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William J. Rowe, President 
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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 E1 

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/pkg/FR-2016-08-17/pdf/2016-19164.pdf  (Accessed 5/23/19).  
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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). 

GRAS ASSOCIATES, LLC Page 5 of 158 
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E. Basis for GRAS Conclusion 

Pursuant to 21 CFR 170.30(a) and (b)2, 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). 
GRAS ASSOCIATES, LLC Page 6 of 158 
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No known toxins have been identified in stevia or stevia-derived products. 

Figure 1. Chemical Structures of Various Steviol Glycosidesa 

a From Perrier et al. (2018) 

Enzyme modified steviol glycosides are produced when additional glucose moieties are bonded to 
the original steviol glycoside structure via α(14) linkages, resulting in α-glucosylated steviol 
glycosides. The product α-glucosylated steviol glycosides consists of a mixture of both α-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-α-D-glycosidic bonds, whereas the glucose is 
attached by β-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. 

GRAS ASSOCIATES, LLC Page 7 of 158 



    
            

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

       

      
 

    
    

    
    
    

     
    

     
    

    
    

    
    
    
    

    
   

 

 

 

 

 

 

 

 

 

 

GRAS  ASSOCIATES, LLC                                                                                                          Page 8  of  158  

Table 1. Components Expected to be Present in Glucosylated Steviol Glycosidesa 

COMPOUND MOLECULAR WEIGHT EMPIRICAL FORMULA 
LEVEL OF ENZYME 
GLYCOSYLATIONB 

Steviolbioside 642 C32H50O13 --
Dulcoside A 788 C38H60O17 --
Stevioside 804 C38H60O18 --
Rebaudioside C 950 C44H70O22 --
Rebaudioside A 966 C44H70O23 --
Monoglucosyl Rebaudioside B 966 C44H70O23 +1 
Monoglucosyl Stevioside 966 C44H70O23 +1 
Monoglucosyl Rebaudioside C 1112 C50H80O27 +1 
Monoglucosyl Rebaudioside A 1128 C50H80O28 +1 
Diglucosyl Rebaudioside B 1128 C50H80O28 +2 
Diglucosylstevioside 1128 C50H80O28 +2 
Diglucosyl Rebaudioside C 1274 C56H90O32 +2 
Diglucosyl Rebaudioside A 1290 C56H90O33 +2 
Triglucosyl Rebaudioside B 1290 C56H90O33 +3 
Triglucosyl Rebaudioside A 1452 C62H100O38 +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 Glycosidesa 

a From Koyama et al. (2003a) 
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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. 

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. 

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.3 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).  
GRAS  ASSOCIATES, LLC                                                                                                          Page 10  of  158  
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Figure 3. Flow Chart of Manufacturing Process for Daepyung’s Steviol Glycosides Raw
Material (>95% Steviol Glycosides)4 

4 UHT- Ultra-high temperature; SUS – steel use stainless, a Japanese Industrial Standards acronym for stainless steel 
GRAS ASSOCIATES, LLC Page 11 of 158 



                                                                                                             

         
     

 

 

 

 

                                                             
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 Notice  –  High Purity Glucosylated Steviol Glycosides   
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Figure 4. Flow Chart of Manufacturing Process for Daepyung’s STEVITEN FRESH High 
Purity Glucosylated Steviol Glycosides Preparations5 
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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  

Figure 5. Flow Chart of Manufacturing Process for Daepyung’s STEVITEN RICH High 
Purity Glucosylated Steviol Glycosides Preparations6 
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C.  Product  Specifications  

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 

PHYSICAL & CHEMICAL 
PARAMETERS 

JECFAa SPECIFICATIONS 
STEVIOL GLYCOSIDES 

DAEPYUNG’S 
SPECIFICATIONS FOR STEVIOL 

GLYCOSIDES STARTING MATERIAL 

Appearance Form Powder Powder 
Appearance Color White to light yellow White to off-white 

Solubility Freely soluble in 50:50 water: 
ethanol Freely soluble in water and ethanol 

Assay Not less than 95% total steviol 
glycosidesb ≥ 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 4.5 - 7.0 4.5 - 7.0 

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 cfu/g < 1,000 cfu/g 
Yeast & Mold NMT 200 cfu/g < 100 cfu/g 
Salmonella Negative in 25 g Negative 

Escherichia coli Negative in 1 g ≤ 10 mpn/g 
NS = not specified; NMT = not more than; mpn = most probable number 
a  Prepared at 84th 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 

COMPONENT 
UNMODIFIED STEVIA 

EXTRACT 
(%) 

STEVITEN FRESH 
HIGH PURITY 

GLUCOSYLATED STEVIOL 
GLYCOSIDES (%) 

STEVITEN RICH 
HIGH PURITY 

GLUCOSYLATED STEVIOL 
GLYCOSIDES (%) 

Rubusoside 2.0 - 3.5 0.0 - 0.6 0.0 - 0.6 

Steviolbioside 0.0 - 1.0 0.5 - 1.5 0.5 - 1.5 

Dulcoside A 0.0 - 1.0 0.5 - 1.5 0.5 - 1.5 

Rebaudioside B 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 

Stevioside 46.0 - 50.0 8.0 - 10.0 6.0 - 7.0 

Rebaudioside C 5.5 - 6.5 2.0 - 3.0 1.0 - 2.0 

Rebaudioside F 0.5 - 1.0 0.0 - 0.5 0.0 - 0.5 

Rebaudioside A 35.0 - 40.0 7.0 - 9.0 5.0 - 6.0 

Rebaudioside D 0.0 - 0.5 ND ND 
Monoglucosyl stevioside 

m/z 966 ND 9.0 - 11.0 8.0 - 10.0 

Monoglucosyl 
rebaudioside C 

m/z 1112 
ND 2.0 - 2.6 1.3 - 1.6 

Monoglucosyl 
rebaudioside A 

m/z 1128 
ND 7.0 - 8.0 7.0 - 9.0 

Diglucosyl stevioside 
m/z 1128 ND 9.0 - 11.0 9.0 - 12.0 

Diglucosyl rebaudioside 
C m/z 1274 ND 1.5 - 2.5 1.5 - 2.5 

Diglucosyl rebaudioside 
A m/z 1290 ND 8.0 - 11.0 11.0 - 13.0 

Triglucosyl stevioside 
m/z 1290 ND 8.0 - 13.0 9.0 - 14.0 

Triglucosyl rebaudioside 
A m/z 1452 ND 3.5 - 5.0 4.5 - 6.5 

Tetraglucosyl stevioside 
m/z 1452 ND 7.0 - 8.5 5.0 - 8.0 

Tetraglucosyl 
rebaudioside A m/z 1614 ND 2.5 - 3.5 4.0 - 6.0 

Unidentified glucosylated 
steviol glycosides 

m/z > 1614 
ND 5.0 - 6.0 4.0 - 7.0 

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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 PHYSICAL & CHEMICAL  

 PARAMETERS 

JECFAa 

 SPECIFICATIONS 

STEVIOL 

GLYCOSIDES  

FCCb 

 SPECIFICATIONS 

 REBAUDIOSIDE A 

DAEPYUNG’S  MINIMUM  SPECIFICATIONS  FOR 

 STEVITEN  FRESH ENZYME  MODIFIED   STEVIA 

RESULTS  OF STEVITEN  FRESH  ENZYME  MODIFIED STEVIA  PREPARATIONS  

 LOT NUMBER  

190110  
 LOT NUMBER  

190116  
 LOT NUMBER  

190214  
 LOT NUMBER  

190308  
 LOT NUMBER  

190314  

Appearance  Form   Powder 
 Crystal, granule  

 or powder  
 Powder  Pass  Pass  Pass  Pass  Pass 

Appearance  Color  
White  to  light  

 yellow 
White  to  off-

white  
White   Pass  Pass  Pass  Pass Pass 

 Solubility 
 Freely  soluble in  
 water: ethanol  

(50:50)  

Freel  y soluble  in  
 water: ethanol  

(50:50)  
Freely  soluble  in  water  and  ethanol   Pass  Pass  Pass  Pass  Pass 

 Purity 
 (HPLC Area)  

> 95% Steviol 
Glycosides  

> 95% 

80.0  - 90.0%  glucosylated  steviol  glycosides 
and  unreacted  steviol  glycosides (dry  weight)  

NLT  65.0%  glucosylated  stevi  ol glycosides 
 (dry weight)  

83.4%  

75.9%  

83.4%  

76.1%  

83.6%  

76.3%  

83.5%  

76.1%  

83.4%  

75.9%  

Residual  Ethanol  NMT 5,000  mg/kg  NMT  0.5%  NMT  5,000  mg/kg  78  mg/kg  75  mg/kg  80  mg/kg  71  mg/kg  78  mg/kg  

Residual  Methanol  NMT 200  mg/kg  NMT  0.02%  NMT  200  mg/kg  41  mg/kg  45  mg/kg  39  mg/kg  43  mg/kg  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 4.5  - 7.0  4.5  - 7.0  4.5  - 7.0   5.8 5.9 5.5 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  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 

TotalPlate Count 
(cfu/g,   max) 

NMT 1,000  NA NMT 1,000  ND ND ND ND ND 

Yeast  &  Mold (cfu/g,  
max)  

 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 
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Table 4. Specifications for Daepyung’s STEVITEN FRESH Enzyme Modified Stevia Preparation 

a Prepared at 84th 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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Table 5. Specifications for Daepyung’s STEVITEN RICH Enzyme Modified Stevia Preparation 

PHYSICAL & CHEMICAL 
PARAMETERS 

JECFAa 

SPECIFICATIONS 
STEVIOL 

GLYCOSIDES 

FCCb 

SPECIFICATIONS 
REBAUDIOSIDE A 

DAEPYUNG’S MINIMUM SPECIFICATIONS FOR 
STEVITEN RICH ENZYME MODIFIED STEVIA 

RESULTS OF STEVITEN RICH ENZYME MODIFIED STEVIA PREPARATIONS 

LOT NUMBER 
190108 

LOT NUMBER 
190129 

LOT NUMBER 
190221 

LOT NUMBER 
190321 

LOT NUMBER 
190325 

Appearance Form Powder Crystal, granule 
or powder Powder Pass Pass Pass Pass Pass 

Appearance Color White to light yellow White to off-
white White Pass Pass Pass Pass Pass 

Solubility 
Freely soluble in 
water: ethanol 

(50:50) 

Freely soluble in 
water: ethanol 

(50:50) 
Freely soluble in water and ethanol Pass Pass Pass Pass Pass 

Purity 
(HPLC Area) 

≥ 95% Steviol 
Glycosides ≥ 95% 

85.0 - 95.0% glucosylated steviol glycosides 
and unreacted steviol glycosides (dry weight) 

NLT 70.0% glucosylated steviol glycosides 
(dry weight) 

92.4% 

86.6% 

92.3% 

86.4% 

92.5% 

86.9% 

92.1% 

86.5% 

92.4% 

86.9% 

Residual Ethanol NMT 5,000 mg/kg NMT 0.5% NMT 5,000 mg/kg 69 mg/kg 70 mg/kg 64 mg/kg 62 mg/kg 62 mg/kg 

Residual Methanol NMT 200 mg/kg NMT 0.02% NMT 200 mg/kg 38 mg/kg 35 mg/kg 31 mg/kg 35 mg/kg 41 mg/kg 

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 4.5 - 7.0 4.5 - 7.0 4.5 - 7.0 5.6 5.8 5.8 5.5 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 

Total Plate Count 
(cfu/g, max) 

NMT 1 mg/kg 

NMT 1,000 

NMT 1 mg/kg 

NA 

NMT 1 mg/kg 

NMT 1,000 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Yeast & Mold (cfu/g, 
max) 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 84th 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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     1. Stability Data on Steviol Glycosides 

        
         

     

      
              

         
        

    

         
     

     

         
 

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

         
       

    

 

 

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  

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 oC for 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. 

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 

DURATION 

TOTAL ENZYME MODIFIED STEVIOL 
GLYCOSIDES AND UNREACTED 

STEVIOL GLYCOSIDES (%) 
(25 °C) 

TOTAL ENZYME MODIFIED 
STEVIOL GLYCOSIDES AND 

UNREACTED STEVIOL 
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 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. 

Table 7. Daepyung’s STEVITEN FRESH Powder Microbiological Stability 

DURATION 
TOTAL PLATE 

COUNT 
(CFU/G) 

YEAST & 
MOLD 

(CFU/G) 
SALMONELLA 

E. COLI 
(MPN/G) 

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) 

DURATION 
TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND UNREACTED 

STEVIOL GLYCOSIDES (%) 
5 °C 25 °C 50 °C 

t = 0 83.4 83.4 83.4 
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) 

DURATION 
TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND 

UNREACTED STEVIOL GLYCOSIDES (%) 
PH 2 PH 5 PH 8 

t = 0 83.5 83.4 83.4 
Day 2 83.4 83.5 83.5 
Day 4 83.3 83.4 83.5 
Day 6 83.5 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. 

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 

DURATION 

TOTAL ENZYME MODIFIED STEVIOL 
GLYCOSIDES AND UNREACTED 

STEVIOL GLYCOSIDES (%) 
(25 °C) 

TOTAL ENZYME MODIFIED STEVIOL 
GLYCOSIDES AND UNREACTED 

STEVIOL GLYCOSIDES (%) 
(40 °C) 

t = 0 92.5 92.4 
6 months 92.4 92.5 
12 months 92.5 92.4 
18 months 92.4 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 

DURATION 
TOTAL PLATE 

COUNT 
(CFU/G) 

YEAST & 
MOLD 

(CFU/G) 
SALMONELLA 

E. COLI 
(MPN/G) 

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) 

DURATION 
TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND 

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 92.4 92.4 92.5 
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) 

DURATION 
TOTAL ENZYME MODIFIED STEVIOL GLYCOSIDES AND 

UNREACTED STEVIOL GLYCOSIDES (%) 
PH 2 PH 5 PH 8 

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 

FACTORa 

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 RANGEa (%) STEVIOL EQUIVALENTSb (%) 
Rubusoside 3.5 1.7 
Steviolbioside 1.0 0.50 
Dulcoside A 1.0 0.40 
Rebaudioside B 1.0 0.40 

GRAS ASSOCIATES, LLC Page 24 of 158 



    
            

 

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

                                                                                                             

         
   

   
   
   
   

   
 
  

   
  

 
 

       
    

        
        

      
          

      
   

        
      

        
           

         
       

        

          
          
        

      
          

                                                             
   
   

 

COMPONENT STEVIOL GLYCOSIDE UPPER RANGEa (%) STEVIOL EQUIVALENTSb (%) 
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. 
c 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(o)(19).7 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.8 

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 90th 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 90th 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 

POPULATION 
GROUP 

INTAKES OF SWEETENERS 
(MG SUCROSE/KG BW/DAY)a 

CALCULATED INTAKE OF 
STEVITEN FRESH (MG/KG 

BW/DAY)b 

CALCULATED INTAKE OF 
STEVITEN FRESH AS 
STEVIOL EQUIVALENTS 

(MG/KG BW/DAY) 
LOW HIGH LOW HIGH LOW HIGH 

Healthy 
Population 255 675 2.55 6.75 0.98 2.60 

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 

POPULATION 
GROUP 

INTAKES OF SWEETENERS 
(MG SUCROSE/KG BW/DAY)a 

CALCULATED INTAKE OF 
STEVITEN RICH 
(MG/KG BW/DAY)b 

CALCULATED INTAKE OF 
STEVITEN RICH AS STEVIOL 

EQUIVALENTS 
(MG/KG BW/DAY) 

LOW HIGH LOW HIGH LOW HIGH 
Healthy 

Population 255 675 2.32 6.14 0.89 2.37 

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  

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. 

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. 

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).” 

GRAS ASSOCIATES, LLC Page 29 of 158 



    
            

 

                                                                                                             

       
       

        
        

        
   

   3. European Regulatory History 

      
         

        
            

    

        
           

      
        

    
         

         
   

         
       

      
        

         
      

   4. Asian Regulatory History 

        
    

    5. Other Regulatory History 

         
       

       
       

         
       

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

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). 

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). 

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

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.9 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. 
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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 51st 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 69th meeting. 

The Committee noted that the most recent short-term toxicity studies were consistent with those 
reviewed at or prior to the 69th 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 0 - 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 
questioned 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 
Ca2+-activated cation channel that is expressed in type II taste receptor cells and pancreatic β-
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. Uçar 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. 

Thøgersen 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 (mRNA) 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 
reported10). 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.”11 

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 

• 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 

• 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. 

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 (GI) 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 GI 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. 

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  

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 
Cmax Maximum (peak) serum concentration of substance is observed 
CSAF Chemical-specific adjustment factor 
CYP 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 
GI Gastrointestinal 
GRAS Generally Recognized as Safe 
GRN GRAS Notification 
h or hr Hour 
HbA1c 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 
LD50 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 
SUS Steel use stainless 
TAC Total Antioxidant Capacity 
TFC Total Flavonoid Content 
Tmax 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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J EC FA FCC DAEPYU G 

Parame e!" Speciiooa~on-s Specificamms S;peciiications etfmds 

Sleviol Glycosides eba:udJD'S!id'e A Steviol Glycosicles 

Wltite to off-white 

White to, light hyg:ro-s,copic fil1"e \IVhLre to ofr..,.vhite 
Appearance Visual 

yel ow powcfer crystal, gran-ufa ,or pD'iKler 

powder 

200-3[HJ times. 

S'o\-eetness sweeter- ihl3.Tl NA 250-30� Gustatory 

st.Jcrose 

Rebaudios;cle A A L 95% Minimt1m of 85% JEC FAH PLC 

To Si.evio! glya:nsi:es LHl!5% NA ~g5"1(, JECFA PLC 

Other Rel,a(e,d Steviol 

Glyoo:sides(such BS: 

S'ev. Reb A. B. C. ul LT 95% MT5% s JECFA2007 

c A. Rub & SB) on dry 

W-efght ba-s;s 

Resi<lue iin !QJlilio s NS NS USP 

Loss on dr,ung M 6% MT ll% MT6%, USP 

Ash MT 1% MT 1% MT 1% EC FAVoL4 

Optical rot<1tion s s NS US P 

Freely solublle in Free3y -sotuble in Freely solub _ in 
Solubility USP 

wate.r & ethanol wa er.ettianol(50:!50) water & ethanol 

pHC1 % solution) 4.5-7.0 4 .5 •-7.0 4.5-7.ll USP 

Resiidual Solvent lE¥els 

Residual Meihanol N 211lOmgl'kg N if 200 mg.l~g MT 2i10mgli;g USP 

Residua'! eth.an NMT 0000 mg 9 MT 5000 mg 1kg NMT 5000 mg !kg US P 

Heavy me a1s 

Lead N ff 1 mg/kg M mg.lkg N rr 1 mg/kg CCP-MSAOAC 

Ar·s-enic MT 1 mg/kg M mg.likg NMT 1 mg/kg rcP-MSAOAC 

Mraibjological 

To· Ptate Count A :s: 10DOCFWfl AOAC 977.27 

Yeast and M old A NA :s; lOOC FUfg AOAC007..02 

To'·· 00 mm A NA NS AOAC 00 1.1 4 

Salmonella A HA ega~ve AOAC 2014 .0 1 

Escheric iacofi A s: 10 npmlg AOAC 00 1.14 

Siaphylococcus .. a;ureus A NS AOAC 2001 .05 
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Appendix 1 Specifications and  Certificates  of Analyses for Raw  
Materials and  Production  Processing  Aids 

Appendix 1.1 Steviol  Glycosides  Extract  

Specif~.a.1ion for AEPYUNG's ST EVITEN FRESH Slarting Ma~eilial Prod:uct(steviial glyrosides 95%] 

Comparison to J EC FA Specification 
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MANUFA.CTURING FLOW ,CHART OF Stevio[ ,Gl~yooside 95% 
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Neot~h Food Co..,Lcd 

.!P ..; ,.._ :II ... 

1ntm :. ffi Ll.mi",m,ooo 

SP'E-CIFIC<\TION OF }.IALTODEx"TRJN 

~ ,eo-M:dd.e:x ~l - 10 

Item Limit Aualym 1'1~tlwd 

Mcistuce e011tem (%) 6 .00(max) AOAC (2000),930.46 B 

Ash ( o) 0.20{ma..>1) lillAC ())00),94Hl5 

pH{20~ s.olutioo) 4.0 - 4.7 AOAC (2000),98 

De."\'.tro:se E;qu:ivalent (DE) 9.0-13.0 lane and E)'"llO'll'5 Volumetric .~:thod 

Total Pllaite Count (CFU!g) lOOO (max) Bllll/1 (1998), Revision A Ch.aptec 3 

Yeast (C g) 50 (max) BA1.1 (19:98) R.e,;,i"i.on .A,Ch.aptec 18 

.Mo d (CfU!g) 50(miL,;:) B,AM (199€) Revision .A.,G.a:pter 18 

£ .c.ol.i mJ.5g Noideteot Bll.M {1998) Revision A,Chapter 4 

Salm:011Blla. ia - 5g No± deteci B,6.},i! (1998), Re .· ision A Ch.:!ptec 5 
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Appendix 1.2 Maltodextrin  
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c,ertificate cf An -1yai 

>Cl 
novozymes· 

t h1 k inn 11,1•,'I 
D I. 

Jul HI , 20Hl 
!"Ire .ase orrtc· ncm1n 'I!' 

Elllll~G"I' 

7770961 
$ 0 1CII' 

56 13 5 

'r.illl to 
aeJong ,co. 

Fl.2 GeunHoi Blllkll g 91 -1 SNtilJUfll 
1 Ii IH)7(1 Segui 

ldate-clal: TOl'lJ1Yi'l'i 3.0 l 

13.itcn : AG 00246- Qu:;mllly . 500 KG 
Pr c1 ,an da1, NO't' 10, 2017 

Unit Val 

lyoo•yl ransl 38 
pH 25 C il,40 
0Br1S•W G/ML ,0:14 
TGI I viab e oount /G C OCI 
Oallform b I ~ JG <:: 4 
Ecoll N01 Ci'E!l cted, 25 
Se: mor~1a N01 08'hicled, 2S g 

he o lie! i:;cm lles wi h cum:nl F QIW O ECFA nd FCC re.r,;o,mrne1'tled pu11tr 
D poo Jo km s rOI' I ooi:l rsde en yrn. 

his s a ctflt , r genE'ta.ted oc,urn!ffi ancl n� 5IIJnl!tu a le r~ulr 

Iii 
DJllllpyu111g 
kyurqJbuk .sano,tu-el harn<:han,ruil odmi 
im.nglu 
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Appendix 1.3  Cyclomaltodextrin  Glucanotransferase Enzyme 
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Tornzyme 3 .. 0 L Certificate of Ana'llysis 

novozymes· 
RE 11n~ lb rro.,,i 

May 10 . 2012 

Re: Reg:L..datcr)' Stat111:;, of ovoz.ymes' Toruzyrne 3.0 l in tile US 

TO WhOI , I May corn:em: 

oruzyme 3.0 L Is a cyt.lomaltadeW'in gl1.1m nollra11sferasse enz:yme proo11ced by a ge11eticalliy 
mOdilii d Strain or BaC1h'US ficllenlfonrlfs. TOllllzyme IS a GRAS StJIJGlancs as Oe'1i edl irl! 2 1 
CPR 170 .3fl ta) for use as a processing aid in the marn..rta;c,1.u re of beta tyclodexlrins. 

Novozymes' experts qualified b)• scie111ific tratning and, experience iiave cleiermiried fhe 
TornzyiTte 3.0 1 a GRAS Sl!lllJStaflce ror use as a p-rocessHl!J a1lli 1r1 me stardl mou:'5tly to 
mm,ufactur .beta c.ycbdemns. This daellllimlian is based on lhe coll1}il ion andl 
c Cleran'On or docu talon regarmng1 tile en~ enmy, prooudil011 stra coostmctton 
andl d1aract~-r:inlitim, lllli]nufad u ring process, toxicology stllldie5, -as well as general 
kno1Nl'edge co the intended use andl di.eta~ ei.:po.sure. The review an-d eveil.uatirn, of thi,s 
information was dooe on !he basi:s , wel11 established pnincip s !or d'e'l:e , i ·11g the safety of 
enzymE prepara · ons used i.n food processing f Pal'lza and Foster, 1983 . IIFBC. 'I' 90 and 
otllers)_ In me us. rnere is no p market. pro'rlill oY FDA requ lrad ror suosta11ces r have 
been erm· ed to be GRAS. 

Nm,uzymes h'as filEd a, Food !\laster File oo mber 5~ with !he U · Food and Drug 
M -,1n'iStrau 11 Fet,m 11. 1993 ,MllCll coo ios cJel ·1e il'll'o nan aoout Toruzyme 
3.0L 

Attached is ;;i page from .i Feorua,v 23. 1998 edition of Food Cf!ernie:al N!aws. stilling U-1arl an 
expert panel n.as determ1n:a:1 mat Beta--cyclooextr n pm�1.1ced by an erizyme rram a, 
,gen euca1iy modlf:iecl BeiCHiu-s /10Mr1 ormI's 1£ GRAS.. 

Regulato,y Aff.:irs 
NOvozymes 

La.,,,, '"'S'"'ial'J.,,,, =<l ltllrd f='1Yn/fl m-y,,,,..,--~ 11'1:ffl /mp:xilng
,,,,.,.if, 
, ~ ;;,ppiyng .an~~,..,,.. __ ., 

produdo in" Iii;.....,""'=· .ff.i" lf.<c ""'""...,.bilfy affho-=kn= tl,ol .lJ,ei, u= o>i pro<J0udo from Ii\,""='""' d,e.,, mat 
nMl'l?r,;i,t; .1d' , .ili W?-ru:j ~~A30~.-RJ, i4'LNmPfill'JCRL1 daP.c-r.atm~~...nt-~a" ~ a..-KYJ.~yngnt-2 u,,.1.i..c.~~- i.i 

,o;Jl=a;',, i, • .-iot, l'n,,-~ or ·-d~ ,rnb.i,,,;t to~ wil'f>au! F..tl,e,r "" · 

NG-oozy..- North eri!:a, he. 
'R ilory 

TT !!:IT)' Ch pc! Ch1cnll Ro d. P 0 . l:x);i; 76-
Fr1ll,'l/(1mtcn. North Carol'irJ-i. 1525 
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Posi tivli ten: F rtegn 1 ove tHsmtni11gsstoffer til levnedsmidfo:r, de-ceinbar J.995. 

Tilsretoiugsstoibekendt,g.irelsi,o: Bekon t:g reloo or. 1055 af 18. deoomb • . 995 om. 

;i}a~t:nia s ffer il l0Yfledm:1urll r. 

Kopi. lil orient.ering tit: Levnedsmid elkontroTian IIS, Dyreg:lrdsvcj l, 2740 Skovfonde. 
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CANGZHO . YUANWEJ. CHiE . UCAL E GI EERI . C0.1LTD 

Absorption Resi1n ,sp,ec.ifkation 
S.irnple tJame A.6-8 I 8atc:h Number 09U05 
Sample Quanrity 300g 

Sampling d11t12 2009-12-Ul. I T12sl flflish Date 2Uel51- ri-1. 
T!!-st l:'.asis Q/CBN'Ol-2006 

Main fest E.quipme11t Confide nt1c1li1Y 

lnctex Tr-;:t\ni~al Require. T t 'l ReS1Ult 
Moisrure l,iS-75% 72.17 
~bsom ~'51) 74.00 
1-lyclrr;ixybenmn, 

quantity 

Vi f;U 111 Det1$icy i111 wet 0.68-0.75 0.7 
st ::ite[g/MI) 

I 
Gr.Mi le DlaiTl!!l · 0 - _90% 93.68 
Li!mrnl 
Result Ellg ibrllty 
Rern<1rk Thi~ Test resul jus wilh the resJ)(lns.ibrtity for cu rent S.i!mple, i nave th£! 

oqec!ion ple;ise requ Lhie checik in ,'O 'JS, ei,:pire dat w11 I n'lt li!'ke 
l h~ tr.I n~ction, 
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Appendix 1.4  Resin  
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F :rm.entation Alcohol Specification .& Analysis Report 

M.a11ufact11ring 
.Nil-I Ethanol Co,, Ltd Cmnp,my 

mtlytkal 1 t m .. pecification T ~ £ Result 

Odor Foreign Odor]ess. Foreign OdorJess 
I 

Ethanol Content . 5.0±0.5 / V% 95.0 

Evaporating Residue 2.5mg/100g fax, Trace 

Free Acid '3 Acetic Acid 
0,.0011 

0.002 W/ V % ax. 

f 
As Ac tf.1Jdehyde dehyde one ] IOO m/l Max.. 

Methanol 0.15 rrg/ mt 1Vlax. 0.0096 

F useJ. oil 0.0 VI \ % Max .. 0:0003 

Heavy etals uae None 

Permanganate 
Time Te [ 5 1in ut s Min. 7' 20" 

(Cameleon Reaction) 

Substances Darkened 
by one H1, Q -4 one 

Chlorides ll II 

2019. 2. 1 . 

KORE "_ ALCOHOL UPPLIES CO., LT 

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

Appendix 1.5  Ethanol  
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Fermentatio_n Alcohol ,pecification_& Analys· s Report 

D Saa Tm.ding Co,t Lui 
Co ,pa.o Date 2019.01.12. -Qmmtify A 

Cb.iL o Eithai1ol F dory) 

\nalyueaE lt,em 'pecificatio Testlles It 

Oder Forsgu Odorim Pass 

Etrumo Ccnrtcnt No -]en tha:u 94.9%( Iv} 95.2 

· peclfi1,1 Gravl'fy 0..8fl9'6a l!;"/2."0 Max '0.8093, 

No h.azti o:r ro.rbtdity 
Sotublti-.r in Wakr Pi'L'iS-

d.t\•clopJ 

Su , tancn Redu~mg ne p• k co.ford not 
PaSJ Permeg 11ate. entin:,ly dilappe.ar 

ub tu~ Darkened by 
The. in JI ·_ oolortes Pa 'lllfuri cid 

Meth,aMi No ,iolet o1or ap:pean Pass 

K.etoaes, hopropyl 
No p.1:'iedpitate within J, min p $ Alcohol 

F Oil ,0,11! Pu 

tea.di fl.5 mg/kg M.lx 0,13 

~ omrolalile Resid ee 0.003 1/11 '.Mu. 0.001 

Albli~ {As.NU:1) J- ws/kg"Mu 

ks Acelic Acid 
Acidity 0.0 0 

l.003%Max 

KORE ALCOHOL SUPP IE CO. 
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I 

Linj ia111.g lrnerys Diatomite Go. Ltd. 
Un,t,o,g llld1J ~ - lJnila!tO Ci!r, Jin f!m,;~. Q;' . 
Tel .(4'SJ 21-2'223Xll0 F-ax~"88121-~ 

Certificate ,of Analysis 

Customer tilame: t<orealM ?,roduc:l Type: 50l 
,Onfe- Nlilmber: 18368 L~.Ptoduetion 1:26,1&ll009 
CU!ltomer PO No.: 
Dal!! of' e: 16•SD,P-ta 

su.pprli,u Test I e hod$ 
od 

100009 
Pei:meatJ.ility 1.0 u CC- 01-IW 1.72 Dare:,, 
1 Slknesh SlllVt H!ttlns 0 15 CC-101'-0:llS: 4.2 % 

Cantl'f1ug~ W6 dmtlily 01,42 CC-101.QIM 0.38 whnl 
f oliKI Grade: M~ t equlremen1s of KFOA 
Regards, 

Pin91Wa11g 
1Quality Control Manag,e1 

The Qua I y System of this 
facility is ISO 9001 :2015 

Registered by CQC 

ia Id ~ Uo 1111d ~ q:,,o, rK In all..::tillh, ihra ol·llli1Jnv I'm intd lo ~ lde,1111 imllloti h, THl:'I lbood . Sa ilor 
M l!lm·<!l•h-nlthaff t.ii:w: r1•mdlmd 'l"""i!itri ab>ll l -.;\ID arAIJamh iil!!l1<"'11-,U•nd11V1'111bb,!!u)'lrlh,tlll 
productoonln_ , .. of 1111 from S.!111',i lo Ill..... ....~. lo~••"- p,i;drr!l ,p,<,IIWlkllll fJI ~Ul1htl! ~r,111Jroow. ~ •e 
n•oll!!!f~«ll',npNM,Of l~!! __ ,Sflllf•d_:;ltlm1 l!'l!Nnfillclffl!!llt,(rub yllr.dntlllililMlr,lrik!.I 'J~l'POH-

Fot acldt ·ona1 i11kirmation inch! ng IISDS, !lee · i:/lwww.ime~•fi lllion.ct>mlmtcb m Page 1 af 1 
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Appendix 1.6  Celite 
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DAE PYUN·G CO., LTD. 

lkad •omc. : 111 19-8, Vl!tlclgd/,:hg-gi.l. 1-lamchll.as .... up, S...ngu- id, G}·~bak. Keet;):! 
T!!!l! S2--54-541-90Cll F'"-": 82-5'1 - 54 1 004 

'Bu.a.da Oln.:-e: 004110, IA:, dc:r.1 ,ID, olll , lfwonl!::iac:uJ•ro l1 l bc:an-~j1, undimg-gu, Sc-ongiiam-,;,J, 
Gymn~. [{ TcL 2-:ll-700-77 F 8~-3 L-70Y-7751b 

TA TEMENT O COM.PUA' E 

May 3,2019 

We, D • YUl G CO., LrD., l1 r by ded ar that lbeiow raw materials and 
procei.s i g ai d ust:d lo manu:fa ·ti,m;; l'EVl'rl::N FRI£ Hand STE ITE. RC H 

De trin 

Re in 

Celi Ill 

·than ! 

comply with 2 CFR and FCC standards. 

i1 Jeong Kim 
· A Managi r 
DA ~PYlJNG 0., LTD. 
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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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DAE I ... _ _ _ ,._ , PYU-_ · ' . I _ j _ 1_ _ • · .• ,,._ 

- - -- --- ' 
-- , NG

' 
- CO 

'. - - ,,, LTD _ ' , I 

- . 
ll.aali 0 1111:11 : ~ l 9--3, Y~n;gdang-gi.1.. Hamchillll!•~up. Sangj,;1-l!li, Gyro[)f;buk, Kr=e. 

T~I: ;2-S4--4 l-900 1 Fs:x: 82-54-5'11-9004 
Bu:nda q Office: 604!-!'0, Lead~~, B/0, fl~ . l-lwan~clll-ro Jl l!Je(J,tl•gil, Ilu:rtdM<l!•g\l, Seollpuum.•!ld, 

OYffi!JMi, Kore 1'el~ ..-,. :)J.7'0 775 ~· : -31-709-7?' 

CERTIFICATE OF ANALYmS 
Pi:oduct Name: STEVIT-EN FRESH 

Lot umber: 1901 JO 

M AnWAC:tW'cd date; Jlffl.Ua1)' 10, 019 

Eitphy dat~: Jimwuy 9, 2022 

Storag : cy / sh,ad place and at rnom temper ture 

Analytical test Methods SJ)C!Cilicstion Re11Ult-~ 

Appe ce Visua,J White powder Passed 

Odour Sen ii'.',' f t S141ht cha!racteristlc Pil!lled 

T,cstc- &ll:sory tc'-&t Swrc=t Pas~ 

Freely solub c in water and 
Solubillt .JBCf'AVol. Pa s'5ed 

!!thanol 
,, To ,;;ofl liefll O'! 11,tuco 1 

5 tc,,iot glycnsie~ end unreillcled 
Hl'LC+UV 0.0- 90. 0 83 .4 

steviQI gl.ycQ!I( e(d weigh 

basis I 
Content al' a -gluco I Stevkil 

UV Not Je s than. 65. 0"/4 75.9 
glyco id~s[tlcy weighl ba ' 5} 

L.os5 on clQ-ing JECFAVol otmo-rc h n6.0% . l 

pH Jlil)CFA Vol4 4 .5-7.0 5 .8 

l\!J:l J H:CFAVOI Not :man: than 1.0% 0 .2 

Re idual methanol USP467 Not more , 20Omg/ kg l 

Rei;idual ethanol USP 67 Not moi:-c than 5000 mg/ kg 78 

Lead JEC.FAVoM _ot more tl!M l mg/kg otdetee!ed 

.,, ni PAV 14 N mi:,re ~hii!.n l mg/ kg ol det - t 

Total pta:t~ oount AO~C 77. 7 J..csa tha:a l c»cfu / 11: ot d etected 

Vet1;9t and flt0ld 0/\ 9'97.0 2 UIS$ i:h1!l_j'i l02cfy I 8 nt d~eet 

. ooli AO,\C 83. 5 ;NegailiT CF'U) I g cgative: 

Salmariell A A 67 25 N mor th n 1-0 npm/g 'o r-le 

ts.sued l:Jy QI\ Deprutmci'.lt on Ma .l , 2fl l 9 
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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  
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Pei ame RT Area % Area Hefght 

1 3...737 201085 o.GO 9'J90 

2 4,146 46 700 I 1 4a 287G4 

3 4.14,6 446900 l35 54011 

4 8437 1.27BS5 O.:lll I 42'71 

5 fwbWloolde 9.46:6 2003& 0.3'8 39'30 

6 Ste"10biOS.ide I 11. 004 315749 0.85 7866 

7 DulcosldsA 13.-006 2838 2 10,85 917fl 
8 Reba ttioside a 15140 149783 045 4'684 

9 S1c',0side 17 Hl7 2855012. 3. 511 84867 

10 R~.b-ayd10$ide C HLJ01 B4O7Og I 2.SJ 25461 
11 20,,87 136-2-'18 0.41 4326 

12 Reboocflos.l · e· r 2 219 39835 0..42 I 978 

13 Rebauo'OB d A 23.338 2644392 79"5 ll594f) 1 

GRAS 

SAMPLE NFORMATIO 
Sample Name; STEVTTEN FR!ES H A.c.qu red By. Syslem t.ct. · 100HO Sa.· pie Set f\lame; G,Rl\S 
Vial 5 Acq. Method Set G- AB-MS 
lnj!!cilon #; 1 l?Ric~lng M ot Dst;iuf 1 
lri ectlon Vol'uni 2000 ul CllallN!t N'_ e: 24B7Cha el -
Run Time.: ao.o r,tir&ltes Proc. Chill. ,Oescr.: 

Date Acqufred : 20UMl2-25 A 11:04:26 KST 
Date· Processe-lf 20 9-04-29 PM :l:38:35 KST 

 






















   







 










 










   




Pe Nam@ Rl Area %Ar1ta He g t, t 

27 lil'llZ 1462 .. 5&3, 13136$1 :3.!l.'i 15126 
-

28 ml z: 145,2 411.500 2406128 7.2J 1638-1 

29 m/z 16M ' 6HlO7 1295704 3.89 . 0087 
30 67.683 1na.asa 5-,23 8400 

Pea Name RT Area: % Area H¢lghl 

l-1 ml :aoo 25.IJ!l l 3214051 ii.sa 102.962. 

15 27. 718 28.5981 a.oo 11338 
16 ml}; 1 12 2a 191 ~17 19 1.:25 13445 

1 3U:i03 144 11::47 .3:3 41783 
,a mrz 112B 31 .999 99619.l 2.99 :i.:mo 
19 n ·973 I 1043550 3.14 39369 

' 
:zo ml z H28 34.495 2288419 6.117 56274 

2 35.7 3'.12~7 0.9'4 9722 

22 miz 1274 36.261 J 6953 0.96 9985 

23 mtz 1'290 38, B-42 : 2400436 7.:21 93815 
--

24l 40.0 7 974950 2.93 267 7 

25 mlz 1290 40.857 1859515 &.fi8 61634 

2(1; 41 .377 221 5-2l5 6.68 50884 
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DAE PYUNG CO., LTD. 

HNl4 ,Qffh:ic' : @llii-&, Yc:m1g,dQr.1 • I, l'lomcbe:ng-eLlp, ~An , 11•51, G i'm'ngbrak, .l'<QQ'e:­
Tt1l: 8:2-5 -5 l • 001 E!°QX: 8Z-54-54J -90C<I 

iau.ndaq O:m.ee: 604Ho, Leia.tier,,, 1,,/D, U4, Hwan~ ilL•rn :n l~on-,, , und;mi;-P, ScllD!l]tll~ • L 
- Gyeoll@, Ki=a 1111: 84-31-70 •77!i5 F'll'C '2·3\•7~7756 

CERTIFICATE ,OF ANALYSIS 
Product em~: ST.EVITEN FRE H 
Lo:\ l.illl'l:ier: I 90 l l 6 

·tarmfacturcd d;E!;ti;; JWJuary l , .20 19 
Expiry da. : January 15, 2022' 

Stora~· Dry/ bade pla 1IDd at room l,etnpt:ri;!.rul'i -
Analytical le!i !eth<>d Spe.::l cntfun Re:iru:lts 

i\ppemnnce 1.sual Wllik powder sscd 

Odour ' D&m}' t!!'St Slight c:ha:racteriatle Pa~i!!-c[ 

Tesl en ts Swe~ Pas:scd 

'f/redy &0lt1ble In t· rEIDd 
SQlulbilit · Jt::C!F'A VQi,"1 Passced 

ethanol 

Tmlll oont-cnt of a.-glLKo,syl 

Stt-v:iol gl ·.c:o;sies and lln!t'eackd 
HPLC+UV 0-0-90.0% 83.4 

Ii~ g]yoosiclcldry wight 

~s) 

Content of ll.•gluoos,yi Stevfol 
u CL less thiin 68.0% 76.1 glyco,widesjdry weight 'ol!!lli I 

!.o.'IS on drying JECFA Vol4 Not mo.I'~ h 6 .0% .0 

pH FA Vol -4.5-7.() 5.9 

Ash JECF!I Vo Not.mo tha:nl.C)% 0.2 

Re.!iddrml mel.l:mnol SP 67 ot more:- than :mo ms} kg 5 

R.c-s d.ual cthimol USP 67 Not mo tl'lm 5000 mg/kg 75 

Lead ~ J FAVoJ Not Uran 1 mg/ki Not dctccted 

,'\n;(!:gi JECFAVol4 Not more tliian I !l"lg},kg 1;1t detected 

Tom.I pl.a.ti= count AOAC977.21 (,(!-!JS thrul ll}ldu/ g N9 dctl!"::t.~d 

Yeast ancl mold AOAC 997.02 Les than. 101c1\1/g Not de ted 

e=. coli AOAC 983.'25 Negati.tt C U/lF! Neea ve 

Se.&ftl, - ,AOAC%7. 5 No't more than 10 npm:/g otdf~'(k~ I 

Jsstml by QA Oepa.n.me,u QII May :1 , 20 l ~ 
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- . -· -
1 Empow,er2 
~ ••~-.- ::rrrF GIRAS 

SAMPILE FORMATI ON 
Sample Name: STEVITEN FRESH Ac~ui~By. System 
Loi. l 01 6 Sampl S-e Name: GRAS 
Vial: 6 Acq. M@tnoo Set: G- AB- r.tS 
lnj tfon # 1 P~1;1l1c1g Methot Default1 
lr;je,;tion 'Volume: 20.00 u1 Cliatll'le Name: 2487th nel 1 
,Rim me: 80.0 Mil"Qles Proc_ Chr.1. ,Des,:;r ; 

Dale Acqul .• 2019-02-26 PM 1 34;01 li<ST 
Dat,& flrooessed: 20 Q-04-2Q PMI S•44:2S l<Si 

 









 




































 

Pea Name RT Area %AIU Haight 

1 I :3,7'35 19.5572 O.SS 10~62 

l '1.1�5 5«849 U2 31813 

3 -4.747 4936Hl .36 58001 
4 6448 25.569 0.07" 1 1156 

5 -a_,=41 113110 0.32 4142 

5 Ru osf,de, e.472 115474 0.32 3913 
7 Stft'lllolbkis.id'e 1 .9611 323574 1 0.91'.l 831B, 

8 D11lc:~ideA 2006 2:80447 0 .7,EI S-.532 

9 R.eooLidioslde B 15.131]1 11{1623 0 .33 11211 

,o 518~0Side 17J'J95 3085510 8.BO e9S54 

11 Rebai.iciiaslde C 19,302 921 20 2.57 '.25842 
12, 20,2:39 152621 0.43 4914 

I 

13 R~ttaudiosiid f 21208 1!j!J06 0.A2 54721 
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P•eak m Area ~Ah:\a He[gh: 

14 ~~b.iu(klios de i\ 23.324 2&1i'T96 1.ae 92810 

15 ml~ 966 25.870 3468-523 9..67 t 2'511' 
' 6 27.721 251 75 70 f0&15 

17 m/'z 112 2S.. 83 I 512918 143 15731 

16 31.495 1~5922fi 4.0?' 5 199 
19 Ill.I'! 1128 31 .004 '116778, 3.11 316233 

20 :!3..970 1·0&872.6 2.M 4,252g 

2 ml% 112~ 34.49'2 2#.i8 .. 25 a.S5 61105 

22 Ji;i.803 299910 0.6-1, 1004-3 

23 mlz 127'1, 33.2.60 40•HlSZ 1 D 1tl~ 
24 m/J! 1290 38.8.41' 2.716337 757 103-933 

25 40.()Mi 105,8157 ~ .. oo 2S8Hl 

26 ml Z 1290 40.656 Hl37-G13 5.~o 65S32 I 

27 4UB7 2375257' •l'l62 6.3300 
.2,ll m/z 1452 45.588 137005,3, 3.a2 62"7 
:;ig mlz <!52 •19.82~ 2498 42 fl ,96 162-55 

30 tfil/;i: 16 4 61.001 14'37160 4,09 1ooa6 
31 67.704 20006:56 .eo 0004 
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D,AE PYUNG· CO,., LTD. 

ff_,e11d omce :: l \1-8, 'toangp.oraig- - , Ham.ci"IQ.11g-ca.p, San flju ,·si, Gyrolllgi:M.ik, Kalfl: 1, 
'l't,I! S 5'1~ 1-9001 ~ 812-611•&H-9004 

Bp,11,uq OJlice: 604Ho, Lea:dl!TII Ei./0, 1114, H~11gr.ae1;1, to in lbc1m-gil, Bu"ldlmie:-£1il- Scangn .,,, • .,,, 'ycongi. Kore 'l'eJ: &2-<ll-709'-77'55 F,BJC !l .--Sl-709-1756 

CBRTIFJCATE OFANALf'.SIS 
Produ¢t ame: S-TBVITE FRESH 
Lot 1.m1ber: 1902]4 

Ma.nufoet =cl da:te: f"C)bruill)' 1 019 
Expiry dale; February 13, 0 2 
8 orag : Dry/ had.c place and at room tempera uru 

Ai:ielytkal ~llSI Methods. S3>i!oifir.-atkm He ulu 

.Appearance Visu White powd~ P,as,sed 

OclaU!" Scn.soryti! l S'l:igh;t chBNl~t.:ri ti f'a:sKd 

Teste Sensory lest St,eet Passed 

fre l.y solubl in w I.et i\lld &Jlubilify JECF'AVol-4 fu!;std 
thanol 

Total c anlen.t ,;i .•gl'ucosyl 

Skvi� l g]y<;O fe andu~~cte.d 
HPLC+lN :so. 0 - 90.0 % 8$.6 1s-tcvfol ~tycoside-{diry V.'etghl 

b si 1 
Conrent of -glwro Y "t~viol 

UV No less than. •65 .0'%, 76.3 glycosides.(d:ry w,:;i,ght oo.&.ts1 

lo!SS &!I drying JECFI\ Vo1 :NQ mN than6_0% 4,2' 

pH ECFA Vol4 , 5r7,Q 5.S 

/\sh JECr'AVol Not more t.han LO% 0.2 

:Residual mcl.hanol u P46'T Not!_'lt()J' rl 00 mg/~ 3g, 

lksJ.d;c11;1] ol US.P467 ot mQre than :5000 mKf k& 80 

l.eml JE A � l Nal more than I rn tkll: Not(l - ~k<J 

An;cn _ JECFAVol4 Not moire \:him l m&,I kg Not cli:tccted 

Total pla;te CQ\.!nt OAC97'7.27 s than lD"'cfu/f:l! Not ,,;\;;:t,;ch:d 

Y~~t !!.ml mold AOA 9£ 1.02 dum lu"'cru/g . �.td t d 

&:. toll A A 983.25 1i:-,ga;tiv<: C f1J /1 g *tiv 
Salmcm AOA 967.25 N'ot mar th n 1� 111.PJl/8: ,N.ot J lecteoI 

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

Appendix 3.3 STEVITEN  FRESH Batch  190214  

GRAS ASSOCIATES, LLC Page 72 of 158 



  
  

     

Peak Name RT ArM % Area, iele-,oght 

1 3.752 199051 0.'57 10000 

2 4 .148 48"7966 1.41 51043 
3 4.747 .W009 1.27 574 11 

4 .B..~.JO 1-3&333 a,m 4563 

5 Ru' sosk:1.e 9. El 152980, 0.44 4406 

6 ,Ste\!!OlbJQsid'e 11.816 34537~ 1.00 6303 

7 :DutCG.5ide 1.2Jl92 Jl)3573 0.87 9S3.B 

8 Reb!l~loslcf@ 8 · 5.113 tS410l 0.53 5753 
9 iM ai 2 311S 0.01 1472 

10 Stei,;_osid 17.092 3009'3a2 I 8.93 94286 

11 RebaA11dlosii1e C 19.265 8960S4 2.58 2781?a 

12 .20.25<5 42038 0,41 4519 

1' 13 Rebaud DSid f 21. l94 15202T 0.44 &109 

P'eak Name RT Area %Arua I H ighl , I 

27 40025 815i'll1 2.35 24257 

28 Pl/ z 1290 4Cl.8'.18 1565662 4.61 55384 

29 41.3ti5 1596513 .4 ,60 5232B 

' JO 42.3.el :l:J.446 o.,o 17~ 

31 mtz 1452 45.541 1439935 4 I !) 1ilS18 

'32 mi l 145.2 48.7$0 2698084 7.17 16716 

33 ll'IIZ 1614 60.8_95 1240988 3 . .51! !10 11 

3, 67,632 2125739 6,12 I 961)1 

Peak 'Name RT Arca j %Afe1;1 Hor,g t 

4 Reb.Bl:Jllitos idB A 23.31.2 2.B69&28 8.24 93794 

5 ml:Z 9615 2U.52 3519687 10 14 111307 

16 

,1 m/2. 11'2 

27.SbS 

2B 162 

358523 1.06 

4850.2:3 1.40 

13266 

14~ 5, 

18 28.977 43019· 0.12 2-0-54 
s 29.7a7 75376 0..22 31 15 

~o 3,t.475 1530e69 ,u, 51407 

.:a mlz 112!B 31.9i 1 1056018 J,07 36121 

22 33.964 101:n11g 3.09 4 194,4 

23 ml z 1128 34.466 2501212 7.21 61i3J9 

24 35.714 3934:.10 , . 3 1340 

2S ~ 1274 36..23,ll, i 313no t.OS 11003 

25 mlz 1200 3&aJO 233872 G.74 91!667 

 














  


  

SA M PLE I NF O RMA TION 
Sa pAe arne; SlEVITEN !='RESH A.cquifed Bt System 
LQt i 90214, Sam · Sel r.Jame. GRAS 
Vial 7 Acq. ritetnod s G- AB- MS 
lnj tlc:ii, #:. 1 Pr00eis1n~ M oc Uefault1 
lnJectJon Volume: 2-0.00 ul Cftannel Name: 2-ta7Ch;.im el · 
Run lime· 800 Mtnutes Proc. Clml. Oescr.: 

D:lte Ac,qul~d; 2.019--02-25 PJ,I :59;24 KST 
Dae ProcesM<± 2019-04-29 PM a,·51,:0S l<ST 

GRAS 
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· Ye<1ngdo11g-gll, H mchang.-C1.1p, 11n-u•iri, 0}"1!0llS,1.Nk, ~ 
T~I' 8 -541, 541 •900 I • Mc S".!- 4-54 1-900"I 

Bii111ilan1 Office: 6D4Ho, l&ackrs B/D, 11 1'4. Hwangi 1-ro Jll •Kil. Bunct1m11.-11:u, Srongnam-,;.i, }' nggl. Kor~ Td: 82-31-709-i"'i'Sfi F' . : 8~·_31•709-77 

CERTlF1CATB OF ANALYSIS' 
Proouct. I me: STEVITEN F ESH 
Lot wnber. l 90308 

Mam1, u:red dat . b 8, 2019 

Expky d.J.!.l:: March 7, 202::Z 
Storage: Dry/ shade place and at roo , temper tun: 

Analytical tetJI Mc,tl,od_!!; Sp iflcali.on Rcaul_ 

Appcanmcc Vi 1al White powder sed 

Odour &lns.o:ry · e · t S li@h.t eharn:ctm.atio Pa1n:icl. 

.. esre s sory e s~=t Pa$i;ed 

: tee\v :so?nht in wetc, and :;ioh.lbll l J FA \fot4 PaSllcd 
thenoi 

Total ci:iH en or 11- ILtt~I 

Slew g.lyco:sic;s ootl W'.lnActcd 
J-iPLD+lN ao.o - 90.0 % 83,5 iitcYi,o:I gI ·coside(d !J• wejg]ll 

-~ I 
Con~n,t of a-gluc:osy1 Stevrol 

w Not les than , 5.0% 76.1 glyoosMtttUdi;y weight ~;;is) 

Loss on rlrymg JEC Vol ot m!lr~ thatt 6, 0% 3.5 

pll J!'£C AVoM ,S-7.(l 5_6 

l\m ,JECF/i Vol4 Not more than LO% 0.2 

~lit I metrumol SP 4 ' 7 o1' !TUii'\ than :200 mg/kg 3 

Residual ctbanol USP467 Ol more tbllfl 5000 mg/ ){.g 'i' l 

~ JECFAVo14 foilol m11rc than l mg/kg Nol de'lcctcd 

l\:r-:ienie JECF'AVol Not more than J wg/lqi Nt>t detected 
Total plate r;.ount AOA 1111.21 1.c:ss thim l ] ru/g 1'/gt detectec:! 

Yeai.t and in I I A0/1.C 99'7 .02 kesth l[llC'llJ/;g otdect.ec~ 
'f;. ]j AOAC 963.25 ffcga,tiY ·CF 1 /lg N~tiwe 

$aimooel AOAC · 61.25 o, mon; l'.hWll 10 ~mtg NQ d~d 
IS!11.I cl by QI\ IJepart:m.cnl an May 1'1, .20 Hl 
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Peal'<. Name RT Aree % Area f-teJgbt 

1 2.609 3033 0.01 316 

2 3.386 ff 155 0-54 14202 
a 3, 2 299'28~ Cl.94 14'979 
4 4.133 63!'.1793 01 0039'5 

5 I 4 ,7:36 574{150 1. 81 71:164 1 

6 IU7Q 69627 11-22 20(31 

7 8.339 220452 0.691 7140 
a Rutusosfda 9.266 14a6<1B 046 .3927 
g S-l~alblo:r.ide 10,777 2091200 0,00 6951 

I 10 D1.1loosrll A I l.2..700 330566' t04 11708 -
11 I f,4,(124 .2 9U 1101 I 879 
12 Rebaudi0$f<re• 8 14.739 17'9723 O,M 6-568 
3 CHi7'a 319007 1.01 109i7 

 



 

 


     


 








 




 

 




















  

Peak ~rne RT Area %Are.i H!lig 

4 Ste.ioskfe 16.704 1667304 5.24 59004 

15 17Jl9'3 133712 0,42 4755 

16 Rebatllf a&lde, C 1,8,660 514200 1.93 :22104 
7 18,827 13-9218 044 4665 

18 fUitlaLI!llOSld'~ f 20.79.2 2106,67 0.66 l:IClo\18 

1; I 22.1)01 24400 o.�a J2:-IM 

21J Rebaud1oslde A 22.SS7 12274030 7.15 80874 

2.1 2.3.685 17681 (l_.56 6,252 

Z2 mtz 966 25..42 ,1402214 7_5<5 75002 
2.3; :H.228 303798 0.95 rnma 

I 

24 mlz 1. 12 27,774 5117875 ; 72. ; 11 

.26 28..ill02 9894'2 (1_31 374 

26 29.395 36200 0,'43 51·0'2: 

GRAS 

FORMATION 
Sampr11 Name: STEVTI"E Ac:qulrtl!C! 8:y. Stslem 
Let, 190308 $a 1111e Se Name: G;R,O,.S 
Vial 2 Acq Met'1od Sit 1G-AB- MS 
lnJectlon I : 1 Proct!H 1'19 M ~ ,Deiftn1I ·. 
ln]ecticn Volume: 20..00ul Charinel Name; ~87Cha el Run Tl 1:r SO. 0 dtn tit& Proc. Ctml. 08scr_: 

Oat, Acquired: 20t9-04-26 PM ? : 17:48 KST 
[)a e Fl'rocess,a,± 2019-04-29 AM 11 '.53:00 KST 

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

GRAS ASSOCIATES, LLC Page 75 of 158 



  
  

     

P~k Narne RT A!eB %Ar&a H gltt 

~ mlz 1 t28 31.063 131 8628 4.14 48438 

28 31.599 405738 4.42 ~1 
29 3.lt.589 69tl993 '.U.0 1 31133 

,30 ml 1128 34.05'.3 1736790 5,. e- 42410 
I 

~1 mlz. 1274 ,35.(124 _0405 1.07 '10998 

32 3U97 55475EI U2 11048 

3l 37.283 60013 om :!558 

3A li!'l/2: f::l!KJ· 38.684 28922BA 9.09, 1304:lt 

3:5 39.71i1 8<1105¢7 2.64 21195 
I 

36 11\i Z 1190 40,1304 1223548 3,85 40790 

S:7 41'.ZSl 1640708 5.16 456161;! 

.311 rntz -!15'2 45.i4T 2172449- 6.63 28084 

39 ml.: 1145'2 49..361 2234179 7.02 t4289 1 
I 

410 mlz 161'4, 60.370 517468 -4.77 13483 

- 1 67,09 · 146!500 4 .SO 6633 
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DAE PYUN,G CO., LTD. 

Htidl Offhic. : ii 19-8, You,rgd.oag•gi.l., l-1 mcbang•C'IJ pi, Sen ~-;n, Gyc11n~buk. 
T!!!l: 2,54- -41-900 1 Fax .ii/2, 154-541-9 

Bum.du.: Offlet: 604Ho, !..c111kr.s B/D, ,MI , Hw n~eu.l-1, Jl I bC"an-gil, Bunclimg-11:U, s~ngn~m-~i. 
Ciyeon,y;i. o~ T~I; l!2.Jl-7D!l-775S ax: 82-31-709,7756 

·CBRTI.FICATE OF' ANALYSIS 
Pr,0011, Name: STEVlTE FRESH 
Lot Number: 190S 14 
Manu.[actu.rod el ide: Mar h 14 , 2019 

E.tpiry d b:; Marcb 13, .2.0.22 

Sto.ragc·: Dry/ s:h,ade p,lac M.d n roorn li..mpe:mtu:re 

Ana.I •tk:e1 l!!6t Met.nods ~ricatio . Re ult:; 

A ppearai:tct" VisLJaI Whi~ pmvder Pull d 

Odm:rr Senso.-y !sl Slight eharownll Pll.:i:-.ed 

Te:!!t •. noo test ?ff;s,sed 

.Fi:,C"Cly IJ'luble in · a.11;1" nd Solub111/ JECfi'A Vtil.4 Pasi.ed 
et!mno1 

()lQ] oonrent of O.•s].l.ll!o&y1 

s,le'll'iol gl)rcosie d mm:actcd 
HPLC+U\I o.o - !lo..a % 8t3.<I 81:l!lliOl g,1yeosidc{dcy weight 

tmsisl 

CQnt.enr of ll•gll!coeyl s ,e1T1.ol 
UV Not le s trum 65.0~ 15,9 gly filami(OJ)· w!!is:il l b m'6j 

I.A)$ on cllj,ing JECFAVaJ. , · 1:1 more llian 6 .0% J,5 

pf{ JECFAVol'I .5-7,0 5.5 
A ll JECF Vot4 Not more tha:l!i. 1.0% 0,2 

lki;.id111ru m. th.QMJ SP 467 at mol'I! than 200 mg/~ 51 

kesidUal eth 110I USP%7 ot ma.-e · hen 5000 mt,/ 78 

Le..a.cl .. n;:i FA al No ntD"CT: than I mg/kg Not d~t.e~t.cdl 

Arae:r1ic JECi;'. Vol Not mar-e I mgjkg Not 1cl,ctcctcd 

Total plal:c i:-ou.nt AOAC ')17 .27 l,ess that! ]0:J>cfu/g: 'lifot lleta!I ~ 

Vee,Bt .encl m1;1ld AOAC997.02. l..eSS t'.l:tWl l 03clll/ g Not d.elttkd 

.E-. c~U AOAC983.25 Jllegati..-e CiFl.l / lg egaUve 
SaJmen.ella AOA.C%1 •• 5 Notmo lha,1 10 npm/g; I ()- di!ti;, d 
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1 

2 

3 

4 

5 

6 

7 

s 
9 

10 

1 

12 

3 

~--· ·~·-
E ow~ 

GRAS 

S AMP L E IN FO RM ATI O N 
Sam e Narn11:r S'TEVITEN f'RESI-I Aequ[red By · System 
LDt 190314 Sample Set ame: GRAS 
V 3 Acq. .Tetl'IOCI Set G- .AB- MS 
lnjec cin ' P'rocesi.f , Mell'lo<; Defaluli 
lnjec on Y.Qlwme; 2-0.ClO ul Ch.annel Name, 2487Chanrt I 1 
Run ·lim~ oo,.o Mi nut Proc Ctinl Descr.: 

D,1;1te Acq:Uil'ei:I: 2019-0-4·26 PM ,H.36: 53 KST 
Dale ?i'OCe.s~ed" 2:-019-04--W AM 11 ·48:41 ST 

 




   

 
  














   








 
















   

p · Name li:T Area % Ar~ ~el9ht 

2,829 2129 0 o, 205-

3.883' 160095 1Hi1 138 !l 

3,689 249:38'1 0,80 13300 

4 ,1J4 804 41 1. 94 S-4515 

4 ,136 SM\645 1,79 76331 

6-.383 7 066 0.23 2105 

8.331 1895~ 
I -u, 16470 

~ubusosiae 9.270 B5609 0.21 nn 
I Sniolbig:;'lde 10.76.5 193900 0.62 5556 

DJIC~ideA 12:.69'7 2'90213 0.00 10843 

14.025 42507 0.1 4 74l3 

Rehu::irosii;!i& B U .737 2 8979 (1,70 7017 

16.04,3 3023-Sll e.oo 10840 

Peil~ Nl!'me RT Are<1 % Aiea Hl!i9hl 

1-1 S e\toslde G.706 630273 5.22! 5n4a 
: 

5 7,993 1:l6257 0,44 44&.S 

IS Reb.!udr<l5 Id C 118 899 58,211.43 87 217013 

·t7 1!:l..ai9 130980 D.4-2 44159 

,a ReDE!Udioside F 20.700 199203 0.64 7564 
19 22.133 257B8 IJ.06 15-37' 

:1.0 Re udiosh:leA 22.870 2181068 8.'92 17122 

:a1 23.a:26 147~9 0.41 906 

:12 mJx!;IS6 25.430 :;l1~Z297 7.02 71.ol3 

:23 rn/'2 112 27.780 751682 2.41 1set2 
24 28,615 7~0f;i 0.2'1 29:96 

25 29, 01 95000 0.31 -4303 

26 mlz 1128 3.1 .0?7 1245510 ::isg,g 46032 
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I Peek · ema, RT Are.a % Are.a Holg t 

27 ,31 .611 1386464 4, 4 4524,'I 

?.8 33,590 703555 2 ,25 29116 

29 mf.t 12S 34.097 15871 ~8 5Jl9 39'703 
' 

30 35.439, Jl)c.3395 0.9'7 0043 

s, mil 1274 35,914 329431 1.06 11'176 

~ 37.300 6':2115 020 2587 
ll rnl:Z. 1'290 38.688 2999999 ~HU 12151a 
~ 39.7&!1 1028278 3.29 ~193 

I 35 
I 

ml z 1290 40.612 u69an 4,39 44026 

'36 ,11,:2661 2096400 6.7.l 46049. 

37 m!z 14,!52 45.257 ,2037527 6.63 2429'2 

38 ml Z 14&:2 49:U9 1005(17· 6.98 12545 

:l9 mil!. 1614 60.406 165~'91 5.llCl 1<1226 

~o 6 7.'!20 146&5l7 .70 64S~ 
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DAE PYUNG 1C·O., LTD. 

HHll OMll!e 1 ~ 1 g.i!, V~ngdon.11-gil. Hiamchang-eop, Sangju-&i, Oy oo~bulc, Korea 
T" • ll-2-54 · - •1'1 -901,ll !"ax: !t! - 4. s•H-90CM 

Bunda:og om ... , 604Ho, l...l;idc:1"8 B/ n, IH , Hwang'8!.rnl-to Jllbcon- , Bu.nd.aDg-gu, &ongruun- , 
Gycong;!;i, Korea Td; 3'2•lH •70 •77S5 !'ax: 82•31•709•7156 

C.SRTD"lCATE ·OF ANALY.SIS 
Produel Name: ST!l;VITEN RrCH 

L.o Numbc.f: 190108 

Mam.tfactu:red dak: January B, 2019 

Expir . ,fate: Janu.~ 7, 2022 

Sten-age: Dry/ ··ha.de place and a t room temperat 11 

Am1lytical lC5t Metbod!l Spectfic_atloo Resul.ts 

/lppee:r-ance Vi&U'l.1 White pgwdcr d 

Odour Sc:nSOI}' t~sl Ugh ' ChB!'n.eteristi~ ?a ·~ 
T stc 5c-n:socy k:sl 5wcc:t f'ill.:sscd 

reely soluble m wa er-and 
Sal11billty JECFAVc-U Passed 

hanol 

Total conttnl of Cl.•gluc-o~ • L 

~,1fol gb o. ~s d 11nrea. . 
HT-'L,C.-LW S5J1 95.0% 92.4 

Meviri] !!l~r.osi,fo[dry weight 

baJi~ I 
Coatcnt of o.-gluoo S~viol 

UV I -= lhQ 70, % 
gly-c;,ogides(dry> '9.-·dgh ba5l~l 

Los.son ryin~ JECFA Vol4 DI mor,:: (rum .0% 3.8 

pH Jl!CF 1/014 4.S~7.0 .6 

Ash J ~-CF'A \/014 oc mo« Lh n J .• o. 

R 'du l ~th o] USP4G7 'gt mm!'!! than 1100 mg/ kg 3£ 

Rei.id ual t"l.h •ol US-P4r,\7 o t more Lhan 5000 mg/ kg 69 

[,c: ,l'ECf'l\ Vol4 Qt m~ than l mg/!qi :Not dctroll!rl 

l'1S C JBC:FA \lol4 NDL mo~ trum l mg/kg Nol do:tec~ 

Total plnle co nt AOI\CCJT7.')7 ~a tt.L!!:ri 1 OJ'cfo I i: .Not dcimckxi 

Yc11.:st and mold AOf\C 997 .02 l.e!JS th l0?C'fu / g Not •i;kl:ttlmd 

e.coli o -c 9S-3.25 Tlle-_gatlv CFU/ 1,g egam·o 

uttclla AOAC 07,25 Ntit m0.1·~ l?Jan l'O apm/ g M;it ilclicqbtd 

ssUM by QA D~partme:n:t on Ma I , 2019 

Appendix 4.1  STEVITEN  RICH Batch  190108 

Appendix 4 Certificates  of Analysis  and  Representative  
Chromatograms for  Multiple  Batches  of STEVITEN  RICH 
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Peak Name RT A a % Arna Heighl 

1 l.7,36 1587 1 0,53 9B6!} 

2 4. 50 4504112 1.51 251 Stl 

3 ~.745 377249' 1,26 ~e012 

q, 

:!i 

6-..450 

a~OO, 
549~3 

~sa&a 
0.18 

. 

023 

1670 

2203 

6 Rubus.osl'18 9·.517 1<1Z67ol 0.4B. 3B.i9 

1 St~otblosfe 12.082 2079 6, 0.7D 5710 

8 OulcoJiiiide A 13 065 2708:l.'2 0,91 9166 

9 Rebaudklside El 16.247 92866 0.31 2776 

10 15-.~0 29124 0.1-0 1357 

11 St osicre H .178 1910437 40 56955 

2 Reballdloslde C 19.39B 3~838 1.32 100<l7 

1-3 2-0.267 30510 ,0..10 11l00 

0101 m 
!: 

i ,,.;: ..- <q . 
O.OII· .., ' ... 

~ .-

~.O&· 
~ 
ot 
r--

:, 
<( 

"" ~ 
B.EIC · "1' 

~-02 · 

0.DO 

o•oo 10,00 20.00 30,0ll 

~ ~ a> ;;, II> .... 
'I: g ..-
('<I I «> 
lD -~ I .. V - ... 

~ ~ 
E "" e 

(0 GO 50.-00 •00,00 

Mi""'"'" 

"" ::. 
<O 

10.1!10 W.00 

PMk. Name RT Art!e ¾ Aiea Height 

27 37,649 76437 0.26 27:&6 

28 tn/t l290 36.801 2818857 9.44 97353 

is 40.203 1003947 3.36 26230 

' 30 mtt 121lO 4-0.968 1861398 6.23 63Ma 

31 41.482 Z217480 i'A3 S83G-O 

32 m/J 1452 45.822 1476295 4,94 17837 

33 mf z 1452 &0,106 2144896 7 18 14337 

34 mli 1614 •61.461 1493473 ~-00 12323 

35 68.214 1680881 5.63 8149 

l',eak Name RT Area ¾Area He(gtll 

4 Rebsi.,d1o~ide F 21316 184791 0.61 6696 

5 Rebaud[oside A 23.437 1832.551 S . .C7 52969 

6 m/z 966 25.990 , 450~8 8.39 81815 

17 27,818 1242(!;5 0.42 5551 

18 m/z H 12 211-3.2 1 337'332 1. 13 ' 9947 

Q 28.933 13625 0.05 705 

20 '29.941 121849 DA 4567 
.I 

21 31.619 1132100 3.1'9 37799 
' 

22 m/z 1128 ~ l8 1166768 3.Q 
1
1 35275 

23 S4.086 , 10Boo.!6 3.65 3B137 

24 m/z 1·12~. 34.589 204!1100 6.,&{I 937a 

2i; ~ .9-35 2aso1a o.ao 7�2~ 

21!1 ml~ 1274 36,3$4 301e;B1 1 01 8483 

FOR MA TION 
Sample Na · e'. s :1iEVJTE N• RIC AcqultM B~· Systt! 
Lot 190108 S mple Sec Nam~ GRAS 
Vial· 8 Aoq. Mel~od Set G- AB- MS 
lnjeetloo #; 1 roces:sing Mglntic Ocfault1 
lnJeetiOi"I Voh.Jme 2-0,00 iJI GM i!il ' e: 2487CllaMel 1 
Run 1i BO.O Mm11-tes Proc. C nl DeSGr, 

Dale AoQ;ulle:d· 2019.0H~ F''M .3;26:59 t;.ST 
DHte P~ocesseci: 2019-04-29 PM 4·03;44 KS, 

GRAS 
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Hi1tcl O.ffl'ile ± ~ rn , 'l'e1:1n~tm(!;,gil, ~'l:tll h"n,g-e1;1p, Scaniu11-1;11, GJ'e(lil"j · qi,; , or~..­
Tel: 82-54-54J -9001 Fax: "--5+-541-0004 

ffuqd'~ ,omi:!I!; 60>1 Hg, wd~r 13/D, ~ 1-., H\11 � gsa!:':ul-ro :u l bei:<n-gjl Bi:mdang--gu., ~ngnam-s , 
UyeonggJ, Kll'te~ T 1: 1-J .70 TT:i rl!.1:: 82•ll -70g. 7756 

CBRTlFICA,TE 107 ANALYSIS 
Produ• t ame: STEVlT.~N R]CH 

Lot Number: 190129 

Man.u.f; etu r d d.r i,; Jaiuti>ll)' 29 , 20, l 9 

EKpily dare: January 2!85, 2022 

O<loui- Scnsm:y t~:sl Slight cbaracteristi~ 

Tots] con~1mt 1>f "g)uco~yl 

Stmiol glycosi~s and ua.Fcaci:@d 
HP!.. +UV 92,3 

~~I etyc:m,iflleldry< weigh 

Loi 

-1-.0 

5_8 

A:sh J 'ECii i\ V� l4 Nat m111re than U)", 0. 

Rs!iddus.l methanol iJSl' 461 Not mrusl!I I.ban ZOO mg/kg 35 

Ib.!sidual rt.ham1I, USP 4157 Not mare llllim 5000 mg/ kg 70 

i:ha11 l mg/q 

wan l mg/kg 

&llmrmella 

Issued by QA De-partment on, Ma 

GRAS Notice – High Purity Glucosylated Steviol Glycosides 
Daepyung Co., Ltd. 7/23/19 
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Peak ma RT Area % Afea Height 

; 3..136 17002:3 0.81 9992 

2[ 'I. 5'T 455192. 1.133 2.4843 

J I 4 .14'1 400096 1.43 !l1'49J 

,I. 4 .967 ti160;S D..22 aon 
5 6.11'17 75400 027 2000 

6 8509 5851:14 021 194'9 

; iRUIJLr.:ioS,ide 9.514 UCS!)8 0 4{], 3246 

B St!J\ia[biasicla 12.[)75 2\()2810 0.73 5457 

9 Oulcosde A, 13.073 270669 0.91 Si'iiJ 

0 Ile udJi,~l.de .B 16.250 87984 0.31 2601 

1 0•,700 l ~90 O.OB 116.Z 

2 st· os,111e 7.188 1n22os 634 52876 

1'3 R~di i· C '19,411 429'288 1.54 103 9 

p Na,ne ' RT A'8a ¾ Area Her9hl 

4 20-289 51177 o .. n 2267 

5 Rebaudlo:slde F 2"13.22 1 190507 o.ea 6~;! 

1'8 Rebaudlo:slde• A 23.-43'5 1 1507167 1 5.39 "18499 

111/"z: ~a 17 25.966 2~5331 8.47 i-6866 

'18 v .~:,o 1-4006 1 

I 
0.41 531"4 

19 mlz 1112 2:8.316 3.32aH I .19 947 

2D 2'91.150 2056:1 1 OA)7 961 

::n 2,-0,931 95241 0.34 39211 

22 SU, 5 1 5416 J. ,1 3.5183 

23 ml.:; 1128 32.130 1 219136 4.0.2 33076 

24 34.1)891 100584!1 3.,82 i.l6405 

26- m/ 2 1128 34.689 199TTS9 7. 5 6953 

2-6 35.93,8 274313 0.98 7'966 

0.011()~ 1B a, 
1 ... 

al 

'° 11.080 1 ;;Ii 
o ' 

0.010 i 
.,, e;] - "' 

O.~ 

:;:t :: 
t-. 

~ 
~ 

0.0Y.) ID 
<l: j l"I' 

0.040 j llD ... 
' 

0.030 N ... 
l 

0 CQQ l 
0.010 1 . 
11.000 

11,CQ 10 200G )0,00 

6'i . ..,. 
(;I i ,i:j 
"'!II" g .,, 
&l N "'!II" U:> .... 

ICOOI> 50.0CI 
11,111\j ~ 

g: 
<l:f 

(D 
I 

,st 
.-:-
m 

00.110 ro.oo eo.o� 

SAMPLE FORMATION 

s mple NtilM' STIEVfTEN 1-1.ICH Ac<1u:ired Br· Syslern 
Lot 1901 9 Samp1 Sel Name: SAAS 
Vial· Iii A.r:q Mlil ~ ti S$!; G-AB-MS 
lnj1;rotloo,i/. 11 ~roces~1n9 IMeihQI': Defaul 1 
ln;jeotloo olum 20.00 ul Chan · 1\1,srn 2467Cl'la 
R!uri 1111'.e: ,80. 0 l.llnutes Proc Clml. Descr : 

2.019.o2•25 PM 4:52:23 Ii', ST 
201~11 PIJ 4·08:33 KST 

GR.A.S 
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i;>e,alc Nam~ RT AreEI ¾Arw Height. 

Z7 rn/z -1-2;,i 3'il37a I 313236 t12 0083, 

23 37,661 6'l287 0.23 Z404 

211 mf;z 1290 38,:m 2498358 ,8.~ !l6196 

3ll 4~.232 1341 ' 36 3, 1 226:l8 

9{ rnJ z 1290 o_t9 · S 3905 5.78 57185 

32 -488 a930a!i [ a.?tl 5-1546 

33 - 2J:ill7 9S81J 0.36 3722 

I 34 mlz , 52 46.024 386019 95 16432 

35 ml 52 50,244 :20001.98 7.16 3248 

36 . ti 16f4 61 699 4761~6 
I 

5 26 1591 

::n 
I 

6 ' 498 444059 ,17 1~2 
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DAE PYUNG CO., LTD . 
.btlep:/.f-.li•c,)"llag,e11<,m 

H.N4 Office : ; J s>-8, Yt!engdon,g-gjl. Harncllel'l'1:•eup, Sa~-ttl. Oyt-ongbulc, lfo, 
iel; 8~-5<1- 41 -~00l l'"!i-:.:: 82• 4-- I •-~ 

Bw.llan.c Olli!ce: f>04f!o, I.L:ed"1'!1 9 / D, 1114, H ~1:ul•1'U 3111)1:,;in-gll, B-LJ.tJd8.lt!N,;µ , S.Ctmgm,.m-;,o. 
Gye ,l!Si, Ko id: M-31 •70'H755 fax; 82-:U•70'M75 

CBRTIFICA TE OP ANALYSIS 
Produ,ot Nam : S'J'E.VJ'l'EN RICH 

Lot Number: 1 21 

M!i11ntfact1u d cl~1e: F.;l>Tua;ry2l, 201 9 

EXp' dnl:e; February 20 2022 

S't1Jr11ge: Dry / :shade place uad al. room Lcmpcrnlun: 

Method.!! Spccilkaiion ll•el!Rllts 

Odo'll 

in w~ er and 
Solubility JECFAVol.4 

ethanol 

Tpcal cnntan:. o· 

St~1ol gl)"DOsil'!"a ru:id unnmcl:ccl 
HP +UV 85 .0-95.0 % (2.5 

ste o] giy-oskle•dry " 'ht 

oo~i• 

le uh 70 ,!, 6.9 

JECFI\ Vctl4 Not marse 1.1:!tU16.0% . 1 

ff JElCF,I\ Vo14 4!.5-7 .0 !i8 

'!?:. cob 

lssue-d ,OJ QA Departmen~ on May 14. 201'-J 
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Peak . me RT Al"ea %Area Helgh1 

1 3.739 1573 1 0 54 g545 

2 4 66 4684 6 uo .:mtt.i:3 

3 4 749 43492:4 1.48 41l516 

4 8.517 10036 O.OJ 005 

5 8.4B9 66830 0.23 ,2200 

6 RllbtlSO$iC!e 9.4'94 124503 0.42 3634 

7 Ste'!Aolbfoslde 12.070 209834 0.71 511!2 

8 � u1coi;, e A, 13 039 275198 094 9434 

!! Rebaudi.oside B 16.208 102118 
I 

0.36 2eas 
fC 16. SSJ 25522 O.Oll- t.42-1 

1 Ste.to~ 17.145 199 ~4.64 6 76 59235 

1;2 Reba~ioside• c 19,366 455528 ,·.a-s 112~ 

13 20.227 :Ja2W 0.1'3 2025 

SAMPLE INFORMAT I ON 

Sarnplel\l!ir:ne: STEVITE RICH AcQUifed By· S~1.!1om 
lot; 9022.1 Sample Set - e: GRAS 
Viat 0 A.oq Meth()(! SQt G-AB-~S 
In" c:6om #: 1 Prreesdng Mil-1iloc Dsfaull 
in· cllon VaI11111e: :w.oa ut Chan~@! Name 2467ChannBI 1 
Run lirne; 80.0 Minule5 Proc. Chnl. D~r.; 

~ te Acqul re.G: 2019-02-2~ P 6:11S:3a KSi 
Dale Proces.sad· 2019'°4-29 P 4·12:5'9 KST 

 








    

?eak Narna. RT "'"'" %Araa elghl 

27 mlz 1290 I 3B,866 I 271U322 9.47 Ol51D 

28 !;40.107 I 850373 2.9(] 23649 

29 ml z: 1290 40.896 148-4075 5.00 53,l~J 

30 41.426 1453730 4.95 44770 

S.1 ~ 2.-167 72128 0.25 2.807 

3:2 :1 mfl 1�52 4-5.775 1773383 e.04 20163 

33 rp/ z 1452 49.953 2.425985 8.26 15719 ; 

3-1 mil 16114 ll1.2Cl2 1497705 5,10 12.848 

.;!5 67.925 19541'93 ' 6.66 9396 

Pe Name RT Area '!!,Area Height 

14 R8baudlosld F 21275 188174 0,64 6918 

1 o , ~elx!udloslde A 23 3-89 171oam3 5.83 65666 

16 mlz 966 25.94t 267V e 9,10 8644'1 

17 27.777 127470 0.43 5739 

18 m/z1112 28,2~3 329487 112 1'0146 

19 29.872 113870 0.39 4608 

20 

21 mlz 1,2.e 

31 .552 

32 081 

1112082 

1048$13 

3.79 
' 

357 

3'!153 

Simi 

22 34.tr.l1 9113:22 3.10 37299 

23 ml I ~128 34-518 185i140?' 6.66 4SS,40 

Z� 35,950 12.90~ 04-4 ime 
25 rn'Z 1274 36,313 3.14qQ5 1.0'/' 7951 

26 37756 93015 0.32 3196 

GRAS 

GRAS Notice – High Purity Glucosylated Steviol Glycosides 
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D·AE PYUNG CO .. ,. LTD .. 
http:/ I www.dacpJUag .. co,,ln-

CBR'TlFlCA TE or JlNA£YSIS 
Product Nam~: S'i'EVITEN' RICH 

Lot Number. l90321 

anu.li Cl red date: March 21, 2019 

Exp date: M h 20, 2022 

Storage: Dlj' / shade plac Md in · om tempuatuff: 

Analytics.I l:c:st M!!<thod,s Spcdlicatiaii 

Vioual Whit~ powdiC'I" 

, dour- Slig;ht cbarac:tGristic 

Sensory tes.t ~eet 

li1r , solub ~ in V!l'll.ter a.mi 
JIECFA Vo\.4 

etha:nol. 

Total Cll)Jlle-nl 

evlol ~:'!]!'A - nd ynr,;Mt 
HF[, +W B,S ,O - 95.0• % 

• tr.viol 8 mi" !!'dry w ·gh 

~!;isl 

Content Stl:lv.ioJ w 86.5 

Los.s on drying JECTAVql ot Ilion: tl:nm 6.0 , 4,0 

pl JECFAVol, 5,5 

Aal:J 0,2, 

35 

62 

15. rnti 

Salmondla t mon: lllilll 10 ]!,!!'D/ g 
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Peak ame RT Affla I% Area H@1ghl 

1 3 :381 2&l79 ' OA1 HSSS 

2 3.786 SC1;21!l 0.25 4180 

3 4.141 93651 0.30 00 7 

4 . 61 151145 D16 4CS1 

5 4,132 aW44 0.19 9'354 

6 8.5132 :iseo 0.04 654 

7 R1,1buscsld1J 9 .. 200 34433 0.11 1412 

s SI~ol J09.lcf1 10_jl'gg 2H8'15 067 7271 

9 D.llccslcfe A 12.69'8 100040 0.51 6173 

10 13,948 nso 0.09 10 1 

1 Ret,a111diosid~ H 14,7a6 3-1966 0•, t1 1415 1 
-

12. 15. 9 449424 1.42 l 5412 

13 Sl:ei.ioslde 16..701 l43-9585' 4.56 5 521 

SAMPLE I N FO RMATl10N 
Sample Name; STEVn-EN ;ICl-f Ai;quir, By: Sy~tem 
lot: 901!21 Sampf:e $~I it. G~S 
Via !I, At:Q Met cd S G-A~-'il 
- j;ecliOn i : 1 PrQees11ing Mettuxi Defil _ ti 

lnJ ctlbn Vdlum 20.00 ul Cl11.nnel ~ame· 2467,0hann.el 1 
Run Time; 80.0 M1nut~ !Pron. Chnt Oesor. : 

0~ e Acquired, 20'1'9·04-:26 PM 9:59'.~ II.ST 
Date Pf008$sed 2019~-2.S 11.M 1 ·67 . .t1 l<ST 

 










 






 













 

Pe.aK Nam& RT Area % Ama H8lgllt 

14 7.7541 14SS07 Q,46 492"3, 

16 flel:J;.')ui:;lio1-ld'e C 18.859 .2&6493 090 1as,23 

6 19.8 9 499'51 (t16 796 

17 Re't1au . Jde F 20i 79i! 120788, [l38 41:107 

1B 22, 1[lll '9626 0.1)3 569 

91 

20 

Reblw 
-

osil:leA 22..660 

23,900 

2196102 

2021Y.'3 

695 

084,' 

83092 

7219 

21 mlzMS 25.418 1765205 5 5,g 66349 

2:2 21.228 i956!'n 062 7780 

2'3 r H 12. 211?2 208597 o.es 6780 

24 26, 28 25004 o.oa 1088 

2'.5 ,29.395 555[]2 O.HI 2005 

.26 31.053 1!5tl7'346 5.06< , 
' 

5g7 9' 

GiRAS 
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p illil iama RT Area % Are!iil 
I 

t-leig~l 
-

27 r11/t. 112.B I .'.l, .600 192198:S, 6,•06 63686 

26, J U 70 69902.-0 2"1 28461 

29, m/z · ,2s 34.071 1578637 5.-00 39414 

30 35.387 ;?333&9 07.ol 6964 

31 ml.: 1274 35.8S8, 49'778 0.47 542.3 

31 1 37,318 14an 0.24 2561 

$3 mfz 12:90 .5fH3&3 I 4f905e,1 :l.21 Ui3722 

34 39.700 954730 :l.00 2!1-926 

35 ml z 1290 40.600 1l!lt272 ~.37 4;3,7t9 

3e· 41 .227' ,597099 6 C8 37954 

37 fnlz 14-52 45,284 317 7:!8 10,05 41323, 

3,8 ml z 1452 <44U73 7556,14 15.56 1~39 

39 mfz 161<! 60.406 Z97060O g,.,io 267,00 

40 I er.osa 2~003 ~. es ~ 
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.DAE PYUNG CO,., LTD. 
httcp:/ / www.dae :,nag. o,kr 

Rsil. Offltei! : ~ 1'9 B, Veen .r1g.g[l, H111m$0ng-eup, San,gju.. , Oy&ingbu , lilltta 
'\'e,ll 82-54-M l-9001 IF1uc 82-54 -541 00 

lhmil!Ullc Oflkc: 6.04H11, I#~ P/P, J4, 13,.,.. gs,,,~uko .JI lberu,-1,-,!1 l;ILIJJ.da11s,- :11, Scutt,gn.,m-il. 
yeociw, l-torca. Td: ~ -ll-i'O'\l-n:5, &,:; -31 ·'7'09•71 i:'t 

CERTIFlCA TB OF ANALVSIS 
Product N,un . STEVlTE 'RIC 

Lot Number: 190325 

Manu.f cw.red chue: M 2 5, 2019 

Exp' d te: March 24, '2022 

Storag : Dry /shade ptaci: and at room 1-t:mpc:ram~ 

-111ti ' S Method!ii S~cilication Reau.lts 

Ap~ram:e Vi~1uaJ Wh.it~ powder Pal!i:s.t".d 

Cxloi.rli nsory ~11~ Slle,1:1 etin~c.terimc Pa!il&ed 

i csh: Scr,i:sory leis S\\ l RS d 

Sol1..1 bili1y J .A Vol. 
Fn=t-11 soluble· in .... -a t.er and 

c:lhoool 
Pass d 

'Total CTIQ~nt or a.-glucos I. 

StellioJ sty.crn;:il!:s Md unreacted 

~leviol glycosid~d-1:y v.--eight 
HPLC+ 85.0- 95.0% 92.4 

ba~i:s I 

Con [I or «·· fuo:i yl Steviol 

tl,)'co!!i<l:e,~(<l.l')' weig}tt b:osi;il 
UV Not "le-as thSJ1 70JJ% ' .9 

Lo n dryins 
' 

,J~CFA Vol'! Not mont tha:n 6,0'X, ::J.9 

pH J CF Vo14 4 ,5-7.0 5 .6 

.Ash JECPA Vol4 Nol more :mn 1.0% 0.2 

Re . ·e11.1 mP.than�,1 I.I 467 ot morn lhuo '200 n I -. 1 

,f<.J sidu.al etha.nol USt' 67 'ul. mart th.th 5000 g/kg 

Le:ul JECfiAVol4 ot TiiDk th1;1.n I mi/ k No ~ ted 

Afsml J CFAVol Not more than I mi:,/ kg Nol detected 

oial p !: ClO AO/\C rJ77. 27 Les!i than HJJcfll/ & ut etc tc1l 

I and.mold AOAC 997.02 Less than Hl'cfu/ g Nol de~ecicd 

,;, col AOAC983.25 'egali11e CE?I.Jflg egative 

ialmcmell A ACr;167. 5 ot more t:nBiJJ ' LO npm/ g . Not lktccil:d 

Jssued by QrA Department on May l , 2019 
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1 

2 

3 

,41 

5 

I ,a 
7' 

9 

QI 

18 

11 

12 

1::l 

PE!.111! _ ame 

Rubusoskl11 

~ I_DSlc'e 

Dli L"el e A 

'Re llld 09,li:fe B 

Slel/ioslde 

RT 
3.379 

3.778 

.C.139 

•t~6 

4.731 

a.SJT 

!l.295 

10,810 

12,800 

1:uoo 
14,746 

15.931 

18.704 

Ar a %Area Height 

3:ulA.if 0.35 11857 

80137 0.21 4266 

80044 0.22. &613 

46980 012 3348 

712!,i,1 019 10704 

11)95 1103 e e 
38771 I) 0 115 3 

.212489 �,.s1 7!14:2 

i&0488 0.47 6~67 

3-2052 0,,00 1222 

3!!868 0'-10 1§73 

49''3517 un 6803 

'15B7.273 4.16 56947 

Pe Name 

14 

15 Ret:eud,OJI C 

18 

17 Retlaud/O'SI f 

18 Rebaudios.i 'I; A 

19 

'21l ml:t!le6 

21 I 

i2 

2l mi: 1 12 

24 

2,5 

26 

RT Area 

17,806, 154304 

18,883 3099¥ 

19,8.27 52.008 

20,792 f306139 

22.1958 2547583 

2-1, ate :wnao 
Z5 . .(12J. :23:!ll 199 

26-281 20W21 

2 .:2~ 841108 

27,775 Se.6620 

W .632 1'19757 

29.393 2fi0000 

30.133 1 J,qS 

% Area, High-

0.40 !W2 

081 1m1 

OM ;g7:2 

0,34 6301 

668 9 40 

C 91 10003 

8. 3 ns gl 
0.5.3 6702 

Clflfl 1 l!G 

1 0 10351 

039 '1~~2 

0.66 6948 

0.29' 58a8 

 



























 





SAM P' LE IINFO 'RMATION 
S,:impl 1N.:nne: SiEVITE - ICH Acquired By; 

eo,zs 
System 

Lot Sampte Set me. GAAS 
5 Acq Methoo Se · G-AB.-1.tS 

1n· -�0011 #: 1 PrQ,i;;;j!!;l-:s.ing, Meltloc; Deraull 
ln!'@Cl:km VOIUll'lf!'. W.DD I Cliio!'illlel ~ame: 24!17Cnannel 1 
Run lime· 80.0 Minutes Proc Ctmt Oe 

Date c.qufre : 2019--0111-26 P 1:21:03 KST 
Date, Prooe:ssed· 2019-04-2'9 PM 2; 01- 3 KST 

GRAS 
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!l',&a a !!i RT Area % .Ares, 1-leigtit 

27 31.�li-4• 219~6,8 1 S 11 714f;,0 

21! rnlz. 112!1 31 ,i;iOil 2503877 I 6.~l' 73896 

29 33,562 B67:5~ 2.00, 3"5399 

31) m/ .z.1 2& 34.070 156J:59>2 4.94 44m 
31 3.5,381 32341 1 0.85 8903 

32 mli 12741 35,&92 2t2£l64 0.56 6t!)4 

-33 37,311 876 2 0.23 2967 

3<11 ml~ 1290 3M82 666~2.6 12.24 202004 

35 39.MT 10SS739f 2.78 3'1723 

3S mJ 200 40.600 156!0i8 4.11 48417 

37 41 'l27 1757023 4_6f 4197 

38 mlz · 452 45..293 3486809, 9.14 1 45•01 

39 ml .: 14.Si 49.383 1849'8-00 5 11 1,4668 

40 m/z: 61<4 61).444 361ZSW 9A7 3 008 

4 1 67 123 1480633 3.88 13:ZS 
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Test. Report No. :F6901011LF-cr sAYFNt11·-J.63G&E 

DAEP'VUNG CO., LTD 
19'..JI, Yeongdorig.-g),Ha ch -eup 
Sangll-'si ,G~eong=g k-oo 
Rep of KOREA 

lss1J Date : 20 . l2. o- age of2 

The follo'l'.nn sampe{s) i,,,,asfw.ere sullmitted and ide ·. ,ed b !oA behalf of the clier11 as:-

SGS f ile No. : AYiFN18-36366E 

Product lillame : ST I E 

Uem !illoJ'.Lot No. : Date •Receipt : 201 R t 1. 1§ 

TesfillQ Period : 2018. 1. 1'5 - 2 10. ,2. 

Purpose of Te.st Report : Data r reference 

Test !ltems : Pesticide .2 f"Of the i -tems, . ase refer to · llo\'i ng p~e(s) 

TestMefhod : AA is ,o· h~ard~ ~ stances in agFicuJ , !, GC and C 

Test !Results : 245 ol Detected 

Note-s 
) LOQ ; Limii • quantiration 

Teehrnical1 M'an ag,er·I SGS KOREA 
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SG$_ 
Test Report No. F6901011L~r sAYFN!'IR-J6Jil>&E 

SGS He No. : A N 18-36366E 

Prod1:1ct Name : s 

llll iEoo of eport I IIJ 

ls.sll Date : 20Ul. 12. �·- age of2 
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Report of Stabillity of ST1EV1lTEN FRESH 

{Gluco,sylated Steviol Glyc,o,sides,) 

File No.: P-R-S -STEVITEN -FRE.SH (0) 

Date : 11. Feb, 2019 

Prepared by : R. • Kim /R&D 

Prepared by : SJ. 1Kim /QA 

Approved by : KJ. Kirn / President 

O,AEPYUNG, CO., LTD. 
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Tabre 1_ Summary of STEVI EN F ES Stability Tests Comp leted or in Progress 

est ype Meas 1rement Temperature("C) pH 
eye.le 

Ana lysil; 

Planned 

Du:mion 

Soflid 1 HP 2.5, 40 s 6 month 36 month 

S-01 i,on 2 HPL 5, 25, 50 5 20hr 60 r 

Water Sol cori! HP C 25, 2, 5, 8 2day Sday 
1 _ STEVIT FRt-S rodud 

.2 . 10% w- Solutron 

3. 1% Water o lu -on 

Tabte 2_ Summ ary of STEVI EN F ES H Stabil'ity Tess Compl' -ed or l IProg res:s 

e.s.t ype Parameter Spec-iftca ion 
Cycle 

A11alysF-S 

Planned 

Dura ton 

Tota l late Cou n :S. 1000 cfu/g 

Micrnbiology 
Yeast and old 

Salmonelta 

:S 100 du!/g 

ega ive 
5 month 36 morith 

Total E.. coli _s; 10 mpn/ g 

Tabte 3_ Summary of STEVI EN F ESH Stabl'lity Resul 

... Assay : :£9·5% Stevic l glycoside-S and G'lucosyf.steviostde 

..... Assay : otal c:.ontent of oc -Gluoos-yl s eviol giycosides and u reacted ste\liol glycosidei; 

1- L ab ilify in Solid (2.5"C) 

lnitial(M 011th 0) - 25°C 

easureme t HIP U\I I Ii lC 

Assay .. 

Lo S evi,ol g!ycosidecS a d 

Glucosylstevios.ide (%-) 
on-St.eviooides.(%) 

Assayst 

51127 95_3 _7 8.3-6, 

151 209 95_5 ._5 -83-3 

151225, 95_5 4_5 83-4 
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0 h 6 - 25"C 

Meas ,rement PLC U'l// H l C 

Assay* 

l ot St,ev iol g lyoosides and 

Glucc'1;ylste11ios1de(%} 
on-Stevtosides( ) 

,A.s:s,aytr 

l .51 127 95.3 .7 83.6 

1.51209 95.4 .6 83.4 

151225 95.5 .5 83.4 

0 h 12 - 2.S'C 

Meas ,r,ement HPLC U'V I H lC 

Assay* 

lot S ,eviol g r~mosides and 

Gluc~ylste11ioside(%} 
on-Steviosides(%) 

Ass:ay*• 

l.5 1127 95.4 .6 83.5 

151209 95.3 .7 83.5 

151225 95.3 .7 83.4 

0 h 18 - 2sec 
Measur.ement HPLC U'V I H l C 

Assay* 

lot ,eviol g l~moside!l and 

Gluc~ylste11ioside(%} 
on-Stevlosides(%) 

As&iy*• 

l .5 11 27 95.4 .6 83.4 

1S1209 95.4 4.6 83 .2 

151225 95.3 .7 83.4 

0 h 24 - 25-C 

Meas r,ement PLC U'V I H lC 

Assay* 

lot ~eviol g f¥oo:sides and 

Glucos-ylste\l'ioside(%) 
on-Ste11rosides(%) 

Ar..saytt 

151 127 95.5 .5 83.3 

l.51209 95.4 .6 83.4 

151225 95.4 .6 83.4 
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Monti, 3-0 - 2 5°C 

Meas r,ement PLC UV I HP C 

Assay"" 

lot ,eviol g~oosides and 

GlucosylstevioSJde{'%) 
on-Ste11iosides(%) 

A-s.say"* 

151 127 95.6 .4 83.4 

151209 95.5 .5 83.3 

lc51225 95.5 .5 83.4 

Mo I, 36 -25-C 

Meas r,ement PLC UV I HP C 

lot 

Assay"" 

eviol gl~oosides and 

Glucosylsteviosidef'/4) 
on-Steviosides(%) 

A-S'i.ayu 

15 '11 27 95.4 .6 83.4 

1 51209 95.3 4.7 83.4 

lc51225 95.4 .6 8-3.3 

1-2. · ability in Soled ( "C) 

lnitial{Mont i'I 0) 

Meas rement 

- 40"C 

PLC 

Assar 

UV/ p C 

lot steviol g !¥oosides and 

Giucosylstevimide{%) 
Non-Stevios ides{% l 

As.say,... 

151 27 95.4 .6 83.4 

151209 95.5 .5 83.3 

1 51225 95.3 .7 83.3 

Monti, 6 - 40"C 

Meas rement PLC UV/ p C 

Assa'{" 

lot ieviol g~oosides and 

GlucosylstevioSJde{'%) 
on-Ste11iosides(%) 

Assay"'* 

151127 95.5 .5 83.4 

1 51209 95.5 .5 83.5 

151225 95.3 .1 8-3.3 
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on I, 1 2 - 40"C 

Meas r,emernt PLC UV/ H lC 

loi 

151 127 

As&ay" 

steviol g 1¥oos:ides an:d 

Glucos-yfoteviomde(%) 

95-4 

on-Stevi,os ides(%) 

. _6 

Al.~ytr 

83-4 

151209 :95_7 .3 83_5 

15122.5 95-4 _6 83.3 

OTl I, 1 8 - 4Q"C 

Meas r,emernt HPLC UV/ H lC 

loi 

As&ay" 

steviol g o/oos:ides an:d 

Glucos-ytsteviomde(%) 
on-Stevios ides(%) 

Assay,... 

151 127 95-5 . _5 83.2 

151209 :95-4 __ 6 83_5 

15122.5 95-2 _8 83.3 

OTl I, 24 - 40"C 

Meas r,emernt PLC UV/ H lC 

loi 

As&ay" 

steviol g lyoos:ides an:d 

Glucos-ytsteviomde(%) 
on-Stevi,os ides(%) 

Assay,... 

151 127 95-5 . _5 83.2 

151209 

151225 

:95-4 

95-4 

_6 

__ 6 
83..4 

83.4 

ontl, 30 - 40"C 

Meas r,emernt HPLC UV/ H lC 

As&ay" 

l oi ste~•iol gl:yoosides and 

Glucosylstevios,ide(%) 
on-Stevie~ ides(%} 

Al.'.Say,... 

151 127 95.8 4-2 83-5 

151209 95-4 _6 83.2 

151225 95.5 _5 83 .. 4 
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Mo n 36 - 40:'C 

Me-as reme11t 1H LC U\f I HP C 

Lot 

As5a,

,ev iol g lyoo sides an d 

Gliucosylstevi oside(%) 

r 

on -S:te\ltosides(%) 
Ass.ayto-

151 27 95.5 .5 83.4 

15 l200 95.4 .6 83.5 

15122 5, 95.4 .6 83.5 

2- 1. stab ility i Sol ,tion (10% Water Sohr ion, 5 <c") 

ln[tial(o hr) - 5"C 

Me-as reme11t 1H LC UV/ P C 

Assa)rr 

Lot ,ev iol g lyoo sides an d 

G!ucosylstevioside{%) 
on -S:tevtosides( ) 

As-....a.y"* 

151 27 95.5 .5 83.2 

15 120 ::1 95.4 .6 83.5 

15122 5, 95.3 .7 83.5 

20 hr - 5°C 

M e-as reme11t 1H LC UV/ P C 

Assa~ 

Lot ,ev iol g lyoo sides an d 

G!ucosylstevioside("'"/4) 
on -Stevtosid es( ) 

Assa~--

151 27 95.5 .5 83.2 

15120::1 95.S 4.5 83.4 

15122 5, 95.5 .5 83.4 

40 hr - 5°C 

M eas r ement IHPLC UV I HP 

Assay" 

Lot eviol g1¥oosides an d 

Gl:u cc sylstevio:~de("/4} 
on:-Stevtosides(%) 

A1:-s;;iy"'* 

15 1 27 95.5 .5 83.4 

1512(),9 95.4 4.6 83.3 

15"122 5, 95.6 .4 83.5 
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so h r - s~ 
M eas r,ement H LC UV/ PC 

Assay• 

Lot s iol g l,ycosides an d 

Glu,cosylstevi osi e(%) 
0 111-Stevfosid es(%) 

A,ssay0 

'1 51127 95.5 .5 83.4 

15120:9 95.4 .6 83.3 

15122s; 95.6 .4 83.5 

2 -2. ability i Sol tion (10 Water Solution, 25 "C) 

lnitial(o lu ) - 25°C 

M eas r,em e11t 

ot 

HPLC 

Assay .. 

st~iol g l'yrosides an d 

Glucosylsteviosidef%) 
Non-St:eviosid es( } 

lJIV / PC 

As5ayu 

151 127 95.8 .2 83.5 

151209 95.4 .6 83.2 

1S1225, 95.5 .5 83.4 

20 h r - 25<c 

M eas rem e11t 

ot 

HPLC 

Assay" 

st~iol g l~rosides an d 

Glucosylsteviosidef %) 
Non-Stevtosid es( } 

lJIV / PC 

As5ayu 

151 127 95.4 .6 63.4 

'1 51209 95.3 .7 83.4 

1S1225, 9 .4 :6 83.3 

40 h r - 25<c 

M eas r ,em e11t HPLC lJIV / PC 

Assay" 

Lot Ste\•iol g l,ycosides an d 

Glucosylstevi oside(%) 
0 111-Stevfosid es(%) 

Af.sai/"" 

'1 51 127 95.5 .5 83.4 

51209 95.5 .5 83.4 

'1 5122S 95.4 .6 83.3 
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60 hr - 2S<c 

Meas relll'lent PLC llV / H LC 

Af.sayr 

l..ot eviol g liyrns ides and 

GIL1cosylste11ioside{%) 
Non-Stevio~ ide '%} 

At.say'""" 

151127 95.4 .6 83 .. 4 

151209 95.3 4.7 83.4 

151225, 95.4 .6 83.3 

2-3. stabll. i rt 
• ' 

Solution (10% Water Solution, 50 "C) 

In itial(o hr) - s.o"C 

Meas rem ent HPLC lJi /H LC 

fo.ssa'f'' 

Lot ev iol gJ:ywsides and 

Gluco:;,ylstevioside{%) 
on-Stevlo!Jides(%l 

Assay"'"' 

151 127 95.6 A 83.5 

151 209 95.4 .6 83.5 

151225 95.4 .. 6 83.3 

20 hr - SO"C 

Meas rem ent 

Lot 

HPL

fo.ssay" 

ev iol gJywsides and 

Gluco:;,ylstevioside{%) 

C 

on-Stevio!Jides(%l 

ll /H LC 

Assay""' 

151 127 95.4 .6 83.4 

151 209 95.6 .4 833 

151225 95.4 .. 6 83.3 

40 hr - SO"C 

Meas r,em ent 

Lot 

HPLC 

fo.ssa'j" 

,e~•iol g lo/cosides and 

GlucoS'jlste11io,side(%) 
Non-Stevio:.ides(%) 

UV/ H LC 

A.s~y-

151 127 95.3 .7 83.4 

'151 209 95.6 4.4 83.5 

151225 95.4 .6 83.3 
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60 hr - SO"C 

M eas r,ement HPLC UV / H LC 

Ass.ay" 

lot ,eviol g:[yoosides an d /¥..-say-
on -Stevf.osi es(%) 

Glucos.ylste11ios.ide(%) 

151 127 95.4 .6 83.4 

151209 95.5 .s 83 .. 5 

151225, 95.4 .6 83 .. 5 

3- 1. stability in pH(Water Sol ton, pH 2) 

lnitia1{Day 0) - pH .2 

M eas rement !PLC UV / PLC 

Assay" 

lot eviol g lymsides and Ass.-ayti 

Glucosylstevio~ de(%) 
on -Stevios,rdes( ) 

151 127 95.4 .6 83.4 

151209 95.6 .4 83.6 

151225, 95.5 .5 83.5 

Day 2 - pH 2 

M eas rement !PLC UV / LC 

Assay" 

lot ,e~riol g rymsides and As-s.-ayctt 

Glucosylstevio~ de(%) 
on -Stevios.rdes( ) 

151 127 95.4 .6 83 .. 5 

151209 95.4 .6 83.4 

151225 95.4 .6 83.3 

Day 4-pH 2 

M eas rement HIPLC UV / PLC 

Assay" 

lot steviol .9 lycosides and /J,,s:r,,3.y-"' 

Gluieos.ylstevio~ de(%) 
on -Stevios ides(%) 

151127 95.3 .7 83 .. 3 

151209 95.3 4.7 83.4 

151225 95.4 .6 83.3 
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Day 6 - pH 2 

Meas re1111 e111t: , PLC UV I HPI..C 

As.say* 

lot S ev iol g !yoosides an d A;r;say~ 

G luco::.-ylstevio\Side(%) 
o r1-St:ev1osid es(%) 

"1 51127 95.6 4.4 83.5 

1! 5'1209 95.6 .4 83.4 

151225 95.4 .6 83.5 

3-2. stab ilify in pH(Wat:er S-ol fon, pH 5) 

ln itial(Day 0) - pH 5 

Measur,eme111t H LC u I PlC 

Assay* 

l ot ste iol g lyoos ides an d As:!.ay""" 

Glucosylstevioside(%) 
o n -St:eviosid es(%) 

151127 95.4 J3 83.4 

11 5120'9 95.5 4.5 !t3.5 

11 51225 95.4 :6 83.3 

Day 2 - pH 5 

Measurement PLC UV/ HPlC 

Assay* 

l ot ste iol g fyoos ides an d As:!.ay""" 

Glucosylsteviosi d e(%) 
o n -St:eviosid es(%) 

151127 95.6 A 83.4 

"1 5120'9 95.5 .5 !t3.5 

11 51225 95.4 :6 83.5 

Day 4 - pH 5 

M easu rem e111t HPLC UV/ PlC 

Assay* 

lot S ev iol g !yrosi es an d Assay""' 

Glucos.-ylstevio~de{%) 
o n -Stevio:sid es( ) 

151 127 95J j .4 83.4 

151209 95.6 4.4 8-3.4 

151225 95.4 .6 8.3.5 
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Day 6 - pH 5 

Meas rement HPLC UV/ PLC 

lot 

Assay* 

S eviol glyoosides and 

Glucos.ylstevio:;ide(%) 
on-Stevtm;ides{%) 

As.~r--

151 127 95.6 .4 83.4 

151209 95.6 .4 83.3 

1512251 0!5.5 .5 83.5 

3-3. Stability in pH(\IVater Solu i o r1 , pH. 8) 

lnltial{Day 0 ) - pH 8 

Measurement HPLC UV J HPLC 

lot 

Assay"" 

S eviol g l¥ooside1; an d 

Glucos.ylst.evioside(%) 
on-Steviosides( ) 

,A.s.scaytt-

151 127 95.6 .4 83.4 

151209 95. .. 5 83.4 

151225 95.5 .s 83 .. 5 

Day 2 - pH 8 

Meas ,rement HPLC UV J HPLC 

lot 

Assay"" 

S eviol g l¥ooside1; an d 

Glucos.ylst.evioside(%) 
on-Steviosides( ) 

,A.sscaytt-

1' 51127 95.6 .4 83 .. 5 

151209 95.5 .. 5 83.4 

151225 95.4 .6 83 .. 5 

Day 4- pH 8 

Measurement HPLC UV J HPLC 

Assay"" 

lot e viol g[yoosides and 

Glucos.ylstevioside(%) 
on-S.t.evtosides(%} 

A~<!i:ay'"' 

1S1 "1 27 0!5.6 .4 83.4 

151209 95.6 .4 83.5 

151225, 95.5 .5 83.5 
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[l ay 6 - pH 8 

Meas r,ement HPLC UV/ p 

Assay"" 

Lot steviol g !¥e-osides an d 

G !ucos.yfote"1iosi d e(%) 
Non -Steviosides{% I 

Assay"* 

151127 95.3 .7 83.3 

'1 51209 95.5 .5 83.4 

151225 95.5 .5 83.5 

Tab!e 4. Summary of STEVI E F ESH Stability Resu1l!t (Microbio logy) 

1.1i To al Pia e Co · t 

lnitial(Month 0) 

l..o t Res:u (du.lg) Remarks 

151 127 0 

151209 0 

151225 0 

lnitial(M onth 6,) 

lot Resu (du/ g) Raemarks 

151127 0 

15120"9 0 

151225, 0 

lnit ial(Mo11t 12.) 

ot Rcesult(du/g) Re-m ,:uks 

151 127 0 

15120'9 0 

151225 0 

lnitial(Mo11th 18) 

Lot Rcesult(du/g) Remark:,. 

151 127 0 

151 209 0 

151225 0 
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lnit ial(Mo11th 24) 

l..ot Result(du/ g) Re:rnarb 

11 51127 0 

151200 0 

151225 0 

lnit ial(M 0 11th 30) 

l..ot Riesult(clu/g) Remarb 

151127 0 

15120'9 0 

151225 0 

lni:tial(M 0 11th 36) 

l..ot Resul (du/ g) Rema~ 

151127 0 

151209 0 

11 51225 0 

1'-2 Yeast a d Mo ld 

lnitial(M 011t h 0) 

Lot Res:ul ( fu/g ) Re:n1arlbi 

151127 0 

151209 0 

11 51225 0 

lnit ial(M 011t h 6) 

l..ot Res.u (du/g) Remarks 

151127 0 

151200 0 

151 225 0 

lnft ial(Mo11t h 1.2) 

l..ot R!e.irnl (cftJ/g) Rema~ 

151127 0 

151209 0 

151225 0 
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ln[tial{M onth 18) 

l ot !tesu (du/g) Remarks 

151127 0 

15120:9 0 

151225 0 

lnttial(Month 24) 

lot Result(du/g) Remarks 

151 127 0 

151209 0 

151225 0 

lnitial(Month 30) 

lot Re5uli(du/g) Remarks 

151 127 0 

151 209 0 

151225 0 

lnrrial{M ont 36) 

lot Re,s;ul (cfu/g) Remarks 

15H 27 0 

151209 0 

151225 0 

.3 Sa lmonell!a 

lnttial{M onth 0) 

l ot Result R,emarks 

151127 ega ve 

151209 ega ve 

1' 51225 egative 

lnifol{M onth 6) 

lot Res:ull: Riemarks 

151 127 egative 

151209 egative 

151225 egative 
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lnLtial{M ont 12) 

lot !l!es.ult Riemarb 

151 127 egati ve 

15120:9 Negative 

151225 Negati ve 

lnttial(M ont 18) 

lot Result Remarks 

151 127 

151209 

151225, 

Negati ve 

' Jegati ¥1e 

Negative 

lnltial{Montt-1 24) 

lot !Riesult Remarla, 

151 11 27 

151209 

151225 

Negative 

Negati ve 

Negative 

ln1tial(M ont 30) 

lot Result Riemarlcs 

151 127 egativ,e-

151209 

1512251 

Negative 

Negati ve 

lnitial(M onth 36) 

lot Result Riemarks 

151 127 egati e 

151209 egative 

1' 51225, egati e 

1.4 Tob E.. c:o.li 

lnLtial{M onth 0) 

lot R,esult(mp- / g) Remarks 

151 127 0 

1' .51209 0 

1512251 0 
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lniitial{M 011th 6) 

lot Result(m pn/ g} Remarks 

11 51 127 0 

1! 5 '1209 0 

151 22 5 0 

lnltial{M onth 12) 

lot 

151127 

Result{m p / g} 

0 

Re:mark.s 

11 5120'9 0 

15 '122 5 0 

lnitial(M ontll UI) 

!Lot Resultfm p l g) Remarks 

151 127 0 

151209 0 

151225 0 

lniitial(Month 24l 

lot Re•ult(mp Jg} Raemarks 

151 127 0 

151 20<9 0 

151225 0 

lnn:ial(Month 30) 

Lot Re.sult(mp / g) ~e:marks, 

151 127 0 

151209 0 

151225 0 

lnttial(M onth 36J 

lot Result(mp l g) Remarks. 

151 127 0 

151209 0 

151 225 0 
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Condusion: 

• arnp!ei. as i) .S,E\/ITEN FIRES H, fi) 10% water :.olution iii} 1 % water w I fo .are t ested under the 

condi ion described abov,e_ 

i } STEVITIE FRESH ; - shows s.table. We can .ree a little c! an g-e under .25"C arid 40°C a PH 5 

but -. ii;, ct significant 

ii} 10 wate r sotution : it sho •,r. stable_ ll'!Je ca Siee a lrittle change under S0"C compa ring wrrh 

5°C and 25"C but it i:; not signi cant. 

iii } 1 % • ater solution: - shows stable. ~ e can see a litt~e change under PH 2, 5 and 8, at 25"C 

b - ls- not s ign iftcant 

iv ) MiGrobtology t,e:st here are no oontamina. -ons_ A ll tes resul s are s ho •;n as zero and 

nega -ve_ 
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IR,ep,01rt: ,of Stability of STEVITEN IRI CH 

(Glucosylated Ste·viol G'lycos1ides) 

Fi1 e No, : DP-R- ST-S EVITIE - RICH (O} 

IDat,e ; 11 ·1. Feb. 2019 

Pr·ep,ued by : R_K. Kirn / R&D 

Prcepar,ed by : SJ. Kim /QA 

Ap proved by : KJ . Kim /President 

DAEPVUNG CO., LTD. 
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Tabr.e 1. Summary of S EVI EN RI CH S abmt y rem Completed or i r,ogress 

est y pe Measurement Temperatu1rerc) pH 
Cyde 

Analysis 

Planned 

I) ra [on 

Solid 1 HP C 25, 40 5- i6 month 36 month 

Sol ionJ HP C 5, 25, 50 5 20h r 60hr 

] Water Sol "io HIP C 25 2, s, a 2.d ay 6 ay 
1 . STE\/1 . RI Pre.duct 

'2 . 10% Wate r So on 

3. 1% Water Solu~ion 

Tabl'e 2. Sum ma ry of S EVI EN RIC stabarty Te !; CompL ed or i rogre,~ 

est ype Paramet,e-r Spec-i flca ton 
eye-le 

Ana·lyc-~ 

Planned 

Dtmflo 

Total 1:ate Cou• ~ 1000 du/9 

M icrobic logy 
Yeast and Mold 

SalmoneHta 

i 100 du/ g 

Negatiive 
6 month 36 m o.nth 

Total E. coli s: 10 mpn/g 

Tabl'e 3. Summary of STEVI EN RICH stabi lity Res.ult 

~ Ar,~:ay : :!9'5.% Steviol glyco~ides and GI cosyl<Steviostd-e 

..., Assay : otal content of o: -Gtucm,yl ~ eviol glycos ides and unreacted s,teviol glyc:osi des 

1- 1. Stability i.n Solid (2S"C) 

lnitial(Mont 0) - L5'C 

Measurement PI..C UV I PLC 

Lo 

Assay* 

Sieviol gfy-0ooides and 

Glucosylstevio.s ide{ ) 
on-:S.tevtosides(%) 

Assay.,., 

51 130 95.6 92.5 

151 218 95 .. . 6 92 . 

151223 95.4 4 .6 92..6 
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Month 6 - 25"C 

Meas rement 

lot 

PLC 

Assay" 

steviol g l','oosi es and 

Glucos.ylstevi,oside{%) 
Non-Stevros id es{%) 

UV/ !PI..C 

As-sayu 

151 130 95.6 .4 92_5 

151218 95.4 .6 92.4 

1 51223 95.4 .6 92..4 

0 h 12 - 25°C 

Meas rement PLC UV/ !PI..C 

Assay" 

l ot steviol g ~roo.si es and 

Glucos.-yfotevioside('%) 
Non-Stevrosid es{%) 

Assa;ytr 

151 130 95.6 .4 92_5 

lc5121,B 95.5 4 .5 92..5 

151223 95.4 .6 92_6 

OJI h 18 - 25°C 

Meas rement PLC UV/ !PI..C 

Assay" 

l o t steviol g ~ oo.si es and 

Glucos.-yistevioside{%) 
Non-Stevrosid es(%) 

Assa,,. .... 

151130 95.5 .5 92..4 

15 121,8 95.5 4.5 92-4 

151223 95.5 .5 92 . .4 

OJI h 24 - 25°C 

Meas rement PLC UV/ !PI..C 

Assay"' 

l ot steviol g ~ oo.si es and 

Glucosylstevioside{%) 
Non ..:_ste- ios ides(%) 

11.s,s.a.y .... 

151 130 95.5 ,5 92.5 

15 '1218 95.6 .4 92..4 

151223 95.5 .5 92..4 
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on h 30 - 25'<C 

Meas reme11t PLC U'V / PILC 

Assay--

lot Steviol g ll)lc--Osi es an d 
on _:Stevios ides(%) 

Assay"* 

Gluco&ytsteviosiid e{%) 

1:51B O 95.4 .6 92.3 

1.51218 95.5 .5 92.4 

151223 95. .5 92.4 

0 h 36 - -25'<C 

Meas reme11t HPLC U'V I PILC 

Asr.ary* 

lot Stev iol g ll)lwsides an d 
on -Stevios ides(%) 

Ass.ay .... 

Gluco&ytsteviosi d e{%) 

151 B O 95.4 6 92.3 

1512 1<6 95.5 .5 92.4 

151223 95.4 .6 92.5 

1-2. b ility i Soltd (40"C) 

lnttial(M onth O} 

Meas r ment 

- 40"C 

HPLC \I I PLC 

lot 

Assc1y .. 

ste viol -g !yoosi es an d 

Glucos.ylsteviosiid e('%) 
011-Steviosides{%) 

.AM.ay .... 

151 130 95.4 .6 92.4 

1:51218 95.5 .S 92..4 

15122:3 95.5 .5 92.5 

M o h 6 - 40°C 

Meas rement HPLC \I I PLC 

Assary* 

lot stev io l g !¥oosides and 

Glucos.ylstevios.id e(%) 
on -Stevtosides{%) 

AM.ay .... 

151130 95.4 .6 92.4 

151218 95.6 .4 92 .5 

1.51223, 95.5 .5 92. -
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on n 12-40"C 

Mea r,ement LC UV I PLC 

Assa'{" 

lot Ste iol gl~oosides and 
Non-Stevr.os ides(%) 

k.&ay** 

Gh.ico&-ylstevi oside(%) 

1! 51 130 95.4 .6 92.4 

151218 '95.5 .5 92.4 

1:51223 95.5 .5 92.5 

Ori!, 18 - 40"C 

Measu r,ement H LC UV I PLC 

Assa'{" 
lot steviol glyoos id es and 

Giuco:;-ylstevi osid e(%) 
Non- tevr.os.ides(%) 

A'.!i&ay** 

151 130 '95.5 -5 92.5 

151218 95.5 .5 92.4 

11 :51223 95.5 .5 92.5 

on !, 24 - 40"C 

Meas r,ement HPLC UV I PLC 

Assa'{" 
lot steviol g lyoos id es and 

Non- tevr.os.ides(%) 
A'.!i&ay** 

Giuco:;-ylstevi osid e(%) 

151 130 '95.5 ..5 92.5 

151218 '95.4 .6 92.4 

1:51223 95.5 .5 92.4 

0 n so - 40"C 

Measu r,ement H LC UV I PLC 

Assay< 

lot ste iol g lyoosides an d 
Non-Stevr.os.ides(%) 

A'.!i&ay** 

Glucosy1stevio side{%) 

151130 95.6 4.4 92.5 

151218 '95.6 .4 92..4 

15122.3 95.5 .5 92.4 
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Moll h 36 - 40'C 

M'eas r,em ent H LC UV/ p C 

As&ay" 

l..ot Sl:ev iol g ~oosides and 

Gl1uco!iylsteviosJde(%) 
Non-Stev1osides(%) 

k!.s ay..., 

151 30 95.6 .4 '92.5 

'1 51218 95.5 4.5 92 .. 3 

151223 95.3 .7 92.4 

2- L Staib i ltty i Sol ion (1 0% Water Sol ion, 5 "C) 

lniitial(o hr} - 5"C 

M eas r,em ent 

ot 

H LC 

Assay• 

steviol g ~oosides and 

Gluco&-ylstevioside('%} 
Non-stev1osides(%) 

UV/ p C 

Ass.ayt .. 

151 '30 95.5 .5 92.4 

151218 95.5 .5 92.3 

151223 95.4 .6 92.4 

20 hr - 5"C 

Meas r,em ent 

Lot 

H LC 

Assay•· 

steviol g ~oo-~ides and 

Gluco&-ylstevioside('%} 
I' on-stev1osides(%) 

UV/ HP C 

Ass.ayt .. 

151 30 95.4 .6 92.5 

151218 95.5 .5 92.3 

"1 51223 95.4 .6 92.4 

40 hr - 5"C 

M'eas r,em ent H LC UV/ p C 

Assay• 

o t Steviol g lycosides -an d 

Gliucooylsteviosidef¾} 
o n -Stev!os id es(%) 

A~y..., 

151 30 95.4 .6 92.4 

151218 95.5 4.5 92.4 

151223 95. .5 92.5 
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60 hr - 5°C 

Meas r,ement PLC 

Assa'f" 

UV/ H lC 

lot 

151 130 

,eviol g fiyc--0sides and 

Glucosylstevio<Si e(%) 

95.4 

on-Steviosides(%) 

_6 

N.,S,ii! lf "" 

92.4 

1512 18 95_6 4.4 92-3 

"1 51223 '95.5 .5 92.5 

2-2. ability in Solution (10 Water Solution, 25 "C) 

lnitial{o hr) - 25"C 

Meas rernent PLC 

Assay' 

UV/ H lC 

Lot steviol g liyc.osides an d 

Glucosytstevio,side{%) 
Non-Steviosides(%} 

Assay*" 

151 BO 95.4 .6 92.4 

151218 95.5 _5 92.4 

151223 95.4 4,6 92-4 

20 hr - 25"1:'.:. 

Meas rerne11t PLC UV/ H lC 

Assay' 

Lot steviol g liyc.osides and 

Glucosytstevio,side{%) 
Non-Steviosides(%} 

Assay*" 

151 BO 95.4 .6 92.4 

151218 95.5 _5 92.3 

151223 95.4 4,6 92-4 

40 hr - 25"1:'.:. 

Meas rernent PLC UV/ H lC 

Assay' 

lot steviol g lyooside., and 

Glucosylsteviosl e(%) 
ori-Steviosides(%) 

As-say** 

151 130 '95.4 _6 92-3 

11 51218 95.5 4.5 92_4 

151223 95.4 J3 92-5 
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60 hr - 25"C 

Meas r,ement HPLC ll'V / H lC 

As.s.af' 

Lot S eviol Bi¥C-05 ides an:d 

G!ucosylstevioside(%] 
Non-StevFOsides{%) 

As,s:ar" 

"1 S1 130 95.3 ~.1 92.1 

151218 95.5 .5 92.4 

151223 95.4 .6 92.S 

2-3. stabilit,r i Sol .bon (10% Water Solution, 50 "C) 

lnitial(o r) - 50°C 

Meas rement HPLC tJIV / HPlC 

Assayt: 

lot ,eviol glo/cosides and 

GlucosylsJevi,oside{%) 
on-Steviosides(%) 

Assay-

151 130 95.4 .. 6 92.3 

1S1218 95.6 • .4 92.S 

11 51223 95.4 .6 92.5 

20 hr - 50°C 

Meas rement HPLC UV I HPlC 

lot 

Assayt: 

,e~•iol glo/cosides and 

Glucosylstevioside{%) 
Non-Stevio:.ides(%) 

Assay-

151 1:30 95.4 .6 92.5 

1S1218 95.4 4.6 92_4 

151223 95.4 .6 92.5 

40 hr - 50°C 

Meas rement H LC UV I HPlC 

Assa~ 

Lot eviol gly-oosi e5 and 

GlucosyMevioll3de(%) 
Non-Steviosides(%} 

A-~y-

151 130 95.4 .6 92.6 

151218 95.5 4.5 92-4 

151223 95.3 .7 92.5 
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60 hr - 50°C 

M eas rement 

Lot 

H LC 

A'!.sayr 

,eviol g lyrnsides and 
on-Stevios ide 

Glucosylstevioside{%} 

UV / PLC 

JJ.May"""' 
%} 

151 30 95.4 .6 92.5 

151218 95.5 .5 92.4 

151223 95.4 .6 92.5 

3-1. stabllity in pH(\iVater Solu: ion, p 2} 

In itial(Day 0) - p 

M eas r,ement 

2 

H LC urv / HPLC 

A,;,say* 

Lot eviol g.lywsides an d ~<:;;J,yu 

on -Stevio:;ides{%1 
Gluco:;,ylsteviosidef'/4) 

151 130 95.4 .6 92.4 

151 218 '95.5 .5 92..4 

151223 '95.5 .5 92.5 

Day 2 - p 2 

M eas r,ement H LC urv / HPLC 

A,;,say* 

Lot steviol g.lyc:osides and 

Gluco:;,ylsteviosidef'/4) 
on -Ste-vio:;ides(%1 

~<:;;J,yu 

151 130 95.5 .5 92.3 

151 218 '95.5 .5 92..4 

151223 '95.5 .5 92.5 

Day 4 -

M eas 

pH 2 

r,em ent H LC urv / HPLC 

A,;,say* 

Lot 

151130 

,eviol g lyrnsid es an d 

Glucosylste1.1iosi de(%] 

95.4 

Non-Stevi'Osides{%) 

•.s 

As.sa~'" 

92.3 

151218 95.3 4.7 92.5 

151223 95.4 .6 92.5 
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Day 6- pH 2 

Meas rement H LC UV/HIPC 

ot 

Ms~ 

eviol glyoosides and 

Gluco s,1fstevioside(%) 
on-Stevfosides(%) 

A;r..,-..ay~ 

151130 95.4 .6 .92.3 

151 218 95.6 .4 92.4 

151 223 95-4 .. 6 92.5 

3-2. Stability in pH ater Solu ion, pH 5} 

lnitial{Day 0) - pH 5 

Meas r,ement 

ot 

H LC 

Assa-/" 

ste1tiol g l'yoosides and 

Glucosylste11ioside(%) 
on-Ste1,1losides(%) 

UV/ JP ,C 

Ass.a,y""" 

151130 95.6 .4 92.6 

151218 95.5 .5 92.4 

151223 95.3 .7 92.5 

Day 2 - pH 5 

Meas r,ement H LC UV/ IP C 

Lot 

Assa-/ " 

ste1tiol g l'yoosides and 

Glucosylste11ioside(%) 
on-Ste1,1losides(%) 

Ass.a,y.,.. 

151130 95.6 .4 92.5 

151218 95.5 92.4 

151223 95.4 .6 92..5 

Day 4- pH 5 

Meas r,ement LC 

Assay" 

UV / IP C 

ot steviol g lyoos ides and 

Glucos-ylstevi oside(%) 
on-Stev·oside1:{ ,) 

Afi!:. aytt" 

151 130 95.4 .6 92.3 

151218 95.5 4.5 92.5 

51223 95.3 .7 92.S 
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Day 6- pH 5 

Meas. rem ernt H LC UV/ PC 

Assaf' 

Lot S eviol g !yrnscides and Ass,ryu 

Glucos-ylsteviosl d e(%} 
on-Stevio s ides{%} 

151 130 95.4 _6 92..4 

11 51218 95-5 -5 92.5 

15122.3 95_6 .4 '92.5 

3-3_ Stability in pH(\11/ater s,olu ion, pH 8) 

lnitial(Daiy 0) - p ' 8 

M eas rem ent H LC UV J HPn..c 

Assay" 

Lot ,evio l g liyoosides and 

Gliucosylstevioside{%) 
on-Stevio s.id es(%) 

A.~s.aytr 

11 51 30 95_5 4 .. 5 92-4 

151218 95_5 -5 92-3 

151223 95.6 . .4 92_5 

Day 2 - pH 8 

Meas rem ernt H LC UV J HPn..c 

Lot 

Assay" 

- eviol g liyoosides and 

Gliucosylstevioside{%} 
on-Stevio sides(%) 

A.~s.ayu 

11 51 30 95.4 .. 6 92:6 

151218 95.5 .5 92_5 

151223 95.6 .4 92_5 

Day 4 - p 8 

Meas remernt H LC UV J HP C 

Assay" 

ot eviol g fyoosid es and 

Glu cosylstevioside{"/4) 
on-Steviosides{%) 

AsS:ayu 

'1 51 130 95.5 .5 92.6 

151218 95.5 .5 92.5 

'1 512 3, 95.6 .4 92.5 

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

GRAS ASSOCIATES, LLC Page 122 of 158 



  
  

    

Day 6 - pH 8 

M easu:re111n e11t: PLC 

As:s.ay" 

lot S ev iol g !yoosides and 

G luco::.-ylstevio,Slde(%) 
ori-stevlosides( 

151 B O 95-4 4.6 

15'1218 95.4 .6 

151223, 95.5 A 

UV I H lC 

) 
Assay-

92A-

92.4 

92.5 

Taibre 4. Summary of S E\f E RICHSi:ability Rcesult (M icrobiology} 

1-1 Total Pia e Cou · t 

loFtial{M onth 0) 

lot Resul (du/g ) Remarks 

151 130 0 

11 512 18 0 

151223 0 

ln itial(M ont 6) 

ot R!es.ult(cf.u/ g} Remarks 

11 51 130 0 

151218 0 

11 51223 0 

loitial(Month 1 2) 

lot RJes ult(du/gl Remarks 

151 30 0 

11 512.18 0 

151223 0 

lorrial(Mo11th 18l 

Lot lltesult(du/g) ~emarb 

11 :51 130 0 

151218 0 

11 :51223 0 
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lnttial{Mont h 24) 

lot 

1' 51130 

Re.sultfdu/g) 

0 

Remarks 

151218 0 

151223 0 

ln1t ial{M onth 30J 

l ot Resultf cfufg) R,emarks 

151130 0 

1'51218 0 

151223 0 

lnlt ial{M ontl1 36) 

lot Resul (du/g) Remarks 

151130 0 

151218 0 

1'51223 0 

-2 Yeas.t and Mold 

lnltial{M ont h 0) 

l ot Res ult(d ,u/g) Remarks 

151130 0 

151218 0 

1'51223 0 

lnltial{M onth 6) 

l ot Ri~ull:( cfu/gj Remark!., 

151130 0 

151 218 0 

151223 0 

ln[t ial{M onth 1.2) 

l ot Rie:su (du/g) Rem arks 

151130 0 

151218 0 

151223 0 
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lnitial(M ont 1B) 

lot Rie.sult(du/g) Remarks 

151 11 30 0 

151218 0 

151 223 0 

lnitial(Month 24) 

lot Re~s.ult(cfu/ 9) Remarks 

1511130 0 

151218 0 

151223 0 

lrf ial(M onth 30) 

lot R,es ult(cfu/9) lll.ema:th 

151130 0 

151218 0 

151223 0 

lnitial(M onth 36) 

lot Result(cfu/g) Riemarlc., 

151 130 0 

151218 0 

151223, 0 

.3 Salmonella. 

lnitial{M ont 0) 

lot Result Remarks 

151 130 Negative 

151213 egative 

15122.S Negative 

lnitial{M ont 6} 

lot Result Rema:rl<s 

151 130 ·egative 

151218 ega vie 

1.5122.3 egative 
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ln [tial{M onth 1.2) 

lot !l!esult Remarks 

151 130 egati ve 

151218 egative 

151223 Negati ve 

lnttial(Month 18) 

lot Result Remarks 

151 130 egative 

151218 egative 

151223 egative, 

lnitial(Month 24) 

lot litesult Remarks 

151 130 N egative 

151218 egati ve 

151223 egative 

lnrrial{M ont 30) 

lot Riesult Remarks 

15'1130 egative 

151218 ega ve 

151223 egati ve 

lnLtial(M onth 36) 

lot lilesult Remarks 

1'51 130 ega ·· e 

151218 ega ve 

1' 51223 ega e 

1.4 Total E.. c:o.li 

lnLtial{M onth 0) 

lot Result(m pri/g } Remarks 

151130 0 

151218 0 

151223 0 
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lrtitial(M onth 6) 

ot Result{m pn/ g) R,emarks 

151 130 0 

151218 0 

151223, 0 

lnitial(M onth 1.2) 

ot Result(m pn/ g) Remarlt5 

151 130 0 

151218 0 

151223, 0 

lnltial(Mo11th UI) 

Lot Result(m pn/ g) Remarks 

151 130 0 

51218 0 

151223, 0 

lnitial(Mo11th 24) 

Lot Resulttm pn/ g) Remark.s. 

151 1.:10 0 

151218 0 

151223 0 

lriit ial(M onth 30) 

Lot Re:sult{m pn/ g} Remarks 

151 130 0 

151218 0 

151223 0 

ln[tial(M 011th 3,s) 

Lot Result(m pn/ g) Remarks 

151 130 0 

151218 0 

151223 0 
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Co111dusimi: 

i;ample•· as i) STEVITEN F ESH, ril 10% water "otutio11 iii) 1% water &ol ton an~ tested under the 

oond i ion de-Scribed above . 

i } STE.VI EN RICH:· show&&. able. We can see a little chang e under .25"C and 40"C at PH 5 but 

it is not s ign· 1c;ant 

ii } 10% i,,.rater sc,lu ·cm : · shows stable_ We C..'lR see a little charnge under S.O"C comparing with 

5°C .and 2 5"C but it is not sign ifica . 

iii ) 1 % ~• at,er solution: shows s ab!e .. We can see a little ch,mge ur1der PH 2, 5 and a. at 25°C 

b · ~ r1ot s lg 11 iftcant 

iv I Microbiology test he re are no oo rrtaminationit A II t,e., res I s are shown as .zero and 

egative. 
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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 H ealth 
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 90th  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 equi valent  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  

• 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). 

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

• 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. 

o 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). 

o 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  

1. Animal Studies

• Various animal studies that show stevioside is not readily absorbed from the GI tract:
o Rats – Wingard Jr. et al. (1980); Nakayama et al. (1986); Koyama et al. (2003b);
o Chickens – Geuns et al. (2003b);
o Hamsters – Hutapea et al. (1999);
o 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 α-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 α-glucosylated
steviol glycosides follows that of non-modified steviol glycosides.

• Due to the similarities in metabolic fate, the safety of α-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.

o 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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•   Renwick  and Tarka (2008)  reviewed studies  on microbial h ydrolysis  of  steviol gl ycosides  
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.   

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 LD50 (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. 

• 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. 

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

• 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. 

• 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; 
o Animals were group housed leaving unreliable drinking water quantification; 
o No evidence of fasting before blood collection; 
o No urinalyses; 
o No histopathological confirmation of effects; 
o No organ weight data; 
o No laboratory historical control comparisons; 
o Use of tartrate-resistant alkaline phosphatase (TRAP) enzyme, which has not been 

properly vetted for application on toxicological studies; 
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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. 

• 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. 

• 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 

GRAS ASSOCIATES, LLC Page 134 of 158 



    
            

 

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

                                                                                                             

     
  

        
        

           
        

         
       

         
        

               
        

       
        

           
  

      F. Mutagenicity & Genotoxicity Studies 

    
   

       
     
     
     
     
    
    

       
    

     
       
        

       
     
     

         
     

 

 

  

 
     

 

 
 
 
 
 
 
 

 
 

 
 
 

 
 
 

 
 

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 0 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 Kuć, 
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 Kuć, 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). 

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: 
o Matsui et al. (1996) 
o Suttajit et al. (1993) 
o Klongpanichpak et al. (1997) 
o Matsui et al. (1996) 
o Pezzuto et al. (1985) 
o Medon et al. (1982) 

• Mouse lymphoma (L5178Y/TK+/) study negative for mutagenic response: 
o Oh et al. (1999) 

• Chromosome aberration studies negative for mutagenic response: 
o 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) 
o Sasaki et al. (2002) 

• Mouse bone marrow/liver micronucleus studies negative for mutagenic response: 
o Oh et al. (1999) 
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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. 
o 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. 
• 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. 

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 

AUTHOR/ 
YEAR 

SUBSTANCE 
TESTED 

TOTAL DAILY 
DOSE 

POPULATION 
CHARACTERISTICS 

STUDY DESIGN 
AND DURATION 

NOTED EFFECTS 
SAFETY 

PARAMETER 
RESULTS 

Curi et al. (1986) 
Aqueous extracts 

S. rebaudiana 
leaves 

5 g at 6 h intervals 
for 3 days = 20 g/day 

16 healthy patients – 
extract/ 6 healthy 

patients – arabinose 

3-day glucose 
tolerance  in healthy 

adults 

The extract of Stevia 
rebaudiana increased 
glucose tolerance. The 

extract decreased 
plasma glucose levels 
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AUTHOR/ 
YEAR 

SUBSTANCE 
TESTED 

TOTAL DAILY 
DOSE 

POPULATION 
CHARACTERISTICS 

STUDY DESIGN 
AND DURATION 

NOTED EFFECTS 
SAFETY 

PARAMETER 
RESULTS 

during the test and after 
overnight fasting in all 

volunteers. 

Chan et al. 
(2000) 

Stevioside (purity 
not stated) 

750 mg (11 mg per 
kg bw/day) 

60 hypertensive 
Chinese men and 

woman aged 28-75) + 
46 patients were given 

Multicenter 
randomized, 
double-blind, 

placebo-controlled 

3 months: mean systolic 
and diastolic BP 

decreased and continued 
through the 12 months. 

Minor side effects 
occurred with 2 test 
group and 1 placebo 

placebo. for 12 months group patient 
withdrawing. 

Other side effects were 
minor and resolved. 

Hsieh et al. 
(2003) 

Stevioside (purity 
not stated) 

1,500 mg (21 mg/kg 
bw/day) 

85 hypertensive 
Chinese men and 

woman aged 20-75) + 
89 patients were given 

placebo. 

Multicenter 
randomized, 
double-blind, 

placebo-controlled 
for 24 months 

Mean systolic and 
diastolic blood pressures 

were decreased 
commencing from about 
1 week after the start of 

treatment. At 2 years test 
group patients had ↓ in 

incidence of left 
ventricular hypertrophy. 3 
patients withdrew. Other 
side effects were minor 

and resolved. 

Anonymous 
(2004a) 

Steviol extract: 
(~73 % 

stevioside 
~24% Reb A) 

100 mg (3.3 mg/kg 
bw/day) 

48 hyperlipidemic 
volunteers (24/24) 

Randomized, 
double-blind, 

placebo-controlled 
for 3 months 

Analyses of serum 
concentrations of 
triglycerides, liver-

derived enzymes, and 
glucose indicated no 
adverse effects. 3 

patients withdrew. No 
adverse side effects 

were reported. 

Anonymous 
(2004b) 

Steviol extract: 
(~73 % 

stevioside 
~24% Reb A) 

3.25, 7.5 and 5 
mg/kg bw/day 

12 patients per test 
group 

Randomized, 
double-blind, 

placebo-controlled 
for 30 days 

No adverse responses in 
blood and urine 

biochemical parameters 

Gregersen et al. 
(2004) 

Stevioside -
91% + 9% other 
stevia glycosides 

Single dose 1 g 
stevioside or 1 g 

starch 

12 patients with type 2 
diabetes total 

Acute paired cross-
over study 

↓18% glucose 
concentrations: Systolic 

and diastolic blood 
pressure unchanged. No 

adverse effects 
Temme et al. Stevioside 97% 750 mg/kg bw/day 4 male 5 female healthy Short term study – 3 Blood chemistry, blood 
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NOTED EFFECTS 
AUTHOR/ SUBSTANCE TOTAL DAILY POPULATION STUDY DESIGN SAFETY 

YEAR TESTED DOSE CHARACTERISTICS AND DURATION PARAMETER 
RESULTS 

(2004) (288 mg/kg bw patients days pressure and urinalyses 
steviol) were unremarkable 

Barriocanal et al. 
(2006) 

Stevioside – 
64.5% + 18.9% 

Reb A 
750 mg/kg bw/day 

Type 1 (n=8) + Type 2 
(n=15) diabetics + non-

diabetics (n=15) + 
matching controls -

placebo 

Double-blind, 
placebo-controlled 

trial study for 3 
months 

Blood chemistry, 
glycated hemoglobin 

(HbA1c), blood pressure 
and urinalyses were 
unremarkable. No 
adverse effects 

Barriocanal et al. 
(2008) 

Stevioside -
>92% 250 mg/kg bw/day Type 1, Type 2 , 

placebo controls 

Randomized, 
double-blind, 

placebo-controlled 
for 3 months 

No changes in systolic 
BP, diastolic BP, 

glucose, or glycated 
hemoglobin from 

baseline. No adverse 
effects 

Ferri et al. 
(2006) 

Stevioside (purity 
not stated) 

3.75, (7 weeks), 7.5 
(11 weeks), 15  (6 

weeks) + placebo (24 
weeks mg/kg bw/day 

Patients with mild 
hypertension 

Randomized 24 
week study 

No changes in systolic 
BP, diastolic BP. No 

adverse effects 

49 Mild hyperlipidemic No effects of treatment 

Silva et al. 
(2006) Stevioside: 70% 

Equivalent to 1.04 
mg steviol/kg bw/day 

+ placebo 

patients: Stevioside 
group (n=24) placebo 

controls (n=25) 

Placebo-controlled 
double-blind trial for 

90 days 

on ALT, AST, or GGT 
were found. No relevant 

adverse effects were 
Age: 20-70 noted. 

Jeppesen et al. 
(2006) 

Stevioside (purity 
not stated) 

1500 mg/kg bw/day 
or maize starch 

placebo 

55 patients with Type 2 
diabetes: 

Randomized, 
double blinded, 

placebo-controlled 
study 

No effects on the HbA1c 
fasting blood glucose 
levels, lipids, or blood 

pressure 

Part  2.   Preparations  That  Are  Primarily  Rebaudioside  A  

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. 

• 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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• In vitro hydrolysis of rebaudioside A to steviol was found to be slower than that of stevioside 
(Koyama et al., 2003a). 

o 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. 

• 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. 

o 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. 

• 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. 

o 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 AUC0-t value 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). 

o 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. 

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

• 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. 

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

o 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 

• 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). 

• 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. 

• 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 

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

• 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: 

• Bacterial mutagenicity studies negative for mutagenic response: 
o Wagner and Van Dyke (2006) 
o Williams and Burdock (2009) 
o Rumelhard et al. (2016) 

• Mouse lymphoma (L5178Y/TK+/) studies negative for mutagenic response: 
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o   Williams  and Burdock  (2009)  
o   Human lymphocyte study  negative for  mutagenic  response:  Rumelhard et  al.  (2016)  

•   Chromosome aberration studies  negative for  mutagenic  response:  
o   Human lymphocytes  –  Williams  and Burdock  (2009)  
o   Chinese hamster  lung fibroblasts –  Nakajima (2000a)  

•   Mouse micronucleus  studies  negative for  mutagenic  response:   
o   Krsmanovic  and Huston (2006)  
o   Williams  and Burdock  (2009)  
o   Nakajima (2000b)  (BDF1 mouse bone  marrow)  
o   Unscheduled DNA  synthesis  (UDS)  study  negative for  mutagenic  response - Williams  

and Burdock  (2009)  
•   Bacterial f orward mutation study  negative for  mutagenic  response –  Pezzuto  et  al.  (1985)  

4.   Reproductive  &  Developmental  Studies  
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o Clarke (2006) 

• 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 F0 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). 

• 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 F0 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 ≥2,000 
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. 
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Table 9.3. Human Studies with Rebaudioside A Preparations 

AUTHOR/ 
YEAR 

SUBSTANCE 
TESTED 

TOTAL DAILY 
DOSE 

POPULATION 
CHARACTERISTICS 

STUDY DESIGN 
AND DURATION 

NOTED EFFECTS 
SAFETY PARAMETER 

RESULTS 

Maki et al. (2008a) Rebaudioside A 
(97%) 

Reb A: 
1,000 mg 
Placebo: 0 

100 patients with 
normal and low-normal 
systolic blood pressure 

(SBP) and diastolic 
blood pressure (DBP) 

Randomized, double-
blind, placebo-

controlled trial for 4 
weeks 

The extract of Stevia 
rebaudiana increased 
glucose tolerance. The 

extract decreased plasma 
glucose levels during the 
test and after overnight 
fasting in all volunteers. 

Maki et al. (2008b) Rebaudioside A 
(97%) 

Reb A: 1,000 mg 
(n=60) Placebo: 0 

(n=62) 
Age: 33-75 

Men and women with 
Type 2 diabetes 

Randomized, double-
blind, placebo-

controlled trial for 16 
weeks 

No treatment related 
changes in blood 

pressure, body weight, 
and fasting lipids were 
noted. Rebaudioside A 
was well-tolerated, and 
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:  

•   GRAS  notifications  submitted to FDA:  
o   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.  

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

•   JECFA  concluded that  all nat urally  occurring  steviol g lycosides  are deemed to be safe as  
long as  there is  a combined purity  of  95% and determined the ADI  of  the steviol gl ycosides  
applied to rebaudioside A  because the  pharmacokinetics  are virtually  the same  (FAO,  
2017).   

o   Carakostas  et  al.  (2008)  summarized the Cargill r esearch program  findings  on 
rebaudioside A:  

o   Steviol gl ycosides,  rebaudioside A,  and stevioside are not  genotoxic  in vitro.  
o   In  well-conducted in  vivo  assays,  steviol gl ycosides,  rebaudioside A,  and stevioside 

have not  been found to be genotoxic.  
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o 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. 

o Steviol genotoxicity in mammalian cells is limited to in vitro tests that may be affected 
by excessive concentrations of the compound. 

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

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

o While studies with rebaudioside A indicated slight gastrointestinal (GI) 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. 

o 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. 

• 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 non-mutagenic in an Ames test using Salmonella typhimurium and Escherichia coli 
o non-mutagenic in a chromosomal aberration test using Chinese hamster V79 cells 
o non-mutagenic in a mouse lymphoma assay using L5178Y+/- cells 
o non-mutagenic a bone marrow micronucleus test in mice at doses up 750 mg per kg 

bw 
o non-mutagenic in an unscheduled DNA synthesis test in rats at 2,000 mg per kg bw. 
o 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  

• Toskulkac et al. (1997) administered single doses of steviol (90%) to various animals as 
follows: 
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o Rat, oral LD50 >15 g per kg 
o Hamster, oral LD50 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. 

•   Wasuntarawat  et  al.  (1998)  dosed groups  of  pregnant  golden hamsters  steviol ( 90%)  at  0  
mg (n not  reported),  250  mg (n=20),  500 m g (n=20),  or  1,000 mg  (n=12)  per  kg bw  per  day  
by  gavage in corn oil o n days  6 -10 of  gestation.  

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

o   The number  of  live fetuses  per  litter  and mean fetal w eight  decreased in parallel.  
o   No dose-dependent  teratogenic  effects  were seen.  
o   The NOEL for  both maternal and  developmental t oxicity  was  250 mg  per  kg bw  per  

day.  

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

•   Bacterial  mutagenicity  studies  negative for  mutagenic  response:  
o   Klongpanichpak  et  al.  (1997)  
o   Procinska et  al.  (1991)  
o   Compadre et  al.  (1988)  

•   Chromosome aberration studies  negative for  mutagenic  response:  
o   Chinese hamster  lung fibroblasts  –  Matsui et   al.  (1996)  

•   DNA  damage (Comet  assay)  
o   Sekihashi et   al.  (2002)  

•   Mouse bone marrow/liver  micronucleus  studies  negative for  mutagenic  response:   
o   Oh et  al.  (1999)  

•   Micronucleus  studies  negative for  mutagenic  response:   
o   Temcharoen et  al.  (2000)  (rat)  
o   Temcharoen et  al.  (2000)  (mouse)  
o   Matsui et   al.  (1996)  (mouse)  
o   Temcharoen et  al.  (2000)  (hamster)  

The following key  mutagenicity  studies  have been conducted on steviol and   are positive or  
equivocal f or  mutagenic  responses:  
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•   Bacterial  mutagenicity  studies  positive  for  mutagenic  response:  
o   Matsui et   al.  (1996)  –  Steviol w as  equivocal f or  mutagenicity.  Steviol  was  weakly  

positive in Umu  chromotest,  either  with or  without  metabolic  activation.  Steviol  was  
negative in the reverse mutation and other  bacterial as says  even in presence of  S9 
activation  

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

o   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.  

o   Pezzuto et  al.  (1985)  –  Mutagenicity  was  dependent  on pretreatment  of  rats  with 
Aroclor  and NADPH add ition,  as  unmetabolized steviol w as  inactive.  None of  the  
other  metabolites  tested was  mutagenic.  

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

•   Chinese hamster  lung fibroblast  study  positive for  mutagenic  response:  
o   Matsui et   al.  (1996)  –  Gene mutations  found in Chinese hamster  lung fibroblasts  after  

metabolic  activation of  steviol.  In hamsters,  several m etabolites  of  stevioside found 
that  have not  been found in  rats  or  humans.  Therefore,  experimental r elevance 
should be questioned when hamsters  are used.  

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

• 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: 

o antagonizes progesterone nuclear receptor transcriptional activity 
o increases progesterone production 
o 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. 

GRAS ASSOCIATES, LLC Page 145 of 158 



    
            

 

                                                                                                             

       

        
             

        
         

    
       

        
           

       
         

 
         

    
  

          
        

          
         

     
         

     
         

     
       

     1. U.S. Regulatory History 

        
     

   

        
         

 

 

 

 

 

 

 

 

 

 

 

 

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

Appendix 10  Summary of the Regulatory History of  Steviol Glycosides  

A. History of Traditional Medicinal and Human Food Use 

• 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). 

• 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). 

• 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. 

• 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. 

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

• 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). 

• 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). 

• 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  

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; 
enzymatically modified stevia extract 4728 Leffingwell and Leffingwell (2014); Marnett 

et al. (2013) 

Stevioside 4763 Leffingwell and Leffingwell (2014); Marnett 
et al. (2013) 

Steviol glycoside extract, Stevia 
rebaudiana, Rebaudioside A 60% 4771 Marnett et al. (2013) 

Steviol glycoside extract, Stevia 
rebaudiana, Rebaudioside A 80% 4772 Marnett et al. (2013) 

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 
rebaudiana 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) 

•   On September  18,  2009,  the Natural  Health Products  Directorate,  Health Canada (Health 
Canada,  2009)  adopted and revised the maximum  limit  for  steviol gl ycosides  in Natural  
Health products  (NHPs)  to be in accordance with the full A DI  of  4 mg steviol per   kg bw  
established by  JECFA  (WHO,  2008).   

o   As  a Medicinal  Ingredient:  The maximum  daily  limit  without  cautionary  labelling and 
additional s afety  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 gl ycosides,  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.  

o   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 i ngredient  is 
permitted to be added.  As  a non-medicinal i ngredient,  it  should not  exceed 4  mg  per  
kg bw  per  day  expressed as  steviol c ontent.  
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• 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 for use as a 
high-intensity sweetener under the same conditions as the previously approved steviol 
glycosides (Health Canada, 2016). 

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

• 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). 

• 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). 

• 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). 

• 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). 

•   The Joint  Expert  Committee on Food Additives  (JECFA)  reviewed steviol gl ycosides  at  its  51st,  
63rd,  68th and 73rd meetings  and published its  original r eview i n 2000 (WHO,  2000).  

•   In 2006,  JECFA  established a temporary  ADI  (acceptable daily  intake)  of  0  - 2 mg per  kg (on a 
steviol bas is)  at  its  63rd  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).  

•   In 2009,  at  the 69th  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 bas is)  as  a result  of  the JECFA  review of   
more recently  completed clinical s tudies  with steviol gl ycosides  (WHO,  2008).  In 2009,  JECFA  
published a final m onograph addendum  on steviol gl ycosides  (WHO,  2009).  

•   In 2009,  several c ountries  and the Calorie Control C ouncil s ubmitted a request  to the Codex  
Committee on Food Additives  to modify  the JECFA  specifications  for  steviol gl ycosides  to 
include  rebaudioside D a nd rebaudioside F  as  specifically  named acceptable  glycosides  that  

GRAS ASSOCIATES, LLC Page 148 of 158 



    
            

 

                                                                                                             

        
        
      

      
        

        
 

          
    

       
        

   
          

         
       

           
        

  
        

        
    

     
    

       
         

         
         

         
        

   
     

           
       

   
        

         
         

            
   

          
       

 

 

 

 

 

 

 

 

 

 

 

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

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). 

• 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). 

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

• 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. 

o 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. 

o 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). 

o 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). 

o 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). 

• 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. 

• 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. 

• 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). 

• 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). 

• 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) 

• 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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• In 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). 

• 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). 

• 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 
quantities 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.  

•   63rd  Meeting (WHO,  2006)  –  More data were  submitted;  however,  the data were  inadequate 
to assess  whether  these pharmacological ef fects  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 ef fects  of  steviol gl ycosides  in humans.  A  temporary  
ADI of  0–2 mg  per  kg bw w as  established for  steviol gl ycosides,  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.  

•   68th  Meeting (WHO,  2007)  –  Further  data were submitted showing the purity  at  95% and 
that  all s teviol gl ycosides  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 an d Technical A ssessment  report,  written after  the 2007 meeting,  explained the 
Committee’s  thinking,  which resulted in flexibility  in the identity  specifications  (FAO,  2007a;  
FAO,  2007b)  

•   69th  Meeting (WHO,  2008)  –  Based on  additional c linical s tudies,  JECFA  finalized the 
evaluation of  steviol gl ycosides  and  raised the ADI  to 0  - 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 t oxicology  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). 

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

o 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. 

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

o   The mean estimated exposure to steviol gl ycosides  (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 95th  percentile.  

o   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 
95th  percentile for  children ranged from  1.0 to 12.7 mg  per  kg bw  per  day.  

o   For  adults,  the mean and 97.5th  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.  

o   These  revised exposure estimates  to steviol gl ycosides  remain above the established 
ADI  of  4 mg  per  kg bw ( steviol equi valent).    

D.   Other  Published  Reviews  

•   Stevia and steviol gl ycosides  have been extensively  investigated for  their  biological,  
toxicological,  and clinical ef fects  (Carakostas  et  al.,  2008;  Geuns,  2003;  Huxtable,  2002).  

•   Four  additional r eviews  have appeared on the toxicology  and biological ac tivity  of  stevia 
extracts  and steviol gl ycosides  (Yadav  and Guleria,  2012;  Brown and Rother,  2012;  
Brahmachari et   al.,  2011;  Chatsudthipong and Muanprasat,  2009).  The studies  are not  
always  closely  comparable because:  

o   These reviews  do not  clearly  differentiate between studies  on crude stevia extract  
and purified steviol gl ycosides.  
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o Studies on biological activity used routes of administration other than oral 
o Some studies may have used doses that are much higher than anticipated human 

use levels. 
o 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. 

• 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 GI 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 GI 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 GI flora as demonstrated by an in vitro study in fecal 

† 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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1. Analysis of Glucosylated Steviol Glycosides by HPLC 



Methods 

HPLC Conditions 

Instrument : Alliance 2695-2487(Waters) 

Column : TOSOH, TSKgel Amide-80(250X4.6mm, Sum) 

Column Temp : 30°C 

Flow Rate : 0.BSmL/min 

Injection Volume : 20ul 

Detection: uv@210nm 

Mobile Phase A: Acetonitrile / 5%Water 

B: Water/ 5%Acetonitrile 

• Gradient 

Time(min) %A %B Curve 

0 89 7 1 -

31 77 23 6 

33 77 23 6 

34 68 32 6 

35 77 23 6 

37 70 30 6 

38 77 23 6 

70 77 23 6 

80 89 11 6 

Sample Preparation 

Enzyme Treated Stevia extracts were prepared in 50% Acetonitrile/Water at a concentration of 

20mg/ml. 

Stevia extracts were prepared in 50% Acetonitrile/Water at a concentration of 20mg/ml. 

Standard Preparation 

Stevioside standard and Rebaudioside A standard was prepared in 50% Acetonitrile/Water at the 

following concentrations: 

Stevioside 5, 10, 15, 20mg/ml 

Rebaud ioside A 5, 10, 15, 20mg/ml 



Glucosylated Steviol Glycoside Components 

Compound m.w. Empirical Formula 
Level of 

Enzyme Glycosylation 

Rubusoside 642 C32Hso0 13 -

Steviolbioside 642 C32HsoOn -

Oulcoside A 788 C3sH600 11 -

Rebaudioside B 804 C3aH500 ,8 -

Stevioside 804 C3aH500 1a -

Rebaudioside C 950 C1,1 H100 n -

Rebaudioside F 936 ( 43 H580 22 -

Rebaudioside A 966 ( 44 H700 23 -

Rebaudioside D 11 29 CsoHaoO,a -

Monoglucosyl Rebaudioside B 966 ( 44 H700 ;,3 +1 

Monoglucosyl Stevioside 966 (44H100 23 +1 

Monoglucosyl Rebaudioside C 1112 CsoHao0 ~1 +1 

Monoglucosyl Rebaudioside A 1128 C50H800 2s +1 

Diglucosyl Rebaudioside B 1128 C50Hao0 2a +2 

Diglucosyl Stevioside 1128 CsoHao0 2a +2 

Diglucosyl Rebaudioside C 1274 C56H900 32 +2 

Diglucosyl Rebaudioside A 1290 Cs6H900 33 +2 

Triglucosyl Stevioside 1290 Cs6H900 33 +3 

Triglucosyl Rebaudioside A 1452 C62 H1000 3e +3 

fetraglucosyl Stevioside 1452 C62 H1000 3a +4 

Tetraglucosy Rebaudioside A 1614 CsaH,100 43 +4 



Results 

Table 1. Determination of the level of non-steviol glycosides components, by percent, in an 

enzyme treated stevia sample 

The non- stevioside components were found to elute early in the analysis with retention times 

between 3.73 and 8.44 minutes. The chromatographic Purities of the samples were 

determined by normalizing the total peak area to 100% 

7 ) Lot. 18112 8 

Peak NO. RT(min) Area (%) Total (%) 

1 3.752 0.73 

2 4.148 1.54 

3 4.747 1.45 

4 6.418 0.21 

5 8.430 0.43 4.36 

2) Lot. 181213 

Peak NO. RT(min) Area (%) Total (%) 

1 3.737 0.73 

2 4.145 1.51 

3 4.746 1.38 

4 6.429 0.19 

5 8.437 0.42 4.23 

3) Lot. 181219 

Peak NO. RT(rnin) Area(%) Total (%) 

1 3.735 0.63 

2 4.145 1.53 

3 4.747 1.37 

4 6.448 0.19 

5 8.440 0.42 4.14 



Table 2. The levels of Steviosides, by percent range, in non-enzyme treated and enzyme-treated 

stevia extracts. 

To ensure product consistency, the level of stevioside and glucosylstevioside components was 

determined by HPLC analysis. The ranges determined for pre treated and post treated 

stevia extracts are found in Tab le 2 

Component Starting Material (%) STEVITEN FRESH (%) 

Rubusoside 2.0 - 3.5 0.0 - 0.6 

Steviolbioside 0.0 - 1.0 0.5 ~ 1.5 

Dulcoside A 0.0 ~ 1.0 0.5 ~ 1.5 

Rebaudioside B 0.0 ~ 1.0 0.0 ~ 1.0 

Stevioside 46.0 ~ 50.0 8.0 ~ 10.0 

Rebaudioside C 5.5 ~ 6.5 2.0 ~ 3.0 

Rebaudioside F 0.5 ~ 1.0 0.0 ~ 0.5 

Rebaudioside A 35.0 ~ 40.0 7.0 ~ 9.0 

Rebaudioside D 0.0 ~ 0.5 n.d 

Monoglucosyl stevioside m/z 966 n.d 9.0 ~ 11.0 

Monoglucosyl rebaudioside C m/z 1112 n.d 2.0 ~ 2.6 

Monoglucosyl rebaudioside A m/z 7128 n.d 7.0 ~ 8.0 

Diglucosyl stevioside m/z 1128 n.d 9.0 ~ 11 .0 

Diglucosyl rebaud ioside C m/z 1274 n.d 1.5 ~ 2.5 

Diglucosyl rebaud ioside A m/z 1290 n.d 8.0 ~ 11 .0 

Triglucosy stevioside m/z 1290 n.d 8.0 ~ 13.0 

Triglucosyl rebaudioside A m/z 1452 n.d 3.5 ~ 5.0 

Tetraglucosyl stevioside m/z 1452 n.d 7.0 ~ 8.5 

Tetraglucosy rebaudioside A m/z 1614 n.d 2.5 ~ 3.5 

Unidenfied glucosylated m/z > 1614 n.d 5.0 ~ 6.0 

Table 3. The level of steviol glycoside and non-stevioside components, by percent, in three lots of 

stevia extract before enzyme treatment. 

The meaning 2.3 , 2.3 & 2.0 of Stevia extract (impurities) % are that steviol glydosides are min 

95% Also the meaning of 4.4, 4.2 & 4.1 of Enzyme treated Stevia Extract (impurities) % are that 

steviol glydosides and Glucosylsteviosides (%) have been found to have greater th an 95% purity 

Therefore, the Glucosylated steviol Extract impurites(%)components were found to be present on 

levels less than 5%. 



Lot. Starting material impurities(%) STEVITEN FRESH impurites(%) 

181128 2.3 4.4 
,----

181213 2.3 4.2 

181219 2.0 4.1 

Table 4. The level of steviosides and non-steviosides, by percent, in three lots of enzyme treated 

stevia. 

The same three lots of stevia extract were then enzyme treated, and subsequently tested for 

chromatographic purity on a molar basis. The results were obtained using the same 

method, and are shown in table 4. All Three enzyme treated stevia lots have been found 

to have greater than 95% purity, as demonstrated by HPLC chromatographic analysis. 

' 

Lot 
Steviol glycosides and 

G lucosylsteviosides (%) 

Glucosylated steviol glycosides 

i m pu rites(%) 

181128 95.6 4.4 

181213 95.8 4.2 

181219 95.9 4.1 
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Figure 1. HPLC Analysis of Stevia Extract Extract Before and after Enzyme Treatment 
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Figure 2. Spectral characteristics of Stevia Extract components(Standard) 
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Figure 3. Spectral characteristics ofenzyme glycosylated Stevia components 
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Figure 1. the chromatogram chart as above is shown that after 25 min, we can see different 

molecular weight which is glucosylated steviol glycoside. 

Figure 2. The each nine standard chromatograms which are from "Japan Wako" and "The USA 

Chromadex" are to check position of stevia extract components 

We can distinguish when stevia extract components are coming out 

i) Rubusoside STD : about 9 min 

ii) Steviolbioside STD : about 11 min 

iii) Dulcoside A STD: about 13 min 

iv) Rebaudioside B STD: about 16 min 

v) Stevioside STD: about 17 min 

vi) Rebaudioside C STD: about 19 min 

vii) Rebaudioside F STD: about 20 min 

viii) Rebaudioside A STD: about 23 min 

ix) Rebaudioside D STD: about 33 min 

igure 3. The chromatogram of "Enzyme Treated Pure Stevioside99%, Rebaudioside A 99%" is 

similar with ''The Chromatogram of STEVITEN FRESH". It means that STEVITEN FRESH is Enzyme 

Treated steviol glycosides 

*Enzyme Treated Pure Stevioside 99%, Rebaudioside A 99% is treated from 99% contents by HPLC 

of Stevioside, Rebaudioside A. 
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SAMPLE INFORMATION 

Sample Name: Starting material 
Sample Type: 
Vial: 10 
Injection #: 1 
Injection Volume: 20.00 ul 
Run lime: 80.0 Minutes 

Acquired By: System 
Sample Set Name. GRAS 
Acq. Method Set G- AB - MS 
Processing Methoc Default1 
Channel Name: 2487Channel 1 
Proc. Chnl. Descr .. 

Date Acquired : 2019-02-14 AM 1:24:11 KST 
Date Processed: 2019-02-18 PM 1:21 :20 KST 

Peak Name RT Area % Area Height 

1 3.178 6025 0.01 563 

2 3.672 77198 0.08 4491 

3 4.155 231471 0.23 13711 

4 4.738 235179 0.23 28951 

5 6.428 63060 0.06 2000 

6 8.364 22698 0.02 932 

7 Rubusoslde 9.481 3159184 3.14 95096 

8 11.721 273555 0.27 7587 

9 Dulcoside A 12.988 468574 0.47 15484 

10 13.713 217715 0.22 8539 

11 15.104 195753 0 19 7199 

12 Ste1,fos ide 17.093 48824801 48.46 1566269 

13 Rebaudioside C 19.268 5761282 5.72 187172 



Peak Name RT Area % Area Height 

14 Rebaudioside F 20.250 844146 0.84 24738 

15 Rebaudioside A 23.302 40149261 39.85 1326563 

16 Rebaudioslcte D 33.560 219137 0.22 7277 
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SAMPLE INFORMATION 

Sample Name: Enzyme Treated Pure Stevioside 
Sample Type: 
Vial: 26 
Injection #: 1 
Injection Volume: 20.00 ul 
Run Time: 80.0 Minutes 

Acquired By: System 
Sample Set Name: GRAS 
Acq. Method Set: G- AB - MS 
Process ing Methoc Default1 
Channel Name: 2487Channel 1 
Proc. Chnl. Descr.: 

Date Acquired : 2019-02-15 AM 12:52: 10 KST 
Date Processed: 2019-02-18 PM 1:27:46 KST 

Peak Name RT Area % Area Height 

1 3.170 2885 0.01 317 

2 3.417 9110 0.03 702 

3 3.720 12475 0.05 1403 

4 4.500 2141 0.01 323 

5 4.746 35060 0.13 6553 

6 6.659 547055 2.07 6754 

7 11.837 408243 1.54 11903 

8 Ste-.;oside 17.182 7373465 27.89 251077 

9 Rebaudioside C 19.252 201009 0.76 6304 

10 21.934 18782 0.07 879 

11 Rebaudioside A 23.417 77116 0.29 2904 

12 m/z 966 25.979 6717819 25.41 221812 

13 27.912 94357 0.36 2932 

Peak Name RT Area %Area Height 

14 31 .292 49135 0.19 1140 

15 34.076 1267657 4.79 57618 

16 m/z 1128 34.628 3904661 14.77 96795 

17 36.081 38129 0.14 1252 

18 38.567 14779 0.06 808 

19 38.867 12833 0.05 875 

20 40.167 784729 2.97 24841 

21 40.932 1656164 6.26 61884 

22 m/z 1290 41 .415 1136797 4.30 50692 

23 50.016 1270070 4.80 14219 

24 m/z 1452 52.292 805146 3.05 11472 
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SAMPLE INFORMATION 

Sample Name: Enzyme Treated Pure 
Sample Type: Rebaudioside A 
Vial: 27 
Injection #: 1 
Injection Volume: 20.00 ul 
Run Time: 80.0 Minutes 

Acquired By· System 
Sample Set Name. GRAS 
Acq. Method Set: G-AB-MS 
Processing Mettioc Default1 
Channel Name· 2487Channel 1 
Proc. Chnl. Descr. · 

Date Acquired . 2019-02-15 AM 2:13:30 KST 
Date Processed: 2019-02-18 PM 1:33:00 KST 

Peak Name RT Area % Area Helght 

1 3.187 3792 0.01 383 

2 3.416 28496 0.10 1931 

3 4.706 14922 0.05 1197 

4 7.093 896339 3.10 8794 

5 Ste'v1oside 17.356 469688 1.62 16186 

6 Rebaudioside A 23.401 6769593 23.36 229559 

7 m/z 1128 31 .565 3984095 13.76 138374 

8 32.096 3987869 13.77 132166 

9 33.498 100452 

20337 

0.35 

0.07 

2756 

953 10 35.282 

11 m/z 1290 38.883 6426442 22.20 258190 

12 41.479 549910 1.90 8681 

13 m/z 1452 45.856 3726668 12.87 41405 

Peak Name RT Area %Area Height 

14 m/z 1614 61 .328 1975090 6.82 17428 
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SAMPLE INFORMATION 

Sample Name: STEVITEN FRESH Acquired By : System 
Lot: 181128 Sample Set Name: GRAS 
Vial: 11 Acq. Method Set. G- AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime· 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired : 2019-02-14 AM 2:45:18 KST 
Date Processed: 2019-02-18 AM 11 :59:53 KST 

Peak Name RT Area % Area 

0.73 

1.54 

Height 

11318 1 3.752 252710 

2 4.148 528968 32355 

3 4.747 498081 1.45 58805 

4 6.418 71569 0.21 2131 

5 8.430 148397 0.43 4730 

6 Rubusoside 9.456 181164 0.53 4797 

7 S te-.iol bias ide 11 .816 348738 1.01 8344 

8 Oulcoside A 12.992 311407 0.90 9948 

9 15.113 146761 0.43 5089 

10 Stevioside 17.092 3099382 9.00 94286 

11 Rebaudioside C 19.265 896084 2.60 27698 

12 Rebaudioside F 20.255 142038 0.41 4519 

13 21 .194 152021 0.44 5409 



Peak Name RT Area % Area Height 

14 Rebaudioside A 23.312 2859828 8.31 93794 

15 m/z 966 25.852 3519687 10.22 111307 

16 27.656 361521 1.05 13070 

17 m/z 1112 28.162 486593 1.41 14196 

18 29.787 75376 0.22 3115 

19 31.475 1523679 4.43 51273 

20 m/z 1128 31 .971 1051163 3.05 35924 

21 33.954 1044237 3.03 41499 

22 ml z 1128 34.466 2464098 7.16 60830 

23 35. 714 362762 1.05 10674 

24 m/z 1274 36.238 323086 0.94 10332 

25 37.649 37240 0.11 1506 

26 m/z 1290 38.830 2321387 6.74 98458 

27 40.025 779277 2.26 23532 

28 40.828 1520701 4.42 54308 

29 ml z 1290 41.365 1484350 4.31 51019 

30 m/z 1452 45.541 1542342 4.48 17378 

31 ml z 1452 49.760 1658340 4.82 17152 

32 51 .959 1143978 3.32 14282 

33 m/z 1614 60.895 1051563 3.05 8270 

34 67.632 2037855 5.92 9479 
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SAMPLE INFORMAT ON 

Sample Name: STEVITEN FRESH Acq uired By · System 
Lot: 181213 Sample Set Name: GRAS 
Vial: 12 Acq. Method Set G- AB- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name· 2487Channel 1 
Run Time: 80. 0 Minutes P roe. Chnl. Descr. · 

Date Acquired : 2019-02-14 AM 4 :06:25 KST 
Date Processed: 2019-02-18 PM 12:00:11 KST 

Peak Name RT Area % Area Height 

1 3.737 245 161 0.73 10505 

2 4.145 504281 1. 51 30439 

3 4.746 460704 1.38 54335 

4 6.429 63881 0.19 1957 

5 8.437 141429 0.42 4485 

6 Rubusos ide 9.465 169261 0.51 4564 

7 StelJiolbloslde 11 .904 316749 0.95 7866 

8 Dulcoside A 13.006 283812 0.85 9179 

9 15.140 128528 0.38 4396 

10 Stevioside 17.107 2855012 8.55 84867 

11 Rebaudioside C 19.301 640705 2.52 25481 

12 Rebaudioside F 20.267 136248 0.41 4326 

13 21.219 139835 0.42 4978 



Peak Name RT Area % Area Height 

14 Rebaudioside A 23.338 2644392 7.92 85948 

15 m/z 966 25.881 3214081 9.62 102962 

16 27.718 285981 0.86 11338 

17 m/z 1112 28.191 417519 1.25 13445 

18 29.822 72564 0.22 2934 

19 m/z 1128 31.503 1450407 4.34 47876 

20 31. 999 1001060 3.00 33794 

21 33.973 1048049 3.14 39420 

22 ml z 1128 34.495 2289256 6.85 56316 

23 35. 764 313985 0.94 9743 

24 m/z 1274 36.261 319441 0.96 9998 

25 37.691 39030 0.12 1472 

26 m/z 1290 38.842 2439815 7.30 94264 

27 40.057 991723 2.97 27045 

28 40.857 1870857 5.60 62083 

29 m/ z 1290 41 .377 2230071 6.68 60081 

30 m/z 1452 45.583 1344779 4.03 15204 

31 ml z 1452 49.800 1464819 4.39 15518 

32 52.013 973475 2.91 12523 

33 m/z 1614 60.967 1031824 3.09 8008 

34 67.683 1675101 5.01 8296 
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SAMPLE INFORMATION 

Peak Name RT Area % Area Heigh 

1 3.735 230742 0.63 11074 

2 4.145 562017 1.53 32343 

3 4.747 503275 1.37 58262 

4 6.448 71399 0.19 2102 

5 8.440 152865 0.42 4820 

6 Rubusoside 9.472 188748 0.52 5111 

7 Ste~olbioslde 11.964 340053 0.93 8547 

8 DulcosideA 12.996 308673 0.84 9976 

9 15.130 131541 0.36 4453 

10 Ste'v1oside 17.095 3090391 8.44 89584 

11 Rebaudioside C 19.302 930801 2.54 25947 

12 Rebaudloside F 20.239 159397 0.44 5051 

13 21 .206 160011 0.44 5640 

Sample Name. STEVITEN FRESH 
Lot: 181219 
Vial: 13 
Injection #: 1 
lnJection Volume: 20.00 ul 
Run lime: 80.0 Minutes 

Date Acquired : 2019-02-14 AM 5:27:31 KST 
Date Processed: 2019-02-18 PM 12:00:24 KST 

Acquired By . System 
Sample Set Name. GRAS 
Acq. Method Set: G-AB-MS 
Processing Methoc Default1 
Channel Name 2487Channel 1 
Proc. Chnl. Descr. 



Peak Name RT Area % Area Height 

14 Rebaudioslde A 23.324 2877155 7.86 93293 

15 m/z 966 25.870 3497169 9.55 112816 

16 27.721 251189 0.69 10806 

17 m/z 1112 28.183 512985 1.40 15732 

18 29.813 80506 0.22 3209 

19 mlz 1128 31.495 1577940 4.31 52066 

20 31.994 1143251 3.12 37389 

21 33.970 1167323 3.19 43909 

22 m/ z 1128 34.492 2532154 6.91 62276 

23 35.808 335532 0.92 10688 

24 m/z 1274 36.260 428611 1.17 12158 

25 37.689 42888 0.12 1631 

26 m/z 1290 38.841 2667320 7.28 103862 

27 40.055 1050773 2.87 28667 

28 40.856 1929026 5.27 65632 

29 ml z 1290 41 .387 2334014 6.37 63065 

30 m/z 1452 45.589 1484844 4.05 16769 

31 ml z 1452 49.823 1582377 4.32 16764 

32 52.031 1053142 2.88 13621 

33 m/z 1614 61.001 1179038 3 22 8969 

34 67.704 2064198 5.64 9581 



2. Analysis of Glucosylated Steviol Glycoside by UV /LC 
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Figure 4. Glucose Standard Curve 

0.900 

Figure out absorbance (abs) with each four glucose cone in table 5 and make calibration curve as 

above. Therefore 1t is reliable. 

Y= 0.2556 X + 0.0001 

Results 

Table 5. Glucose Standard 

Glucose Conc.(mg/ml} Absorbance(abs) Remarks 

0.5 0.128 

1.0 0.261 

2.0 0.501 

3.0 0.772 



Table 6. STEVIEN FRESH 

Lot 
Amount of 

sample {g) 

Moisture 

(%) 

Absorbance 

(abs) 

b* 

(mg/ml) 

Y** 

(g) 
Remarks 

181128 1.0341 3.9 0.593 2.32 0.9938 

181213 1.0159 4.2 0.578 2.26 0.9732 

181219 1.022 5 4.3 0.581 2.27 0.9785 

* b: Concentration(mg/ml) of D-glucose in the test solution 

** Y: Dry basis weight(g) of the sample 

X : Content (%) of oc. -G lucosyl residues = [(b X 200)/(Y X 1.000)] X 0.900 X 100 

1) 181128 

X (%)=l(2.32 X 200)/(0.9938 X 1,000)] X 0.900 X 100 =42.02 

2) 181213 

X (%) = [(2.26 X 200)/(0.9732 X 1,000)] X 0.900 X 100=41.82 

3) 181219 

X (%) = [(2.27 X 200)/(0.9785 X 1 ,000)] X 0.900 X 100=41.81 

http:100=41.81
http:100=41.82


Methods 

HPLC Conditions 

Instrument : Alliance e2695-2489(Waters) 

Column : TOSOH, TSKgel Amide-80(250X4.6mm, Sum) 

Column Temp : 25 °C ± S°C 

Flow Rate : Adjust so that the retention time of rebaudioside A is about 21 min 

Injection Volume : 20u l 

Detection: uv@210nm 

Mobile Phase : Mix HPLC-grade acetonitrile and water(80:20) 

Procedure 

Equilibrate the instrument by pumping mobi le phase through it until a drift-free baseline is 

obtained. Record the chromatograms of the sample solution and of the standard solutions. 

The retention times relative to rebaudioside A(1 .00) are: 

0.45~0.48 for stevioside 

0.25~0.30 for dulcoside A 

0.63~0.69 for rebaudioside C 

Measure the peak areas for the four steviol glycosides from the sample solution(the minor 

components might not be detected}. Measure the peak area for stevioside from the standard 

solution. 

Calculate the percentage of each of the four steviol glycoside. in the sample from the formula: 

Content(%) of stevio l g lycosides=[Ws/W]x[Ax/As] x fx x 100 

Where 

Ws is the amount (mg) of stevioside in the standard solution 

W is the amount(mg) of sample in the sample solution 

As is the peak area for stevioside from the standard solution 

Ax is the peak area for sample from the sample solution 

fx is the ratio of the form ula weight of X to the formula weight of stevioside: 1.00(stevioside), 

0.98(dulcoside A). 1.20(rebaudioside A), 1.18(rebaudioside C). 

http:0.63~0.69
http:0.25~0.30
http:0.45~0.48


Results 

Table 7. Total content (%) of o::-Glucosyl steviol glycosides and unreacted steviol glycosides 

Lot Content (%) of steviol glycosides Content (%) of o:: -G lucosyl residues Remarks 

181128 42.02 41.58 

181213 41.82 41.48 

781219 41 .81 41.59 

Lot Assay(%)* Remarks 

181128 83.6 

181213 83.3 

181219 83.4 

* Assay is Total content of cx:-Glucosyl steviol glycosides and unreacted steviol glycosides 

X Total content (%) of ex: -Glucosyl steviol glycosides and unreacted steviol glycosides 

= Content (%) of steviol glycosides + Content (%) of ex -Glucosyl residues 

Table 8. Content (%) of o:: -glucosylsteviol glycosides 

Lot Assay(%) Content (%) of unreacted steviol glycosides Remarks 

181128 83.6 7.3 

187213 83.3 7.5 

181219 83.4 7.5 

Lot Content(%) of cx:-glucosylsteviol glycosides Remarks 

181128 76.1 

181213 75.8 

181219 75.9 

X Content (%) of o:: -glucosylsteviol glycosides 

= Content (%) of steviol glycosides + Content (%) of cx:-g lucosyl residues - Content (%) of 

unreacted steviol glycosides 



Appendix B 

Raw Data 
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SAMPLE INFORMATION 

Sample Name: Stevioside Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 1 Acq. Method Set ~~ 0-065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 25. 0 Minutes Proc. Chnl. Descr. · 

Date Acquired : 2019-02-18 PM 3:13:07 KST 
Date Processed: 2019-02-19 AM 11 :02:41 KST 

RT Area % Area Height 

1 9,314 155332 1.92 4774 

2 14.276 7946135 98.08 199682 
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SAMPLE INFORMATION 

Sample Name: Stevioside Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 2 Acq. Method Set: ~~ D- 065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 25.0 Minutes Proc. Chnl. Descr. : 

Date Acquired: 2019-02-18 PM 3:39:02 KST 
Date Processed: 2019-02-19 AM 11 :02:57 KST 

RT Area % Area Height 

1 9.318 149010 1.85 4511 

2 14.272 7926953 98.15 198090 
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SAMPLE INFORMATION 

Sample Name: Stevioside Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 3 Acq. Method Set: ~~ D- 065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run 1ime: 25.0 Minutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-18 PM 4:04:57 KST 
Date Processed: 2019-02-19 AM 11:04:26 KST 

RT Area % Area Height 

1 9.317 156261 1.93 4535 

2 14.271 7961143 98.07 199840 
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Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEVITEN FRESH Acquired By: System 
Lot· 1611 28 Sample Set Name· GRAS 
Vial: 4 Acq. Method Set st~ 0-065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2467Channel 1 
Run Time: 25.0 Minutes P roe Chnl. Descr.: 

Date Acquired: 2019-02-18 PM 4:30:52 KST 
Date Processed 2019-02-19 AM 11 :08:43 KST 

RT Area % Area Height 

1 4.133 8382 0.12 761 

2 4.233 10442 0.15 924 

3 4.919 109073 1.55 5350 

4 5.046 69505 0.98 

0.89 

8.47 

5266 

9653 5 

6 

5.583 

7 172 

62915 

598044 8805 

7 8.348 122225 1. 73 3647 

8 9 357 102390 1.45 2874 

9 10.779 72814 1.03 2575 

10 

11 

14.272 3296505 46.71 81522 

16.306 600044 8.50 13442 

12 17.389 104577 1.48 2677 

13 21 .568 1900007 26.92 37241 
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Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEVITEN FRESH Acquired By . System 
Lot· 181213 Sample Set Name: GRAS 
Vial: 5 Acq. Method Set. ~ ~ D-065- MS 
Injection#: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 25.0 Minutes P roe Chnl. Des er .. 

Date Acquired : 2019-02-18 PM 4:56:47 KST 
Date Processed: 2019-02-19 AM 11 :09:25 KST 

RT Area % Area Height 

1 4.245 48486 0.66 2113 

2 4.788 57818 0.79 3176 

3 5.058 63822 0.87 4676 

4 5.581 63214 0.86 10262 

5 7.057 533032 7.29 7852 

6 8.342 134157 1.84 3793 

7 9.337 118082 1.62 3115 

8 10.774 81250 1.11 2794 

9 14.270 3493290 47.78 86853 

10 16.306 622447 8.51 14131 

11 17.377 99976 1.37 2696 

12 21 .565 1995317 27.29 39302 
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Empower2 
GRAS ... 

SAMPLE INFORMATION 

Sample Name: STEVITEN FRESH Acquired By: System 
lot: 181219 Sample Set Name. GRAS 
Vial: 6 Acq. Method Set 2:t~ 0-065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name. 2467Channel 1 
Run lime. 25.0 Minutes Proc Chnl. Descr.: 

Date Acquired : 2019-02-18 PM 5:22:42 KST 
Date Processed: 2019-02-19 AM 11:10:15 KST 

RT Area % Area Height 

1 4.267 3344 0.05 342 

2 4.827 78893 1.13 4338 

3 5.056 61809 0.89 4609 

4 5.588 55997 0.80 9436 

5 6.960 451018 6.48 7671 

6 7.800 30441 0.44 1923 

7 8.372 100367 1.44 3157 

8 9.325 90950 1.31 2687 

9 10.779 81555 1.17 2824 

10 14.275 3353077 48.14 85546 

11 16.314 580983 8.34 13801 

12 17.380 109046 1.57 2594 

13 21 570 1967351 28.25 38816 



3. Standard Curve 



Result 

Table 9. Standard Analysis 

Standard Conc.(mg/ml) Retention Time(min) Area Remarks 

s 17.153 30247554 

10 17.113 55267784 
Stevioside 

15 17.144 80947221 

20 17.171 109386339 

5 23.351 24574770 

10 23.394 44930455 
Rebaudioside A 

15 23.420 64742431 

20 23.418 81289585 

Figure out Area with each four stevioside Cone and Rebaudioside Cone in table 9 and make 

Figure 5 & 6 calibration curve as below. There fore it is rel iable. 

Figure 5. Stevioside Standard Curve 
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Appendix C 

Raw Data 



Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEV 1OS IDE{ 5. 0mg/ml) Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 18 Acq. Method Set: G- AB- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes Proc. Chnl. Descr. . 

Date Acquired: 2019-02•14 PM 12:12:58 KST 
Date Processed: 2019-02-18 AM 9:46:46 KST 

1 

1.001 

~ 

O.BO 

~ 
0.60-

:::) ~ c( 

0.40-
1 

0 20 

~~ O> 

~ O> ~ r,,.. 
'<t N . 

.,...M 0) -0.00 

0 .00 

L.W - ~M 

10.00 20.00 30.00 40 .00 60.00 6000 70.00 80.00 
Minutes 

RT Area % Area Height 

1 3.155 6234 0.02 571 

2 3.350 11908 0.04 776 

3 3.702 9334 0.03 1088 

4 4.500 3143 0.01 352 

5 4.731 46086 0.15 9978 

6 5.541 18634 0.06 1131 

7 9.499 96703 0.31 3199 

8 12.003 693874 2.23 18392 

9 13.756 29912 0.10 1322 

10 17.153 30247554 97.06 1010126 
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0.00 
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Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEVIOSIOE(10.0mg/ml) Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 19 Acq. Method Set G-AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired : 2019-02-14 PM 1 :34:05 KST 
Date Processed: 2019-02-18 AM 9:47: 11 KST 

,.l 

RT Area % Area Height 

1 3.144 14091 0.02 1283 

2 3.382 36527 0.06 2159 

3 3.698 78702 0.14 3868 

4 4.403 16136 0.03 1341 

5 4.728 99297 0.17 20129 

6 6.495 28621 0.05 1207 

7 9.466 204539 0.36 6509 

8 11.961 1539641 2.68 37405 

9 13.714 130378 0.23 4152 

10 14.337 70091 0.12 2618 

11 17.113 55267784 96.14 1751419 
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Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEVIOSIDE(15. 0mg/ml) 
Sample Type: Standard 
Vial: 20 
Injection #: 1 
Injection Volume: 20.00 ul 
Run Time: 80. 0 Minutes 

Date Acquired: 2019-02-14 PM 2:55: 12 KST 
Date Processed: 2019-02-18 AM 9:45:49 KST 

Acquired By: System 
Sample Set Name: GRAS 
Acq. Method Set G- AB-MS 
Processing Methoc Default1 
Channel Name: 2487Channel 1 
Proc. Chnl. Oescr.: 

RT Area % Area Height 

1 3.155 14863 0.02 1302 

2 3.459 45754 0.06 2625 

3 3.697 113305 0.14 5889 

4 4.394 20475 0.03 1783 

5 4.727 142312 0.18 29334 

6 6.485 47660 0.06 1822 

7 9.482 310828 0.40 9838 

8 11 .979 2295699 2.93 56736 

9 13. 734 195548 0.28 6219 

10 14.363 106253 0.1 4 3910 

11 17 .144 80947221 95 .79 2166115 



Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEVIOSIDE(20. 0mglmL) Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 21 Acq. Method Set G-AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run nme: 80.0 Minutes Proc. Chnl. Oescr. : 

Date Acquired: 2019-02-14 PM 4: 16: 18 KST 
Date Processed: 2019--02-18 AM 9: 41 : 59 KS T 

0.60 

0.40 

0.20 ~~ 
O.OO-i-""ffl~~~"""'ffll'l'!!r"-~~_...._------ - --- ----------------l 

0.00 ' 20.00 30.00 
I ' 

40.00 
I ' I I 

50.00 60.00 70.00 80.00 
Mi nutes 

RT Area % Area Height 

1 3.157 19484 0.02 1714 

2 3.449 54296 0.06 3045 

3 3.699 144121 0.12 7738 

4 4.397 26932 0.03 2393 

5 4.723 195784 0.1 8 40016 

6 6.462 64236 0.07 2362 

7 9.477 424964 0.40 13380 

8 11 .993 3088985 2.97 77910 

9 13 . 742 263473 0. 18 8415 

10 14 .372 143274 0.10 5235 

11 17 .17 1 109386339 95 .87 2352965 
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Empower'2-
GRAS 

SAMPLE INFORMATION 

Sample Name: REBAUDIOSIDE A(5.0mg/ml) Acquired By. System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 22 Acq. Method Set: G- AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr. : 

Date Acquired : 2019-02-14 PM 7:27:34 KST 
Date Processed: 2019-02-18 AM 11 :49:10 KST 

RT Area % Area Height 

1 3.233 5393 0.02 683 

2 3.378 24605 0.10 1349 

3 3.952 13127 0.05 708 

4 4.559 14678 0.06 913 

5 4.716 8446 0.03 1105 

6 17.228 628761 2.49 17536 

7 23.351 24574770 97.25 837535 
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GRAS 

SAMPLE INFORMATION 

Sample Name: REBAUDIOSIDE A(10 .0mglml) Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 23 Acq. Method Set: G-AB- MS 
Injection #: 1 Process ing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80. 0 Minutes Proc. Chnl. Descr. : 

Date Acquired: 2019-02-14 PM 8:48:41 KST 
Date Processed: 2019-02-18 AM 11 :48:16 KST 

RT Area % Area Height 

1 3.398 30628 0.07 1629 

2 4.599 4724 0.01 500 

3 4.745 6677 0.01 1489 

4 17.308 1189631 2.57 32456 

5 20.341 41380 0.09 1616 

6 23.394 44930455 97.24 1466044 
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'Empower2 
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SAMPLE INFORMATION 

Sample Name: REBAUDIOSIDE A(15.0mg/ml) Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 24 Acq. Method Set: G-AB-MS 
Injection #: 1 Process ing Methoc Defau!t1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chn!. Descr .. 

Date Acquired : 2019-02-14 PM 10:09:46 KST 
Date Processed: 2019-02-18 AM 11:49:43 KST 

RT Area % Area Height 

1 3.416 26613 0.04 1231 

2 4.500 2636 0.00 436 

3 4.752 17882 0.03 2550 

4 

5 

5.399 11835 0.02 848 

17.354 1881668 2.82 49545 

6 

7 

20.362 70418 0.11 2607 

23.420 64742431 96.99 1981808 



 
























 
  


     

    
          



GRAS 

SAMPLE INFORMATION 

Sample Name: REBAUDIOSIDE A(20.0mg/mL) Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
V ial: 25 Acq. Method Set: G-AB- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr .. 

Date Acquired : 2019-02-14 PM 11 :31 :05 KST 
Date Processed: 2019-02-18 AM 10:22:57 KST 

RT Area % Area Height 

1 3.439 27445 0.03 1364 

2 4.567 4335 0.01 587 

3 4,769 19739 0.02 2916 

4 17.353 2502823 2.98 65117 

5 20.357 100564 0.12 3642 

6 23.418 81289585 96.84 2250011 



4. FTIR SPECTRUM OF ENZYME TREATED 

Appendix C 

Raw Data 
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5. A Comparison of the fingerprints of enzyme treated stevia, 

as analyzed by Ab Sciex LC/MS 



Methods 

UPLC Conditions 

LC/MS system: NANOSPACE 5200 / Ab Sciex QTRAP 4500 

Column: ACQU ITY UPLC BHE Amide 1.7um, 2.lx150mm 

Column Temp: 40°C 

Flow Rate: 160 ul/min 

Injection Volume: 1 ul 

Detection: uv@210nm 

Mobile Phase A: Water, B: Acetonitri le 

• Gradient 

Ti me(min) %A %B Curve 

I nit 30 70 -

10.0 30 70 6 

25.0 50 50 6 

26.0 70 30 6 

35.0 70 30 6 

MS Conditions 

Ionization Mode : ESL negative 

Curtain Gas : 30 

lonSpray Voltage(IS) : 4500 

Temperature : 400°( 

Ion Source Gas : 50 

- MS Scan Mode 

Mass Range : 500~2000Da 

Scan Time : 0.75s 

- MS/MS Mode 

Mass Range: 700~2000Da 

Scan Time : 0.25 

Collision Energy(CE) : 30 



Appendix E 

Raw Data 
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Figure 7. A Comparison of the finger prints of enzyme treated 

Stevia, as analyzed by Ab Sciex LC/MS 
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Figure 7. We know each position of steviol glycosides components by LC and also know 

molecular weight by Ab Sciex. Also we can see the same peak at the same time. 

Figure 8. We can distinguish each component of steviol glycosides by molecular weight 

of Ab Sciex 
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1. Analysis of Glucosylated Steviol Glycosides by HPLC 



Methods 

HPLC Cond itions 

Instrument : Alliance 2695-2487(Waters) 

Column : TOSO H, TSKge l Amide-80(250X4.6mm, Sum) 

Column Temp : 30°C 

Flow Rate : 0.85ml/min 

Injection Volume : 20ul 

Detection : uv@210nm 

Mobile Phase A: Acetonitrile / 5%Water 

B: Water / 5%Aceton itrile 

• Gradient 

Time(min) % A %B Curve 

0 89 11 -

31 

33 

77 23 

77 23 

68 32 

6 

6 

6 34 

35 

37 

38 

70 

80 

77 23 

70 30 

77 23 

77 23 

89 11 

6 

6 

6 

6 

6 

Sample Preparation 

Enzyme Treated Stevia extracts were prepa red in 50% Acetonitrile/Water at a concentrat ion of 

20mg/ml. 

Stevia extracts were prepa red in 50% Aceton itrile/Water at a concentration of 20mg/ml. 

Standard Preparat ion 

Stevioside standard and Rebaudioside A standard was prepared in 50% Acetonitrile/Water at the 

fol lowing concentrations: 

Stevioside 5, 10, 15, 20mg/ml 

Reba udioside A 5, 10, 15, 20mg/ml 



Glucosylated Steviol Glycoside Components 

Level of 
Compound m.w. Empirical Formula 

Enzyme Glycosylation 

Rubusoside 642 C 2Hso013 -

Steviolbioside 642 C32H500 13 -

DulcosideA 788 ( 3aHG00 11 -

Rebaudioside B 804 C3sH600 l8 -

Stevioside 804 C3sH600 1a -

Rebaudioside C 950 (44H 700 22 -

Rebaudioside F 936 -C43H6a0 22 

Rebaudioside A 966 C44H100 23 -

Rebaudioside D 1129 CsoHoo0 2s -

Monog lucosyl Rebaudioside 8 966 ( 44H100 23 +1 

Monoglucosyl Stevioside 966 ( 44 H1a0 23 +1 

Monoglucosyl Rebaudioside C 1112 CsoHoo0 21 +1 

Monoglucosyl Rebaudioside A 1128 CsoH80028 +1 

Diglucosyl Rebaudioside 8 1128 CsoHso0 2s +2 

Diglucosyl Stevioside 1128 CsoHso0 2a +2 

Diglucosyl Rebaudioside C 1274 Cs6H900 32 +2 

Dig lucosyl Rebaudioside A 1290 C,6H900 33 + 2 

Triglucosyl Stevioside 1290 C 6H9()0 33 + 3 

Trig lucosyl Rebaudioside A 1452 C62H 10003s +3 

Tetrag lucosyl Stevioside 1452 C 2H10003a +4 

Tetraglucosy Rebaudioside A 1614 C6aH110043 +4 



Results 

Tab le 1. Determination of the level of non-stevio l glycosides components, by percent, in an 

enzyme treated stevia sample 

The non- stevios ide components were found to elute early in the analysis with retention times 

between 3.73 and 8.50 minutes. The chromatograph ic Purities of t he samples were 

determined by normalizing the tota I peak area to 100% 

1) lot. 181107 

Peak NO. 

1 

RT(min) 

3.739 

Area (%) 

0.82 

Total (%) 

2 4.156 1.80 

3 4.749 1.59 

4 

5 

6.452 

8.489 

0.21 

0.25 4.67 

2) lot. 181203 

Peak NO. 

1 

2 

RT(min) 

3.735 

4.150 

Area(%) 

0.76 

1.58 

Total (%) 

3 

4 

5 

4.745 

6.450 

8.506 

1.30 

0.20 

0.23 4.09 

3) Lot. 181224 

Peak NO. 

1 

RT(m in) 

3.736 

Area (%) 

0.83 

Total (%) 

2 4.151 1.74 

3 4.747 1.56 

4 

5 

6.447 

8.509 

0.19 

0.23 4.55 



Tab le 2. The levels of Steviosides, by percent range, in non-enzyme treated and enzyme-treat ed 

stevia ext racts. 

To ensure product consistency, the level of stevioside and glucosylstevioside components was 

determined by HPLC ana lysis. The ranges determined for pre treated and post treated 

stevia extracts are found in Table 2 

Component Sta rting Material (%) STEVITEN RICH (%) 

Rubusoside 2.0 ~ 3.5 0.0 ~ 0.6 

Steviolbioside 0.0 ~ 1.0 0.5 ~ 1.5 

Du lcoside A 0.0 ~ 1.0 0.5 ~ 1.5 

Rebaudios ide B 0.0 ~ 1.0 0.0 ~ 1.0 

Stevioside 46.0 ~ 50.0 6.0 ~ 7.0 

Rebaudioside C 5.5 ~ 6.5 1.0 ~ 2.0 

Rebaudioside F 0.5 ~ 1.0 0.0 ~ 0.5 

Rebaud ioside A 35.0 ~ 40.0 5.0 ~ 6.0 

Rebaudioside D 0.0 ~ 0.5 n.d 

Monoglucosyl stevioside m/Z 966 n.d 8.0 ~ 10.0 

Monoglucosyl rebaud ioside C m/z 11 12 n.d 1.3 ~ 1.6 

Monoglucosyl rebaudioside A m/z 1128 n.d 7.0 ~ 9.0 

Diglucosyl stevioside m/z 1128 n.d 9.0 ~ 12.0 

Dig lucosyl rebaudioside C m/z 127 4 n.d 1.5 ~ 2.5 

Diglucosyl rebaud ioside A m/z 1290 n.d 11.0 ~ 73.0 

Triglucosy stevios ide m/z 1290 n.d 9.0 ~ 14.0 

Triglucosyl rebaudioside A m/z 1452 n.d 4.5 ~ 6.5 

Tetrag lucosyl stevioside m/z 1452 n.d 5.0 ~ 8.0 

Tetraglucosy rebaudioside A m/z 161 4 n.d 4.0 ~ 6.0 

Unidenf ied glucosylated m/z > 1614 n.d 4.0 ~ 7.0 

Table 3. The level of steviol g lycoside and non-stevios ide components, by percent, in three lots of 

stevia extract before enzyme treatment. 

The meaning 2.3 , 2.3 & 2.2 of Stevia extract (impurities) % are t hat stevio l glydosides are min 

95% Also the meaning of 4.7, 4.1 & 4.6 of Enzyme t reated Stevia Extract (impurities) % are that 

steviol glydosides and Glucosylsteviosides (%) have been found to have greater t han 95% purity 

Therefore, the Glucosylated stevio l Extract impurites(%)components were found to be present on 

levels less than 5%. 



Lot. Start ing material impurities(%) STEVITEN RICH impurites(o/o) 

181107 

181203 

181224 

2.3 

2.3 

2.2 

4.7 

4.1 

4.6 

Table 4. The level of steviosides and non-steviosides, by percent, in three lots of enzyme treated 

stevia. 

The same three lots of stevia extract we re then enzyme treated, and subsequently tested for 

chromatograp hic purity on a molar basis. The results were obtained using the same 

method, and are shown in table 4. All Three enzyme treated stevia lots have been found 

to have greater than 95% purity, as demonstrated by HPLC chromatograph ic analysis. 

Lot 
Stevio l glycosides and 

Glucosylsteviosides (%) 

Glucosylated steviol glycosides 

impurites(%) 

181107 95.3 4.7 

4.1 181203 95.9 

181224 95.4 4.6 



Appendix A 

Raw Data 
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Figure 1. H PLC Analysis of Stevia Extract Extract Before and after Enzyme Treatment 
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Figure 2. Spectral characteristics of Stevia Extract components(Standard) 
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Enzyme Treated Pure Stevioside(99% Stevioside -+ enzyme glycosylated Stevia) 

Enzyme Treated Pure Stevioside(99% Rebaudioside A-+ enzyme glycosylated Stevia) 

Figure 3. Spectral characteristics of enzyme glycosylated Stevia components 
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Figure 1. the chromatogram chart as above is shown that after 25 min, we can see different 

molecular weight which is glucosylated steviol glycoside. 

Figure 2. The each nine standard chromatograms which are from "Japan Wako" and "The USA 

Chromadex" are to check position of stevia extract components 

We can distinguish when stevia extract components are coming out 

i) Rubusoside STD : about 9 min 

ii) Steviolbioside STD : about 11 min 

iii) Dulcoside A STD: about 13 min 

iv) Rebaudioside B STD: about 16 min 

v) Stevioside STD: about 17 min 

vi) Rebaudioside C STD: about 19 min 

vii) Rebaudioside F STD: about 20 min 

viii) Rebaudioside A STD: about 23 min 

ix) Rebaudioside D STD: about 33 min 

igure 3. The chromatogram of "Enzyme Treated Pure Stevioside99%, Rebaudioside A 99% H is 

simi lar with "The Chromatogram of STEVITEN RICH". It means that STEVITEN RICH is Enzyme 

Treated steviol glycosides 

*Enzyme Treated Pure Stevioside 99%, Rebaudioside A 99% is treated from 99% contents by HPLC 

of Stevioside, Rebaudioside A. 
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SAMPLE INFORMATION 

Sample Name: Starting material Acquired By: System 
Sample Type: Sample Set Name: GRAS 
Vial: 14 Acq. Method Set: G-AB- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes Proc. Chnl Descr. : 

Date Acquired: 2019-02-14 AM 6:48:36 KST 
Date Processed: 2019-02-18 PM 1:16:24 KST 

Peak Name RT Area % Area Height 

1 3.448 27091 0.02 1505 

2 3.696 56186 0.05 3706 

3 4.159 263240 0.24 15236 

4 4.745 229981 0.21 31739 

5 6.486 65370 0.06 2019 

6 8.371 26203 0.02 1076 

7 Rubusoside 9.490 3471449 3.17 106411 

8 12.002 313106 0.29 8631 

9 Dulcoside A 12.997 546236 0.50 17519 

10 13. 721 244794 0.22 9681 

11 15.130 225775 0.21 7924 

12 Ste~oside 17.118 52857743 48.32 1685634 

13 Rebaudioside C 19.293 6336967 5.79 206925 



Peak Name RT Area % Area Height 

14 Rebaudioside F 20.273 921634 0.84 27391 

15 Rebaudioside A 23.333 43595983 39.86 1440813 

16 Rebaudioside D 33.600 200897 0.18 7331 
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SAMPLE INFORMAT I ON 

Sample Name: Enzyme Treated Pure Stevioside Acquired By: System 
Sample Type: Sample Set Name: GRAS 
V ial: 26 Acq. Method Set: G-AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-15 AM 12:52:10 KST 
Date Processed: 2019-02-18 PM 1:27:46 KST 

Peak Name RT Area % Area Height 

1 3.170 2885 0.01 317 

2 3.417 9110 0.03 702 

3 3.720 12475 0.05 1403 

4 4.500 2141 0.01 323 

5 4.746 35060 0.13 6553 

6 6.659 547055 2.07 6754 

7 11 .837 408243 1.54 11903 

8 Stevioside 17.182 7373465 27.89 251077 

9 Rebaudioside C 19.252 201009 0.76 6304 

10 21.934 18782 0.07 879 

11 Rebaudioside A 23.417 77116 0.29 2904 

12 m/z 966 25.979 6717819 25.41 221812 

13 27.912 94357 0.36 2932 

Peak Name RT Area % Area Height 

14 31.292 49135 0.19 1140 

15 34.076 1267657 4.79 57618 

16 m/z 1128 34.628 3904661 14.77 96795 

17 36,.081 38129 0.14 1252 

18 3~.567 14779 0.06 808 

19 38.867 12833 0.05 875 

20 40.167 784729 2.97 24841 

21 40.932 1656164 6.26 61884 

22 m/z 1290 41.415 1136797 4.30 50692 

23 50.016 1270070 4.80 14219 

24 m/z 1452 52.292 805146 3.05 11472 
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SAMPLE INFORMATION 

Sample Name: Enzyme Treated Pure 
Sample Type: Rebaudioside A 
Vial: 27 
Injection #: 1 
Injection Volume: 20.00 ul 
Run Time: 80.0 Minutes 

Date Acquired : 
Date Processed: 

2019-02-15 AM 2:13:30 KST 
2019-02-18 PM 1:33:00 KST 

Acquired By: System 
Sample Set Name: GRAS 
Acq. Method Set: G-AB-MS 
Processing Methoc Default1 
Channel Name: 2487Channel 1 
Proc. Chnl. Oescr. : 

Peak Name RT Area % Area Height 

1 3.187 3792 0,01 383 

2 3.416 28496 0.10 1931 

3 4.706 14922 0.05 1197 

4 7.093 896339 3.10 8794 

5 Stevioside 17.356 469688 1.62 16186 

6 Rebaudioside A 23.401 6769593 23.38 229559 

7 m/z 1128 31.565 3984095 13.76 138374 

8 32.096 3987869 13.77 132166 

9 33.498 100452 0.35 2756 

10 35.282 20337 0.07 953 

11 m/z 1290 38.883 6426442 22.20 258190 

12 41.479 549910 1.90 8681 

13 m/z 1452 45.856 3726668 12.87 41405 

Peak Name RT Area % Area Height 

14 m/z 1614 61 .328 1975090 6.82 17428 
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SAMPLE INFORMATION 
Sample Name: STEVITEN RICH Acquired By : System 
lot: 181107 Sample Set Name: GRAS 
Vial: 15 Acq. Method Set: G-AB-M S 
Injection #: 1 Process ing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired : 2019-02-14 AM 8:09:43 KST 
Date Processed: 2019-02-18 PM 12:00:40 KST 

Peak Name RT Area % Area Height 

1 3.739 

2 4.156 

3 4.749 

4 6.452 

239843 

527241 

467620 

60247 

0.82 

1.80 

1. 59 

0.21 

12007 

27679 

50413 

1821 

5 8.489 74413 0.25 2324 

6 Rubusoside 9.494 

7 Ste-v;ol bias ide 12.070 

153313 

232284 

0.52 

0.79 

4018 

6128 

8 Dulcoside A 13.039 

9 15.167 

297714 

53673 

1.01 

0.18 

9796 

2062 

10 Ste'Jioside 17.145 

11 Rebaudiosidd C 19.366 

12 Rebaudioside F 20.100 

13 21 .275 

1991464 

444764 

47926 

188174 

6.78 

1.51 

0.16 

0.64 

59235 

11244 

2071 

6918 



Peak Name RT Area % Area Height 

14 Rebaudioside A 23.389 1710898 5.83 55665 

15 mlz 966 25.941 2672718 9.1 0 86444 

16 27.777 127470 0.43 5739 

17 mlz 1112 28.263 329487 1.12 10146 

18 29.872 113670 0.39 4608 

19 mlz 1128 31.552 1091465 3.72 38254 

20 32.061 1085629 3.70 35307 

21 34.021 937249 3.19 37856 

22 ml z 1128 34.513 2012676 6.86 49590 

23 35.920 186030 0.63 6949 

24 mlz 1274 36.313 325551 1.11 8532 

25 37.756 83018 0.28 2938 

26 m/z 1290 38.866 2703880 9.21 100650 

27 40.107 770981 2.63 22116 

28 40.896 1403104 4.78 51481 

29 ml z 1290 41 .426 1266628 4.31 42520 

30 mlz 1452 45.775 1815024 6.18 20330 

31 ml z 1452 49.953 1508715 5.14 15876 

32 52.1 59 954876 3.25 12315 

33 m/z 1614 61.202 1497705 5.10 12848 

34 67.925 1983636 6.76 9443 
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SAMPLE INFORMATION 

Sample Name: STEVITEN RICH Acquired By: System 
Lot: 181203 Sample Set Name: GRAS 
Vial: 16 Acq. Method Set: G-AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-14 AM 9:30:48 KST 
Date Processed: 2019-02-18 PM 12:00:57 KST 

Peak Name RT Area % Area Height 

1 3.735 229673 0.76 11337 

2 4.150 476814 1.58 26206 

3 4.745 391609 1.30 47344 

4 6.450 60280 0.20 1958 

5 8.506 69660 0.23 2214 

6 Rubusoside 9.517 145980 0.48 3869 

7 S teviolbios ide 12.082 219791 0.73 5890 

8 Dulcoside A 13.065 284268 0.94 9372 

9 15.200 51552 0.17 1978 

10 Stevioside 17.179 1910437 6.34 56955 

11 Rebaudioside C 19.398 427629 1.42 10609 

12 Rebaudioside F 20.133 50106 0.17 2172 

13 21 .316 184791 0.61 6696 



Peak Name RT Area % Area Height 

14 Rebaudioside A 23.437 1633885 5.42 52977 

15 m/z 966 25.990 2551191 8.47 82166 

16 27.817 119399 0.40 5364 

17 mlz 1112 28.321 313027 1.04 9573 

18 29.941 122790 0.41 4582 

19 m/z 1128 31 .619 1136965 3.77 37870 

20 32.1 28 1173619 3.89 35363 

21 34.086 1098876 3.65 38291 

22 ml z 1128 34.589 2060956 6.84 49544 

23 35.938 247852 0.82 7641 

24 m/z 1274 36.384 318926 1.06 8714 

25 37.849 76437 0.25 2796 

26 m/z 1290 38.901 2818857 9.35 97353 

27 40.203 1003947 3.33 26230 

28 40.968 1861396 6.18 63853 

29 ml z 1290 41 .462 2217480 7.36 58360 

30 m/z 1452 45.921 1588212 5.27 18354 

31 ml z 1452 50.106 1418021 4.71 14921 

32 52.334 858558 2.85 11334 

33 m/z1614 61.459 1397528 4.64 11905 

34 68.214 1614178 5.36 8049 
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SAMPLE INFORMATION 

Sample Name: STEVITEN RICH Acquired By: System 
Lot: 181224 Sample Set Name: GRAS 
Vial: 17 Acq. Method Set G-AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired : 2019-02-14 AM 10:51:53 KST 
Date Processed: 2019-02-18 PM 12:01 :09 KST 

Peak Name RT Area % Area Height 

1 3.736 228652 0.83 11297 

2 4.151 480156 1.74 25611 

3 4.747 430899 1.56 46147 

4 6.447 52074 0.19 1647 

5 8.509 63523 0.23 2039 

6 Rubusoside 9.514 133007 0.48 3533 

7 Ste~ol bios ide 12.076 199888 0.73 5408 

8 DulcosideA 13.073 261200 0.95 8627 

9 15.249 51334 0.19 1921 

10 Ste~oside 17.188 1772205 6.43 52876 

11 Rebaudios ide C 19.411 399146 1.45 10039 

12 Rebaudioside F 20.167 40229 0.15 1739 

13 21 .322 167303 0.61 6209 



Peak Name RT Area % Area Height 

14 

15 

Rebaudioside A 23.435 1514344 5.49 

m/z 966 25.986 2370927 8.60 

49549 

76904 

16 27.830 108216 0.39 5040 

17 

18 

19 

20 

21 

m/z 1112 

m/z 1128 

28.316 297203 

29.937 115414 

31.615 1087277 

32.130 1151658 

34.089 1090778 

1.08 

0.42 

3.94 

8953 

4245 

35657 

4.18 33519 

3.96 

7.32 

36735 

47254 22 m/z 1128 34.589 2018708 

23 

24 

25 

26 

35.936 284030 1.03 8188 

m/z 1274 

m/z 1290 

36.378 325920 

37.861 63741 

1.18 

0.23 

8880 

2387 

38.911 2493075 9.04 88138 

27 40.232 835492 

40.991 1608055 

3.03 

5,83 

22529 

57046 28 

29 ml z 1290 41.488 1967661 7.14 54387 

30 m/z 1452 46.024 1475051 5.35 16836 

31 ml z 1452 50.244 1321 993 4.80 13721 

32 52.493 786479 2.85 10416 

33 

34 

m/z 1614 61.702 1193023 

68.498 1180403 

4.33 

4.28 

10454 

6671 



2. Analysis of Glucosylated Steviol Glycoside by UV /LC 



Glucose Standard Curve 

Figure 4. Glucose Standard Curve 
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Figure out absorbance (abs) with each four g lucose cone in table 5 and make calibration curve as 

above. Therefore it is rel iable. 

Y= 0.2556 X + 0.0001 

Results 

Table 5. Glucose Standard 

Glucose Conc.(mg/ml) Absorbance(abs) Remarks 

0.5 0.7 28 

1.0 0.261 

2.0 0.501 

3.0 0.772 



Tab le 6. STEVIEN RICH 

Lot 
Amount of 

sam ple (g) 

Moisture 

(%) 

Absorbance 

(abs) 

b* 

(mg/ml) 

Y** 

(g) 
Remarks 

181107 1.0179 3.9 0.621 2.43 0.9823 

181203 1.0208 4.2 0.615 2.41 0.9830 

181224 1.0257 4.3 0.626 2.45 0.9919 

* b: Concentration(mg/ml) of D-g lucose in the test solution 

** Y: Dry basis weight(g) of the sample 

X : Content (%) of oc -G lucosyl residues = [(b X 200)/(Y X 1,000)] X 0.900 X 100 

1) 181107 

X (%)= [(2.43 X 200)/(0.9823 X 1,000)] X 0.900 X 100 =44.51 

2) 181203 

X (%) = [(2.41 X 200)/(0.9830 X 1,000)] X 0.900 X 100=44.05 

3) 181224 

X (%) = [(2.45 X 200)/(0.9919 X 1,000)] X 0.900 X 100=44.44 

http:100=44.44
http:100=44.05


Methods 

HPLC Conditions 

Instrument : Alliance e2695-2489(Waters) 

Column : TOSOH, TSKgel Amide-80(250X4.6mm, Sum) 

Column Temp : 25 °c ± S°C 

Flow Rate : Adjust so that the retention time of rebaudioside A is about 21 min 

Injection Volume : 20uL 

Detection: uv@210nm 

Mobile Phase : Mix HPLC-grade acetonitrile and water(S0:20) 

Procedure 

Equilibrate the instrument by pumping mobile phase through it until a drift-free baseline is 

obtained. Record the chromatograms of the sample solution and of the standard solutions. 

The retention times relative to rebaudioside A(1 .00) are: 

0.45~0.48 for stevioside 

0.25~0.30 for dulcoside A 

0.63~0.69 for rebaudioside C 

Measure the peak areas for the four steviol glycosides from the sample solution(the minor 

components might not be detected). Measure the peak area for stevioside from the standard 

solution. 

Calculate the percentage of each of the four steviol glycoside, in the sample from the formula: 

Content(%) of steviol glycosides=[Ws/W]x[Ax/Asl x fx x 100 

Where 

Ws is the amount (mg) of stevioside in the standard solution 

W is the amount(mg) of sample in the sample solution 

As is the peak area for stevioside from the standard solution 

Ax is the peak area for sample from the sample solution 

fx is the ratio of the formula weight of X to the for mu la weight of stevioside: 1.00(stevioside), 

0.98(dulcoside A), 1.20(rebaudioside A}, 1.1 B(rebaudioside C). 

http:0.63~0.69
http:0.25~0.30
http:0.45~0.48


Resu lts 

Table 7. Tota l content (%) of cx:-Glucosyl steviol glycosides and unreacted steviol glycosides 

Lot Content(%) of steviol glycosides Content (%) of ex: -G lucosyl residues Remarks 

1811 07 44.51 47.99 

181203 44.05 48.15 

181224 44.44 47.96 

Lot Assay(%)* Remarks 

181 107 92.5 

181203 92.2 

181224 92.4 

* Assay is Total conte nt of ex: -Glucosyl steviol glycosides and unreact ed steviol glycosides 

* Tota l content (%) of ex: -Glucosyl stevio l glycosides and unreacted steviol g lycosides 

= Content (%) of steviol glycosides + Content(%) of cx: -Glucosyl residues 

Table 8. Content (%) of cx: -glucosylsteviol glycosides 

Lot Assay (%) Content (%) of unreacted steviol g lycosides Remarks 

181107 92.5 5.6 

181203 92.2 5.9 

181 224 92.4 5.7 

Lot Content (%) of cx:-glucosylsteviol glycosides Remarks 

181107 86.9 

181203 86.3 

181 224 86.7 

* Content (%) of ex: -glucosylsteviol g lycosides 

= Content (%) of steviol glycosides + Content (%) of cx:- glucosyl residues - Content (%) of 

unreacted steviol glycosides 



Appendix B 

Raw Data 
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0.16-

0.14-
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~ 0.10-

0.08-

0.061 

0.041 
'<:f" ..... 0.02- C<) 
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I 1 1 j 1 1 t • I 1 I I I I I I I t I I I ' t ' I ' I ' ' I I ' I ' I ' I ' ' ' 2.00 4.00 6 .00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22 .00 24.00 

Minutes 

Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: Stevioside Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 1 Acq. Method Set: ~~ 0 - 065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 25.0 Minutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-18 PM 3:13:07 KST 
Date Processed: 2019-02-19 AM 11:02:41 KST 

RT Area % Area Height 

1 9,314 155332 1.92 4774 

2 14.276 7946135 98.08 199682 



 

Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: Stevioside Acquired By: System 
Sample Type: Standard .Sample Set Name: GRAS 
Vial: 2 Acq. Method Set: ~ ~ 0-065- MS 
Injection #: 1 Process ing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 25.0 Minutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-18 PM 3:39:02 KST 
Date Processed: 2019-02-19 AM 11:02:57 KST 

0.20-

0.18-

0.16-

0.1 4-

0.12-

~ 0.10-

0.08-

0.06-

0.04-

0.02-

o.oo~ - - - -----'-"'-·--
I I I I ' i l I I • 
2.00 4.00 6 .00 

1 J --""11',, ~ ...... - ---..-"'L--
I I I t I I I 1 I I I I j l 

8.00 10.00 12.00 14.00 
Mi nutes 

~ __:,,,..,..,,--------------J 
I l l I I I 1 0 • j I I / I I t j I I 

16.00 18.00 20.00 22.00 24 .00 

RT Area % Area Height 

1 9.318 149010 1.85 4511 

2 14.272 7926953 98.15 198090 



0.20-

0.18-

0.16-

0.14-

0.12-

;l 0.1 o-
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• I 1 1 t I 1 1 , I , f 1 1 I 1 , , l I I 1 1 , I I I 1 , I 1 1 l , 
2.00 4 .00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 

Minutes 
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SAMPLE INFORMATION 

Sample Name: Stevioside Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 3 Acq. Method Set: ~~ D-065- MS 
Injection #: 1 Process ing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 25.0 Minutes Proc. Chnl. Des er. : 

Date Acquired: 2019-02-18 PM 4:04:57 KST 
Date Processed: 2019-02-19 AM 11:04:26 KST 

RT Area % Area Height 

1 9.317 156261 1.93 4535 

2 14.271 7961143 98.07 199840 
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Empower2 
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SAMPLE INFORMATION 
Sample Name: STEVllEN RICH Acquired By : System 
Lot: 181107 Sample Set Name: GRAS 
Vial: 7 Acq. Method Set: ~~ 0-065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 25.0 Minutes Proc. Chnl. Descr.: 

Date Acquired : 2019-02-18 PM 5:48:37 KST 
Date Processed: 2019-02-19AM 11 :1 0:58 KST 

RT Area % Area Height 

1 4.671 72558 1.03 3516 

2 5.058 56008 0.80 3969 

3 5.585 63118 0.90 9388 

4 6.855 326033 4.65 6316 

5 8.400 69027 0.98 2593 

6 9.285 76505 1.09 2284 

7 10.776 129790 1.85 4053 

a 14.272 3272759 46.66 84293 

9 16.308 446876 6.37 11027 

10 17.412 66711 0.95 1805 

11 21.564 2435272 34.72 47848 
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0.060 .... 
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Minutes 
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SAMPLE INFORMATION 

Sample Name: STEVITEN RICH Acquired By : System 
Lot: 181203 Sample Set Name: GRAS 
Vial: 8 Acq. Method Set: ~~ 0-065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 25.0 Minutes Proc. Chnl. Oescr.: 

Date Acquired: 2019-02-18 PM 6: 14:32 KST 
Date Processed: 2019-02-19 AM 11 : 11 :40 KST 

RT Area %Area Height 

1 4.513 64328 0.95 2955 

2 5.058 47533 0.70 3493 

3 5.585 66803 0.99 9322 

4 6.742 352056 5.22 6453 

5 8.394 65234 0.97 

0.94 

2450 

2081 6 9.271 63483 

7 10.786 122025 1.81 3898 

8 14.271 3130042 46.39 

6.81 

81317 

10863 9 16.309 459322 

10 17.403 101405 1.50 2429 

11 21 .561 2275154 33.72 45784 



0.090 

0.080 

0.070 

0.060 

0.050 

=> 
< 0.040 

0.030 

0.020 

0.01 

0.000 

1 co 
r-­
r--
d 
~ 

I I 

2.00 6.00 8.00 10.00 12.00 
I 

4.00 
I • • I I I I I I 
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SAMPLE INFORMATION 

Sample Name: STEVITEN RICH Acquired By: System 
Lot: 181224 Sample Set Name: GRAS 
Vial: 8 Acq. Method Set ~~ D- 065- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 25. O M lnutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-18 PM 5:48:37 KST 
Date Processed: 2019-02-19 AM 11 :12:49 KST 

RT Area %Area Height 

1 4.671 61151 0.89 3228 

2 5.058 53174 0.77 3837 

3 5.585 51336 0.75 8918 

4 6.853 259575 3.77 5767 

5 8.400 58754 0.85 2411 

6 10.776 135539 1.97 4139 

7 14.272 3310869 48.07 84546 

8 16.308 471668 6.85 11224 

9 17.412 69114 1.00 1971 

10 21 .564 2416789 35.09 47738 



3. Standard Curve 



Result 

Tab le 9. Standard Ana lysis 

Standa rd Conc.(mg/ml) Retention Time(min) Area Remarks 

s 17.153 30247554 

Stevioside 
10 

15 

17.113 

17.144 

55267784 

80947221 

20 17.1 71 109386339 

5 23.351 24574770 

Rebaudioside A 
10 

15 

23.394 

23.420 

44930455 

64742431 

20 23.418 87289585 

Figure out Area with each four stevios ide Cone and Rebaud ioside Cone in table 9 and make 

Figure 5 & 6 calibration curve as below. Therefo re it is re liab le. 

Figure 5. Stevios ide Standard Curve 
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Figu re 6. Rebaud ios ide A Standard Curve 

90l00]() ------------- -

• 50000(0) ----­-i-. 

• 
( 4t«OOXl ----------.'----------

300J)(XX) ...-: --~,_,__ ________ _ 

I 

2000'.Xro +-: _ _____,,~----------

lOOOC(OO _ _,_ ___________ _ 

0- --------------,---
0 10 1S 20 25 

Cooc.(mg/ml) 

Y = 4,054,936.62X + 2,558,082 

R = 0.997 

http:5,389,446.9X


Appendix C 

Raw Data 



Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEVIOSIDE(5.0mg/ml) Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 18 Acq. Method Set: G-AB-MS 
Injection #: 1 Process ing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr. : 

Date Acquired : 2019-02-14 PM 12:12:58 KST 
Date Processed: 2019-02-18 AM 9:46:46 KST 
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C) 
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I 
50 .00 

I I 

60.00 
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70.00 

i 
80 .00 

RT Area % Area Height 

1 3.155 6234 0.02 571 

2 3.350 11908 0.04 776 

3 3.702 9334 0.03 1088 

4 4.500 3143 0.01 352 

5 4.731 46086 0.15 9978 

6 5.541 18634 0.06 1131 

7 9.499 96703 0.31 3199 

8 

9 

10 

12.003 693874 2.23 18392 

13. 756 

17.153 

29912 0.10 1322 

30247554 97.06 1010126 



Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: STEVIOSIDE(10. 0mg/mL) Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 19 Acq. Method Set: G-AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes P roe. Chnl. Descr.: 

Date Acquired: 2019-02-14 PM 1:34:05 KST 
Date Processed: 2019-02-18 AM 9:47:1 1 KST 
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1.40 

1.2 

::, 
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70 .00 
, I 
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RT Area % Area Height 

1 3.144 14091 0.02 1283 

2 3.382 36527 0.06 2159 

3 3.698 78702 0.14 3868 

4 4.403 16136 0.03 1341 

5 4.728 99297 0.17 20129 

6 6.495 28621 0.05 1207 

7 9.466 204539 0.36 6509 

8 11 . 961 1539641 2.68 37405 

9 13.714 130378 0.23 4152 

10 14.337 70091 0.12 2618 

11 17.113 55267784 96.14 1751419 
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GRAS 
I;;"~•·.!~ ... ";..---------------------------------------, 
f: ~ .:· ,..,: -
···:,-,, ... SAMPLE INFORMATION 

Sample Name: STEVIOSIDE(15.0mg/mL) Acquired By: System 
Sample Type: Standard Sample Set Name: G~S 
Vial: 20 Acq. Method Set G-AB-MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-14 PM 2:55:12 KST 
Date Processed: 2019-02-18 AM 9:45:49 KST 

RT Area % Area Height 

1 3.155 14863 0 .02 1302 

2 3.459 45754 0.06 2625 

3 3.697 113305 0.14 5889 

4 4.394 20475 0.03 1783 

5 4.727 142312 0.18 29334 

6 6.485 47660 0.06 1822 

7 9.482 310828 0 ,40 9838 

8 11.979 2295699 2.93 56736 

9 13. 734 195548 0.28 6219 

10 14. 363 106253 0.14 3910 

11 17.144 80947221 95 .79 2166115 



F1npower2 
GRAS 

Sample Name: STEVIOSIDE(20.0mg/rnl) 
Sample Type: Standard 
Vial: 21 
Injection #: 1 
Injection Volume: 20.00 ul 
Run lime: 80.0 Minutes 

SAMPLE INFORMATION 

Date Acquired: 2019--02-14 PM 4:16:18 KST 
Date Processed: 2019--02-18 AM 9:41 :59 KST 

Acquired By: System 
Sample Set Name: GRAS 
Acq. Method Set G- AB - MS 
Processing Methoc Default1 
Channel Name: 2487Channel 1 
Proc. Chnl. Descr. : 
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RT Area % Area Height 

1 3.157 19484 0.02 1714 

2 3.449 54296 0.06 3045 

3 3.699 14412 1 0.12 7738 

4 4.397 26932 0.03 2393 

5 4.723 195784 0.18 40016 

6 6.462 64236 0.07 2362 

7 9 .477 424964 0.40 13380 

B 11 .993 3088985 2.97 77910 

9 13. 742 263473 0.18 8415 

10 

11 

14.372 143274 0.10 5235 

17.171 109386339 95.87 2352965 
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Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: REBAUDIOSIDE A(S.0mg/ml) Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 22 Acq. Method Set: G-AB-MS 
Injection #: 1 Processing Methoc Oefau1t1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes Proc. Chnl. Descr. : 

Date Acquired : 2019-02-14 PM 7:27:34 KST 
Date Processed: 2019-02-18 AM 11:49:10 KST 

RT Area % Area Height 

1 3.233 5393 0.02 683 

2 3.378 24605 0.10 1349 

3 3.952 13127 0.05 708 

4 4.559 14678 0.06 913 

5 4.716 8446 0.03 1105 

6 17.228 628761 2.49 17536 

7 23.351 24574770 97.25 837535 
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Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: REBAUDIOSIDE A(10.0mg/ml) Acquired By : System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 23 Acq. Method Set G-AB- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired: 2019-02-14 PM 8:48:41 KST 
Date Processed: 2019-02-18 AM 11:48:16 KST 

RT Area % Area Height 

1 3.398 30628 0.07 1629 

2 4.599 4724 0.01 500 

3 4.745 6677 0.01 1489 

4 17.308 1189631 2.57 32456 

5 20.341 41380 0.09 1616 

6 23.394 44930455 97.24 1466044 
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Empower-2 
GRAS 

SAMPLE INFORMATION 

Sample Name: REBAUDIOS IDE A(15. 0mg/ml) Acqu ired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 24 Acq. Method Set: G-AB- MS 
Injection #: 1 Processing Methoc Default1 
Injection Volume: 20.00 ul Channel Name: 2487Channel 1 
Run lime: 80.0 Minutes Proc . Chnl. Descr.: 

Date Acquired: 2019--02-14 PM 10:09:46 KST 
Date Processed: 2019--02-18 AM 11 :49:43 KST 

Minutes 

RT Area % Area Height 

1 3.416 26613 0.04 1231 

2 4.500 2636 0.00 436 

3 4.752 17882 0.03 2550 

4 5.399 11835 0.02 848 

5 17.354 1881668 2.82 49545 

6 20.362 70418 0.11 2607 

7 23.420 64742431 96.99 1981808 



Empower2 
GRAS 

SAMPLE INFORMATION 

Sample Name: REBAUDIOSIDE A(20.0mg/ml} Acquired By: System 
Sample Type: Standard Sample Set Name: GRAS 
Vial: 25 Acq. Method Set: G- AB-MS 
Injection #: 1 Process ing Methoc Default1 
Injection Vo lume: 20.00 ul Channel Name: 2487Channel 1 
Run Time: 80.0 Minutes Proc. Chnl. Descr.: 

Date Acquired : 2019-02-14 PM 11:31 :05 KST 
Date Processed: 2019-02-18 AM 10:22:57 KST 
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5 20.357 100564 0.12 3642 

6 23.418 81289585 96.84 2250011 



4. FTIR SPECTRUM OF ENZYME TREATED 

Appendix C 

Raw Data 
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5. A Comparison of the fingerprints of enzyme treated stevia, 

as analyzed by Ab Sciex LC/MS 



Methods 

UPLC Conditions 

LC/MS system: NANOSPACE 5200 / Ab Sciex QTRAP 4500 

Column: ACQUITY UPLC BHE Am ide 1.7um, 2.1x150mm 

Column Temp: 40°C 

Flow Rate: 160 uUmin 

Injection Volume: 1 uL 

Detection: uv@210nm 

Mobile Phase A: Water, B: Acetonitrile 

• Gradient 

Time(mi n) %A %B Curve 

I nit 30 70 -
10.0 30 70 6 

25.0 50 so 6 

26.0 70 30 6 

35.0 70 30 6 

MS Conditions 

Ionization Mode : ESL negative 

Curtain Gas : 30 

lonSpray Voltage(IS) : 4500 

Temperature : 400°( 

Ion Source Gas : 50 

- MS Scan Mode 

Mass Range : 500~2000Da 

Scan Time : 0.75s 

- MS/MS Mode 

Mass Range : 100~2000Da 

Scan Time : 0.2s 

Collis ion Energy(CE) : 30 
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Figure 7. A Comparison of the finger prints of enzyme treated 

Stevia, as analyzed by Ab Sciex LC/MS 

(STEVITEN RICH) 
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Figure 7. We know each position of steviol glycosides components by LC and also know 

molecular weight by Ab Sciex. Also we can see the same peak at the same time. 

Figure 8. We can distingu ish each component of stevio l glycosides by molecular weight 

of Ab Sciex 
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