/ /www.dacpyung.co.kr dacpyungidaspyung.co.ler

Head Office : #19-8, Yeongdong-gil. Hamchang-eap, Sangju-si, Gyeongbuk, Korea
Tel: 82-54-541-9001 Fax: B2-54-54 10004

Bundang Office: 604Ho, Leaders B/D, #14, Hwangsacul-ro 31 1beon-gil, Bundang-gu, Seongnam-ss
Gyconggi, Korea  Tel; 82-31-709-7755  Fax: 82-31-7T09-T756

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN RICH
Lot Number; 190108
Manufactured date: January 8, 2019
Expiry date: January 7, 2022
Storage: Dry fshade place and at room temperature

Analytical test Methods Specification Resules
Appearance Visual White powder Passed
Odour _Smacrry test | Slight characteristic Passed
Teste Sensory lesi Sweel | Passed

| Solubility JECFA Vol.4 i Passed

ethanol

II'ELEL content of a-glucosyl

| Stevial glycosies and unrescte:d

s g o 55 HPLC+UV | 85.0 - 95.0 % 92.4
baszisz )

Cuntﬂ:nt of o-glucosyl Steviol i T Bt
glveosides({dry weight basis)

Loss on drying JECFA Vol4 | Not more than 6.0% a8

pH JECFA Vol4 4.5-7.0 56

Ash JECFA ¥ol4 | Not more than 1.0% 0.2
Residual methanol USSP 467 Not more than 200 mg/ kg 38
Residual ethanol USP 46T Mot more than 5000 mg/kg 69
Lead JECFA Viold | Not more than | mgikg Not detected
Arsenic JECFA YVol4 Mot more than 1 mg/kg Not detected
Tatal plate count o ADAC 977,27 : Less than 10%cfu/g Nat detected
Yeast and mold - | Aoaco9r.02 Less than 10%lu/g Not detected

| E- coli i ACAC 983.25 | Negative CFU/ 1g Negative
Salrnonell - | ADALC 967,23 . Not more than 10 npm/g Hot detegied

lssued by QA Department on May (4, 2019
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SAMPLE INFORMATION
Sample Name:  STEVITEN RICH Bequired By Systam
Lt 180108 Sample St Name: GRAS
Vial B Acg Method Sett G—AB—MS
Injection # 1 Processing Methoc  Dafaultl
Injection Volume: 20,00 ul Chiannel Name: 2487Channed 1
Run Time: 80.0 Minutes Proc. Chnl. Descr.
Date Acquirsg: 2019-02-25 PM 3.26:5% KST
Date Processed  2015-04-29 PM 4:03:44 KST
o1 o
3 2
0.08- 3 @ "*
11 g
o 72 'n F
) ~FelovYIE 2328 ¥ 8 :
: 328 |5, gm £ 2 : x
.02 8z £ E e b
§§ Wil ﬁ;u Muf\k
w
0.00 ] x i i .
uﬁn 10,00 20,00 :n:uu -tD.l.:HJ 5{}4}!3 - E0.00 70.00 £0.00
Miratas
Pesk Mame RT Area | % Area | Height Peak Name RT Ama | % Area | Heighi
1 1735| 158751 0.53| o8& 14 | Rebaudioside F | 21316 | 184791 062 | BEYE
2 4150 | 450482 1.51 | 25164 15 | Rebaudioside A | 23.437 | 1632651 547 | 52959
3 4745 | 3ITT249 1.26 | 46012 16 | miz D66 25.900 | 2605548 B.39 | 81815
4 6.450 | 54923 018 1870 17 2T e8| 124285 n42| 8851
5 8505 | 6G&898 023| 2203 18| miz 1112 28321 | 3araaz 1,13 | 9547
B | Rubusoside 9.517 | 142674 0.48| 3828 18 28933 | 13625 0.05 705
T | Steviclbiosie 12.082 | 207978 0.70| &710 20 200841 121848 0.41| 4857
8 | Dulcoside A 13.065| 270822 091| 9166 27 31819 (1132188 379 37T
2 | Rebaudioside B | 15.247 | 02865 03| 2778 22 | miz 1128 12128 [ 1166768 3,04 [ 35278
id 15.650 28124 0.10| 13567 23 34.0886 | 1080046 3.65 | 38137
11 | Stevoside 17.179 | 1910437 B8.40 | 56955 24 |mfz 1128 34.589 | 2043108 6.8 | 48373
12 | Rebawdioside C | 19.398 | 394838 1.32 | 10047 25 35838 239018 0L.B0| Ta25
13 20.267 30510 010 | 1800 26 | miz 1274 36,384 | 301881 1.01| 8483
Peak Mamea RT Arga % Area | Height
27 7,848 TE437 0.25( 2788
28 | miz 1280 38,901 | 2818857 9.44 | 07353
28 40,203 | 1003947 3.36 | 26230
30 | mf z 1290 40,868 | 18561396 6.23 | 63853
a 41,462 | 2217430 7.43 | 58360
32 | miz 1452 45,822 | 1476285 4,64 | 17837
33 [ mf z 1452 50,106 | 2144896 7.18 | 14337
M | m/z 1614 61461 | 1493473 | 6.00 | 12323
35 B8.214 | 1680881 563| B149
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Appendix 4.2 STEVITEN RICH Batch 190129

DAE PYUNG CO., LTD.

hittp:/ [www.daepyung.co.kr daepyungadacpyung.co.kr

DAEFYUNG

Head Offfce : #10.5_ "I'Enngdr.mgag;ﬂ, Hamechang-eup, Sangiu-s;, Gyeongholk, Korea
Tek 82-54-541-9001 Pax: 82-54-541-0004

Bundang Office: 60<4Ho, Leaders B/D, #14, Hwangsaeul:ro 311becn-gll, Bundang-gu, Seongnam-si,
Oyeongel, Korea  Tel: B2-31-T0%-T755  Fax: 82-31-709-7756

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN RICH

Lot Number: 190129

Manufactured date: January 29, 2019
Expiry date: January 285, 2022
Storage: Dry /shade place and at room temperature

Analytical test Methods Specification Resilts
Appearance Visual White powder Passed
Odour Seneory test | Shight characteristic Passed
Teste Sensory test | Sweet Passed
. Freely soluble in water and
Solubility JECFA Vaol.4 Passed
ethanol
Total content of a-glucosyl
Steviol glycosies and unreacted
HPLC+UW B5.0 ~95.0 % 3.3
stevinl  ghooside{fdry  weight
hasis |
Content of a-glucosyl Stevial
v Nat less than 70.0% BE.4
glycosides|dry weight bagig)
Loss on drying JECFA Vol4 | Not more than 6.0% 40
pH JECFA Vald | 4.5-7.0 58
| Ash JECFA Wold4 | Not more than 1.0% 02
| Residual methanol USP 467 Not more than 200 mg/kg as
Residual ethanol USP 467 HNot more than 5000 mg/ kg Th
Lead JECFA Vold | Not more than 1 mgfkg Hat detected
| Arsenic JECFA Vol4 | Not more than 1 mg/kg Not detected
| Total plate count ADAC 977.27 | Less than 10%fu/g Nt letected
| Yeast and mold AOAC 997.02 | Less than 10%cfu/g Not detected
i E. cali AODAC Q8325 | Negative CFU [ 1g Negative
Salmonella AQAC 967.25 | Not more than 10 npm/g Not detected
Issued by QA Department on May 4, 2019

GRAS ASSOCIATES, LLC
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SAMPLE INFORMATION -
Sample Name: STEVITEN RICH Acquired By: System
Lot 180128 Sample Sat Name: GRAS
Vial ] Aoq, Method Set: G—AB—MS
Injection & 1 Processing Methor  Defaulit
Injection YVolume 2000 ul Channe! Name: 2487Channal 1
Run Time: BO.0 Minutes Proc. Chil. Deser:
Date Acquired: 2019402-25 PM 4:52:23 KST
Date Processed  2019-04-2% PM 408,33 KST
0.080- &
| " g
0080 5 3
1 i s &
0.o70 | E 8w 2
1 i o T =
0O8 g - P
~ = o B & -
0.080| f a8 | 25 o =2 -
2 =0l I % g & &
£.040-| = e | 2 % b o
! 2 e §.§ ¢ g %
0.E38- =5 M-S N e o
! 8593 £ 3 = 8
0.620 | S S : E - +
| = s
- BEAR
1 Wen
0,000 T T =
0.ca 10.00 20,00 30.00 40.00 50.00 60.00 To.00 80.00
Minubas
Peak Name RT Area | % Area | Haight Peak Name RT Area | % Area | Haight
1 3736 | 170023 061] 9962 14 20280 &3TTY 021 2287
2 4151 456182 1.63 | 24843 15 | Rebaudioside F | 21.322 | 190507 D68 | 6592
3 4.T47 | 400038 143 | 45143 16 | Rebaudioslde A | 23435 | 1507167 5,30 | 45408
4 4967| 61605 pZz2| aory 17 | miz 966 25,066 | 2365337 B.4T | TEOGE
5 G447 TE498 0.27 | 2000 18 27830 | 114906 D41 5314
B B.508| GHE584 021] 1940 18 | miz 1112 ZB.316| 332314 1.18) 8401
7 | Rubusoside 0514 | 110988 04D | 3246 20 20150 20881 0.07 951
B | Steviolbioside 12.075| 202870 0L73| 5457 21 29.037 Q5341 0,34 3024
5 | Dulcosde A 13.0v3| ZT0&E9 057 | 8rbed 22 31616 | 1046416 374 ) 35183
10 | Rebaudioside B | 15,250 BT964 031 2601 23| miz 1128 32130 | 11218848 4.02 | 33075
11 15,700 21580 ooa| 1182 29 34 0B | 1065848 3.82 | 38405
12 | Stevioside 17188 | 1772205 6.34 | 52878 25| mi z 1128 34 585 | 1997759 7.15 | 46953
13 | Rebaudioside C | 19.411 | 425288 1.54 | 10319 28 35038 | 274313 0.88 | ToBs5

GRAS ASSOCIATES, LLC
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Peak Name RT Area | % Area | Height
27 | miz 1274 36,378 | 313236 1.12| &683
28 37881 B4287| 023 2404
29 | miz 12890 38,911 | 2498358 B.54 | BE196
an 40232 B41138| 3.01| 22838
at | mdz 1200 40801 | 1613608 5.78 | 57185
a2 41,488 [ 18500856 6.78 | 54545
33 42867 99843| o038 araz
34 | miz 1452 46.024 | 1386019 4.96 | 16432
35| md z 1452 50.244 | 2000188 7,16 | 13248
38 | miz 1614 61609 | 1476108 528 11501
a7 68 408 | 1444050 E17| 7222

7/23/19
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Appendix 4.3 STEVITEN RICH Batch 190221

DAE PYUNG CO., LTD.

http:/ /www.dacpyung.co.kr dacpyungindacpyung.co.kr

N

DAEPYUNG

Head Office : ¥19-8, Yeongdong-gil. Hamchang-eup, Sangju-al, Gyeongbuk, Korea
Tel: 82-54-541-9001 Faax: 82-54-54 1 9004

Bundang OMece: 604Ho, Leaders BfD, #14, Hwangsaeulro 31lbeon-gil, Bundang-gu, Scongnam-si,
Gyeonggl, Korea  Tel: 82-31-709-7755  Fax: 82-31-709-T756

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN RICH
Lot Number: 190221
Manufactured date: February 21, 2012
Expiry date: February 20, 2022
Storage: Diry /shade place and at rocm temperature

Analytical test Methods Specification Results
Apprarance Visual White pewder Passed
Odeour Sensory test | Slight characteristic Passed
Teste Sensory test | Sweet Passed
= Freelv soluble in water and
Solubility JECFA Vaol.4 Passed
ethanal
Total content of a-giucosyl
Stevio] glyoosies and unreacted
; - HPLE+UY B5.0-95.0% 92.5
steviol  glyvcosideidry  weight
beasis )
| Content of a-glucosyl Steviol
v Not kess than 70.0% 86.9
| glycosidesidry weight basis)
! Loss on drying JECFA Vol4 | Not more than 6.0% 4.1
| pH JECFA Vol4 | 4.5-7.0 58
| Aah JECFA Vold Mot mere than 1.0% o2
; Residual methanaol USSP 467 Not more than 200 mg/ kg 31
| Residual ethanel USP 467 Mot more than S000 me/ ke 4
|
Lead JECFA Vold4 | Not more than 1 mg/kg Nat detected
| Arsenic JECFA Yol4 | Not more than 1 mg,/kg Mot detected
Total plate count ADAC 977.27 | Less than 10%fu/g Mot detected
: Yeast and meold ADAC 997.02 | Less than 10%clu/g Mot detected
| E. coli ADAC 983 25 | Negative CFL/ 1g Negatiee
| Salmonella ADAC 967.25 | Not more than 10 npm/g Mot devected

Issued by L}ﬁ Ijepra_rtmmt on i!.ln-j.r i-.%-,;ulw
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SAMPLE INFORMATION
Sample Name; STEVITEN RICH Acquired By: System
Lot; 180221 Sample Sel Mame: GRAS
Wial 10 Aco Method Sett  G—AB—MS
Inpaction #: 1 Processing Methoc  Default?
Injection Yalume: 20000 ul Channel Namea. 24BTChanmel 1
Run Time: 80.0 Minutes Proc. Chel, Descr.;
Date Acguired: 20159402-25 PM £:15:38 KST
Date Processed:.  2019-04-20 PM 41258 KST
ALy
a0 =
| " 2 32
1 =
908 £ o g !
| Z T om b
i ae 18
0.0 1 g:-“"-- T 2
2 i 3 5 8 o
= 3 gﬁl " + ﬂ' ™
| [ENTHE i E
0.04 | = 32 2 g :
! ; 2 = % =
p EES ¥ B .
o024 - 3 , ] % ﬁ E
528 <
w ol
0.00 e - o :
200 10.00 20,00 30.00 40.00 5000 &0.00 70.00 5000
Minutss
Peak Name RT Area | % Amea | Height Peak Mame RT Area | % Ama | Height
1 3738 157371 0.54 QE4E 14 | Rebaudiozide F | 21.275 | 188174 064 5218
2 4165 | 468416 1.60| 26023 15 | Rebaudiozide A | 23 380 | 1710888 583 | 55685
3 4740 | 434024 1.48 | 48818 16 | miz D66 25.941 | 2872718 8910 | B5444
4 6.317 | 10035 oon3 565 17 27777 | 127470 043 5739
5 8.489) 66830 0.23| 2200 18 [miz 1112 28,263 | 328487 112 | 10146
6 | Rubusoside 9494 | 124503 0.42| 3634 149 29,872 | 113870 033 4608
7 | Stevolbioside | 12.070 | 208834 o7 5782 20 31.852 | 1112082 379 38153
8 | Dulcoside A 13035 275198 094 Qa3 21 |miz 1128 32 081 | 1048513 357 3179
2 | Rebaudioside B | 16.208| 102118 0.36 2886 22 34,021 | 911322 310 372e0
10 15683 | 28522 00| 1424 23 |m/z 1128 34,513 | 1852407 665 | 48840
11 | Slevioside 17,145 | 1981484 B.78 | 59235 24 35850 | 129004 D44 | 8138
12 | Rebaudioside C [ 18,385 | 455528 1.55| 11250 25 [ miz 1274 3313 | 314405 1.07| e
13 20227 (38287 013| 2028 26 37756 | 935 032 396
Peak Name RT Area | % Area| Height
27 | miz 1290 3B.866 | 2761322 9.47 | 104510
8 40107 | BS03T3 2.90| 23649
29 | m! z 1290 A0.8%6 | 1484075 5.068| 53443
i} 41.428 | 1453730 4.95| 44770
3 42467 | 726 0.25| 2807
32 | mfz 1452 A5TTE | 17T3383| 604 20163
33 |mfz 1452 40,053 | 2425005 8,26| 15719
34 | miz 1614 61.202 | 1487705 5.10| 12848
35 67.926 (1954183 | 666( 0396

GRAS ASSOCIATES, LLC

Page 86 of 158



GRAS Notice — High Purity Glucosylated Steviol Glycosides

Daepyung Co., Ltd.

Appendix 4.4 STEVITEN RICH Batch 190321

DAEPYLUMNG

http:/ /www.dacpyung.co.kr

7/23/19

DAE PYUNG CO., LTD.

dacpyungiidacpyung.co.lr

Tel: 82-54-541-9001

Fax: B2-54-541-9004

Bundang OMee: 604Ho, Leaders BfD, #14, Hwangsaeul-ro 311beon-gll, Bundang-gu, Seongnam-si,
Gyeonggl, Koren  Tel: B2-31-709-7755  Fax; 82-31-T09-T756

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN RICH

Lot Number: 190321

Manufactured date: March 21, 2019

Expiry date: March 20, 2022

Storage: Dry /shade place and at room temperature

Analytical test Methods Specification Results
Appearance Visual White powder Passed
Odour Sengory test | Slight characteristic Passed
Teste Sensory test | Sweet Passed
Solubility e e Freely soluble in water and ek

| ethanol
Total content of a-glucosyl |
Stevio] glyeosies and unreacted
okiiol | glseideliy it HPLC+UV 850-95.0% L

| basis )

| Content of a-glucosyl Steviel .

L giecaiieaiaing wiight baala v Not bess than 70.0% BE6.5

: Loss on drying JECFA Vol4 | Mot more than 6.0% 4.0

| pH JECFA Vol4 | 4.5-7.0 55
Ash JECFA Val4 Not more than 1.0% 0.2

| Residual methanol USP 467 Not more than 200 mg/ kg 35

| Residual ethanol USP 467 Not more than 5000 mg/kg G2

| Lead JECFA Val4 | Not more than 1 mg/kg Nat detected
Arsenic JECFA Yald4 | Not more than | mg/kg Mot detected
Tatal plate count ADAC 97727 | Less than 10%fu/g Net detected
Yeast and mold ADAC 997.02 | Less than 10%cfu/g I Mot detected
E. coli ACACOB3.25 | Negative CFUJ 1g | Negative
Salmonella ADAC 967.25 | Not more than 10 npm /g Mot detected

[ssued by QA Department on May 14, 2019
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Empower2
- GRAS
- SAMPLE INFORMATION
Sample Mame: STEVITEN RICH Acquired By: System
Lot: 180321 Sample Sel Name: GRAS
Vial a4 Aco Method Set  G—AB—MS
Injection #: 1 Processing Methoo Defauiti
injection Volume, 20.00 ul Channel Name: 2487 Channal 1
Run Tirme: 80.0 Minutes Proc. Chnl. Deser.:
Date Acquirsd: 2019-04-26 PM 5:50:58 KST
Date Processed  2015-04-29 AM 11:57.41 KST
218
g
018 &
014 '::_, & ]
- E 1";_ § &
g1z o= i=! = ]
¢, = n : = 2 2
.10 To : :
: g pisadd &3 1T 5
bos 25878 | Eo g, |8 g R g
2Te B0 | TR FCE R % @ !
v.06 me’ BEdy N || o8 Mot =
258 B3] | o |13, E g 5
o243 Bs3 @ =2 [\ ~ E g
3 e - =1
| E -
- : E : E’ I W /ka
o = T ) = — —
oo 10,00 2000 30.00 4000 50.00 80,00 T0.00 BO.00
Minules
Pesk Name RT Area | % Araa | Height Peak Name RT Area |50 Area | Height
1 3381 | 128079 41| 11558 14 17,754 | 148507 046 | 4923
z 3785| &0218 025 4180 15 | Rebaudoside C | 16.850 | 285403 0o0| 10823
3 4449 93881 030 | 8047 18 19,840 490951 016 1798
4 4,451 31145 0.16 4081 17 | Rebaudinside F | 20.752 | 120768 038 4807
5 4,732 SOedq 018 354 18 22100 98248 003 BE9
g BSB2 | 13580 .04 G54 18 | Rebaudioside A | 22.660 | 2156102 605 83092
7 | Rubusoskde 9288 34433 an 1412 20 23,805 | 202033 DBd| 7218
B [Steviclbiogide | 10738 | 211845 087 | mNn 21 | miz D6 25418 | 1765205 550 | 58340
§ | Dubcoside A 12658 | 160048 081 | 8173 22 27226 | 105687 062| 77E0
10 13848 27150 a.02 1057 23| miz 1112 27772 | 208557 068 €700
11 | Rebaudioside B | 14.738 | 34986 .11 1481 24 2RERE | 25004 008 | 1088
12 15,862 | 4439424 142 | 15412 5 29.396 | 55502 018 | 2065
13 | Stevioside 16.701 | 1439885 456 | 51521 26 31.053 | 1597346 506 | 59719
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Peak Mama RT Area | % Area | Height
27 | miz 1128 31.608 | 1921888 508 53585
28 33.570 ) Ge9020 L1 946
29 |mfz 1128 34.071 | 1578637 500 39414
an 35,387 | 233369 0.74| EOG4
21 | mfz 1274 35,888 | 149776 047 5423
a2 3T3168| 74677 024 2881
33 | mfz 1280 36,683 | 4180551 | 13.2F [ 183722
4 39.785 | 984730 J.05| 28926
35 (m! z 1290 40603 | 1381272 43T | 43778
a5 41,227 | 1587099 5.08| 37ob4
a7 | mfz 1452 45284 | 31T4AT28| 1005 41323
38 [ mf z 1452 40,373 | 1755644 588 13230
38 | mfz 1614 60,406 | 2870600 840 26796
40 67.008 | 1256863 J.88| G508
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Appendix 4.5 STEVITEN RICH Batch 190325

7123119

GRAS ASSOCIATES, LLC

s,

DAERY UNG

DAE PYUNG CO., LTD.

http:/ [ www.daepyung.co.kr daepyungidacpyung. co.lr

Head Office : #19-B, Yeongdong-gil, Hamehang-eup, Sangju-ai, Oveongbulk, Korea
Tel: B2-54-541-9001 Fax: 82-54-541-9004

mﬂllll. OfMce: G604Ho, Lesders B/D, #14, Hwangsacul-ro 3]lb=r.r|:|-gi|.. Bundang-gu, Scomngnam-st,
Oyeonggs, Korea  Tel: 82-31-709-7735  Fax: 82-31-709-TT56

CERTIFICATE OF ANALYSIS
Product Name: STEVITEN RICH
Lot Number: 190325
Manufactured date: March 25, 2019
Expiry date: March 24, 2022
Storage: Dry/shade place and at room temperature

Analvtical test Methods Specification Results
Appearance Wisual White powder Passed
Odour Sensory test | Slight characteristic Passed
Teste _Ev:nsury ll:; S“f::l Passed
P— S A Freely soluble in water and o
ethanel

Totwal comtent of @-glucosyl

Stevinl glycosies and unreacted X O P ik
stevinl  glycoszidefdry  weight

basis |

Centent of a-glucosyl Stevial

glycosides(dry :eight}hasii] i POk stan e TNAEN i
Loss on drying JECFA Vol4 | Not more than 6.0% 3.9

pH JECFA Vold | 4.5~7.0 | 5.6
Ash JECFA Vold | Mot mor.e than 1.0% 1 02
Residual methanol L;EF 467 Not more than 200 mg/ kg 41
Fesidual ethanal USP 467 Kot more than 5000 mg/ ke G2
Lead I JECFA Vold | Not more than | mg/kg Not detectsd
Arsenic JECFA Vol Mot more than | mg/kg Not detected
x'i'l:rtal. plate count ADAC Q7727 | Less than 103cfujg N:t detected
.gﬂ_ﬂ:ﬂd mld N AQAC 997.02 | Lesa than 10%:fujg Hot detected
E. coli ADAC Q8325 | Negative CFU [ 1g MNegative
.Salmm;l:a AQAC 967.25 | Not more than ' 10 npm/g. Mot detected

Issued by QA Department on May 14, 2019
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GRAS

_ ~ SAMPLE INFORMATION
Sample Mame: STEVITEN RICH Aeguired By: Systam
Lot 190325 Sample Set Name:. GRAS
Vial 5 Apa Method Set: G—AB—MS
Inpaction #: 1 Progessing Methoo Default?
Injaction Volume 20,00 ul Channal Nama: 24BTChannal 1
Run Time: BO.D Minutes Proc. Chnl, Descr.:
Date Acquired: 20719-04-25 PM 11:271.03 KST
Date Processed:  2010-04-20 PM 12:01;13 KST
030! o
| o
0.18+ o
.18 <
| aF o
GRLS g E g %
s g, 2% %g IR @
A e 2o o )
" o o~ 3 | . =
ESRN 2 EEEE§§ £ 159 g - bt
mEEEes T N . i =
sSo g ol | E = § oo e
0.08- e, % & T - = = ‘B !
| a ' m E ‘& i - T b i e
000 <27ed & = E g o
| 3 \ : o ]
o.04 = ﬁ = E
) E

—

%3

0,62 \_/'
0.0 . .
a.on 10.00 20.00 30.00 4000 §a.00 8300 70.00 &d.0a
Minutes

Peak Name RT Area | % Area | Height Peak Name RT Area | % Area | Height
1 3.379| 133644 0.35| 11857 14 17.805 | 154304 040 | 5442
2 377a| Bo1ar Q21| 4286 15 | Rebaudioside C | 18.863 | 3089544 Q.81 12009
3 4138 62044 g.22 #6813 18 18,827 s2568 014 1872
4 4508 | 45080 2| 3349 17 | Rebaudioside F | 20,792 | 130889 034 53
5 4. 731 71251 Q18| 10704 18 | Rebaudioside A | 228508 | 2547603 668 | D340
B B.537| 11085 003 18 18 24 016 | 348180 091 | 10003
7 | Rubusoside 9.295 3877 010 1513 20 | miz BGE 25 423 | 2318190 B13| TiB489
B | Stewolbioside 10.810 | 232489 0.B1 o4z 21 28 281 | 2010 0.53 5702
& | Dulccaide & 12,668 | 180488 047 | 6987 22 27.228 | 341108 0Bg | 11361
10 13965 | 32062 008 1222 23| miz 1112 27775 | 386820 1.01] 10351
11 | Rebaudioside B | 14.745 1BBEB 010 1573 24 28632 | 1497ET 039 4852
12 15,831 | 498517 1.31| 16883 25 29.393 | 250600 066| @948
13 | Stevioside 16.704 | 1587273 416 | 5BO4T ] 30133 | 111345 029 | 5B&R
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Paeak Name RT Arsa | % Area | Haight
27 31.054 | 2199268 577 | Ti460
20| miz 1128 31,608 | 2503877 6.57 | TI6SG
25 33.562 | 887583 2.58 | 35350
30 |mfz 1128 34,070 | 1883592 | 4.84 | 44558
k| 35381 323411 0.85| B603
32 | miz 1274 35.802 | 212564 0.56| 6894
33 ar.an BIB12 023 2967
34 | miz 1290 38682 | 4666526 | 1224 | 202904
35 30707 | 1059739 2.78| 31723
36 | mf z 1280 40600 | 1558058 411 48417
ar 41237 (1757023 461 41874
38 | miz 1452 45283 | 3486809 g4 45101
20 [ mfz 1452 40.383 | 1942808 511 14668
40 | miz 1614 50444 | 3512583 .47 | 31008
41 67123 | 1480633 a.88| Taz28
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Appendix 5 Pesticide Testing Reports
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Appendix 6  STEVITEN FRESH Stability Report
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Appendix 7  STEVITEN RICH Stability Report
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Appendix 8 Estimated Daily Intake Levels of Steviol Glycosides

Preparations

Food Uses as Addressed by JECFA, EFSA, FSANZ & Others

JECFA reviewed various estimates of possible daily intake of steviol glycosides (WHO, 2006).
Merisant (2008) also listed intended use levels of rebaudioside A for various food applications in
their GRAS Notification. Cargill (2008) estimated the possible daily intake of rebaudioside A
assuming the use levels would be comparable to aspartame and (Renwick, 2008). BioVittoria
(2009) used an exposure estimate of “sucrose equivalents” and the sweetness intensity of Luo
Han Guo fruit extract.

A. Estimated Daily Intake

Using different approaches, JECFA (WHO, 2006), Merisant (2008), and Cargill (2008) estimated
daily intakes (EDIs) ranging from 1.3 — 4.7 mg per kg bw per day.

B. JECFA

JECFA (WHO, 2006) evaluated information on exposure to steviol glycosides as submitted
by Japan, China and the European Commission by the Scientific Committee on Food. They
used the Global Environment Monitoring System (GEMS)/Food database to prepare
international estimates of exposure to steviol glycosides (as steviol). JECFA assumed that
steviol glycosides would replace all dietary sugars at the lowest reported relative sweetness
ratio for steviol glycosides and sucrose, which is 200:1.

The intakes ranged from 1.3 mg per kg bw per day with the African diet to 3.5 mg per kg bw
per day with the European diet. Exposures to steviol glycosides assumed full replacement of
all dietary sugars in the diets for Japan and the US.

JECFA concluded that the replacement estimates were highly conservative. Furthermore,
the calculated dietary exposures were overestimates and would probably be 20 — 30% of
these values, or 1.0 - 1.5 mg per kg bw per day on a steviol basis or 3.0 — 4.5 mg per kg bw
per day for rebaudioside A, based on the molecular weight adjustment.

C. EFSA

On January 13, 2011, EFSA revised its dietary exposure assessment of steviol glycosides.
For high consumers, revised exposure estimates to steviol glycosides remain above the
established ADI of 4 mg per kg bw (steviol equivalent). For European children aged 1-14
years, revised intake estimates ranged from 1.7 to 16.3 mg per kg bw per day, and for
adults, the range was reported to be from 5.6 to 6.8 mg per kg bw per day (EFSA, 2011b).
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D. FSANZ

FSANZ (2008) estimated the steviol glycoside dietary intake for adult consumers in New
Zealand, assuming a full sugar replacement scenario. The estimated exposure to
Rebaudioside A ranged from 0.3 — 1.0 mg per kg bw per day for a consumer at the mean
and 0.5 — 1.5 mg per kg bw per day for a consumer in the 90th percentile. FSANZ
concluded that there were no safety concerns for either adults or children.

In 2009, Cargill applied to FSANZ to increase the maximum usage levels of steviol
glycosides in the high-volume food categories with increased usage levels by presenting
market share analyses that overestimate actual intake while remaining well below the
generally accepted ADI.

FSANZ (2010) accepted the increased usage levels as requested from Cargill since no
public health and safety issues were identified.

E. MERISANT

Merisant (2008) utilized food consumption survey data from the 2003-2004 National Health
and Nutrition Examination Survey (NHANES) to determine the estimated daily intake from
the proposed uses of rebaudioside A.

On a per user basis, the mean and 90" precentile daily consumption levels of rebaudioside
A were estimated as 2.0 and 4.7 mg per kg bw per day, respectively.

On a steviol equivalent basis, the Merisant estimates were calculated to be 0.7 and 1.6 mg
per kg bw per day, respectively.

On December 17, 2008, Merisant (2008) received a “no questions” letter from FDA for the
use of rebaudioside A using NHANES food consumption data.

F. CARGILL

Cargill (2008) estimated dietary intake figures for rebaudioside A by assuming that use
levels of rebaudioside A would be comparable to those of aspartame in the US via post-
market surveillance consumption data and published data for consumption of aspartame
and other high intensity sweeteners (Renwick, 2008).

On December 17, 2008, Cargill (2008) received a “no questions” letter from FDA for the use
of rebaudioside A using comparative aspartame data.

On May 13, 2011, FSANZ approved a Cargill application to increase the allowed maximum
permitted level (MPL) of steviol glycosides (expressed as steviol equivalents) in ice cream,
water based beverages, brewed soft drinks, formulated beverages and flavored soy
beverages up to 200 mg per kg and in plain soy beverages up to 100 mg per kg (FSANZ,
2011).
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G. BIOVITTORIA

e BioVittoria Ltd (2009) used an exposure estimate of “sucrose equivalents” and the
sweetness intensity of any particular sweetener based upon data published by Renwick
(2008).

e These data resulted in a maximum of 9.9 mg per kg bw per day for any population.

e BioVittoria (2010) received a “no questions” letter from FDA for the use of Luo Han Guo fruit
extract using Renwick’s “sucrose equivalents.”

H. Other Publications

e Roberts et al. (2016) suggested that a higher ADI is justified based on metabolic factors to
reduce the 100X safety factor. A chemical-specific adjustment factor (CSAF), as defined by
the WHO in 2005, is determined by comparative studies in rats and humans.

0 A CSAF that is less than the standard 100X safety factor will result in an increase in
the ADI, independent of the no observed adverse effect level (NOAEL).

0 The authors determined that using a CSAF can justify an ADI value of 6-16 mg per
kg bw per day for steviol glycosides, depending on whether area under the plasma-
concentration time curve (AUC) or Cmax data are used when considering the 1,000
mg per kg bw per day NOAEL (which is equivalent to 400 mg per kg bw per day of
steviol) for stevioside reported by Toyoda et al. (1997).
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Appendix 9 Studies on Steviol Glycosides Preparations

Part 1. Preparations that are Primarily Mixtures of Stevioside & Rebaudioside A

A. Absorption, Distribution, Metabolism & Excretion (ADME) Studies

1.

Animal Studies

Various animal studies that show stevioside is not readily absorbed from the Gl tract:

0 Rats —Wingard Jr. et al. (1980); Nakayama et al. (1986); Koyama et al. (2003b);

o Chickens — Geuns et al. (2003b);

0 Hamsters — Hutapea et al. (1999);

0 Pigs — Geuns et al. (2003a)
In vitro metabolism studies show stevia glycosides are transformed to steviol which is better
absorbed in rats and humans (Geuns, 2003; Koyama et al., 2003b; Gardana et al., 2003,
Wang et al., 2004).
Koyama et al. (2003b) showed steviol can be converted to various glucuronides.
Excretion of metabolites of stevioside after oral doses has been shown in urine and feces in
rats (Sung, 2002) and hamsters (Hutapea et al., 1999).
Oral doses in pigs led to the detection of metabolites in feces but not in urine (Geuns et al.,
2003a).
Koyama et al. (2003b) published an in vitro study where a-glucosylated steviol glycosides
were degraded by fecal microflora to steviol glycosides. These glycosides are subsequently
hydrolyzed to the aglycone, steviol, demonstrating that the metabolic fate of a-glucosylated
steviol glycosides follows that of non-modified steviol glycosides.
Due to the similarities in metabolic fate, the safety of a-glucosylated steviol glycosides can
be established based on studies conducted with non-modified steviol glycosides.
Since the individual steviol glycosides show similar pharmacokinetics in the rat and humans,
the results of toxicology studies on individual steviol glycosides are applicable to the safety
of steviol glycosides in general.

2. Human Studies

Geuns et al. (2006) measured blood, urine, and fecal metabolites in 10 healthy subjects
who received 3 doses of 250 mg of purified stevioside (>97%) three times a day for 3 days:
o Free steviol was detected in feces but not in blood or urine. Steviol glucuronide was
detected in blood, urine, and feces. Approximately 76% of the total steviol
equivalents dosed were recovered in urine and feces.
o0 The authors concluded that there was complete conversion of stevioside in the colon
to steviol, which was absorbed and rapidly converted to the glucuronide.
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e Renwick and Tarka (2008) reviewed studies on microbial hydrolysis of steviol glycosides
and concluded that stevioside and rebaudioside A are not absorbed directly but are
converted to steviol by gut microbiota in rats and in humans. This hydrolysis occurs more
slowly for rebaudioside A than for stevioside.

B. Acute Toxicity Studies

A summary of the acute toxicity of stevioside (96% pure) is presented in Table 9.1.

Table 9.1. Acute Toxicity of Stevioside (Purity 96%) Given Orally to Rodents

SPECIES SEX LDso (G/KG BW) REFERENCE
Mouse Male and Female >15 Toskulkac et al. (1997)
Mouse Male >2 Medon et al. (1982)
Rat Male and Female >15 Toskulkac et al. (1997)
Hamster Male and Female >15 Toskulkac et al. (1997)

No lethality was noted within 14 days after the administration, and no clinical signs of toxicity, or
morphological or histopathological changes were found, indicating that stevioside is essentially
nontoxic in acute oral exposures.

C. Subchronic Toxicity Studies

e Aze et al. (1990) added stevioside at 0, 0.31, 0.62, 1.25, 2.5, 5% to the diets of F344 rats for
13 weeks and reported no adverse effects. The apparent NOAEL was >5% dietary
stevioside.

e Mitsuhashi (1976) added up to 7% stevioside to the diets of F344 rats for 3 months and
report no adverse effects.

e Akashi and Yokoyama (1975) dosed rats with up to 2,500 mg per kg bw per day for 3
months and reported no adverse effects.

e The Awney et al. (2011) study revealed toxicity in rats dosed at 15 and 1,500 mg per kg,
which resulted in a NOAEL of 15 mg per kg per day. This study is considered to be an
outlier in critical reviews by Carakostas (2012) and Waddell (2011) for the following reasons:

o Insufficient number of animals;

Animals were group housed leaving unreliable drinking water quantification;

No evidence of fasting before blood collection;

No urinalyses;

No histopathological confirmation of effects;

No organ weight data;

No laboratory historical control comparisons;

Use of tartrate-resistant alkaline phosphatase (TRAP) enzyme, which has not been

properly vetted for application on toxicological studies;

O OO0 0O 0 oo
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In summary, the data presented by Awney et al. (2011) are probably not representative of changes
due to the subchronic dietary administration of steviol glycosides because of overall inadequate
study design and reliance on the findings of the untested enzyme TRAP.

D. Chronic Toxicity Studies

Toyoda et al. (1997) added stevioside (96.5%) to the diets of F344 rats at 0, 2.5, and 5% for
104 weeks. The authors reported dose-dependent body weight gains decreased in both
sexes. Kidney weights were significantly lower in 5% males; ovary, kidney and brain weights
were significantly increased in 5% females and there were decreased survival rates in
males receiving 5%. However, stevioside was not carcinogenic at any level. The apparent
NOAEL was the dietary level of 2.5%.

Xili et al. (1992) added stevioside (86%) to the diets of F344 rats at 0, 0.2, 0.6, and 1.2% for
3 months and report no adverse effects. The calculated NOAEL was 794 mg per kg bw per
day (high dose — 1.2%).

Yamada et al. (1985) added stevioside to the diets of F344 rats at 0.1, 0.3, and 1.0% with
95.2% steviol (75% stevioside/16% rebaudioside) for 22 months in males and 24 months in
females. Differences were noted in some parameters; however, the authors concluded that
after 2 years of exposure, there were no significant changes that could be attributed to the
administration of stevioside and reported no adverse effects. The calculated NOAEL was
550 mg per kg bw per day.

No treatment-related increase in tumor incidence was seen in any of these studies.

E. Reproductive & Developmental Toxicity Studies

No effects on pregnancy or developmental parameters were observed in Swiss albino mice
administered stevioside or aqueous stevia extract at doses of 500 and 800 mg per kg bw
per day for 15 days to female mice (Kumar and Oommen, 2008).

No effect on fertility or reproductive parameters was seen in a three-generation study in
hamsters at doses of 90% stevioside at 0, 500, 1,000, and 2,500 mg per kg bw per day
(Yodyingyuad and Bunyawong, 1991). The NOAEL was determined to be 2,500 mg per kg
bw per day.

No effects were observed in rats at doses of 96% stevioside dosed at 0, 0.15, 0.75, or 3%
(equivalent to 2,000 mg per kg bw per day). The NOAEL was determined to be 2,000 mg
per kg bw per day (Mori et al., 1981).

No teratogenic effects were observed in an additional rat study that was reviewed by Geuns
(2003) in which pregnant female Wistar rats were administered stevioside (95.6%) at 0, 250,
500 or 1,000 mg per kg bw per day for 10 days (Usami et al., 1994). The NOAEL was
determined to be 1,000 mg per kg bw per day.

In rat studies, dried stevia leaves were administered at 0.67 g per mL in 2 mL doses twice
per day for 60 days (Oliveira-Filho et al., 1989). The only difference due to treatment was
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seminal vesicle weight, which fell to 60% compared with control. No treatment-related
adverse effects were noted.

In experimental studies in rats, crude stevia leaf extract (5%) was administered to female
rats at O or 5% for 12 days. The female rats were subsequently mated with untreated males
for the last 6 days, making a total of 18 days of exposure for the females (Planas and Kug,
1968). Fertility was reduced to 21% of the fertility of control rats and remained reduced
during the 50-60 day recovery period. The study report did not discuss histological
examinations, weights of organs, blood analysis, urine chemistry, and necropsy.

The use of S. rebaudiana as an oral contraceptive has been reported by indigenous
populations in Paraguay (Planas and Ku¢, 1968; Schvartaman et al., 1977).

A developmental study of 90% steviol in hamsters at 0, 250, 500, 750, or 1,000 mg per kg
bw per day on days 6-10 of gestation resulted in a significant decrease in body weight gain
and increased mortality (1/20, 7/20, and 5/12) at the three highest doses. No dose-
dependent teratogenic effects were observed. The no observed effect level (NOEL) was
250 mg per kg bw per day for both maternal and developmental toxicity (Wasuntarawat et
al., 1998).

F. Mutagenicity & Genotoxicity Studies

The following key mutagenicity studies have been conducted on stevia extracts and stevioside and
are negative for mutagenic responses:

Bacterial mutagenicity studies negative for mutagenic response:
0 Matsui et al. (1996)
Suttajit et al. (1993)
Klongpanichpak et al. (1997)
Matsui et al. (1996)
Pezzuto et al. (1985)
0 Medon et al. (1982)
Mouse lymphoma (L5178Y/TK+/) study negative for mutagenic response:
o0 Oh etal. (1999)
Chromosome aberration studies negative for mutagenic response:
o0 Human lymphocytes — Suttajit et al. (1993)
o Chinese hamster lung fibroblasts — Nakajima (2000a); Ishidate et al. (1984)
DNA damage (Comet assay) negative for mutagenic response:
o Sekihashi et al. (2002)
0 Sasaki et al. (2002)
Mouse bone marrow/liver micronucleus studies negative for mutagenic response:
0 Ohetal. (1999)

O O O O
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One study was found to be positive and was conducted by Nunes et al. (2007a). The Nunes study
revealed toxicity and was conducted on rat liver, brain, and spleen on rats dosed 4 mg per mL
steviol glycosides in drinking water (estimated 80 to 500 mg per kg bw per day) for 45 days, which
resulted in positive findings in all tissues — notably the liver. This study is considered to be an
outlier in critical reviews conducted by Geuns (2007), Williams (2007), and Brusick (2008). These
critiques were responded to by the authors (Nunes et al., 2007b; Nunes et al., 2007c). However,
the consensus appears to be that Nunes et al. (2007a) used flawed methodology and improperly
interpreted data as a positive response.

¢ In two separate reviews by Carakostas et al. (2008) and Brusick (2008), the recent research
on rebaudioside A was summarized and combined with the body of knowledge on
stevioside. These authors noted the following:
o Steviol glycosides, rebaudioside A, and stevioside are not genotoxic in vitro.
o Steviol glycosides, rebaudioside A, and stevioside have not been shown to be
genotoxic in vivo in well-conducted assays.
0 The Nunes et al. (2007a) study was improperly interpreted as positive.
o Stevioside is not a carcinogen or cancer promoter in well-conducted rodent chronic
bioassays.
e Urban et al. (2013) examined the genotoxicity database on steviol glycosides concluding
that the current database of in vitro and in vivo studies for steviol glycosides is robust and
does not indicate that either stevioside or rebaudioside A is genotoxic.

G. Clinical Studies & Other Reports in Humans

In several studies, pharmacological and biochemical effects of crude extracts of stevia leaves and
purified steviol glycosides have been investigated. The effects noted included glucose uptake,
insulin secretion, and blood pressure. In South America, stevioside is used as a treatment for type
2 diabetes. These effects were key concerns for JECFA. In 2006, JECFA summarized the
available clinical studies of stevioside and further studies were recommended (WHO, 2006).
Subsequently, several additional studies were conducted, and in 2009, JECFA again reviewed
these new studies (WHO, 2009). JECFA’s summaries of the key studies are included in Table 9.2.

Table 9.2: Human Studies with Stevioside Preparations

NOTED EFFECTS

AUTHOR/ SUBSTANCE TOTAL DAILY POPULATION STUDY DESIGN SAFETY
YEAR TESTED DosE CHARACTERISTICS | AND DURATION PARAMETER
RESULTS

The extract of Stevia
16 healthy patients — : rebaudiana increased
tolerance in healthy
extract/ 6 healthy adults glucose tolerance. The
patients — arabinose extract decreased
plasma glucose levels

3-day glucose
Agueous extracts V9

Curi et al. (1986) S. rebaudiana
leaves

5gat6 hintervals
for 3 days = 20 g/day
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NOTED EFFECTS
AUTHOR/ SUBSTANCE TOTAL DAILY POPULATION STUDY DESIGN SAFETY
YEAR TESTED DoOSE CHARACTERISTICS | AND DURATION PARAMETER
RESULTS
during the test and after
overnight fasting in all
volunteers.
3 months: mean systolic
and diastolic BP
decreased and continued
60 hypertensive Multicenter through the 12 months.
. , Chi d domized, Minor side effect:
Chan et al. Stevioside (purity | 750 mg (11 mg per nese men an fan om|z.e nor st e.e ects
(2000) not stated) kg bwiday) woman aged 28-75) + double-blind, occurred with 2 test
g Y 46 patients were given placebo-controlled group and 1 placebo
placebo. for 12 months group patient
withdrawing.
Other side effects were
minor and resolved.
Mean systolic and
diastolic blood pressures
were decreased
85 hypertensive Multicenter commencing from about
. ) 1 week after the start of
. . . Chinese men and randomized,
Hsieh et al. Stevioside (purity | 1,500 mg (21 mg/kg . treatment. At 2 years test
woman aged 20-75) + double-blind, . .
(2003) not stated) bw/day) . . group patients had | in
89 patients were given placebo-controlled o
incidence of left
placebo. for 24 months .
ventricular hypertrophy. 3
patients withdrew. Other
side effects were minor
and resolved.
Analyses of serum
concentrations of
Steviol extract; Randomized, det:al;;cz:ge;elgle;-n ’
Anonymous (~73% 100 mg (3.3 mg/kg 48 hyperlipidemic double-blind, . y ‘
. glucose indicated no
(2004a) stevioside bw/day) volunteers (24/24) placebo-controlled
adverse effects. 3
~24% Reb A) for 3 months . :
patients withdrew. No
adverse side effects
were reported.
Steviol extract: Randomized, No adverse responses in
Anonymous (~73% 3.25,7.5and 5 12 patients per test double-blind, P .
o blood and urine
(2004b) stevioside mg/kg bw/day group placebo-controlled biochemical parameters
~24% Reb A) for 30 days P
118% glucose
ioside - ing! 1 _ _ _ ions: I
Gregersen et al. Stevioside Smg ¢ .dose g 12 patients with type 2 | Acute paired cross- concentrg IIOH.S Systolic
91% + 9% other stevioside or 1 g . and diastolic blood
(2004) . . diabetes total over study
stevia glycosides starch pressure unchanged. No
adverse effects
Temme et al. Stevioside 97% 750 mg/kg bw/day | 4 male 5 female healthy | Shortterm study —3 | Blood chemistry, blood
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NOTED EFFECTS
AUTHOR/ SUBSTANCE TOTAL DAILY POPULATION STUDY DESIGN SAFETY
YEAR TESTED DoOSE CHARACTERISTICS | AND DURATION PARAMETER
RESULTS
(2004) (288 mg/kg bw patients days pressure and urinalyses
steviol) were unremarkable
_ Blood chemistry,
- Type 1 ('n—8) .+ Type 2 Double-blind, glycated hemoglobin
Barriocanal et al Stevioside - (n=15) diabetics + non- lacebo-controlled | (HbAlc), blood pressure
" | 64.5% +18.9% 750 mg/kg bw/day diabetics (n=15) + pia ' P
(2006) . trial study for 3 and urinalyses were
Reb A matching controls -
months unremarkable. No
placebo
adverse effects
No changes in systolic
Randomized, BP, diastolic BP,
Barriocanal et al. Stevioside - Type 1, Type 2, double-blind, glucose, or glycated
(2008) >92% 250 mg/kg bwiday placebo controls placebo-controlled hemoglobin from
for 3 months baseline. No adverse
effects
3.75, (7 weeks), 7.5 No changes in systolic
Ferrietal. Stevioside (purity (11 weeks), 15 (6 Patients with mild Randomized 24 . g . y
. BP, diastolic BP. No
(2006) not stated) weeks) + placebo (24 hypertension week study
adverse effects
weeks mg/kg bw/day
49 Mild hyperlipidemic No effects of treatment
Sivaetal Equivalent to 1.04 patients: Stevioside Placebo-controlled on ALT, AST, or GGT
' Stevioside: 70% | mg steviollkg bw/day | group (n=24) placebo | double-blind trial for | were found. No relevant
(2006) _
+ placebo controls (n=25) 90 days adverse effects were
Age: 20-70 noted.
Randomized, No effects on the HbAlc
Jeppesenetal. | Stevioside (purity 1500 mg/kg bwiday 55 patients with Type 2 double blinded, fasting blood glucose
or maize starch . o
(2006) not stated) diabetes: placebo-controlled levels, lipids, or blood
placebo
study pressure

Part 2. Preparations That Are Primarily Rebaudioside A
A. Absorption, Distribution, Metabolism & Excretion (ADME) Studies
1. Animal Studies

Studies investigating the ADME of extracts from stevia are available on stevioside, rebaudioside A,
and other steviol glycosides. Data evaluating the absorption and fate of these extracts from various
animal species and humans indicate that one can extrapolate these results from rats to humans.

e Studies investigating the hydrolysis of steviol glycosides by intestinal microflora have
demonstrated that both stevioside and rebaudioside A are hydrolyzed to steviol following in
vitro incubation with various cecal microflora (Wingard Jr. et al., 1980; Hutapea et al., 1997;
Gardana et al., 2003; Geuns et al., 2003a).
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e In vitro hydrolysis of rebaudioside A to steviol was found to be slower than that of stevioside
(Koyama et al., 2003a).

o0 The major pathway for rebaudioside A is conversion to stevioside with a minor
pathway of conversion to rebaudioside B prior to being ultimately converted to steviol.
Stevioside is further converted to steviolbioside, steviolmonosides, and finally steviol,
with glucose being released with each subsequent hydrolysis.

e Roberts and Renwick (2008) identified free steviol (82 to 86%), steviol, glucuronide (10 to
12%), and two unidentified metabolites (5-6%) in rat plasma following treatment with either
stevioside or rebaudioside A eight hours post oral administration. Steviol Tmax for plasma
was noted within 30 minutes of oral administration as opposed to rebaudioside A, which has
a Tmax Of 2 to 8 hours.

o Following rebaudioside A treatment, significant amounts of unchanged rebaudioside
A (29% in males and 19% in females) and stevioside (3% in males and 4% in
females) were excreted in the feces.

o Urinary excretion accounted for less than 2% of the administered dose

o Steviol was the predominant component found in plasma samples after oral
administration of rebaudioside A, stevioside, and steviol in rats. The majority of all
samples were found to be excreted rapidly---primarily in the feces---within 48 hours.

0 The predominant compound detected in the bile was steviol glucuronide, while the
prominent material in the intestine was steviol.

o The authors concluded that the overall data on toxicokinetics and metabolism
indicate that rebaudioside A and stevioside are handled in an almost identical
manner in the rat after oral dosing.

e Wheeler et al. (2008) assessed the comparative pharmacokinetics of steviol and steviol
glucuronide following single oral doses of rebaudioside A and stevioside.

o Following administration of rebaudioside A or stevioside, steviol glucuronide
appeared in the plasma of all subjects, with median Tmax values of 12.0 and 8.00
hours post-dose, respectively.

o0 Administration of rebaudioside A resulted in a significantly (~22%) lower steviol
glucuronide geometric mean Cmax value (1,472 ng per mL) than administration of
stevioside (1,886 ng per mL). The geometric mean AUCo-tvalue for steviol
glucuronide after administration of rebaudioside A (30,788 ng*h per mL) was
approximately 10% lower than after administration of stevioside (34,090 ng*h per
mL).

o0 The authors concluded that rebaudioside A and stevioside underwent similar
metabolic and elimination pathways in humans, with steviol glucuronide excreted
primarily in the urine and steviol in the feces.

0 No safety concerns were noted as determined by reporting of adverse events,
laboratory assessments of safety, or vital signs.

e Sloter (2008a) examined the potential of rebaudioside A toxicity in rats up to 2,000 mg per
kg bw per day
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o Low levels of rebaudioside A were detected in peripheral blood of rats post
administration of 2,000 mg per kg bw per day.

0 Mean plasma concentrations of rebaudioside A of 0.6 pg per mL in plasma resulting
in an estimated absorbed dose of 0.02% based on amounts calculated from urine
collection.

0 Mean fecal rebaudioside A and measured hydrolysis products, expressed as Total
Rebaudioside A Equivalents, compared to daily administered dose results in an
estimated dose recovery of approximately 84%.

2. Subchronic Toxicity Studies

e Curry and Roberts (2008) added up to 100,000 ppm of rebaudioside A (97%) to the diets of
Wistar rats for 13 weeks and reported no treatment-related adverse effects. Hence, the
NOAEL was reported to be 9,938 mg per kg males and 11,728 mg per kg females — the
highest level of treatment.

¢ Rebaudioside A (99.25%) was added to the diets of CRL:CD(SD) rats for 90 days at target
doses of 500, 1,000, and 2,000 mg per kg bw per day with no treatment-related effects.
The NOAEL was determined to be >2,000 mg per kg (Eapen, 2007; Nikiforov and Eapen,
2008).

e Eapen (2008) added rebaudioside A (97.5%) to the diets of Beagle dogs for 6 months at
target doses of 500, 1,000, and 2,000 mg per kg bw per day and reported no adverse
effects. The NOAEL was determined to be >2,000 mg per kg bw per day.

e The oral administration of fermentative Reb A to Sprague-Dawley rats for 91 days did not
lead to any adverse effects at consumption levels up to 2,057 mg per kg bw per day for
males and 2,023 mg per kg bw per day for females, which were concluded to be the
NOAELs (Rumelhard et al., 2016).

3. Mutagenicity & Genotoxicity Studies

e Invitro and in vivo genotoxicity assays covering mutation, chromosome damage, and
deoxyribonucleic acid (DNA) strand breakage consistently and uniformly revealed negative
results for rebaudioside A.

e Evaluation of fermentation-derived rebaudioside A demonstrated a similar safety profile to
plant-derived rebaudioside A (Rumelhard et al., 2016).

The following key mutagenicity studies have been conducted on rebaudioside A and are negative
for mutagenic responses:

e Bacterial mutagenicity studies negative for mutagenic response:
o0 Wagner and Van Dyke (2006)
o Williams and Burdock (2009)
0 Rumelhard et al. (2016)
e Mouse lymphoma (L5178Y/TK+/) studies negative for mutagenic response:
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o Clarke (2006)

o Williams and Burdock (2009)

o Human lymphocyte study negative for mutagenic response: Rumelhard et al. (2016)
¢ Chromosome aberration studies negative for mutagenic response:

o0 Human lymphocytes — Williams and Burdock (2009)

0 Chinese hamster lung fibroblasts — Nakajima (2000a)
e Mouse micronucleus studies negative for mutagenic response:

o Krsmanovic and Huston (2006)

o Williams and Burdock (2009)

o0 Nakajima (2000b) (BDF1 mouse bone marrow)

0 Unscheduled DNA synthesis (UDS) study negative for mutagenic response - Williams

and Burdock (2009)

e Bacterial forward mutation study negative for mutagenic response — Pezzuto et al. (1985)

4. Reproductive & Developmental Studies

e Curry et al. (2008) conducted a 2-generation reproductive toxicity study on rebaudioside A
administered in the diet at 7,500, 12,500 and 25,000 ppm in Han Wistar rats. There were no
signs of toxicity or adverse effects on body weights, body weight gain, or food consumption.
Rebaudioside A did not affect reproductive performance parameters including mating
performance, fertility, gestation lengths, estrous cycles, or sperm motility, concentration, or
morphology in either the Fo or F1 generations. The NOAEL for reproductive effects was
25,000 ppm, and the NOAEL for the survival, development, and general condition of the
offspring also was considered to be 25,000 ppm, or 2,048 to 2,273 mg per kg bw per day
(the highest dose tested).

e An unpublished study on rebaudioside A was conducted on four groups of male and female
Crl:CD(SD) rats (30 per sex per group) that were fed either a basal diet or the diet
containing rebaudioside A (purity 95.7%) for at least 70 consecutive days prior to mating
(Sloter, 2008a). The test diet was offered to the offspring selected to become the F1
generation following weaning (beginning on postnatal day 21). The Fo and F1 males
continued to receive rebaudioside A throughout mating, gestation, and lactation until the day
of euthanasia. Both for parental systemic and reproductive toxicity, the NOAEL was 22,000
mg per kg bw per day (highest dose administered).

¢ In another unpublished study, the embryo/fetal developmental toxicity effects of
rebaudioside A when administered via gavage were studied in rats (Sloter, 2008b). The
NOAEL for maternal and embryo/fetal development was determined to be >2,000 mg per kg
bw per day.

5. Clinical Studies on Rebaudioside A

A summary of the clinical studies conducted on rebaudioside A is presented in Table 9.3.

GRAS ASSOCIATES, LLC Page 141 of 158



GRAS Notice — High Purity Glucosylated Steviol Glycosides
Daepyung Co., Ltd.

7123/19

Table 9.3. Human Studies with Rebaudioside A Preparations

NOTED EFFECTS
AUTHOR/ SUBSTANCE TOTAL DAILY POPULATION STUDY DESIGN
SAFETY PARAMETER
YEAR TESTED DosE CHARACTERISTICS | AND DURATION
RESULTS
The extract of Stevia
100 patients with Randomized. double- rebaudiana increased
. Reb A: normal and low-normal . glucose tolerance. The
. Rebaudioside A . blind, placebo-
Maki et al. (2008a) 1,000 mg systolic blood pressure : extract decreased plasma
(97%) o controlled trial for 4 ;
Placebo: 0 (SBP) and diastolic weeks glucose levels during the
blood pressure (DBP) test and after overnight
fasting in all volunteers.
No treatment related
changes in blood
Reb A: 1,000 mg Randomized, double- gr]e(jsi:stt?r,]gcl)i(:))i/ d\ga’i?;
. Rebaudioside A =60) Placebo: 0 | M d ith blind, placebo- .
Maki et al. (2008b) ehaudioside (n=60) Placebo en and women wi Ing, piacebo noted. Rebaudioside A
(97%) (n=62) Type 2 diabetes controlled trial for 16
was well-tolerated, and
Age: 33-75 weeks .
records of hypoglycemic
episodes showed no
excess versus placebo

6. Safety of Rebaudioside A

There have been a significant number of studies regarding the safety and toxicity of rebaudioside
A:

e GRAS notifications submitted to FDA:

0 GRN 252: Merisant (2008) conducted studies that augmented genotoxicity data in
three systems recognized by FDA as good predictors of carcinogenic potential. Two
of these assays were conducted in mouse systems.

0 GRN 253: Cargill (2008) conducted studies that provided significant insight into the
pharmacokinetics of rebaudioside A, while demonstrating clinical safety of
rebaudioside A regarding lack of effects on blood pressure and glucose metabolism
that could result from doses expected from use in food.

e JECFA concluded that all naturally occurring steviol glycosides are deemed to be safe as
long as there is a combined purity of 95% and determined the ADI of the steviol glycosides
applied to rebaudioside A because the pharmacokinetics are virtually the same (FAO,
2017).

o0 Carakostas et al. (2008) summarized the Cargill research program findings on
rebaudioside A:

o Steviol glycosides, rebaudioside A, and stevioside are not genotoxic in vitro.

o In well-conducted in vivo assays, steviol glycosides, rebaudioside A, and stevioside
have not been found to be genotoxic.
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A report indicating that stevioside produces DNA breakage in vivo appears to be
flawed (Nunes et al., 2007a) and was improperly interpreted as a positive response.
Steviol genotoxicity in mammalian cells is limited to in vitro tests that may be affected
by excessive concentrations of the compound.

The primary evidence for steviol genotoxicity is derived from very specific bacterial
tests or purified plasmid DNA that lack DNA repair capabilities.

Stevioside is not a carcinogen or cancer promoter in well-conducted rodent chronic
bioassays.

While studies with rebaudioside A indicated slight gastrointestinal (Gl) absorption of
the glycoside per se, the predominant metabolic pathway is comparable to that of
stevioside. The use of the ADI established by JECFA, which was determined on
studies employing stevioside as the main component, can be used as the ADI for
rebaudioside A.

The dietary levels expected from consumption of rebaudioside A as a total
replacement of sugar (Renwick, 2008) are less than the ADI and, therefore, there is
no safety concern for consumers.

e JECFA has evaluated the use of steviol glycosides in foods and agrees that, at the present
time, the ADI for steviol glycosides of adequate purity, as defined by JECFA specifications,
has been properly determined to be 4 mg per kg bw per person as steviol equivalents,
which corresponds to 12 mg per kg bw per day for rebaudioside A, on a dry weight basis.
Therefore, the JECFA-derived ADI was adopted as a safe exposure for rebaudioside A and
the corresponding food uses meeting the specifications within the limits determined by this
esteemed international body of food safety experts can be considered to be GRAS.

¢ Williams and Burdock (2009) reviewed 3 in vitro and 2 in vivo genotoxicity and mutagenicity
studies on rebaudioside A conducted according to Organisation for Economic Co-operation
and Development (OECD) guidelines and found the studies revealed that rebaudioside A is:

O O O O

o O

non-mutagenic in an Ames test using Salmonella typhimurium and Escherichia coli
non-mutagenic in a chromosomal aberration test using Chinese hamster V79 cells
non-mutagenic in a mouse lymphoma assay using L5178Y+/- cells

non-mutagenic a bone marrow micronucleus test in mice at doses up 750 mg per kg
bw

non-mutagenic in an unscheduled DNA synthesis test in rats at 2,000 mg per kg bw.
The authors note that these studies provide additional evidence that rebaudioside A
is not genotoxic at the doses tested and further support the GRAS determination of
rebaudioside A.

Part 3. Studies on Principal Metabolite: Steviol

A. Acute Toxicity Studies

e Toskulkac et al. (1997) administered single doses of steviol (90%) to various animals as
follows:
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o Rat, oral LDso >15 g per kg
o0 Hamster, oral LDso 5.2 g per kg bw in males and 6.1 g per kg bw in females

o

Histopathological examination of the kidneys revealed severe degeneration of the
proximal tubular cells, and these structural alterations were correlated with increased
serum blood urea nitrogen and creatinine. The authors concluded that the cause of
death was acute renal failure.

B. Developmental Toxicity Studies

e Wasuntarawat et al. (1998) dosed groups of pregnant golden hamsters steviol (90%) at O
mg (n not reported), 250 mg (n=20), 500 mg (n=20), or 1,000 mg (n=12) per kg bw per day
by gavage in corn oil on days 6 -10 of gestation.

(0]

0}
o
(0}

A significant decrease in body weight gain and increased mortality (1/20, 7/20, and
5/12) were observed at the three highest doses.

The number of live fetuses per litter and mean fetal weight decreased in parallel.
No dose-dependent teratogenic effects were seen.

The NOEL for both maternal and developmental toxicity was 250 mg per kg bw per
day.

C. Mutagenicity & Genotoxicity Studies

The following key mutagenicity studies have been conducted on steviol and are negative for
mutagenic responses:

e Bacterial mutagenicity studies negative for mutagenic response:

0}
o
o

Klongpanichpak et al. (1997)
Procinska et al. (1991)
Compadre et al. (1988)

e Chromosome aberration studies negative for mutagenic response:

0}

Chinese hamster lung fibroblasts — Matsui et al. (1996)

¢ DNA damage (Comet assay)

0}

Sekihashi et al. (2002)

e Mouse bone marrow/liver micronucleus studies negative for mutagenic response:

0}

Oh et al. (1999)

e Micronucleus studies negative for mutagenic response:

(0]

(0}
(0}
0}

Temcharoen et al. (2000) (rat)
Temcharoen et al. (2000) (mouse)
Matsui et al. (1996) (mouse)
Temcharoen et al. (2000) (hamster)

The following key mutagenicity studies have been conducted on steviol and are positive or
equivocal for mutagenic responses:
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e Bacterial mutagenicity studies positive for mutagenic response:

0 Matsui et al. (1996) — Steviol was equivocal for mutagenicity. Steviol was weakly
positive in Umu chromotest, either with or without metabolic activation. Steviol was
negative in the reverse mutation and other bacterial assays even in presence of S9
activation

0 Terai et al. (2002) — Steviol was found to be mutagenic in Aroclor-induced rat liver S9
fraction.

0 Temcharoen et al. (2000) — Mutagenic effects of steviol and/or metabolites found in
S. typhimurium TM677 by tranversions, transitions, duplications, and deletions at the
guanine phosphoribosyltransferase (gpt) gene.

0 Pezzuto et al. (1985) — Mutagenicity was dependent on pretreatment of rats with
Aroclor and NADPH addition, as unmetabolized steviol was inactive. None of the
other metabolites tested was mutagenic.

o Compadre et al. (1988) — Mass spectral analysis of steviol and analogues under
conditions known to produce a mutagenic response. 15-oxo-steviol, a product of the
metabolite, 15-alpha-hydroxysteviol was found to be a direct-acting mutagen.

e Chinese hamster lung fibroblast study positive for mutagenic response:

0 Matsui et al. (1996) — Gene mutations found in Chinese hamster lung fibroblasts after
metabolic activation of steviol. In hamsters, several metabolites of stevioside found
that have not been found in rats or humans. Therefore, experimental relevance
should be questioned when hamsters are used.

Each of the positive mutagenicity studies noted above had special circumstances or slightly
different procedures. The positive mutagenicity studies were collectively not believed to present
sufficient toxicological concern as determined by JECFA (WHO, 2006).

D. Endocrine Disruption Studies

¢ Shannon et al. (2016) investigated the endocrine disrupting potential of stevioside,
rebaudioside A, and steviol in a series of in vitro bioassays and found that steviol:
0 antagonizes progesterone nuclear receptor transcriptional activity
0 increases progesterone production
0 induces an agonistic response on the progesterone receptor of sperm cells (Catsper)

The authors conclude that steviol might not qualify as a safer alternative to sugar or synthetic
sweeteners. However, one must consider the fact that it is difficult to translate in vitro
concentrations to local concentrations in vivo at the receptor level and no adverse effects have
been noted in any reproductive studies.
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Appendix 10 Summary of the Regulatory History of Steviol Glycosides

A. History of Traditional Medicinal and Human Food Use

e Stevia use as a sweetener and in traditional medicine by the Guarani tribes can be traced
back for centuries (Esen, 2016; Gerwig et al., 2016; Brusick, 2008; Brandle et al., 1998).

e Commonly used to treat Type 2 diabetes in South America (Hawke, 2003). Doses in the
range of 1 gram per person per day or more were reported to be necessary for therapeutic
effects (Gregersen et al., 2004).

e Japan and Brazil approved stevia as a food additive in the 1980s (Raintree, 2012). Lester
(1999) reported that 40% of the artificial sweetener market in Japan was stevia based.

e Use of steviol glycosides as a dietary supplement is presently permitted in the US, Canada,
Australia, and New Zealand, and as a natural health product in Canada.

e In 2005, it was estimated that sales of stevia in the US reached $45 million (Newsday,
2006).

e In 2010, Zenith International estimated stevia sales of 3,500 metric tons, which represents a
27% increase over 2009 figures. The market value is estimated to have increased to $285
million (Zenith, 2011).

e In 2013, worldwide sales of stevia was reported at 4,100 tons — representing a 6.5%
increase over 2011 figures with an overall market value of $304 million (Zenith, 2013).

e In October 2014, it was reported that worldwide stevia sales increased 14% to 4,670 tons,
with a market value of $336 million. It has been projected that the total market for stevia in
2017 would be 7,150 tons with an associated market value of $578 million (Zenith, 2014).

¢ NewHope360 reported that the global market for stevia in 2014 was $347 million, and that is
expected to increase to $565.2 million by 2020. In addition, consumption is expected to
increase from 2014 levels of 5,100.6 tons to 8,506.9 tons by 2020 (NewHope360, 2015).

¢ Nutritional Outlook reported that Mintel data indicated a 48% increase in stevia-containing
products over the last five years (Decker and Prince, 2018).

B. Summary of Regulatory History of Enzyme Modified Steviol Glycosides
1. U.S. Regulatory History

To date, FDA has issued 57 “no questions” letters on GRAS Notices on rebaudioside A,
rebaudioside D, rebaudioside M, or steviol glycosides, including those undergoing enzyme
treatment (FDA, 2019).

In addition, the Flavor and Extract Manufacturers Association (FEMA) has included several steviol
glycosides preparations that are used to formulate flavors on their GRAS lists as shown in Table
10.1.
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Table 10.1. FEMA GRAS Status for Steviol Glycoside Preparations

STEVIOL GLYCOSIDES PREPARATION FEMA NUMBER REFERENCE
Rebaudioside A 4601 Smith et al. (2009)
Rebaudioside C; dulcoside B 4720 Leffingwell (2011)
Glucosyl steviol glycosides; Leffingwell and Leffingwell (2014); Marnett
. . . 4728
enzymatically modified stevia extract etal. (2013)
Stevioside 4763 Leffingwell and Leffingwell (2014); Marnett
et al. (2013)
Steviol glycoside extract, Stevia
rebaudiana, Rebaudioside A 60% 4rrl Marnett et al. (2013)
Steviol glycoside extract, Stevia 4772 Marnett et al. (2013)
rebaudiana, Rebaudioside A 80% '
Steviol glycoside extract, Stevia _
rebaudiana, Rebaudioside C 30% 4796 Cohen et al. (2015a); Cohen et al. (2015b)
Steviol glycoside extract, Stevia _
rebaudiana, Rebaudioside A 22% 4805 Cohen et al. (2015a); Cohen et al. (2015b)
Steviol glycoside extract, Stevia _
ebaudiana Rebaudioside C 22% 4806 Cohen et al. (2015a); Cohen et al. (2015b)
Glucosylated stevia extract Steviol
glycosides 80% 4845 Cohen et al. (2017)
Enzyme modified stevia,
stevioside 20% 4876 Cohen et al. (2017)

2. Canadian Regulatory History

e On September 18, 2009, the Natural Health Products Directorate, Health Canada (Health
Canada, 2009) adopted and revised the maximum limit for steviol glycosides in Natural
Health products (NHPSs) to be in accordance with the full ADI of 4 mg steviol per kg bw
established by JECFA (WHO, 2008).

0 As a Medicinal Ingredient: The maximum daily limit without cautionary labelling and
additional safety evidence was set at 4 mg per kg bw per day expressed as steviol
content. This limit is equivalent to 10 mg per kg bw per day (i.e. ~ 710 mg per day for
an adult) for stevioside or mixed steviol glycosides, 12 mg per kg bw per day (i.e. ~
850 mg per day for an adult) for rebaudioside A, or 50 mg per kg bw per day (i.e. ~
3,550 mg per day for an adult) of stevia leaf.

0 As a Non-Medicinal Ingredient: As a sweetener or flavor enhancer, the quantity used
should be according to conditions of CGMP and should not exceed the amount
required to accomplish the purpose for which that non-medicinal ingredient is
permitted to be added. As a non-medicinal ingredient, it should not exceed 4 mg per
kg bw per day expressed as steviol content.
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e On November 30, 2012, Health Canada published its final clearance for use of steviol
glycosides as a sweetener in foods (Health Canada, 2012).

e In March 2014, Health Canada updated the List of Permitted Sweeteners (Lists of Permitted
Food Additives) to include steviol glycosides in applications as a table-top sweetener and as
an ingredient in a variety of foods, beverages, baked goods, meal replacement bars,
condiments, and confectionary and gums (Health Canada, 2014).

e OnJanuary 15, 2016, Health Canada approved the use of rebaudioside M for use as a
high-intensity sweetener under the same conditions as the previously approved steviol
glycosides (Health Canada, 2016).

e Health Canada (2017a) also modified the List of Permitted Sweeteners to include “all the
steviol glycosides in the Stevia rebaudiana Bertoni plant (stevia plant).”

e On August 30, 2017, Health Canada’s Food Directorate updated its List of Permitted
Sweeteners to allow for the use of steviol glycosides as a sweetener in ‘unstandardized
snack bars,’ including granola bars, cereal bars, fiber bars, and protein isolate-based bars
(Health Canada, 2017b).

e On August 27, 2018, Health Canada’s Food Directorate updated its List of Permitted
Sweeteners to provide stakeholders with further information on the Lists of Permitted Food
Additives as well as guidance on how to interpret and use these lists (Health Canada,
2018).

e On April 3, 2019, Health Canada’s Food Directorate modified the List of Permitted
Sweeteners to allow for the use of steviol glycosides from Stevia rebaudiana Bertoni in
canned fruit products (Health Canada, 2019b).

e Most recently, on May 14, 2019, Health Canada’s Food Directorate modified the List of
Permitted Sweeteners to allow for the use of steviol glycosides derived from
Saccharomyces cerevisiae strains CD15380 and CD15407 at the same maximum levels of
use as steviol glycosides derived from Stevia rebaudiana Bertoni (Health Canada, 2019a).

3. European Regulatory History

e The Joint Expert Committee on Food Additives (JECFA) reviewed steviol glycosides at its 51st,
63rd, 68th and 73rd meetings and published its original review in 2000 (WHO, 2000).

e In 2006, JECFA established a temporary ADI (acceptable daily intake) of O - 2 mg per kg (on a
steviol basis) at its 63" meeting (WHO, 2006).

¢ In 2007, JECFA finalized food grade specifications (FAO, 2007b), although they were
subsequently updated in 2008 (FAO, 2008) and 2010 (FAO, 2010).

e In 2009, at the 69" meeting, the temporary status of the ADI was removed, and the ADI was
raised to 0 - 4 mg per kg bw per day (on a steviol basis) as a result of the JECFA review of
more recently completed clinical studies with steviol glycosides (WHO, 2008). In 2009, JECFA
published a final monograph addendum on steviol glycosides (WHO, 2009).

e In 2009, several countries and the Calorie Control Council submitted a request to the Codex
Committee on Food Additives to modify the JECFA specifications for steviol glycosides to

include rebaudioside D and rebaudioside F as specifically named acceptable glycosides that
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would be considered as part of the minimum 95% steviol glycosides composition (CCFA, 2009).
The proposal was discussed at the June, 2010 JECFA Meeting (FAO/WHO, 2009), and JECFA
subsequently took final action in approving the modified steviol glycosides specifications to
include rebaudioside D and rebaudioside F (FAO, 2010).

e In 2008, Switzerland’s Federal Office for Public Health approved the use of stevia as a
sweetener citing the favorable actions of JECFA (Switzerland Federal Office of Public Health,
2008).

e In 2009, France published its approval for the food uses of rebaudioside A with a purity of 97%
(AFSSA, 2009a; AFSSA, 2009Db).

e In June 2008, the European Commission requested for EFSA to deliver a scientific opinion on
the safety of steviol glycosides as a sweetener for use in the food categories specified in the
dossiers from three petitioners.

0 EFSA reexamined the safety of steviol glycosides (EFSA, 2010), the EFSA Panel
established an ADI for steviol glycosides, expressed as steviol equivalents, of 4 mg per
bw per day, which is similar to JECFA'’s determination.

o0 On May 25, 2011, EFSA published the daily dietary intake for use of rebaudioside A as a
flavoring substance in a variety of foods would be less than the ADI for steviol glycosides
(EFSA, 2011a).

0 In 2014, EFSA evaluated extending the use of steviol glycosides as ingredients in food
categories to include coffee, tea, and herbal and fruit infusions (assessed at 10 mg per L
steviol glycosides) (EFSA, 2014).

0 In 2015, EFSA revised exposure estimates based on the EFSA Comprehensive
European Food Consumption Database and the proposed extension of use for tea
beverages and instant coffee and cappuccino products up to 29 mg per L of steviol
equivalents, rather than 10 mg per L, as assessed in the previous 2014 EFSA opinion.
EFSA noted that the mean exposure estimates remain below the ADI of 4 mg per kg bw
per day for all population groups, with the exception of toddlers (in one country) at the
upper range of the high-level exposure estimates (95th percentile: 4.3 mg per kg bw per
day), which remains above the ADI. EFSA concluded that dietary exposure to steviol
glycosides (E 960) is similar to the exposure estimated in 2014 and therefore does not
change the outcome of the safety assessment (EFSA, 2015).

e On December 2, 2011 the EU approved steviol glycosides use as food additives (EU, 2011)
based upon agreement between the JECFA and EFSA that steviol glycosides are safe for all
populations to consume and are a suitable sweetening option for diabetics.

e On November 3, 2016 the EU food additives regulation 231/2012 was amended to remove the
previous requirement for stevia blends to contain at least 75% Reb A or stevioside.

e On October 13, 2016 the EU updated regulation EU 2016/1814 to permit the following steviol
glycosides in stevia blends: stevioside, rebaudiosides A, B, C, D, E, F and M, steviolbioside,
rubusoside, and dulcoside (Searby, 2016).

e On January 31, 2018, the EFSA Panel of Food Additives and Nutrient Sources reviewed an
application for glucosylated steviol glycoside preparations for use as a new food additive. The
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Panel concluded that the data supplied by the applicant were “insufficient to assess the safety”
of the preparation. No safety concerns were raised by the EFSA Panel; however, their decision
was based on the “limited” data provided in the dossier submitted by the applicant (EFSA,
2018).

4. Asian Regulatory History

In May 2010, Hong Kong amended its food regulations to allow the use of steviol glycosides
as a permitted sweetener in foods based upon the detailed safety evaluation and favorable
findings as reported by JECFA (Hong Kong Centre for Food Safety, 2010).

In July 2011, the Codex Alimentarius Commission adopted proposed maximum use levels
for steviol glycosides in all major food and beverage categories which resulted in steviol
glycoside approvals in Vietnam, the Philippines, Malaysia, Singapore and Thailand
(Whitehead, 2013).

The International Alliance of Dietary/Food Supplement Associations (IADSA) reported that
the Codex Alimentarius Commission agreed to adopt the use of steviol glycosides for
addition to chewable food supplements (NewHope360, 2011).

On September 20, 2012 the Food Safety and Standards Authority of India (FSSAI)
approved the use of steviol glycosides as a non-nutritive sweetener in a variety of foods
using specifications and purity established by JECFA (FSSAI, 2012).

Since December 10, 2012, over thirty registrations have been granted by FDA Philippines to
stand-alone steviol glycosides sweeteners or foods containing steviol glycosides as
ingredients (Philippines, 2014).

Steviol glycosides are also listed under International Numbering System (INS) number 960
in the Food Additives Permitted Under the Singapore Food Regulations document prepared
by the Agri-Food & Veterinary Authority (AVA) of Singapore (AVA, 2014)

5. Australia and New Zealand Regulation History

In 2008, the Food Standards Australia New Zealand (FSANZ) completed its evaluation of an
application for use of steviol glycosides in foods and recommended that the Australia and
New Zealand Food Regulation Ministerial Council (Ministerial Council) amend the Australia
New Zealand Food Standards Code to allow the use of steviol glycosides in food (FSANZ,
2008).

On May 13, 2011, FSANZ approved an increase in the maximum permitted level (MPL) of
steviol glycosides (expressed as steviol equivalents) in ice cream, water based beverages,
brewed soft drinks, formulated beverages, and flavored soy beverages up to 200 mg per kg,
and in plain soy beverages up to 100 mg per kg (FSANZ, 2011).

In 2015, FSANZ concluded that the use of Reb M does not pose any “public health and
safety issues” (FSANZ, 2015).

On January 14, 2016, Reb M was approved for use “as a food additive in accordance with
the current permissions for steviol glycosides” (FSANZ, 2016a).
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e 1In 2016, FSANZ called for submissions on permitting all minor steviol glycosides extracted
from stevia leaf to be included in the definition of steviol glycosides in the Food Standards
Code, noting that “[no] evidence was found to suggest that the proposed changes pose any
public health and safety concerns” (FSANZ, 2016b).

e On February 8, 2017 FSANZ approved a draft variation of the definition of steviol glycosides
to include all steviol glycosides present in the Stevia rebaudiana leaf (FSANZ, 2017).

6. South Africa

e On September 10, 2012, the South African Department of Health promulgated a new
sweetener regulation: Regulation R733 (Regulations Relating to the Use of Sweeteners in
Foodstuffs), allowed for the use of extracts of stevia rebaudiana, in composition and
guantities in line with Codex standards, in food and beverages. Steviol glycosides can be
used to a maximum level of 330 mg per kg (Food Stuff South Africa, 2012).
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Appendix 11  Summary of Published Safety Reviews

A. Summary of JECFA Reviews

51st Meeting (WHO, 2000) — Stevioside evaluation determined that there was insufficient
and inconsistent information on the stevioside or steviol. No human metabolism data or
mutagenicity data were available. JECFA determined that the ADI could not be determined
without further data.

63 Meeting (WHO, 2006) — More data were submitted; however, the data were inadequate
to assess whether these pharmacological effects would also occur at lower levels of dietary
exposure, which could lead to adverse effects in some individuals (e.g., those with
hypotension or diabetes). The Committee allocated a temporary ADI, pending submission of
further data on the pharmacological effects of steviol glycosides in humans. A temporary
ADI of 0—-2 mg per kg bw was established for steviol glycosides, expressed as steviol, based
on a NOEL for stevioside of 970 mg per kg bw per day (or 383 mg per kg bw per day,
expressed as steviol) in the 2-year study in rats and a safety factor of 200.

68" Meeting (WHO, 2007) — Further data were submitted showing the purity at 95% and
that all steviol glycosides hydrolyze to steviol upon ingestion. JECFA determined that it was
unnecessary to maintain a limit for the sum of stevioside and rebaudioside content that
could include product that was at least 95% stevioside or at least 95% rebaudioside A. The
Chemical and Technical Assessment report, written after the 2007 meeting, explained the
Committee’s thinking, which resulted in flexibility in the identity specifications (FAO, 2007a;
FAO, 2007b)

69" Meeting (WHO, 2008) — Based on additional clinical studies, JECFA finalized the
evaluation of steviol glycosides and raised the ADI to O - 4 mg per kg bw per day and
removed the “temporary” designation. A summary of the Committee’s key conclusions was
published in the final toxicology monograph addendum (WHO, 2009).

B. Summary of FSANZ Review of Steviol Glycosides

In 2008, FSANZ reviewed the safety of steviol glycosides and concluded that they are well-
tolerated and unlikely to have adverse effects on blood pressure, blood glucose, or other
parameters in normal, hypotensive, or diabetic subjects at doses up to 11 mg per kg bw per
day. FSANZ agreed with JECFA in setting an ADI of 4 mg steviol equivalents per kg bw per
day (FSANZ, 2008).

On May 13, 2011, FSANZ approved an increase in the maximum permitted level (MPL) of
steviol glycosides (expressed as steviol equivalents) in ice cream, water based beverages,
brewed soft drinks, formulated beverages and flavored soy beverages up to 200 mg per kg
and in plain soy beverages up to 100 mg per kg (FSANZ, 2011).

On January 16, 2016, FSANZ approved the addition of rebaudioside M as a steviol
glycoside intense sweetener (FSANZ, 2016a).
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On February 20, 2017, FSANZ broadened the definition and, hence, specification for steviol
glycosides preparations to include any mixture of individual steviol glycosides extracted from
the stevia leaf.

C. Summary of EFSA Review of Steviol Glycosides

On March 10, 2010, EFSA adopted a scientific opinion on the safety of steviol glycosides
(mixtures that comprise not less than 95% of stevioside and/or rebaudioside A) as a food
additive based upon JECFA’s 2008 findings and in response to the European Commission’s
request to reevaluate the safety of steviol glycosides as a sweetener (EFSA, 2010).

(0]

0}

EFSA agreed that the results of toxicology studies on either stevioside or
rebaudioside A are applicable for the safety assessment of steviol glycosides.

EFSA established an ADI for steviol glycosides, expressed as steviol equivalents, of
4 mg per kg bw per day primarily based on the application of a 100-fold uncertainty
factor to the NOAEL in the 2-year carcinogenicity study in the rat when administering
2.5% stevioside in the diet (Toyoda et al., 1997).

On January 11, 2011, EFSA revised the exposure assessment of steviol glycosides from its
use as a food additive, for children and adults, based on the revised proposed uses
presented.

(0]

(0}

EFSA reduced usage levels in 16 foods by a factor of 1.5 to 3, with no changes for
12 food groups.

The mean estimated exposure to steviol glycosides (equivalents) in European
children (aged 1-14 years) ranged from 0.4 to 6.4 mg per kg bw per day and from 1.7
to 16.3 mg per kg bw per day at the 95" percentile.

A correction was considered to be necessary for the consumption of non-alcoholic
flavored drinks (soft drinks) by children, and the corrected exposure estimate at the
95" percentile for children ranged from 1.0 to 12.7 mg per kg bw per day.

For adults, the mean and 97.5" percentile intakes were estimated to range from 1.9
to 2.3 and 5.6 to 6.8 mg per kg bw per day, respectively.

These revised exposure estimates to steviol glycosides remain above the established
ADI of 4 mg per kg bw (steviol equivalent).

D. Other Published Reviews

Stevia and steviol glycosides have been extensively investigated for their biological,
toxicological, and clinical effects (Carakostas et al., 2008; Geuns, 2003; Huxtable, 2002).
Four additional reviews have appeared on the toxicology and biological activity of stevia
extracts and steviol glycosides (Yadav and Guleria, 2012; Brown and Rother, 2012;
Brahmachari et al., 2011; Chatsudthipong and Muanprasat, 2009). The studies are not
always closely comparable because:

o0 These reviews do not clearly differentiate between studies on crude stevia extract

and purified steviol glycosides.
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o Studies on biological activity used routes of administration other than oral
0 Some studies may have used doses that are much higher than anticipated human
use levels.
0 Roberts and Munro (2009) criticized the Chatsudthipong and Muanprasat (2009)
review with points that are applicable — in general — to all the reviews:
= Lack of purity of the material,
= Route of exposure in relation to metabolism and safety assessment - in vitro
and intravenous, intraperitoneal, or subcutaneous dosing studies are not
relevant to the safety of steviol glycosides consumed orally.
= Paucity of discussion of worldwide regulatory authorities affirming the safety of
purified forms of stevioside and rebaudioside A as a food ingredient.

e In 2015, Urban et al. reviewed the potential allergenicity of steviol glycosides. The authors
noted that: “hypersensitivity reactions to stevia in any form are rare” and concluded that
current data do not support claims that steviol glycosides are allergenic. In addition, the
authors stated that there is “little substantiated scientific evidence” to warrant consumer
warning statements to consumers about allergy to highly purified stevia extracts.
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Appendix 12 GRAS Associates Expert Panel Report

The Generally Recognized as Safe (GRAS) Status of the Proposed Uses of High Purity
Glucosylated Steviol Glycosides Preparations

July 16, 2019
Foreword

An independent panel of experts (“Expert Panel”) was convened by GRAS Associates, LLC on
behalf of their client, Daepyung Co., Ltd. (hereinafter “Daepyung”), to evaluate the safety and
Generally Recognized as Safe (GRAS) status of Daepyung’s proposed uses of STEVITEN FRESH
and STEVITEN RICH preparations in conventional foods. The members of this Expert Panel are
qualified to serve in this capacity by qualification of scientific training and experience in the safety
of food and food ingredients.

Discussion

A significant amount of safety information related to the consumption of steviol glycosides is
generally available, and has been discussed in Part 6, as well as Appendices 9-11, of Daepyung’s
dossier. First, there is a history of safe consumption of steviol glycosides when used as an
ingredient in food products in the U.S., Canada, South America, Europe, Asia, and Australia and
New Zealand. Second, a number of experimental studies have investigated the safety of steviol
glycosides. The composite evidence from historical safe consumption and experimental studies
collectively demonstrate the safety of the subject enzyme modified high purity steviol glycosides
preparations for human food consumption.

The majority of the studies reviewed on steviol glycosides and steviol have been discussed in
detail in previous GRAS submissions, including GRN 555, GRN 548, and GRN 536.

With regard to the safety documentation, the key pharmacokinetic data establish that steviol
glycosides are not absorbed through the Gl tract, per se; they are converted to steviol by bacteria
normally present in the large intestine, and the steviol is absorbed but rapidly metabolized to
steviol glucuronide and excreted. It has been well-established experimentally from various
published studies that the steviol glycoside molecules are not absorbed from the Gl tract (Gardana
et al., 2003; Koyama et al., 2003b). The action of bacteria in the large intestine is directly
supported by the published study that showed that steviol glycosides can be converted to steviol in
the large intestine by normal anaerobic Gl flora as demonstrated by an in vitro study in fecal

T Dr. Emmel, Chair of the Expert Panel, is a chemist with substantial food safety experience in addressing steviol glycosides and other food
ingredients. Dr. Kapp is a toxicologist with over 35 years of experience. He is a Fellow of the Academy of Toxicological Sciences, a Fellow of the
Royal Society of Biology, and a European Registered Toxicologist. Dr. Lewis is a biologist with more than 10 years of experience preparing
GRAS dossiers. All three panelists have extensive technical backgrounds in the evaluation of food ingredient safety and in participating in
deliberations of GRAS Expert Panels.
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homogenates (Koyama et al., 2003a; Renwick and Tarka, 2008). The ADI for steviol glycosides
has been set largely based on a published chronic study in rats (Toyoda et al., 1997) and several
published clinical studies that show there are no pharmacological effects in humans at doses
several fold higher than the ADI (Barriocanal et al., 2006; Barriocanal et al., 2008; Wheeler et al.,
2008). Recently, Roberts et al. (2016) noted in a persuasive argument using a chemical-specific
adjustment factor (CSAF) that the ADI could be higher. The toxicity of the metabolite steviol has
been well reviewed in the published literature (Geuns, 2003; WHO, 2006; Urban et al., 2013). In
addition, FDA has issued “no questions” letters to 57 GRN submissions for steviol glycosides
preparations, including 7 notifications regarding enzyme modified steviol glycosides.

The Expert Panel notes that Daepyung’s STEVITEN FRESH is composed of 80-90% total
unreacted steviol glycosides and glucosylated steviol glycosides, with the remaining 10-20% of the
finished product comprised of unreacted maltodextrin. Similarly, Daepyung’s STEVITEN RICH is
composed of 85-95% total unreacted steviol glycosides and glucosylated steviol glycosides, with
the remaining 5-15% of the finished product comprised of unreacted maltodextrin. Since the steviol
glycosides extract raw material meets the minimum 95% total steviol glycosides specifications set
forth by JECFA, and the finished STEVITEN products are a blend of the steviol glycosides and
glucosylated steviosides derived from the raw material and unreacted maltodextrin, which in itself
is GRAS, the Expert Panel has no safety concerns with the reported composition of the STEVITEN
FRESH or STEVITEN RICH finished products.

The Expert Panel notes that Daepyung’s manufacturing process for their high purity glucosylated
glycoside preparations is similar to the processes described for other GRAS enzyme modified
steviol glycosides materials, as described in GRN 337, GRN 375, GRN 448, GRN 452, GRN 607,
GRN 656, and GRN 662. The updated scientific literature review of steviol glycosides covering the
time frame since GRN 662 was submitted through the present revealed no findings raising new
safety concerns that would alter the previous GRAS determinations for similar enzyme modified
steviol glycosides preparations.

The GRAS Associates Expert Panel convened on behalf of Daepyung has reviewed the proposed
uses for STEVITEN FRESH and STEVITEN RICH. The highest 90th percentile consumption by
any population subgroup of STEVITEN was calculated to be approximately 9.90 mg per kg bw per
day (for STEVITEN FRESH), which is equivalent to 3.82 mg per kg bw per day steviol equivalents
(calculated by a weighted sum estimate) for any population group, on a worst-case scenario basis.
This estimated intake value is below the JECFA ADI of 4 mg per kg bw per day expressed as
steviol equivalents. Therefore, STEVITEN FRESH and STEVITEN RICH are expected to be safe
within established allowable limits.

A compelling case can be made that scientific consensus exists regarding the safety of steviol
glycosides when of sufficiently high purity. The central role of conversion to steviol and subsequent
elimination with these naturally occurring steviol glycosides extends to the manner in which the
various steviol glycosides molecules are metabolized and eliminated from the body. While the
scientific conclusions are not unanimous regarding the safe human food uses of steviol glycosides,
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END
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