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FOREWORD 

Shandong Shengxiangyuan Biotechnology Co., Ltd. (“Shandong”) based our Generally Recognized 
as Safe (GRAS) assessment of Prostevia 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 August 6, 2020, 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 Shandong’s request, GRAS Associates, LLC (“GA”) convened an Expert Panel to complete an 
independent safety evaluation of Shandong’s Prostevia high purity enzyme glucosylated steviol 
glycosides preparation. The purpose of the evaluation is to ascertain whether Shandong’s Prostevia 
high purity glucosylated steviol glycosides preparation as described in Part 3 is generally recognized 
as safe, i.e., GRAS, under the intended conditions of use. In addition, Shandong has asked GA to act 
as Agent for the submission of this GRAS notice. 

PART  1.  SIGNED STATEMENTS  AND CERTIFICATION  

A.  Claim  of Exclusion  from the Requirement  for  Premarket  Approval  Pursuant  to  21 CFR 1 70 
Subpart  E1  

Shandong 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 
“Prostevia”, and which meet the specifications described below, are GRAS in accordance with 
Section 201(s) of the Federal Food, Drug, and Cosmetic Act (FD&C 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. 

Signed: 

Agent for Shandong 

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 5/16/20). 
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William J. Rowe Date: 9/11/2020 
President 
GRAS Associates, LLC 
11810 Grand Park Ave. 
Suite 500 
North Bethesda, MD 
20852 

B.  Name and  Address of  Responsible  Parties  

Shandong Shengxiangyuan Biotechnology Co., Ltd. 
No. 58 East Haiguan Rd. 
Qufu 
Jining 
Shandong Province 
The People’s Republic of China 

As the Responsible Party, Shandong 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 “glucosylated steviol glycosides” or 
“high purity glucosylated steviol glycosides.” Shandong also plans to market our high purity 
glucosylated steviol glycosides preparations under the trade name “Prostevia.” 

D.  Conditions  of  Intended Use  in Food  

Shandong’s Prostevia (≥80% glucosylated steviol glycosides, <15% unreacted steviol glycosides, and 
≤5% maltodextrin) high purity glycosylated steviol glycosides preparations are intended for use as 
general purpose sweeteners in foods, excluding meat and poultry products and infant formulas, at 
levels determined by current good manufacturing practices (CGMP). 
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E.  Basis for GRAS  Conclusion  

Pursuant to 21 CFR 170.30(a) and (b)2, Shandong’s Prostevia (≥80% glucosylated steviol glycosides, 
<15% unreacted steviol glycosides, and ≤5% maltodextrin) 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. 

Shandong’s Prostevia high purity glucosylated steviol glycosides are not subject to premarket 
approval requirements of the FD&C Act based on Shandong’s conclusion that the substances are 
GRAS under the conditions of its intended food use. 

Shandong 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 Shandong’s Prostevia 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 Shandong Shengxiangyuan Biotechnology Co., Ltd. (The People’s Republic of China) and 
will be made available during customary business hours. 

Shandong 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” and “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 Shandong’s high purity glucosylated 
steviol glycosides preparations are described in more detail in this section. The preparation is also 
marketed as Prostevia. 

The general chemistry of steviol glycosides and enzyme modified steviol glycosides has previously 
been reviewed in a number of GRAS Notices (GRNs) 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 5/16/20). 
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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(14) 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. 
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 COMPOUND   MOLECULAR WEIGHT   EMPIRICAL FORMULA 
 LEVEL OF ENZYME 

 GLYCOSYLATIONB 

Steviolbiosi  de  642  C32H50O13  --
Dulcosi  de A  788  C38H60O17  --
Steviosi  de  804  C38H60O18  --
Rebaudiosi  de C  950  C44H70O22  --
Rebaudiosi  de A  966  C44H70O23  --
Monoglucosy  l rebaudiosi  de B  966  C44H70O23  +1 
Monoglucosy  l steviosi  de  966  C44H70O23  +1 
Monoglucosy  l rebaudiosi  de C  1112  C50H80O27  +1 
Monoglucosy  l rebaudiosi  de A  1128  C50H80O28  +1 
Digl  ucosyl rebaudiosi  de B  1128  C50H80O28  +2 
Digl  ucosylstevioside  1128  C50H80O28  +2 
Digl  ucosyl rebaudiosi  de C  1274  C56H90O32  +2 
Digl  ucosyl rebaudiosi  de A  1290  C56H90O33  +2 
Trigl  ucosyl rebaudiosi  de B  1290  C56H90O33  +3 
Trigl  ucosyl rebaudiosi  de A  1452  C62H100O38  +3 
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Table 1. Components Expected to be Present in Glucosylated Steviol Glycosidesa 

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. 

[The remainder of this page is blank] 
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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  

Shandong’s Prostevia 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 preparation is high purity enzyme 
modified steviol glycosides: Prostevia (≥80% glucosylated steviol glycosides and <15% unreacted 
steviol glycosides). The remaining ≤5% of the finished product is unreacted maltodextrin. 

1. Steviol Glycosides Raw Material 

For the manufacturing of the starting steviol glycosides, Shandong employs a fairly typical aqueous 
extraction process that is used in the industry for the production of stevia extracts. In short, dried 
Stevia rebaudiana Bertoni leaves are soaked in cold water, the extract is flocculated with calcium 
hydroxide and ferrous sulfate, and the steviol glycosides are purified through filtration, adsorption and 
elution, and decolorization processes. The resulting extract is concentrated using membranes and 
evaporation to obtain an extract with ≥95% steviol glycosides, of which ≥50% is rebaudioside A, as 
described in the flow chart in Figure 3. All raw materials and processing aids Shandong uses to 
manufacture the raw material steviol glycosides extract are food grade. 

2. Prostevia Enzyme Modified Steviol Glycosides 

Shandong uses the purified stevia extract product, maltodextrin, and cyclomaltodextrin 
glucanotransferase enzyme to manufacture high purity enzyme modified steviol glycosides. The 
starting materials are mixed in a reactor and heated to 76±1°C for 24 hours. The mixed starting 
material is deactivated at 100°C for 30 minutes and the resulting glucosylated steviol glycosides and 
unglycosylated steviol glycosides are obtained using sterile filtration. The resulting material is spray 
dried to obtain the Prostevia preparation, which is a mixture of glucosylated steviol glycosides and 
unmodified steviol glycosides, with ≤5% 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 Supporting 
documentation for the raw materials and processing aids are provided in Appendix 1. The 
manufacturing process for Prostevia is summarized in the flow charts provided in Figure 4. 

Shandong’s high purity glucosylated steviol glycosides preparations are prepared in accordance with 
CGMP. 

3 Toruzyme 3.0L, manufactured by Novozymes, is a cyclomaltodextrin glucanotransferase produced by submerged fermentation of a selected strain 
of Bacillus licheniformis. It is a food grade product and complies with JECFA and FCC recommended specifications for food grade enzymes, and is 
GRAS as defined in 21 CFR 170.30(a). 
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Figure 3. Flow Chart of Manufacturing Process for Shandong’s Steviol Glycosides Raw
Material (≥95% Steviol Glycosides) 
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Figure 4. Flow Chart of Manufacturing Process for Shandong’s Prostevia High Purity
Glucosylated Steviol Glycosides Preparations 

RA – rebaudioside A 
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C.  Product  Specifications  

1. JECFA Specifications for Steviol Glycosides 

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

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

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

Shandong has adopted specifications for our purified steviol glycosides extract starting material, 
which are compared with the current JECFA specifications in Table 2. The typical glycosides content 
of production batches is provided in Table 3. 

[The remainder of this page is blank] 
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 Appearance Form  Powder  Powder 
 Appearance Color  White to li  ght yell  ow Whi  te 

 Solubility Freely soluble i  n 50:50 water: 
ethano  l  Conform 

 Assay  Not less than 95% total
 glycosidesb 

 steviol   ≥  95%  (on  dry basi  s) 

 Residual Ethanol   NMT 5,000 mg/kg  ≤5,000 ppm 
 Residual Methanol  NMT 200 mg/kg ≤200 ppm  

 Loss on Drying   NMT 6.0%  ≤4.00% 

 pH, 1% Solution   4.5 - 7.0   4.5-7.0 
Total Ash   NMT 1%  ≤0.1% 

 Arsenic   NMT 1 mg/kg  ≤0.1 ppm 
 Lead   NMT 1 mg/kg  ≤0.1 ppm 

  Total Plate Count   NMT 1,000 cfu/g  ≤1,000 cfu/g 
  Yeast & Mold  NMT 200 cfu/g Negati  ve 

 Salmonella Negati  ve in 25 g Negati  ve 
 Escherichia coli Negati  ve in 1 g Negati  ve 
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Table 2. Specifications for Steviol Glycosides Starting Material 

cfu – colony forming units; g – gram; kg – kilogram; mg – milligram; NMT – not more than; ppm – parts per 
million 
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 

[The remainder of this page is blank] 
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Table 3. Typical Levels of Steviol Glycosides in Unmodified Stevia Extract and Prostevia High 
Purity Glucosylated Steviol Glycosides Preparations 

COMPONENT 
UNMODIFIED 

STEVIA EXTRACT 
(%) 

PROSTEVIA 
HIGH PURITY 

GLUCOSYLATED STEVIOL 
GLYCOSIDES (%) 

Rubusoside 0.85 --
Steviolbioside 0.00 --
Dulcoside A 0.97 --

Rebaudioside B 0.00 --
Stevioside 29.95 1.75 

Rebaudioside C 8.45 --
Rebaudioside F 1.85 --
Rebaudioside A 52.35 3.39 
Rebaudioside D 0.72 --

Monoglucosyl stevioside m/z 966 -- 11.21 
Monoglucosyl rebaudioside A m/z 1128 -- 13.25 

Diglucosyl stevioside m/z 1128 -- 4.28 
Diglucosyl rebaudioside A m/z 1290 -- 11.33 

Triglucosyl stevioside m/z 1290 -- 9.82 
Triglucosyl rebaudioside A m/z 1452 -- 8.75 
Tetraglucosyl stevioside m/z 1452 -- 6.61 

Tetraglucosyl rebaudioside A m/z 1614 -- 5.32 
Pentaglucosyl stevioside m/z 1614 -- 1.66 

Pentaglucosyl rebaudioside A m/z 1776 -- 4.37 
Hexaglucosyl stevioside m/z 1776 -- 0.55 

Hexaglucosyl rebaudioside A m/z 1938 -- 1.89 
Heptaglucosyl rebaudioside A m/z 2100 -- 0.96 
Octaglucosyl rebaudioside A m/z 2262 -- 0.63 
Nonaglucosyl rebaudioside A m/z 2424 -- 0.37 

Unidentified glucosylated steviol 
glycosides 
m/z > 2424 

-- 7.44 
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2. Specifications for Shandong’s Prostevia High Purity Glucosylated Steviol Glycosides 
Preparations and Supporting Methods 

Shandong has adopted product specifications for our Prostevia high purity glucosylated steviol 
glycosides preparation based upon current JECFA recommendations, while also complying with 
relevant Food Chemicals Codex (FCC) specifications for steviol glycosides as a consumable human 
food substance. The compositions of five non-consecutive lots of Shandong’s Prostevia (≥80% 
glucosylated steviol glycosides, <15% unreacted steviol glycosides, and ≤5% maltodextrin) 
preparation are compared with the JECFA and FCC specifications in Table 4. 

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 Prostevia is provided in Appendix 5. The collection of these reports 
demonstrates that Shandong’s high purity enzyme modified steviol glycosides products are well-
characterized and meet the established purity criteria. 

D.  Physical  or Technical  Effect  

Shandong conducted sweetness equivalence evaluations for Prostevia high purity glucosylated 
steviol glycosides preparations. A taste panel determined that Prostevia is 200 times sweeter than 
sucrose (Appendix 6). 

[The remainder of this page is blank] 
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Table 4. Specifications for Shandong’s Prostevia Enzyme Modified Stevia Preparation 

  PHYSICAL & CHEMICAL  
 PARAMETERS 

  JECFAA                     
  SPECIFICATIONS FOR 

  STEVIOL GLYCOSIDES 

FCCB                       
  SPECIFICATIONS FOR 

  STEVIOL GLYCOSIDES 

  SHANDONG’S MINIMUM SPECIFICATIONS FOR  
   PROSTEVIA ENZYME MODIFIED STEVIA 

    RESULTS FOR PROSTEVIA ENZYME MODIFIED STEVIA PREPARATIONS 

BATCH 
 20200503 

BATCH 
 20200510 

BATCH 
 20200517 

BATCH 
 20200522 

BATCH 
 20200528 

 Appearance Form  Powder Powder, fl  akes, or 
 granules Fi  ne powder Fi  ne powder Fi  ne powder Fi  ne powder Fi  ne powder Fi  ne powder 

 Appearance Color White to li   ght yellow  White to light yellow Whi  te Whi  te Whi  te Whi  te Whi  te Whi  te 

 Solubility  Freely soluble in water: 
 ethanol  (50:50) 

 Freely soluble in water: 
 ethanol  (50:50)  Freely soluble i  n water  and ethanol  (1:1)  Conform  Conform  Conform  Conform  Conform 

Purity  
  (HPLC Area) ≥   95% Stevi  ol Glycosides   ≥  95% Steviol 

Glycosides  

≥   95%  Total Steviol Glycosi  des 
 ≥  80% Glucosylated  Steviol Glycosi  des 
 ≤  15% Unreacted Steviol Glycosi  des 

 ≤  5% Maltodextrin  

 95.18% 
 89.33% 
 5.85% 
 4.82% 

 95.13% 
 88.64% 
 6.49% 
 4.87% 

 95.16% 
 89.26% 
 5.90% 
 4.84% 

 95.10% 
 89.24% 
 5.86% 
 4.90% 

 95.15% 
 89.22% 
 5.93% 
 4.85% 

 Residual Ethanol   NMT 5,000 mg/kg  NMT 0.50%  NSc  NA  NA  NA  NA  NA 
 Residual Methanol NMT 200 mg/kg   NMT 0.020%  NSc  NA  NA  NA  NA  NA 

 Loss on Drying NMT   6.0% NMT   6.0% ≤   6%  3.12%  3.24%  3.34%  3.33%  3.41% 

  pH, 1% Solution    4.5 - 7.0    4.5 - 7.0  4.5-7.0  5.0  5.0  5.0  5.0  5.0 
 Total Ash  NMT 1%  NMT 1%  ≤  1%d  0.10%  0.09%  0.10%  0.10%  0.10% 

 Arsenic  NMT 1 mg/kg  NMT 1 mg/kg  ≤  0.1 ppm  Not Detected  Not Detected  Not Detected  Not Detected  Not Detected 
 Lead  NMT 1 mg/kg  NMT 1 mg/kg   ≤  0.1 ppm  0.040 ppm  0.040 ppm  0.040 ppm  0.040 ppm  0.040 ppm 

 Cadmium  NS  NS  ≤  0.1 ppm  Not Detected  Not Detected  Not Detected  Not Detected  Not Detected 
 Mercury  NS  NS  ≤  0.1 ppm  0.030 ppm  0.030 ppm  0.030 ppm  0.030 ppm  0.030 ppm 

 

 Total Plate Count (cfu/g)  NMT 1,000  NS  ≤  1,000  <1 ,000  < 1,000  < 1,000  < 1,000  < 1,000 
 Yeast & Mold (cfu/g)  NMT 200  NS Negative  Negative  Negative  Negative  Negative  Negative  

 E. coli Negati  ve in 1 g  NS Negative  Negative  Negative  Negative  Negative  Negative  
 Salmonella spp. Negati  ve in 25 g  NS  NS  NA  NA  NA  NA  NA 
 Coliform (cfu/g)  NS  NS Negative  Negative  Negative  Negative  Negative  Negative  

cfu – colony forming units; g – gram; HPLC – high-performance liquid chromatography; kg – kilogram; mg – milligram; NA – not applicable; NMT – not more than; NS – not specified; ppm – parts per million 
a  Prepared at 84th JECFA (2017) 
b  Steviol Glycosides monograph. Food Chemicals Codex (12th Ed.) (FCC, 2020) 
c No solvents are used to prepare Shandong’s Prostevia Enzyme Modified Stevia preparation; therefore, no residual solvent specifications have been established. 
d Reported as burned residue 
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E.  Stability  

1. Stability Data on Steviol Glycosides 

The stabilities of steviol glycosides and enzyme modified steviol glycosides have 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). 

Stevioside has been reported to be stable over the pH range 3-9 and can be heated at 100oC for 1 
hour without decomposing, but, at pH values greater than 9, it rapidly decomposes (Kinghorn, 
2002). A series of stability studies in food applications was conducted on stevioside by Kroyer 
(2010). Solid stevioside was reported to be stable at up to 120oC for 1 hour. In aqueous solution, 
stevioside was reported to be stable at pH levels ranging from 2 to 10 for 2 hours at 60oC. No 
degradation was observed after 4 months at room temperature for 1 g per L solutions of stevioside 
in acetic acid (pH 3.1), citric acid (pH 2.6), and tartaric acid (pH 2.6). A 30% loss of stevioside was 
observed in a 1 g per L solution of phosphoric acid (pH 1.6) stored under the same conditions. In 
addition, degradation was observed in 10 g per L solutions of stevioside in acetic acid (pH 2.6, 2% 
loss), citric acid (pH 2.1, 22% loss), tartaric acid (pH 2.1, 33% loss), and phosphoric acid (pH 1.6, 
75% loss) after 4 months. 

Kroyer (2010) reported no significant changes in the concentrations of B-vitamins incubated with 
stevioside in aqueous solution at 80oC for 4 hours. A decrease in the degradation rate of vitamin C 
was observed after 4 hours under the same conditions, indicating that stevioside provides a 
protective effect. No stability effects or interactions were observed between mixtures of stevioside 
and saccharin, cyclamate, aspartame, acesulfame, and neohesperidin stored at 80oC for 4 hours 
or room temperature for 4 months. Furthermore, no stability effects or interactions were observed 
between stevioside and caffeine in coffee and tea beverages at 80oC for 4 hours. These results 
indicate that stevioside is stable under the intended conditions of use. 

Buniowska et al. (2020) studied the stability of steviol glycosides (from an aqueous Stevia 
rebaudiana Bertoni leaf extract) in a fruit juice beverage after thermal treatment ranging from 60.0 
to 99.0ºC. The authors reported that decreases in rebaudioside A, rebaudioside C, and 
rebaudioside F concentrations were observed after thermal processing at all temperatures, 
independent of initial concentration. However, for stevioside, both temperature and concentration 
affected the concentration after thermal processing, where stevioside was stable in solution at 
temperatures up to 80ºC. 

In a shelf stability study conducted by Salar et al. (2020), a stevia sweetener of unknown 
composition that was purchased from Agriestevia S.L (Molina de Segura, Murcia, Spain) was used 
to sweeten a fruit juice prepared with maqui powder and lemon and other citrus juices at a 
concentration of 4 mg per 100 mL. The samples were pasteurized at 85ºC for 15 seconds, after 
which aliquots were drawn and used in studies that investigated the effects of light and 
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temperature on the stabilities of vitamin C and phenolic compounds. The stabilities of vitamin C 
and phenolic compounds in the beverages prepared with sucrose and stevia were similar. Storage 
temperature had more of an effect on the analyzed bioactive compounds than light exposure, 
which was not deemed to be a “critical factor.” Compared with the sucrose-containing juice 
samples, there was a greater reduction in total flavonones content under light exposure at room 
temperature and a slightly higher loss of vitamin C during the first month was observed in juice 
containing the stevia sweetener. The authors noted that “stevia could be considered as an 
alternative sweetener by the industry,” even with these observations. 

Previously submitted GRAS Notices GRN 252 (Merisant, 2008), GRN 253 (Cargill, 2008), and 
GRN 304 (Sunwin/WILD, 2010) reported data indicating that rebaudioside A is stable under the 
intended conditions of use. 

Furthermore, in the 64 GRAS Notices that have been submitted to FDA and have received “no 
questions” letters to date, the presented stability data have supported the position that steviol 
glycosides are stable and well-suited for the intended uses in foods (FDA, 2020). 

2. Stability Data for Shandong’s Prostevia High Purity Glucosylated Steviol Glycosides 
Preparation 

Shandong is conducting ongoing long-term stability studies on three lots of our Prostevia high 
purity glucosylated steviol glycosides preparation. Samples were stored at 25°C ± 2°C at a relative 
humidity of 60% ± 5%. A summary of the stability results is provided in Table 5. 

The stability data for steviol glycosides in the scientific literature, the JECFA report, and the 
extensive stability testing for rebaudioside A as presented by Merisant, Cargill, and Sunwin & 
WILD Flavors, along with Shandong’s stability testing results, support the position that Shandong’s 
Prostevia preparation is well-suited for the intended food uses. 

[The remainder of this page is blank] 
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Table 5. Shandong’s Prostevia Stability Data 

BATCH NO: 20150523 

Duration Appearance 
Total Steviol 
Glycosides 

(%) 

Glucosylated 
Steviol 

Glycosides (%) 

Loss on 
Drying (%) 

Total Plate 
Count 
(cfu/g) 

Yeast & Mold 

t=0 White Powder 95.21 83.22 4.66 < 1,000 Negative 

6 months White Powder 95.22 83.19 4.65 < 1,000 Negative 

12 months White Powder 95.18 83.20 4.62 < 1,000 Negative 

18 months White Powder 95.20 83.17 4.65 < 1,000 Negative 

24 months White Powder 95.18 83.15 4.68 < 1,000 Negative 

BATCH NO: 20150627 

Duration Appearance 
Total Steviol 
Glycosides 

(%) 

Glucosylated 
Steviol 

Glycosides (%) 

Loss on 
Drying (%) 

Total Plate 
Count 
(cfu/g) 

Yeast & Mold 

t=0 White Powder 95.49 82.55 4.55 < 1,000 Negative 

6 months White Powder 95.46 82.55 4.56 < 1,000 Negative 

12 months White Powder 95.48 82.53 4.58 < 1,000 Negative 

18 months White Powder 95.46 82.54 4.56 < 1,000 Negative 

24 months White Powder 95.47 82.51 4.58 < 1,000 Negative 

BATCH NO: 20150623 

Duration Appearance 
Total Steviol 
Glycosides 

(%) 

Glucosylated 
Steviol 

Glycosides (%) 

Loss on 
Drying (%) 

Total Plate 
Count 
(cfu/g) 

Yeast & Mold 

t=0 White Powder 97.22 95.12 4.61 < 1,000 Negative 

6 months White Powder 97.20 95.11 4.65 < 1,000 Negative 

12 months White Powder 97.20 95.14 4.63 < 1,000 Negative 

18 months White Powder 97.18 95.12 4.66 < 1,000 Negative 

24 months White Powder 97.17 95.11 4.66 < 1,000 Negative 

cfu – colony forming unit; g – gram 

F.  Calculation of  Steviol  Equivalents  of  Prostevia Glucosylated  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 6. 
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Table 6. 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 7. 

Table 7. Steviol Equivalency of Steviol Glycosides Extract Raw Material 

COMPONENT STEVIOL GLYCOSIDE 
TYPICAL COMPOSITIONA 

(%) 
STEVIOL EQUIVALENTSB 

(%) 
Rubusoside 0.85 0.42 
Steviolbioside 0.00 0.00 
Dulcoside A 0.97 0.39 
Rebaudioside B 0.00 0.00 
Stevioside 29.95 11.83 
Rebaudioside C 8.45 2.82 
Rebaudioside F 1.85 0.627 
Rebaudioside A 52.35 17.22 
Rebaudioside D 0.72 0.20 
Total Steviol Equivalence -- 33.51 
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. 

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 
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known chemistry of the enzyme. Therefore, the steviol equivalency of the Prostevia preparation is 
expected to be no greater than 33.51 g steviol per 100 g Prostevia. 

PART  3.  DIETARY  EXPOSURE  

The subject Prostevia preparation is intended to be used as a table top sweetener and general 
purpose non-nutritive sweetener in various foods other than infant formulas and meat and poultry, 
as defined in 21 CFR 170.3(o)(19).4 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 Prostevia 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.5 

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 7. In GRAS Notice 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, 
2009). As summarized in GRN 301, the intake of a sweetener that is 100 times as sweet as 
sucrose when used as a total sugar replacer for a 90th percentile would be a maximum of 9.9 mg 
per kg body weight (bw) per day for any population subgroup. 

The sweetness intensity of Prostevia is approximately 200 times that of sucrose. A weighted sum 
estimate was used to determine the steviol equivalency factor for Prostevia, which was determined 
to be 33.51 g steviol per 100 g Prostevia (as described in Part 2.F). 

The highest 90th percentile consumption by any population subgroup of Prostevia would be 
approximately 4.95 mg per kg steviol glycosides bw per day. Based on a weighted sum estimate 
for steviol equivalents provided in Table 7, consumption would be less than 1.66 mg per kg bw per 
day on a steviol equivalents basis for any population group for Shandong’s Prostevia preparation 
described herein. These calculations are summarized in Table 8. 

[The remainder of this page is blank] 

4 Non-nutritive sweeteners: Substances having less than 2 percent of the caloric value of sucrose per equivalent unit of sweetening capacity. 
5 See 21 CFR 182.1(b)(1). 
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Table 8. Daily Intake of Sweeteners (in Sucrose Equivalents) and Estimated Daily Intakes of
Prostevia 

POPULATION 
GROUP 

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

CALCULATED INTAKE OF 
PROSTEVIA (MG/KG BW/DAY)B 

CALCULATED INTAKE OF 
PROSTEVIA AS STEVIOL 

EQUIVALENTS 
(MG/KG BW/DAY) 

LOW HIGH LOW HIGH LOW HIGH 
Healthy 

Population 255 675 1.28 3.38 0.43 1.13 

Diabetic Adults 280 897 1.40 4.49 0.47 1.50 
Healthy Children 425 990 2.13 4.95 0.71 1.66 

Diabetic 
Children 672 908 3.36 4.54 1.13 1.52 

bw – body weight; kg – kilogram; mg – milligram 
a From Renwick (2008) 
b Calculated by dividing the sucrose intake by the minimum average relative sweetness value of 200 for Prostevia. 

The values in Table 8 are based on the assumption that Shandong’s Prostevia preparation 
constitutes 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 3.38 mg per kg bw per day (1.13 mg per 
kg steviol equivalents) for Prostevia. For healthy children, the estimated maximal intake is 4.95 mg 
per kg bw per day (1.66 mg per kg as steviol equivalents) for Prostevia. 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 Shandong’s Prostevia 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 

GRAS ASSOCIATES, LLC Page 23 of 117 



     
     

 

      

         
    

      
      

     
        

    

       
       

              
        

      

       

        
            

         
          

     

        
        

       
          

          
        

         
  

      
     

        

GRAS Notice – Prostevia High Purity Glucosylated Steviol Glycosides 9/14/20 
Shandong Shengxiangyuan Biotechnology Co., Ltd. 

present, are in low amounts and were likely similarly present in purified test materials that were 
used in the toxicology studies summarized in Appendix 8. 

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

PART  4.  SELF-LIMITING LEVELS  OF  USE  

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

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

A.  Other Information  on  Dietary Exposure  

1. History of Traditional Medicinal and Human Food Use 

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

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

NewHope360 reported that the global market for stevia in 2014 was $347 million and is expected 
to increase to $565.2 million by 2020. In addition, consumption was 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 9. 

1. U.S. Regulatory History 

Based on available information from FDA’s GRAS Notice Inventory website (FDA, 2020) as of 
June 23, 2020, FDA has issued 64 “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 20 steviol 
glycosides preparations, as detailed in Appendix 9, six of which are for enzymatically modified 
stevia extracts, on their GRAS lists. 

2. Canadian Regulatory History 

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

Health Canada’s Food Directorate updated its List of Permitted Sweeteners to allow for the use of 
steviol glycosides as a sweetener in “unstandardized snack bars,” including granola bars, cereal 
bars, fiber bars, and protein isolate-based bars (Health Canada, 2017b). Health Canada (2017a) 
also modified the List of Permitted Sweeteners to include “all the steviol glycosides in the Stevia 
rebaudiana Bertoni plant (stevia plant).” 
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In April 2019, Health Canada’s Food Directorate modified the List of Permitted Sweeteners to allow 
for the use of steviol glycosides from Stevia rebaudiana Bertoni in canned fruit products (Health 
Canada, 2019c). In May 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, 2019b). Most recently, on June 27, 2019, Health 
Canada’s Food Directorate modified the List of Permitted Sweeteners to allow for the use of steviol 
glycosides from various sources in “standardized flavoured milks” (Health Canada, 2019a). 

3. European Regulatory History 

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

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

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 in a more recent review by the EFSA Panel where their decision was based 
on the “limited” data provided in the dossier submitted by the applicant (EFSA, 2018). 

On September 24, 2019, the EFSA Panel on Food Additives and Flavourings concluded that there 
is no safety concern for Rebaudioside M produced via enzymatic bioconversion and recommended 
that the European Commission consider establishing specifications for the preparation (EFSA, 
2019). 

On March 24, 2020, EFSA published a scientific opinion in response to a proposed amendment of 
the specifications for steviol glycosides, stating that all steviol glycosides share the same metabolic 
fate, and therefore the safety of 60 steviol glycosides identified in the leaves of Stevia rebaudiana 
Bertoni can be based on “read-across” from previously evaluated toxicological data. EFSA 
maintained that the ADI of 4 mg per kg bw applies to all 60 steviol glycosides. The EFSA Panel 
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noted that the inclusion of more steviol glycosides, “whilst maintaining the assay value of not less 
than 95%, would allow less pure preparations” onto the market. The Panel stated that they “cannot 
conclude on the safety of the proposed amendment to the specifications of steviol glycosides (E 
960) as [a] food additive if the purity assay value of not less than 95% for the total content of 
steviol glycosides is maintained.” Furthermore, the Panel noted that it is possible to manufacture 
steviol glycosides with a purity higher than 95% total steviol glycosides (EFSA, 2020). 

4. Asian Regulatory History 

No regulatory updates have been identified in recent years. The Asian regulatory history for steviol 
glycosides through 2014 is presented in Appendix 9. 

5. Other Regulatory History 

FSANZ called for submissions on permitting all minor steviol glycosides extracted from stevia leaf 
to be included in the definition of steviol glycosides in the Food Standards Code, noting that “[no] 
evidence was found to suggest that the proposed changes pose any public health and safety 
concerns.” The submission period ended on December 19, 2016 (FSANZ, 2016b). Subsequently, 
on February 8, 2017, FSANZ approved a draft variation of the definition of steviol glycosides to 
include all steviol glycosides present in the Stevia rebaudiana leaf (FSANZ, 2017). 

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). 

On May 14, 2020, FSANZ published an approval report for a draft variation to amend the 
specification for steviol glycosides from Stevia rebaudiana Bertoni in section S3—35 of the 
Australia New Zealand Food Standards Code to include rebaudioside E produced by enzymatic 
conversion from stevia leaf extract. The approved draft variation allows for the use of high purity 
rebaudioside E (≥85% rebaudioside E; ≥95% total steviol glycosides) within the existing 
permissions and limits for steviol glycosides (FSANZ, 2020a). Subsequently, on July 28, 2020, 
Amendment No. 193 was published to include rebaudioside E produced by enzymatic conversion 
from stevia leaf extract (FSANZ, 2020b). 

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--- 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 
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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 10. 

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 publication by Roberts et al. (2016) indicates 
that the ADI could be higher, as discussed further in Appendix 7. 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 8. 

Because of their sweetness characteristics, steviol glycosides have viable uses as a non-nutritive 
sweetener in foods.6 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 
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 10 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 

6 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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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). 

More 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). 

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

Several published and unpublished studies (summarized in Appendix 8) 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. 

Most recently, Purkayastha and Kwok (2020) investigated the metabolic fate of steviol glycosides 
in fecal homogenates collected from adults and children. Steviol glycosides obtained from stevia 
leaf extract (composed of more than 20 steviol glycosides, with Reb D and Reb M as the principal 
components), bioconversion reaction product (composed of Reb D and Reb M), minor steviol 
glycosides extracted from a stevia leaf extract (composed of Reb AM, Reb W2, Reb U2, Reb V, 
Reb N, and Reb O), enzyme modified steviol glycosides, and rebaudioside A standard were used 
as test samples for in vitro incubation in pooled human fecal homogenate samples obtained from 
adult and pediatric donors. Purkayastha and Kwok reported that all steviol glycosides preparations 
tested “shared qualitatively similar in vitro metabolic fates.” In addition, the authors concluded that 
“safety data for individual steviol glycosides can be used to support safety of all steviol glycosides 
produced by extraction and enzymatic conversion of stevia leaf extract.” 
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Shandong concludes that these studies on rebaudioside A and other enzyme modified steviol 
glycosides preparations strengthen the argument that all steviol glycosides that follow the same 
metabolic pathway are safe at the JECFA established ADI. 

Shandong has also reviewed the findings from human clinical studies. Shandong noted that the 
clinical effects reported in humans occurred 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. 
Shandong 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 8 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). 
Shandong 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. Shandong concurs with Carakostas (2012) and 
Waddell (2011) evaluations of the Awney et al. (2011) study and concludes that it does not impact 
the safety discussion of Shandong’s Prostevia high purity glucosylated steviol glycosides. 
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Urban et al. (2013) examined the extensive genotoxicity database on steviol glycosides because 
some concern has been expressed in two publications (Brahmachari et al., 2011; Tandel, 2011) in 
which the authors concluded that additional testing is necessary to adequately 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. Shandong 
agrees with the Urban et al. (2013) conclusions. 

In addition, a paper by Shannon et al. (2016) raises a possible concern of endocrine disruption by 
steviol. Shandong 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. Shandong 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 Shandong’s opinion that 
steviol glycosides preparations are generally recognized as safe. A summary of this study is 
provided in Appendix 8. 

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. 

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 
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. 
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A recently published study addressed the genotoxic activity of stevia (Svetia, purity not 
reported7). 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. 

In a seven-week study, 13 subjects (ages 18 to 30 years) without a history of hypertension or 
hyperglycemia were supplemented with four commercial 1 g packets per day of steviol glycosides 
(equivalent to 0.1 g steviol glycosides per day, brand and composition not reported) for six weeks. 
Decreases in triglyceride, cholesterol, and serum TNF-α concentrations were observed. No 
adverse effects were reported (Sánchez-Delgado et al., 2019). 

Wang and Wu (2019) investigated the angiotensin-converting enzyme (ACE) inhibiting activity of a 
95% pure steviol glycosides extract (composition not reported) obtained from an ethanol extract of 
stevia leaves. Steviol glycosides were reported to have double the ACE inhibitory activity of an 
ethanolic extract of steviol leaves, were well-accepted in a sensory test in decaffeinated coffee, 
decaffeinated tea, and peanut protein beverages, and had a significant antihypertensive effect in 
spontaneously hypertensive rats. No adverse events in humans or rats were reported. 

The interaction between select prescription drugs and steviol acyl glucuronide, the major 
metabolite of rebaudioside A, was investigated by Zhou et al. (2019). Organic anion transporter 3 
(OAT3) – mediated update of steviol acyl glucuronide was examined in vitro using human 
embryonic kidney 293 (HEK293) cells. HEK293 cells were transfected with human organic anion 
transporter 3 (hOAT3) and rat organic anion transporter 3 (rOAT3). Both probenecid and 
glimepiride were potent inhibitors of hOAT3 and rOAT3 with no apparent species differences 
observed. Pharmacokinetic studies in male Sprague Dawley rats revealed that both probenecid 
and glimepiride significantly elevated plasma steviol acyl glucuronide concentrations, particularly 
between 6 and 8 hours after oral administration of rebaudioside A. The inhibition of OAT3 is a 
potential mechanism for the interaction between steviol acyl glucuronide and probenecid and 
glimepiride, which could be clinically relevant. The authors concluded that “care should be given to 
populations with concomitant use of stevia leaf extracts and probenecid or glimepiride.” 

7 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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Shandong has reviewed the Zhou et al. (2019) publication in detail and notes that the 
pharmacokinetic oral dose used in the study was 15 mg per kg rebaudioside A. Plasma 
concentrations of steviol acyl glucuronide were observed to be dose-dependent after oral 
administration of rebaudioside A, with an average concentration maximum (Cmax) of approximately 
39 ng per mL at 5 mg per kg rebaudioside A and 170 ng per mL at 15 mg per kg rebaudioside A, 
respectively, observed at 6 hours post-dosing. Given the observed dose-dependency, it is possible 
that a reduced interaction would be observed between steviol acyl glucuronide and probenecid and 
glimiperide at lower doses of rebaudioside A. Based on a steviol equivalence factor of 0.329 for 
rebaudioside A as listed in Table 6, the 15 mg per kw dose corresponds to 4.9 mg per kg steviol 
equivalents, which is higher than the JECFA-established ADI of 4.0 mg per kg bw per day. Given 
that the investigational dose is higher than the accepted ADI for steviol glycosides and the history 
of safe use of steviol glycosides, including the paucity of reported case studies regarding the 
concomitant ingestion of steviol glycosides and probenecid and glimiperide, Shandong concludes 
that the use of steviol glycosides as proposed herein remains safe for the general population and 
agrees with Zhou et al. (2019) that care should be exercised in the small subset of the population 
for which probenecid and glimiperide are prescribed. 

Halasa et al. (2020) published a case study vignette on the investigation of the presence of steviol 
glycosides metabolites in plasma, cerebrospinal fluid, amniotic fluid, and cord blood in samples 
collected as early as 2004. The end date was not provided. Steviol glucuronide, the primary steviol 
metabolite, was detected in all types of samples, but was observed primarily in the plasma. Of the 
samples, seven of the 38 adults (18%) had detectable steviol glucuronide concentrations, while 
two of 13 (15%) amniotic fluid samples and one of 15 (7%) cord blood samples contained steviol 
glucuronide. The authors noted that steviol glucuronide was detected only in samples obtained in 
and after 2008, which corresponds to the dates of the first GRAS Notices submitted to FDA for 
steviol glycosides. 

It should be noted that Halasa et al. (2020) did not discuss their findings in relation to the time of 
consumption and intake levels of steviol glycosides. As steviol glucuronide is a known metabolite 
of steviol glycosides and is expected to be observed in plasma following steviol glycosides 
ingestion, this study serves to support previous published findings. 

Recent studies in rats have been identified in the published literature. Assi et al. (2020) 
investigated the use of an ethanolic extract of dried S. rebaudiana leaves (chemical composition 
not reported) to treat diabetic rats. No adverse effects or unplanned animal deaths were reported. 

Cho et al. (2018) investigated the impact of stevia and obesity on fertility and reproductive 
outcomes in Sprague Dawley rats. Rats were administered 2-3 mg per kg bw per day rebaudioside 
A in drinking water starting two weeks prior to mating and throughout lactation. The authors 
reported that obese rats supplemented with rebaudioside A displayed a lower fertility index than 
untreated obese rats (53.3% vs. 85.7%, respectively); however, the rate of successful pregnancies 
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was higher in obese rats supplemented with rebaudioside A than untreated obese rats (100% vs. 
60.7%). No animal deaths were reported. 

In a follow up study, the impact of maternal low-dose rebaudioside A consumption on adiposity, 
glucose tolerance, gut microbiota, and the mesolimbic pathway in obese dams and their offspring 
was investigated (Nettleton et al., 2020). Pregnant obese rats and their offspring were fed high 
fat/sucrose diet plus 3 mg per kg bw per day rebaudioside A (Sigma-Aldrich) through 18 weeks 
postpartum. The authors noted that rebaudioside A consumption reduced the fertility of dams, as 
previously reported (Cho et al., 2018). The study supports findings that low-calorie sweeteners 
may not be metabolically inert. No animal deaths were reported. 

Shandong notes that the effect of steviol glycosides on fertility and reproductive outcomes has 
been the subject of a number of investigations as discussed further in Appendix 9, and that these 
recent publications by Cho et al. (2018) and Nettleton et al. (2020) corroborate previous findings by 
Planas and Kuć (1968), where 5% crude stevia leaf extract was observed to reduce fertility to 21% 
in female rats. 

The effects of non-nutritive low-calorie sweeteners on gut microbiota were reviewed by Plaza-Diaz 
et al. (2020). It was noted that there have been no reports of negative interactions between steviol 
glycosides and colonic microbiota; however, it is possible that steviol glycosides modify the gut 
microbiota. The authors note further studies are necessary to “clarify its specific effects.” 

A recent review by Ray et al. (2020) focused on the effects of Stevia rebaudiana on glucose 
homeostasis, blood pressure, and inflammation. The authors reported that no hypersensitivities or 
allergies were reported since 2008, and that the few prior reports were for “improperly filtered 
stevia extracts.” Furthermore, Ray et al. noted that additional randomized controlled trials are 
needed to confirm the beneficial effects of stevia. No significant adverse effects were noted from 
any study included in the review. 

Zhao et al. (2020) reported that stevioside improved hyperglycemia-induced cardiac dysfunction in 
male C57BL/6 mice. Stevioside supplementation reduced the expression levels of cardiac fibrosis 
producing lysyl oxidase family and weakened the collagen cross-linking lysyl oxidase-like 2 caused 
by hyperglycemia, as well as promoted the elimination of existing fibrosis via the regulation of 
matrix metalloproteinase and tissue inhibitors of metalloproteinase. No adverse events or 
unplanned deaths were reported. 

The effect of steviol on cytotoxicity, adipogenesis, ROS concentration, and gene expression were 
studied in the murine 3T3-L1 cell line. Kurek et al. (2020) reported that there was no observed 
effect on the proliferation of cells, lipid accumulation, or intracellular ROS generation at steviol 
concentrations up to 100 µM. Furthermore, it was reported that steviol reduced the expression of 
genes regulating the adipogenesis and lipogenesis process. Results of this study further supports 
the safety of steviol—and by extension—steviol glycosides. 
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Abolhasani et al. (2020) evaluated the in vitro cytotoxicity of stevioside on cancerous liver 
(HepG2), colon (HT29), and breast (MCF7) cells, as well as normal kidney cells (Hek293), 
compared to cisplatin. Stevioside was reported to display higher cell growth inhibition on the 
HepG2 cell line and was not observed to have high toxicity on the Hek293 normal cell line. The 
authors concluded that stevioside “showed less cytotoxic effects compared to cisplatin” (abstract 
only). 

Shandong agrees with the safety conclusions of the 64 GRAS Expert Panels in the notices 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. 

Shandong 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 Prostevia high purity glucosylated steviol 
glycosides. Therefore, with the steviol equivalence values shown in Table 8, Shandong concludes 
that, for the general population, the estimated maximum daily intake of the Prostevia preparation 
described herein is 4.95 mg per kg bw or 1.66 mg per kg expressed as steviol equivalents. Based 
upon these calculations, the intake of Shandong’s Prostevia high purity glucosylated steviol 
glycosides preparation 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 Shandong’s Prostevia high purity 
glucosylated steviol glycosides preparation contain not less than 95% total steviol glycosides. The 
finished high purity glucosylated steviol glycosides preparations are a mixture of glucosylated 
steviol glycosides, unreacted steviol glycosides, and unreacted maltodextrin, where Prostevia is 
≥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 Prostevia. 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 8. 

Furthermore, Shandong has reviewed this safety information and have concluded that Prostevia 
high purity glucosylated steviol glycosides is generally recognized as safe for the proposed uses. 

GRAS ASSOCIATES, LLC Page 35 of 117 



     
     

 

      

          

       
       

       
      

           
 

      

      
        

        
       

     
    

 

          
      

     

       
       

         
         

      
            

       

        
         

       

 
      

  
    

 
   

GRAS Notice – Prostevia High Purity Glucosylated Steviol Glycosides 9/14/20 
Shandong Shengxiangyuan Biotechnology Co., Ltd. 

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.”8 

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.” 9 

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:10 

• 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 

8 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 6/22/20). 
9 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). 
10 See Footnote 1. 
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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  Prostevia  High Purity  Glucosylated Steviol 
Glycosides  

An evaluation of the safety and GRAS status of the intended use of Shandong’s Prostevia high 
purity glucosylated steviol glycosides (≥95% total unreacted steviol glycosides and glucosylated 
steviol glycosides) preparation 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) and European Registered Toxicologist (ERT, UK); 
Kara Lewis, Ph.D.; and Katrina Emmel, Ph.D., as Panel Chair. The Expert Panel reviewed 
Shandong’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 11. 

C.  Common Knowledge  Elements  for  GRAS  Conclusions  

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

1. Public Availability of Scientific Information 

The majority of the studies reviewed on steviol glycosides and steviol have been published in the 
scientific literature as summarized in Appendix 8. 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. 
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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. 

2. Scientific Consensus 

The second common knowledge element for a GRAS conclusion requires that there be a basis to 
conclude that consensus exists among qualified scientists about the safety of the substance for its 
intended use. 

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, Shandong believes that a wide consensus does exist in the scientific community to 
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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, Shandong concludes that Prostevia high purity glucosylated steviol glycosides (≥95% 
total unreacted steviol glycosides and glucosylated steviol glycosides) 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 Shandong’s Prostevia preparation. 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 Shandong’s Prostevia preparation for several population 
groups summarized in Part 3.A. are no greater than 1.66 mg per kg steviol equivalents per bw per 
day, which is well 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 95% total 
unreacted steviol glycosides and glucosylated steviol glycosides mixed with unreacted 
maltodextrin are used as a general non-nutritive sweetener. 

Accordingly, Prostevia high purity glucosylated steviol glycosides (≥95% total unreacted steviol 
glycosides and glucosylated steviol glycosides) as produced by Shandong 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). 

[The remainder of this page is blank] 
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PART  7.  LIST OF SUPPORTING  DATA AND INFORMATION IN THE  GRAS  NOTICE.  

A.  References  

1. List of Acronyms 

ACE Angiotensin-converting enzyme 
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 
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 
Cmax Maximum serum concentration 
CSAF Chemical-Specific Adjustment Factor 
CYP Cytochrome P450 
DBP Diastolic blood pressure 
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 
GRNs GRAS Notices 
h or hr Hour 
HbA1c Glycated hemoglobin 
HEK293 Human embryonic kidney 293 
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hOAT3 Human organic anion transporter 3 
HPLC High-Performance Liquid Chromatography 
IADSA International Alliance of Dietary/Food Supplement Associations 
INS International Numbering System 
JECFA Joint FAO/WHO Expert Committee on Food Additives 
kg Killogram 
kg Kilogram 
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 
ng Nanogram 
NHANES National Health and Nutrition Examination Surveys 
NHPs Natural Health Products 
NMT Not more than 
NOAEL No observed adverse effect level 
NS Not specified 
OAT3 Organic anion transporter 3 
OECD Organisation for Economic Co-operation and Development 
ppm Parts per million 
Reb A Rebaudioside A 
Reb M Rebaudioside M 
rOAT3 Rat organic anion transporter 3 
SBP Systolic blood pressure 
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 
UDS Unscheduled DNA synthesis 
ug Microgram 
WHO World Health Organization 
WHO/JECFA World Health Organizaiton/Joint FAO/WHO Expert Committee on Food Additives 
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ng Shengxiangyuan Biotechnology Co. ,Ltn 

Address: o.58,East haiguan Rd,qufuj"n:irng,shmxlong l)fovince,ct,-na 

T~OOS,6-537-448:7369 faoc:0086--537--4400999 

Certificate Of Analysis 

Product ame: Rebau d'iaside A 50%/-stevia Q5% Manu acture Date: 2020.0 1.D-1 

Latir, Name: Stew.a Rebaudi"'11a :Bertoni Batch o: 202!1D102 

Plant parl used:: Stevia leaves Expire Date: 2022.D1 .03 

ITEM SPECIFICATION RESUL:fS Standards 

Appearance 'White f'me powder \\l'hite fine powder Vtsual 

Odor Cbaracferislic Oharacferistic Gust,;,tion 

CHEMICAL TESTS 

Ste,-iol glycosides (¾ dry ~ 95 95 . 14 HPLC 

basis) 

Rebm dioside D % 0. 72 HPLC 

Rebaudi.oside A ~'o ~so 52,_35 HPLC 

Stevioside ¾ _9,_ 95 HPLC 

Rebm dio.side f ¾ 1. 85 HPLC 

R..baudioside C % 8. 45 HPLC 

DulcosideA % 0. 97 HPLC 

Rubusodide % o,_ 85 HPLC 

Rehaudios,ide B¾ 0.00 HPLC 

Steviobioside % 0. 00 HPLC 

Loss on Dr ying (~) 

Ash (¾) 

~ 4.00 

%0.l 

3. 1-

0.08 

CF/ USP 

GB(]gf58002hrs) 

PH (] ¾ solulioo) 

Si,e cif ic 011tical KotatiOll 

45 -7.0 

-30°-38° 

5 . 0 

-34.5° GB 

Si,e ci fie !i.bsor bance %0.05 D.D2D CB 

Lesad (ppm ) ~0. 1 D.04 CP 

Arsen.i c fop::,) 

Ca dru.um ( i,p::,, ) 

~0.1 

~o. l 
Negative 

Nega!ive 

CP 

-CP 

Mer,cury ( i,11::,, ) 

1-fi.-l'obiologiral Oda 

Toial Plate Couni(cfu/,g) 

~o. l 

:;;;;1000 

D.o3 

<1000 

CP 

CPIUSP 

Colifonn{cfu/g) N egative N egative CPIUSP 

Yeast&Mold(cfufg) N egative N egative CPIUSP 

Salmo1tella(c.fu/,g) :iee-stive '!N egative CPIUSP 

Stapbylococcus(c.fu/g) :iee-stive N egative CPIUSP 

TEST 

Selveots 
Methanol (ppm) 62 SP 
Ethanol m 275 SP 

I Country ofOrigjoal : 
Analyst , Nie Junming Checker, Guo Chang.min Auditor, Peng Baojuan  

GRAS Notice – Prostevia High Purity Glucosylated Steviol Glycosides 9/14/20 
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Appendix 1  Specifications and Certificates of Analyses for Raw  
Materials and  Production  Processing  Aids   

Appendix 1.1 Steviol Glycosides Extract 
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Product Name Maltodextrin Testing No: FMJ20-05--001 

From Shandong Xiwang Sugar co.,ltd Test category Raw material 

Batch No 202005011 Batch Quantity 1500kg 

Identifier No GFOOl Test quant ity 500g 

Spec 25kg/bag package --- -

Test date 2020.05.16 Report Date 2020.05.17 

Standard ( Enterprise interna l contro l qualit y standard ) 

Test Items Standard Test Result Conclusion 

Appearance 

Colour 

w hite or light ye llow amorphous powde.r White amorphous powder 

Conform 

without visible impurities withollt visible impurit ies 

Special smell of 

Sensory Special smell of maltodextrin, no 

Odor maltodextrin, no pecu liar Conform 
index peculiar smell 

smell 

Not sweet or slightly sweet, no slightly sweet, no 

Taste Conform 
peculiar smell / peculiar smell 

DE ( %) 16,,; DE< 20 ( 17.6 Conform 
Physica l 

and 

Moist ure 
( %),,; 

6.0 

' 
I 5.70 Conform 

Solubil ity 
chemical 98.0 99.0 Conform 

( %)"" 
indicators 

PH 4.5- 6.5 5.30 Conform 

Sulfated ash 

( %),,; 
0.5 0.10 Conform 

Sulfu r 

dioxide ( %) 0.0025 0.0009 Conform 

,,; 

Total Solids 

( %)"" 
90 93.2 Conform 

Protein ( %) 

,,; 

0.5 
0.003 Conform 

Lead 

(mg/kg) ,,; 
0.5 

,J 

0.001 Conform 

Iod ine test No blue reaction N
' 
o 

I 
blu

- -
e reaction Conform 

Analysis Sheet 
Serial No, REG- ZL - 00303- 00 

Concl usion: the product was tested according to the enterprise internal control quality standard, and 

t he results were in conformity wit h t he regulat ions. 

Analyst: Xiaoli Chen Cfl ecker: M engmeng Guo Auditor: Li Li 
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1ertifi:cate of Analysis 
51-;tlrfil.-$ 

novozymes+ Date iil:.fS ~I 0:IVJ 
Mw- 1 O. 2020 Rethink Tomorrow 
Purchase order i te!ll '.Er' .. .--: ii!--r-% 

De I i ve:ry ~Pc% 
7937354 
Sales order fflB'reil!% 
5765493 

!M ate.rial: 
) Jl,-.11; : 

IBat c h: 
J'.t-li} 
Rroduct ton Dat e-: 
•t i'· Ll:llll : 

CJ.aract.er i stic * l.i( ij 

ACNll0257 

Aug 27 , 2019 

lf~ffl.!lir.ilili tl'H#ffi..$f~ Kl. - CP 
Cycl od . Glycosy l Transf . -CP 
pll{VJ25. C 
pll at 25- C 

,_ffl'. 
Dens i ty 
ii'ti.G- . 
Tota ] v iable m unt 

iiet: 
Coli fo bacte r ia 
::l,.J%ITii 
E. coli 
tvn ll": 
Sal ooe lla 

Ship-to 
11!1.i;i rl @J 
ltll~ 

i111.$ rl @J 

Quarnr y : 

M 
250 KG 

Best efore:Aug 26 , 2021 
~Jj;JIIJ: 

Uni t Va lue 
!i!Gr: ff/JI! 

lg :us 

6.60 

gl111I I. 033 

lg -: IOO 

lg ,; 4 

tl.1125g 
}rot Detected. 25 g 

tl.1125g 
}rot Detected. 25 g 

I irlPI Jllff ,,. il'lrit$il}f!cl'~ (FCC} 'f!l ]t't: ., f!i: ~.tJHJ{(FAO)I :Pil-111':ffi~ 110)ff Pir~ M-'l,a- $!. 
~fiH,, (JECFA) l'JUftifftJI,~ffillitM:ti~ ];£, 

J Jlr:ftffl- «Cl!l886.174-2�16 ftJlrj; I!* ;j;£ -ffe-pir~l111:iPJ ft ir ~I:: ffillitM:» ~ , ffii¥1J'iH.a JR 

..... [D,, .. } 

Ellat.dn:ilC!f:tC.: W . 

-i.c+111 
-tt!J 

TBll T:la,J In 

, .1c.. .. mm 
T 1: I -.!6 ZZ 2!ill2:Eil 

r.. .is !2 Zi.l2Z(;4 

~ ' •lEZ22!ilZalil 

lwJ[ , ,a; !2 =ii4 

1 f 2 
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Appendix 1.3 Toruzyme 3.0 L Cyclodextrin Glucosyltransferase Enzyme 
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of Analiysi:S 
5ttfriiE-=p; 

novozymes~ 

Sh i p-to i&tli..$fi'l: 
1111 .$ llf 0.1 ~l!J;:i~'.I 2-lt 

IEfl-'i!-
illl-'i!- ' @.I ~1!)0~ 12-'t 

Rethink. Tomorrow 

h.e :rodud com pli:es w ·· h curreni FAOJ\I\I HO J EC A d FCC recommended purf:y 
speci icati.D11s for · ood grade ,enzym es. 

~[l},•~l 

Blat»:::lmali:wC.: W . 

;,,c <•I• l 
tlJ\I. ~11:1 

~ - Ian &.1 b il 

Tu nJ Jn 

P.I . lllM!i7 

li::: I : ..,Ii ZZ Zilll:6j, 

a ua1n>1 ASsurance 
lt.il~tiE9B 

Novozymes (Chinllll) 
Blot ech nology Co. , L1 d. 
it~1� Ccl3 II> ~~fit'#' jj"IIR ~t!l 

2 f 2 
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  Lower  limit  Upper limit Unit   

Alpha-amylase unit  

KNU-CP  
 3  /g  

25C hours pH   6  7  

Bacterial total  

account   
 -   /g 

Coliform    -   /g 

 Escherichia coli Negative    /25g 

 Salmonella  Negative   /25g 

 Heavy metal   Max30  mg/kg 

Pb    Max5  mg/kg 

Arsenic     Max 3  mg/kg 

 Cadmium   Max0.5  mg/kg 

 Mercury   Max0.5  mg/kg 
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葡萄糖基甜菊糖苷生产 

Enzyme Information 
1、 Product characteristics 

Toruzyme®3.0 L、 NOVOZYMES 

Nominal Enzyme Cyclomaltodextrin, glucosyltransferase 

Nominal Activity 3 KNU-CP/g 

Colour Brown 

Physical shape Liquid 

Approximate density（ g/ml） 1.04 

Viscosity （ cPs) 1-25 

2、 Specification 
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3、 Ingredients 

 Ingredients  Approximate %（   weight /weight） 

 water, CAS no. 7732-18-5  73 

 Propylene glycol, CAS no. 57-55-6  23 

Cyclomaltodextrin glucan transferase,  

CAS no. 9030-09-5*  
4 

*Defined as enzyme concentration (dry matter basis) 

4、 Production strain 

Name of production strain Bacillus licheniformis 

It is produced by deep fermentation of genetically modified microorganisms. The 

enzyme protein, as far as it is concerned, is not genetically modified, but isolated and 

purified from these microorganisms. 

5、 Storage condition 

The packaging must be kept in good condition, stored in a dry environment, and avoid direct sunlight. 0 – 

10 ° C / 32 – 50 ° f this product has the best effect before the best use period. If stored at a maximum 
storage temperature of 25 ° C / 77 ° F, the product shall be used for the best effect within 3 months from 
the date of delivery. 

6、 Safety and use precautions 

An enzyme is a protein. Inhalation of the powder or suspension of the enzyme may induce allergies and may 

lead to allergic reactions in sensitive individuals. Prolonged exposure to certain enzymes may cause irritation 

to the skin, eyes and mucous membranes. 

7、 Compliance 

The product meets the purity standard of food grade enzyme preparation recommended by the world food 

and Agriculture Organization (FAO) / World Health Organization (who), the Joint Expert Committee on 

food additives (JECFA) and the food chemical code (FCC), as well as the relevant requirements of China's 

food safety and food grade enzyme preparation product standards. The customer center or sales 

representative can provide kosher and Halal certificates. 
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Shengxiaingymm Bioteclmology Co. Ltd 

w * · :i!f~1:. tt/l4t~c ~~i,; ~ 

Address: No .. 58 ,E3:st lhaigum1 Rd ,qutuj ining,sh3ndong prov1ince,clhina 

Tel:OC:.86-537448 369 Fa.--c0086-53 -4400999 

lnspection m,etihod 

(1) Identification experiment 

\\'rute or ight yellow powder soluble in water, slightly solllble lin ethanol. 

(2) Determination of gluoosyl stevfos:ide, stevioside and nia.ltodextrin 

A. 1 Princip e 

The total content of stev:ioside (ISG) residl!laJ maltodextrin am,, llllfeac1ed stevioside 
and the ratio of gluc .. osy!. · . i ~evioside can be g~ed by acfsowtion chro.matogrnphy 

and high perlbml!anoe liqru.d cbrom.arograpliy. 

A . 2Soope 

The frnail product containing a mixmre of (I - 1,4~g-Jucosyl ste .. foside (GSG) is sui.t1ble 
fur s.olid samples with total ste..-'ioside conf.ent in tlie range of 60-102% on a dry basis. 

A 3 equipment and reagents 

A ~ .1 hlgb j)erfprm.ance h(]l!lid cbro~atography (1-µ>Lq.; the equi~nt shall be 
e.qwpped \\'llTh 1bl11µ[)' poo~pi automat1c a1Dpler c;o_h,mm tempernture box and dad 

detector m1:erface and data: acqi1astt1on otro:rare~ 

A. 3.2 HPLC amino column, 4.6mmx 250mm, 5 1,1 m particles,; 

A. 3.3 anatlytical balance wi.th an acr11racy of0.0OOlg: 

A. 3.4 K.11"1 Fisc,her couJometric. titrator, 

A. 3. 5, vacrmm rotny evaporator for laboratory.; 

A. 3.6 vacmun oven; 

A 3. 7 moisture meter: 

A. 3. 8 vacrmm solvent ftltrat~on system, all glaiss material· 

A. 3.9 ruiacmun s.ystem fiher: po .ypropylene materiatl, 02 u m, 47n~ 

A. 3.10 dass. a volmnetri.c filask and pipette~ 

A. 3. i · glass aolunm filled with 00ml macroporous adsruphon resin (inner diameter: 
Snun); 

A 3 .12 aretoni.trile HPLC grade· 

A. 3. B water HPLC grade; 

A. 3. 14 ethanol, reagent grade, ., · tern. equipment or other e.quivaJe:nt· 

A. 3.15 nbaviriu a standard~ 

. . A. 3,.16 ste..-'ioside standard; 
A 3 .17 Rebaudiosrde C tanda:r~ 

A 3 .18 Rebmdiosrde F andar~  
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Appendix 2 Analytical Method 

GRAS ASSOCIATES, LLC Page 59 of 117 



     
     

 

      

3-19' .. Dulcoside A stand:nd~ 

A. 3.20 standru-d product of :stev ioside· 

A. 3. ] runm.oo:ium acetate, reagent grade~ 

A. 3.21 gfacfal a~tic acid, 1eagent grnd e. 

A. Safety precautions 

A. 6..1 .vb.en fumdlio:g mate.rials. :nid de,aumg up ~illed Ji.quid and waste, s afe l:y 
mea"s~s and emergency disposal princ.ip,1es for l:iia;zar . ou._s: chemical sbaU b e fo.tfo..ved 
at alrl llmes. 

~ - 6..1 _for fhe chemicals. u sed in 11he abov,e teps, atJ pFecautiom: and hazard precal!ltions 
listed m fhe maten aJ safety data sheet shall be followed. 

A. 4.3 _st_evio:C:--glycosi.des is ll$'l!Jall)' ill pov.~r ,fomt. In the ~ ocess. of baking feeding 
and nuxm~ it 1s ea"sy to generat~ m di.lit,_ "".hich. may c.:mse wsoomfort Mhen ~d 
wfo people s. m.ouffl. and n.ooe, Th.ef;efm.e, 1t JS. necessru-y to operate carefinll~~ tto a'\o'01d 
dust gemerntt-OD.. 

A. j :steps. 

A.5.1 I SG 

r~ sol~ - accurately .vei!h abol!lt 5 · o:f GSG and pour_it wtto 250m] of.vater fur 
disso1uh01lL At a rnte ofless. tum. ] s_ m,] ~ adfi the_ soll!lt1on to 11he gfass. column_ 
oontumng 200 ml of macroporou s re.sw. (:wner diameter : 25 mm) and fflea v.rash the 
resin .villi 10 00 :ml o f w ater.. The stE ·ioside adsorbed v.ras e!l.nteo v.<ith. 1000 m.l! so 0 
(vollume) ethamol at a.rat~ tu of 15 m.l! / minor 1e.s .. Evaporate fhe coUected ethamol ,elnate 
and. wa:te,r v.rash :siol'u~10n dryness, 11hen plaoe tihem w a vacuum oven :nid dry for two 
hows .at 10. 5 'C _ W eigh, and .record the CITT' "'. re1ght of eacb component. The comenrt (%) 
of I SG :nid RD was: calcul!ated by fommb1. 

The i,nass firacti~lll Wl ofT~G is calculated acc~rdin··· g to fonmda fa._l ), anclthe mas'S 
fraeit:100 \ID o f RD cODJte!lt m cakttlated according to fommla (A2): 

C11l!c1rdatiolll of fraction \\ 1 of 1SG 

\Vhei,e: 

n - toW amol!lll.t of etfumol components after d1ying, tmit: G ; 

f2 - wet we.igbt of the origmru S!illlJlle, unit: G ~ 

\VI.J - water content {° 1); 
Cal!mfate the mass fiadion W2 of RD comtem: 

B - tot.al ru1101mt ofv.rater components. after drying imit G-

12 - wet w eight of the origmail sample, nnit: G -

Wh water oontent {°lo}' 

Sample recovery caloula:tionJ 

\Vhei,e: 

\tVl - m.ass. fractiolll {° ) of total TSG conre!lt; 

\V1: - m.ass. fractiolll ofRD content(%); 

A. S. lll!Ileacted sle'I. ioside cODJtent 

W ei.gh about J G ofGSG, and pour it into buffer solution (a..3.6 .J .2) to dissolve it, so as 
to e!epare lOOml_ o f solution as fest , l~t.i.on. Th.e _oollfent ~ll'll!'eBP.OllMVe steviost. d e 
{S1GJ was, deteuwned by HPLC a.coordw.g to the HPLC detemunaf:ion step (a .i6.1 ). The  
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9fthe ~•~ c.pnfurms to the ,e~?e ~hrOl!]atl)~m . Cakuilare the 
oontentt of a, - gJuc0osyl ste -10s1de ft-om the_ totail oomentt ~f :stei.:riofflfe (a-5.1) as foFtows. 
The mass. fracttorn w a, of 11 - gl'ucosyI stev1os1de oonte.nt 1s as follows 

(a.4) cailculation: 

W'b.ei,e: 

v.'11, =w] - i.v4 ________ _ . __ . --· · ·· · · · . . A-4 

Wl -- ISG m..iss. ftactfou (%)-

W 4 - m.iss ftadioui. {° ) of uw,e.active tevio~-content; 

A. 5.3 ratio of 11 - gh1cosyl tevioside 

W ei.gh about :ig of GSG and dissoh, e it .in 'Water to p!'epare 100:ml of :ooll!JJtion as test 
soh1t1otll_ 

HPLC analysis the area rat·o (_% of 11 - glucostevio ·cte w detemici.ned acrnrd!ing to the 
HPLC cfetemi.ination step of gluoosteviosi.de ( a.3 . 6.2). 

The ratio of 11 - gll!I001stevioside W&"J; c-.akufated from the content of 11 - gil!ICloste .. ,i.oside 
(a.35.2), 
t'ak:1!date the mass ftaotion W2 of RD content: 

\Vhei,e: 

M3 - tota] amount ofwate,r oompaneuts. after d1y:i.ll!g, unit: fr 

M2 - wet 11 ·eight of the origi.nail sample, unit: G; 

'\Vb. w-at,e,r oontent (%}-

Sample reoove:iy cak ulation:J 

Wilei,e: 

Wl - m.iss ftadioui. {° ) of total TSG conte1]t;, 

W2 - mass fradioui of RD co1l!rent (%); 

A. 5 __ tim-eacted stevios.ide cODJtent 

W ei.gh about JG ofGSG1-:tlll.d ~ if into, buffe. solution (a .3_6_ t2) to disso_,lve ·t, so 
ti0 J!'epare lOOml_ of . lu u.on as test · ,ol~tion. ~ oonfent ~u~·e5P.011,si\i.·•e ste -ios.i.d!e 
~ UJ i.vas deteull!w-ed by HPLC a.cootdmg to the HPLC de-tennirudion step (a .. 16_1)_ The 
chromatogram ohh-e sample confotmS to the ,example cbromato~m. Calculate the 
oontent 01 11 - !!"]ucosyl ste-vios~de ft-om the_ to(ail ooot~nt Qf · tevio.side- (a.5.1) as foMov.rs. 
The mass. fradfou w 11 of 11 - gliucosyl stev10s1de oontent 1s as follows 

(a.4) cailcuJation: 

'Wilei,e: 

w11 =.1d-.v4 _____ __ _____ ___ ____ _____ A-4 

Wl -- 'fSG w .iss ftadi.ou (0 )~ 

W 4 - m.iss ftactioui {° ) of l!lflloe'1cti\1·e · "eviooicfe· cODJtent; 

A. 5.3 ratio of 11 - g!l.ocosyl tei.,:i,osi.de 

Weigh about 5g ofGSG and dissollve i:t .in water to pr-epare lOOwl of il!JJtion as. test 
solnt1otll_ 

HPLC aoaiysis the area ratio . (_Cl-% of 11 - gtucostevio · . w determined acc.ord!ing to the 
HPLC cfetemi.ination step of gluoostev.i.osi.de (a.3 .6.2). 
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e ratio of a. - gb1cootevioside was cak1!lllated from 1!he oonteDJt o a. - giooostevioside 
(a-3.5.2). 
A.. 6.1..s ·au1y ·:s steps 

A. 6.15. ] ystem. stmtup / applfoabilify 

Detector sens.itcivity test .i.mjec1 25m. l steviosi.de sraudard solu1<iol:l!, a:1:id oonmm that tihe 
signa]-<to~noise rabo be,ti;.i;;een ste"'ios1de peak value and noise is 2: 3~ 

If not chec~ the instrument to •ens'I.J.Fe that ID.e · · gnail-to-noise :ratio i;eaches. 2: 3 before the 
next operation. 

T ruil!ing fa~ator: !11'.iect ID.e , ~ ara :rolutio:n o f reb-ai2000mg / L and calcu late- the tailing 
fuctor-t i.v th this p e.ak.. 'failing fucio:r: 0.8:::: t::;: __ 
Signa~ to, noise ratio:_ cak~llate th e ·go.at to 11ois:e :rat~o of tevio ·de :tiand_;ud . lDJt~oo. 
ll!I.J eottoo.. The detecti.on limi.f1 {I.PD) is. 5 mg / L stev10s1de stru.i.dard solluhan: the S:lg!]ail
to-noise ratiq o,:f the standard so~tian must be > ]O_ lµe d,etedion l!imit Q:..OD) is 
2.5mg/] stev1os1de sraudard solll"l:lon: fhe st:gnaf-ro-no1se :ratio must be 2: :,_ 

Sepcru:ation o f , "evio&efe: inject 16 standard soh1tion, stevioside and reb au dios · cie C 
peaks. moUJtd b e clea:rly separated_ The retenfciolll t:wre of each ste ·ioside v;,as recorded 
la.SJ ). 

A. 6.15-2 .mailysis. siequence 

After the ysteqi . uitabili:t:y ched~, 11ocordme to rue pµnc ip1e of low to him 
00_11cep.tration. WJec1 aill the :rernryrtt)rtDB; t.mdaro sobibo:ns m tum, folfoweo by sample 
ll!I.Jeottoo.· aiftet· Ul) to 12 ~ le m~~no and aifter 11he eud of ample analiys1s seq_l!J.elloe, 
in1 ~ t 2900 mg /L stevio:side and lIBB ai standard sollu1<iou respechveliy for backup 
c.ali.bmtlon. 

A. 6.15.3 :integral p arame,te:rs 

Use the softw;u;e_ tool of the li,quid! chromatography aulyze,r to complete the illrteg:r.itioll! .. 
A. 6.1.6 c.aknfatc101:1 

A. . 6 J .. '6.1 refative standard de\liaf on of pe.ak ;u;ea Felaf ·e sta11da:rd deviation of peak 
aJ",eai Rl ·· c-.al!cnfated aooordmg to fuonula (a.6): 

d =s.lhi:*100 o - - ----- - -- · -- - - -- · -- - -- · ( A.6) 

\Vb.ere: 

S 1 -- standa:rd deviatiolll vallue = a:; (x -x) 2) / (n-1 )) ] / 

X - - average value = (xl + x2 + X3 xn) / . ' · 

Xo -- peak area· 

- total mllllbe:r of sarnp1ei . 

A. 6.1.6_2 a. tailing fucto:r (I) 

The tailing factor tis cakulated accordlmg to fommfa (a. ): 

T =\\ 0 .. 05 · f . . . . . ... . ... . ····-· · . ··-· · A." ) 

\Vb.ef'e: 

W0.05 - pe-ak i.viclb at 5% height 

F - the distanoe from the maicimum peaik to the '\:ralne on the x-axis at fhe peak front, 
and 5° . abm.e fhe peak basewie· 

Lure measmement 

A. _ 6J .. 16.3 Standard Reco"'e.l.Y P is caikul!aited acco:rding to formula (A.8): 

p = c c2 xl00° __ . . __ . __ . __ . __ _ . __ . __ . _ ( A .8 ) 

\Vb.ef'e: C l - - concent:ratcion cailcuJ!ation value in the 01,:;rve· 

C2 - theoretica] 0011ceo.tration. 
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6.L6.4 rul!alysis and calculation 

The (ru-get amdyte was detenurined by nrntching t,he i-;eteo.t<i.oo time ofM6 sta.ndard . 
solut1ot1. Detemu.ne the peak response area oflhe target .maliy;te m. the stan.d!ard sohJtron 
and sample. 

Detennme the system. driflt of REB a sfandaro_ Dete1mw.e the response area ofREB a at 
2000 mg I L, an.ii caknfate the re1ati.ve standard de i ation, which is required to be :S 

.a%. 

Using REB a m · tevi()s · de conceutrnt<iou (in mg / L) as ordinate ao.d i.tcS corresp on.ding 
resporuie area as abs>c1ssa to draw fully 

The :fitted sl,andard cm:ve of I.in.ear re~ssioll. Al!'ternativeiy, dat.a acquisition software 
C--lill be l!ISed f,o p,fot calibration ou'IVes,. Frnm. ilie l!ine.ar re~·essiot1. eqt?atioll of the 
stoodard Clll:,te, cail.cul!ate the concentrntiou of the an.aiyte in the samp!.e (in mg I L) (REB 
a 

REB a cu:r\:re i.vas nsed and stei.:rioside CW"\:re i.vas nsed for alJ offlet" an.al,;,,ies. Or l!ISe the 
data acquisition so,fuvare t,o cakufate the an.aiyte c.onceat:ra. tiot1 (usiug ihe calib:ratiot1 
cnrve diai.¥n by the software). The conceutmboJJJ. y of anafyite 1s c-.akmated acoordwg to 
fommla (A.9'): 

Y = AX i B .. ........ ... ... ......... (A.9 ) 

\Vhei-;e: X -- peak respot1Se we.a: 

A -- ilQpe; 

B -- Y-axis inte.rcept. 

Conecit. t~ cone. entration... of ~ch anah"ii~ in the sample 3!? follows: ml!-l!t:ipl_v the 
0011cet1~ra~1on of each gl.x~-0s1~ ( tevmgicfe Duke g11yco.s:u:l:e a rebarnii.os1cfe C, 
re1xmdios1de f) by the cal.ib:ra.boll fact.or ofilie glycos1de 

Io, correct the molecular weight difference bem;ee,fl iJ and s,tevior,ide (see tabl.e A.1,). 
Table· A.2 Rl and R1 g:ronps, m.oleCl!J.]a:r fommla ao.d oone~pondio.g m.oleCl!J.]a:r i.ve1ght of 

. "de stev1os~ 
, am e Abbreviati o rn Rl R2 Mol w,eight Correcti o:n 

( g/moD facto:r 
ID-ulcosi cl e A. Dul A fl glc- a rha- 13 glc- 78&.88 0.98 

Rehaudfos ide RebA fl glc- j3, glc) 2- j3, glc- 967.03, -
A. 

Rebaudio,side Rebe j3, glc- ( fl glc,, Q 951 .. 02 1.18 
C rha ) - 13 gllc-

Re haud io•s ide Reb IF 13, glc- ( fl glc , 13 936.99 1.15 
IF xyl) - 13 glc-

Rubusosid!e Rub fl glc- 13 fl glc- 13 glc- 642 .. 73, 0.80 
glc-

Steviosidle Stev j3, glc- fl glc- 13 glc- 804 .. 88 -
lne i.,r~1gm p~enra:ge w or tu:.!l:S· ft ana o~ g11ycosuJe~ m. me sample is c-.a 'cu iateo 
aocoroirig ito fornnda (a. lO): 

i.,r =c3 / c4 x ]OO · -· · ·· ··-· · ··· ··· · · ···· ( A.10 ) 

Whei-;e: CJ -- analiy;te 0011cet1fcrntioo., mg / L;. 

C4 - sample oonceut,ration, mg / L 

The 1.\rei~t peroenta~e of Reba and a]l other gl.)i oosides can. be ooneoted by m.uUipl~mg 
the foi!owmg factor tf) by \V 

( ei,,.·duding m.oi..m1re) tohe correction factor F i s: cakl!lllated according to fomIUfa (a.11 ):. 

F = mo /(100 - 1) . .. ..... . .. ..... .. ..... . ( A.H 

\Vhei-;e: 
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-- · ample moisture;%. 

The i.veil',lht jl_ernentage of ste ·iosi.de (SG) in the sample WSG is catlcul!ated ac~ording to 
f.om.111.1!1.a 1a. fl): 

wSG = wiRub + i.vDu]A + w&ebC - wRebF + wSte'"l,T + wlR.ebA . . . . . . . . . . . . ( A .. ] 2 ) 

Wllei,e: i.vduJa - weight percemmge of Dnfa ill the sample, {° ) · 

Wreb C -- weight pcttcentage ofREB C io t,he sampfe {° } 

Wreb F - i.veigllt peroenlage ofREB fill the sample ( ,11); 

Wstev - ,veigllt peroent age ofStei;.r .in tb.e sample, (l¼); 

Wreb a - wei:gb.t perneJ1.tage ofREB a in the ample (%). 

A 6. l . acceptance cntecia 

A. 6. l . . ] standard curve acceptance sfc3!1il.dal:-d 

Standard cutve of R,eba - foi· different conoentrattio1:11 feri.rels. of Reba used in all 
c-.ahbration o~l.!Ves . the :r:ec-01.:rerv of' the standard must be ]00 _± 3° . and the acceptable 
standard ofthe conelatron coeffmeut offue sta.udaro cmve is. 2: 0.9900 .. 

Ste'"l,cioside standard cunre - for differeut tevios.ide con.oen1Tattio1:11. le ·,els l!ISed in an 
cajigration 011.1Ves tilt :standard re,cove1y must be v.rifhin 100 .. 0 ± rn o, exoept for.~ 
1lllllllllll1ll co.o.oemrntwu rev-el (2.5~ I L) whe!Ji ilie standard reooveiy :mnsfbe within 
rno.o ± 200(11. The acceptable st:audard of con-elation coefficient of rimdard CU'IVe is 2: 
0 .. 9900. 

A. 6: l. · .~ quemce standard (gfand.Jt"d ms-pediolll) - Jh~ 17~c,ove11 rate of ste ·i.osirle and 
REB a seqnemae standard (see a .. 6.1.6.3) :ml!ISt be i.v:1Jtbin 100.0 ~ 2% .. 

A. 6 .. l . ..3 samJQles the% RSD• of SG and reb-a test reS11.1lt.s ofparn]lel s~les sh:dil not 
,exaeed 2.0%. TI;e% I'elativ~· tamda:rd deviatio~ of other glycosides shall not ,exc,eed 50% 
v.h~ llie cont.eut is lower than 5~gj. !,.. (O.l %m llie s~.· Je) and _C}%_w),i.en thecontent 
.i:s high.el" tham 5mg / L. When llie¼RS]J, of the sample cfoes not fat] ,nthin tohe .above 
range, the ~ sample sh,3]l be p17epared again until the new ample pMSes 1ihe qualify 
conf0rol .wspectton. 

A. 6..2 detemiination. of ghic.ostei;.riosi.de by grndient HPLC 

A. 6..2.1 the mo bile phase (a-ac.etomtrile., B-\\ atel") fi.ttern and deg.asses aceto.o.itde and 
water. 

A. 6 .. 2.2 fiitel" 1000m] ofv;rater with dilluent (100% v.ratet") and 11Se it .immedi.ately. 

A. . 6,.2) J)reparatiqu qf sfapdard (¥6). w-e.i.eh each sram~d of m1busosi.d!e, doooside a, 
ste ·1os1de, rebaJ1.tdios1de C I'ehallidios1de F"'and reh1mdios1de a 

About 100mg I L of · ced · prepared into mixed standard! sohitiou with d!iliuemt. 

A. 6.~.4 sampte preparation prepare sample :oollution {abol!lt 5° ) according to the melihod 
descnbedm a.5 . .3. 

A. 6.2.5, see table A.3 for tihe · ,n.ice conditions. oftihe ill.c!st1l!lll:l.e!lJt. 
I bl A..3 . c1· . f . l a e service· con tf,1011,~ O• .IJ!lSlnillllent 
chromatograpruc 
collumn . Am irno oolum n. 2.50 x 4.6 mm. 5µm 

temperature 30° C 

urad1eut moooe 
phase A-a cefo rnit nile- , B-wate r 

Om irnA: B-80: 20 

0~ 2 minA: B-80: 20 

2~ 70m irnA: B-50: 50 
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urrent s:µeedl 1 .. 0 m l /min 

lngecti on vo I um e 10 µl 

Det ection UV210 nm ( 4 mm bw ) . refe.remce : 260 nm 100 mm bw ) 

\'.ravel ength 

Runmimg t ime 70min 

Autosampler 
tempern.n1re 

Rio om t emperature 

A 6.2.6 analysis steps: 

TSG ~ar.i.ti o_µ: ~ ect M6 oo]~tion, There should ~ clear separation beniveen stevioside 
Md reb,mdi.os1de C. The :i,efentl.on tlllle of each ste ilOStde was recorded (ai .. 8..2) .. 

A 6.2. anal~ the advanced · am.pie · ~Jes of the sequence, and then iaject file 
stmdard s~fos fur qwmt.i.rative detectiotii. afte,r the injection of up to J 2 samplei Md 
the ,end of the sample sequeuc.e test .. 

A 6.2.8_ the .integral parameters. · hall be completed witb the so&vru:e rooJ prov· ded by 
the liquid cw-omarogrn.phy ,anal~cize:r. · · 

A 6.2.9 c-a1Cl!datioll 

Each a. - g!l.noosylste,;;ioside is identilled by comparing rue e-Iut.i.oll profile with llhe 
example clu:omarogram.. 

All pe~ .,~e,re integ,ated except ![IW'eacted gl)coside .. The :i::a;i9 of a. - gliumsv!l. 
stev1oside ( in% area) i.vas. deteumned by us.mg llhe, data acqrns1b.on softwa:i,e of 
chromatograph. 

The mtio of each a. - g!ncosyl stevioside w recorded. 

A Resw!ts Report 

Ooncentrntions of l!llllespo1.W~v-e ste iiosi.de and TSG shol!IId be 
ruv 

reported as% by weight 
ofthe ba.ns ... The p:i::oport101li of a - g!l.uoostev1ostde was reported Oil the bas of 
a:i,eao/.DL The average vaihie offue 17epeated test resul/ · of two amp!l.es is u sed as the 
reported vailu:e-. · 

(3) Me.amwement of optical. rotation 

A Instnnn.ent u£.led: polarimeter i.vith accuracy ofat reast 0 .. 5 

B .. Meastwe:menrt method: 

A,ocnrately v.-reigln. ] g of the cb.i ed __ ss _am,amp l.e a_ccorging to the regl!lllat.i.OJ,IS, add v.~.er t.o 
dissol ·e, and fix the volwne to l OOmI. AdJl!ISt the sample ano polarizmg rube to 20 -C± 
] 'C, meamt~ .viJth polarimeter at the wave-length. o089.3run ± 0.3nm, and meaEl'JCe the 
deflectiou an~ degree at least three t.i.mes , anc! llhe difference betv.<ee:m ID.e furee 
measurements 1s nol more fihilll 0.08 ° 

And caku late as fo lil.mvs : 

Specific rotation. (a.) = a. 20d / C = WOA I LC 

Whe:i,e: (u) 20d ---- optic-aJ rntation of s ample solution at 20 'C 

a - · ·pecific rntat.ion of sample soturtio:a at 20 "C .. 

A ----- degree of deflectioll angle 

L ----- Length ofpo]ruizing l:l!Jbe- mmi. 

C ---- co:acentra~oµ of oerfirune 
?f" 

sc:dutiolli (g / m n . . . . . 
The allowable. deVta_ ,tioa the para]leJ eKl)enmeuf_ res_ :»Its. is O .2 c•. The specific rnta .o:n 
ofthe sample 1s: fohe rot.i.t1on oflG / lOOlril conceuh"afloll. 
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4) Detemlina:tio:11 of refat,i:ve de,ll!.Si.fy 

A. fu,st<l:l!lllle:llt all!atlytica] ba]ruroe, low temperamre constant tempera.me water bath, 
dellSilily bottle 

B .. Operation method!: 

Pface the densi.ty bottle processed acc.ording_ to the standard in fihe balance room. 'Whe:11 
the temp~ture reaches tke batan~. ,,;--ei.gfl liih~ m!W oft~e deµ:si,tvbottle inch1djng. the 
oo_rk to MO, accurate to 0.0002g. Fi~] the tlens1ty bottle 1,,v1th &std.led 1,,vater ~d llllllle:[Se 
it m the water bath. If 11-ecess~, ~dJust the wa:rer le,;el to, the , . ale _a~er 30mm. Close 
the oork and ~.·. '., liihe miter .wan ".''ltli a dnr doth. (!r f~r paper .. Put d Ill the bafance 
cllram.ber and v;'!heu the temperature reaclies equ11hbrilllllli, v;--eigl]. fue m3fls. n ofth.e 
de::IWtv bottle indJJJd.mg ~e cod::. Enipty _the density _botl:re, replace fue. ~titled ~vater 
with ~e s~e, rei!l='at the abov~ qperatron, ood weigh the mass m2 of the ~lm!ty b~ttte 

a 

wduding. the cork.The aUowable cf1.ffoFence ofni.m resl!lllfcs. of paratltel deteruuna:troa is 
0.0004. 

Standard: 0.2 - 0 .. 6 

5 ) Ph 

A. In.strnme:11t and ,eqnipm.ent: aci.di.ty meter of ana~ntical baiauce 

B.. Deteoti.on method 

Accnrntely wei.gh 5,g_ of.the test sm.nple d!issolv,e d w·th water without c:ubon dioxide 
fix fhe ,.-.olume to ]Otlm.l, and di.,;,;~i.de it into t.vo equal p , · fur standtri;r. Calibrate tb.e 
acid:imeter with p,hthala:te buffer sohJt "on and P.hospihiJte standru-d buffer solution, wash. 
the ,eledr~de with water, wash the ,~ledrnde .v·th_tes~ sample ln,tion, .wsert the 
,elect;ro~ mto the test s31l.lP.:]e solu1;1on fur detemwmhon, and recoi-4 fihe yaih}e rufie£ fihe 
reading 1.s stable for :more.Ihm ].mm. The allowable error ofwm dete.lllll1!Latmns. haU 11ot 
be greater tih;m ± 0.02. Take the a ·er.age vallue as the fin.i] resuiLt. 

Stand:n-d speci.fi.cation: pH: 4.5- .0 
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Shengxisangyuan Biotedmology Co .. ,Ltd 

ili * -~ff ~-1:'81:Mtt.ff r@* ~ 

.Address: INo,.5BJEast h.aiguan IRdl,qµfi.1\,- · g.shamfong pro ·ooe,c'liima 

Tul:00£-6--53"7-44llt7JW 'ili\u::.008&531-4401ll999 

Gertifi cate Of Analysij·s 

Msnufaehae Date:: 2020.1!15.(13 

Expire Date: 2:022.05.IIJQ 

Batch Quamtity.: 21i10�1lgs 

AppearaDCe 

Odor 

ITEM -PECliFllCAillON 

'Wlm!1 fine ii;>Ol\"CE£ 

Chara~ 

Paeb~ :2 5kg drum. m 1carfon (itwoi food _grade bags :inside) 

CoUDt~ o,f Original : China 

Nott·NON-Gl\10 NON-All.ER.GEN 

TEST RESULTS 

White fine J!)(fflfde£ 

Cbara.cleJ:nistic 

95J.S 

89.33 

5.85 

4.82 

(UO 
10:nfuan. 

3.12 

5.0 
0.040 

<1000 
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Shengxiangyu.an Biotechnology Co .. ,Ltd. 

ru *½wm~~~ttf-f . ~15'_ 

.Adi:t.ress: 1Nad!ii8,1Eas,t lil!aigua · R ,qµfuji 1 • g.sha do Ell pro ·ooe,clilina 

lie: .i00£6-5fl-41't81.369 .iF-<3.X:.008'6-537--MOill9!il9 

Certiillii·cate Of Analysis 

Pmd'JUcl Warne: Plros4E - {i5%. 

Ba;lr;h · o: 2mD�511) 

.~araooe 

Oh 

IJEI\Jf 

PH 

Cadmium. ( ppm) 

SPiECIF.[CAI'llO 

'Wide :fime powder 

Chara~ 

~ l 

Expi1re Date: :m:22.ffi .. lil@ 

IBatcn Qualilfily: 21i10�kgs. 

TEST RESULTS 

\iVb:ife fine: p,imrdet: 

Characlemfic 

95.]J 

16.49 

4.87 

3.M 

5.0 
O..MO 

0..030 

Paefb:gt :15kg dnJm. cm rearfon (two food _gri:ade ibags, inside) 

o:te:NON-GJ.MO NON-AI.LER.GEN 

Analyst, IN ie J 11.1Ir!lrn'i mg iarneckert Ou,o Charngrn'in Aud itor, Perng BaCJiuan 
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llrppear.aooe 

C:Mmr 

Shandong Shengxi0ngyuan Biot:ec:.ooology Co. ,Ltd. 

w*½:ff - ~f!J~ttff!Q~"jgi-
.Address: No,.58,IE.ast liltaig1.J1Bn IRcll,qufi..l, - ning~sha do .Q pro. ·lillCe;,c r · a 

lie. : om:~ :Sl1443736!;1 iFax ,0086-5 31-440 lll9 99 

Certiifii'cate Of Analysis 

Expirre Date: 2022.00.. 16 

Baidlil Q1Usnfity: 2{1�0k.gs 

SP!ECliFllCAl'llON TEST RESULTS 

~ fine po'Rm 

Chara~ 

~ 8.S 

Wbife fioe :p,1mm 
~ 

95.1'6 

8926 

5.90 

4.84! 

Bumedl reSiidue ' a, ~ l 0.10 

3.34). 

PH .SJ) 

O.MO 

C'.admium. ( ppm) 

0.030. 

~1000 

Cdihm(clhfg)r 

P. el: :gi:' :15kg drum OF' rcarlon (two food grade ha,gs mm.de) 

Cmmtr.,, of Original : China 

Notl:':·NON-Gl.\110 ·. ON-.UJLEB.GEN 

AJnlalyst, IN1ie Jl!ll111rn iJ11g Clhleckerrc Ouo Cllarngrn in A'lllld ilor, Perng Ba:CJiua111 
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idlil . DC 2ID�� !S-22 

.Appearaooe 

Odm 

Sha:,udoog Shengxiangyuan Biotechnology Co.~Ltd 

ru *½W ~- ~'8flttff ~ 0iil 
A dd'less.: [N(ll_§8,!East likaigU\Bn IRd ,q,ufu - liing.shandon EII pro ·ooe,cliina 

Tu:l:0086-S1"1-4G1J@ !Rax:OOll:6-5 37'-44009!ll9 

Certificatre Of Analysijs 

Expire Date: :m:22.m .2 1 

Batctilr Quantify: 2m �lqJs 

SPECJFICA"IlION TEST RESULTS 
.Wide! me powtl:ec \Vbife fine ]MJWds:-

Chu:a~ CbaracleJrisfic 

~ !35 95.10 

~5 4.90 

Bumed ;rem.ue ' a, ~ l rO. rn 

5.0 

O.MO 

0.030 

Pae~g,e :15kg drum O.F re.anon (two food grade hags mside) 

Country o,f Origin. ~ : China 

Nott>:· .· ON-GlllO . OlN-AI.l.ER.GEN 
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Shengxiangyu.an Biot.ecooology o. ,Ltd 

ru *½tti ~- ~ ~ 1tltt.1f ~ ~ iiJ 
Adc:beS!s: INa,.§8,East li\aigl.l\Bn Rdl,q,ufu\ - , · g~sha do QI pm ·ooe"c: , · a 

Thl,00&6-5.TI--4481369 :!F-'ll:0086-531-4itCHll999' 

Certificate Of AnalyS1is 

Expiire 11late: 2022Jl> .. 2.7 

Batch Quari!Ry.: 2� �11:gs. 

Batch . � : 2,0200528, 

A;wearallllle 

Odmr 

IIEI\JI 

Bumedremue a, 

SO:lubiliy 

Cdibm(cfu{gi 

SPl:CliF.!ICATlIO · 
'Wide fine pol\"IB 

Cbai:adensfie 

~ l 

PMb gf' :15kg dmm m- ,c.arton (mro food grade iba~ inside) 

Notrf':NON-GMO ON-ALLER.GEN 

TEST RESULTS 

~ :fine p1m,rdec 

Chu:aderistic 

95.1:5 

89.21 

S.93 

4.8.S 

O.Hil 
1G:mcfuan 

3.41 
5.0r 

O.MO 

uno 

<1000 

Aina~yst, INiie Jum1milli'lg Clhecker, Ouo Charngm in A'l!.lcHtori Perng Ba~ua11 
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h 

J! 5 -.. 

Sys ten A1Jn In t s Lt;;i ~or 

.:frt:i loJOnQj 
I 
3 
0530-3. I ~J 
f11FliHQi~!ll'1 tr. lcn 
I. lcb 
xt<FUi. lsr 
2020/l;/3-() ~f); 33; 11 

is .,, 
Ji ~ 

"' ~ 

r,;" ~ 

,/ ~i ll ~!1 
:!! 

,ii ;::i ~ 
~ ::fuL:- f!3 

0 

0 is 

<~~> 
+UH~ 2in11 
~-If f.t! IM!iil i.liiJ}l A.fl 

l 2. 4-i-l! 227470 3i',.(9b 
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Appendix 4  Representative Chromatograms for Multiple Batches of  
Prostevia  

Appendix 4.1 Representative Chromatogram for Prostevia Batch 20200503 
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Appendix 4.2 Representative Chromatogram for Prostevia Batch 20200510 
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Appendix 4.3 Representative Chromatogram for Prostevia Batch 20200517 
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Appendix 4.4 Representative Chromatogram for Prostevia Batch 20200522 
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Appendix 4.5 Representative Chromatogram for Prostevia Batch 20200528 
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ndong Shengxiangyuan Biotechnology o.,Ltd 

Adress'.Eimt ,of chuangye road,oouth ,of north imgzhi road,qufu,Ch"na, 

Tel:00&6--537-4482369 FaxJJ086-537-4400999 

Sweetness eqnivalency o.f Glucosylated steviol gJyco,si.des 

INTRODCUTION: 

Sucrose, more common ly known as table sugar, is the standard by which sugar sub-stitut.es are 
compared to in terms of taste,t.exture,and ca loric values, Glucosylated steviol glycosides is 
made from stevia and detrin ,in order to create a non-caloric sweetener than can be used in 
similar applications to sucrose . 

PURPOSE: 

To detennine the sweetness equ ivalence of glucosylated steviol glycosides in comparison to 
sucrose .. 

TEST SAMPLES: 

Sample of pu rifled steviol glycoside and sucrose were prepared in water at room temperature 
respectively for comparison. 

EQU]PMENT ANID MATRIAILS: 

glucosylated steviol glycosides Sucrose 

Purified water 

Analytical scales 

100ml beakers 

Glass stirrers 

Plastic cups 

PROCEDURE 

1 .40 participants were pre-screened for taste acuiy prior to completing the ta-ste panel 

2.Serial dil utions of Glucosylated steviol glycosides in water were prepared by mixing increasing 
amounts of Glucosylated steviol glyc0-sides in equal amounts of water. 

3.Serial dilutions of sucrose in water were prepared by mixing inareasing amounts sucrose in 
water,making sure that all sugar granu les were completely dissolved. 

4 .Pa,t icipants were given samples ,starting with plain water,followed by the se1ies of serial 
dilutions from lowest to highest concentration .The sample in wh ich they f irst noticed a -change 
was selected by each participants for both sets of solutions. 
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:The concentration at whic:h at least 50% of the partidpanl:s first noted detection of a c ange• in 
the samp es was used to determ ine the threshold value fo r each sweetener. 

RESUlTS 

The threshold values found were 0.0017 so ution f:or glucosytated steviol glycosides and O.5i% 
solution for sucrose,The sweetness equivalenoe of glucosylated stev-ol ,glycosides solution 
,compared ro the suarose· solution was determined to be 200 times sweeter than suarose. 

The fo llowing obsevations were made on the taste portion of the test: 

Taste:High sweetness with llittle after taste 

Sweetness onset: A.qu-ck offset of sweetness was noted 

Sweetness level:Sweetness was comparatively high against sucrose solution 

Sweet IJngw: long linger 

NAME OF SUPPLIER: Shain.dong 

April 30, 2020 

GRAS Notice – Prostevia High Purity Glucosylated Steviol Glycosides 9/14/20 
Shandong Shengxiangyuan Biotechnology Co., Ltd. 

GRAS ASSOCIATES, LLC Page 80 of 117 



     
     

 

      

      

           
        

         
     

      
 

    

        
          

   

       
       

   
       

         
         

            
         

       
       

       
               

        

   

           
      

        
         
          

 

GRAS Notice – Prostevia High Purity Glucosylated Steviol Glycosides 9/14/20 
Shandong Shengxiangyuan Biotechnology Co., Ltd. 

Appendix 7  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 Notice. 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. 

1. 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 consumption 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. 

2. 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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3.   FSANZ  

•  FSANZ  (2008)  estimated  the  steviol  glycoside dietary  intake for  adult  consumers  in New  
Zealand,  assuming a full s ugar  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 app lied 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 i ntake while remaining well bel ow t he 
generally accepted ADI.   

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

4.   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 eq uivalent  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.  

5.   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 app lication to increase the allowed maximum  
permitted level  (MPL)  of  steviol gl ycosides  (expressed as  steviol e quivalents)  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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6.   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 p er  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.”  

7.   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 r esult  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 gl ycosides,  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 8  Studies on Steviol Glycosides Preparations   

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

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

1. In vivo and In vitro Studies 

• 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). 

• 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 Hamsters - Hutapea et al. (1999); 
o Pigs - Geuns et al. (2003a); and 
o Chickens - Geuns et al. (2003b). 

• In vitro metabolism studies show that steviol 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). 

• 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. 

• Koyama et al. (2003b) showed steviol can be converted to various glucuronides. 
• 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. 
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o 
indicate that  rebaudioside  A  and stevioside are handled in an almost  identical  
manner  in the rat  after  oral dos ing.  

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

o  Following administration of  rebaudioside  A  or  stevioside,  steviol g lucuronide  
appeared in the plasma of  all s ubjects,  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 gl ucuronide excreted 
primarily  in the urine and steviol i n the  feces.   

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

•  Excretion of  metabolites  of  stevioside after  oral dos es  has  been shown in urine and feces  in 
rats  (Sung,  2002)  and hamsters  (Hutapea et  al.,  1999).  

•  Oral dos es  in pigs  led to the detection of  metabolites  in feces  but  not  in urine  (Geuns  et  al.,  
2003a).    

•  Since the individual  steviol  glycosides show  similar pharmacokinetics in the rat  and humans,  
the results  of  toxicology  studies  on individual s teviol gl ycosides  are applicable to the safety  
of  steviol gl ycosides  in general.  

2.   Human Studies  

•  Geuns  et  al.  (2006)  measured blood,  urine,  and fecal m etabolites  in 10 healthy  subjects  
who received 3 doses  of  250 mg of  purified stevioside (>97%)  three times  per  day  for  3 
days:  

o  Free steviol w as  detected in feces  but  not  in blood or  urine.  Steviol gl ucuronide was  
detected in blood,  urine,  and feces.  Approximately  76% of  the total s teviol  
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.  

•  Renwick  and Tarka (2008)  reviewed studies  on microbial hy drolysis of  steviol  glycosides 
and concluded that  stevioside and rebaudioside A  are not  absorbed directly  but  are  
converted to steviol by   gut  microbiota in rats  and in humans.  This  hydrolysis occurs more  
slowly  for  rebaudioside A  than for  stevioside.   

The authors concluded that the overall data on toxicokinetics and metabolism 
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B. Acute Toxicity Studies

A summary of the studies that investigated the acute toxicity of stevioside (96% pure) is presented 
in Table 8.1. 

Table 8.1. Acute Toxicity of Stevioside (Purity 96%) Given Orally to Rodents 

 SPECIES 

 Mouse 
 Mouse 

 Rat 
 Hamster 

 SEX       LD50 (G/KG BW)   REFERENCE 

 Male and Female >15 Toskulkac et al  . (1997) 
 Male  > 2  Medon et  al.   (1982) 

 Male and Female >15 Toskulkac et al  . (1997) 
 Male and Female >15 Toskulkac et al  . (1997) 

bw – body weight; g – gram; kg – kilogram 

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

C. Subchronic Toxicity Studies

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

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

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

• The Awney et al. (2011) study revealed toxicity in rats dosed at 15 and 1,500 mg per kg
stevioside, 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; and
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. 

D. Chronic Toxicity Studies 

• 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 A) 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. 

• 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%). 

• 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 gain decreases in both 
sexes. Kidney weights were significantly lower in 5% stevioside males; ovary, kidney and 
brain weights were significantly increased in 5% stevioside females; and there were 
decreased survival rates in males receiving 5% stevioside. However, stevioside was not 
carcinogenic at any level. The apparent NOAEL was the dietary level of 2.5%. 

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

E. Reproductive & Developmental Toxicity Studies 

• 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 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 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. 

• 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). 

GRAS ASSOCIATES, LLC Page 87 of 117 



     
     

 
F.   Genotoxicity  Studies  

The following key  genotoxicity  studies  have been conducted on stevia extracts  and stevioside and 
showed negative  responses:  

•  Bacterial m utagenicity  studies  negative for  mutagenic  response:  
o  Medon et  al.  (1982).  
o  Pezzuto et  al.  (1985);  
o  Suttajit  et  al.  (1993);  
o  Matsui et   al.  (1996);  and  
o  Klongpanichpak  et  al.  (1997);  

•  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);  and  
o  Sasaki et   al.  (2002)  

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

•  In two separate reviews  by  Carakostas  et  al.  (2008)  and Brusick (2008),  research on 
rebaudioside  A  was  summarized and combined with the body  of  knowledge on stevioside.  
These authors  noted the following:  

o  Steviol gl ycosides,  rebaudioside  A,  and stevioside are not  genotoxic  in vitro.  
o  Steviol gl ycosides,  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 g lycosides  concluding 

that  the current  database of  in  vitro  and  in  vivo  studies for steviol  glycosides  is  robust  and 
does  not  indicate that  either  stevioside  or  rebaudioside  A is  genotoxic.    

G.   Cytotoxicity  

Abolhasani et   al.  (2020)  evaluated the  in  vitro  cytotoxicity  of  stevioside on cancerous liver 
(HepG2),  colon (HT29),  and breast  (MCF7)  cells,  as  well as   normal k idney  cells  (Hek293),  
compared to cisplatin.  Stevioside was  reported to display  higher  cell gr owth inhibition on the 
HepG2  cell l ine and was  not  observed  to have high toxicity  on the Hek293 normal c ell l ine.  The 
authors  concluded that  stevioside “showed less  cytotoxic  effects  compared to cisplatin.”  
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H. Clinical Studies & Other Reports in Humans 

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 on 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 8.2. 

Table 8.2: 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 

l  eaves 

 5 g at 6 h intervals  
  for 3 days = 20 

 g/day 

16 healthy pati  ents –  
extract/ 6 healthy  

pati    ents – arabinose 

3-day glucose 
tolerance in healthy  

 adults 

 The extract of Stevi  a rebaudiana 
increased glucose tolerance. The 

extract decreased plasma 
glucose levels during the test and 

after overnight fasting in al  l 
 volunteers. 

 No adverse effects were reported. 

 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 
 years)  + 46 patients  

 were given placebo. 

Multi  center 
randomized, double-

blind, placebo-
controlled for 12 

 months 

3 months: mean systolic and 
 diastolic BP decreased and 

conti  nued through the 12 months. 
Minor side effects occurred with 2 
test group and 1 placebo group 

patient withdrawi  ng. 
Other side effects were minor and 

 resolved. 

Hsi  eh et al. 
 (2003) 

Stevioside (purity  
 not  stated) 

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

85 hypertensive 
Chinese men and 

 woman (aged 20-75 
 years)  + 89 patients  

 were given placebo. 

Multi  center 
randomized, double-

blind, placebo-
controlled for 24 

 months 

Mean systolic and diastoli  c blood 
pressures were decreased 

commencing from about 1 week  
after the start of treatment. At 2 

years test group pati   ents had a ↓ 
in incidence of left ventri  cular 

hypertrophy. 3 patients wi  thdrew. 
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) 

Randomi  zed, 
 double-blind, 

placebo-controlled 
 for 3 months 

Analyses of serum concentrati  ons 
of triglycerides, liver-derived  

enzymes, and glucose indicated 
no adverse effects. 3 pati  ents 

withdrew. No adverse si  de effects 
 were reported. 

Anonymous  
 (2004b) 

Stevi  ol extract: 
 (~73% steviosi  de 
 ~24% Reb A)  

 3.25, 7.5, or 5 
 mg/kg bw/day 

12 pati  ents per test 
 group 

Randomi  zed, 
 double-blind, 

placebo-controlled 
 for 30 days 

No adverse responses in blood 
and urine biochemi  cal 

 parameters. 



     
     

 

      

AUTHOR/  SUBSTANCE   TOTAL DAILY  POPULATION  STUDY DESIGN AND   NOTED EFFECTS 
 YEAR  TESTED  DOSE  CHARACTERISTICS  DURATION  SAFETY PARAMETER RESULTS 

 Gregersen et 
 al.  (2004) 

Steviosi  de -
 91%  +  9% other  

stevia glycosi  des 

1 g stevioside or 1 
 g starch 

12 patients with type 
 2 diabetes total 

Acute paired cross-
over study, single 

 dose study 

 18%  ↓  in glucose concentrati  ons:  
Systolic and diastolic blood 

pressure were unchanged. No 
 adverse effects 

Temme et al.  
 (2004) Steviosi  de 97% 

750 mg/kg bw/day  
(288 mg/kg bw  

 steviol) 

  4 male and 5 female 
healthy pati  ents 

  Short term study – 3 
 days 

Blood chemistry, blood pressure 
and urinalyses were 

 unremarkable. 

Barri  ocanal 
 et  al.  (2006) 

Steviosi   de – 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-bli  nd, 
placebo-controlled 

trial study for 3 
 months 

Blood chemi   stry, glycated 
  hemoglobin (HbA1c), blood 

pressure and urinalyses were 
 unremarkable. No adverse effects 

Barri  ocanal 
  et al. (2008) Steviosi   de - >92%  250 mg/kg bw/day 

  Type 1 and Type 2 
diabetics, placebo 

 controls 

Randomi  zed, 
 double-blind, 

placebo-controlled 
 for 3 months 

No changes in systoli  c BP, 
diastolic BP, glucose, or glycated 

hemoglobin from baseline. No 
 adverse effects 

 3.75,  (7 weeks), 7.5 

Ferri   et al. 
 (2006) 

Stevioside (purity  
 not  stated) 

 (11 weeks), 15 (6 
weeks) + placebo 

 (24 weeks) mg/kg 

Patients with mild  
hypertensi  on 

Randomi  zed 24 
 week study 

No changes in systoli  c BP, 
diastoli  c BP. No adverse effects. 

 bw/day 
49 Mild 

 Silva et al.  
 (2006) Steviosi  de:  70% 

Equivalent to 1.04 
mg steviol/kg 

 bw/day + placebo 

hyperlipidemic  
patients: Stevioside 

 group (n=24) 
placebo controls  

 (n=25) 

Placebo-controlled 
 double-blind trial for 

 90 days 

No effects of treatment on ALT, 
 AST, or GGT were found. No 

relevant adverse effects were 
 noted. 

  Age: 20-70 years 

 Jeppesen et 
 al.  (2006) 

Stevioside (purity  
 not  stated) 

1,500 mg/kg 
 bw/day or maize 

 starch placebo 

55 patients with 
 Type 2 diabetes:  

Randomized, double 
blinded, placebo-
controll  ed study 

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

 blood pressure 
                

         

   

         
     

   
       

      
  

        
         

GRAS Notice – Prostevia High Purity Glucosylated Steviol Glycosides 9/14/20 
Shandong Shengxiangyuan Biotechnology Co., Ltd. 

ALT – alanine aminotransferase; AST – aspartate aminotransferase; BP – blood pressure; bw – body weight; g – gram; GGT – 
gamma-glutamyltransferase; h – hour; HbA1c – glycated hemoglobin; kg – kilogram; mg – milligram 

I. Other Studies 

• 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. 

o There were no changes in CYP messenger ribonucleic acid (mRNA) expression 
following treatment of IPEC-J2 cells with rebaudioside A, stevioside, and steviol 
compared with control. 

o Treatment of primary hepatocytes resulted in increases in CYP329 mRNA at low 
concentrations of rebaudioside A and steviol, and at all concentrations of stevioside. 
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o  Treatment  with the steviol gl ycosides  tested over  24 hours  resulted in minor  
increases  in CYP3A29 mRNA  expression (<  2.0-fold),  while “no direct  effect  on CYP  
activity”  was  observed.   

o  The authors  concluded that  rebaudioside A,  stevioside,  and steviol ar e unlikely  to 
cause a food-drug interaction but  noted that  the study  could not  predict  long term  
effects  and effects  in  vivo.  

•  Zhao et  al.  (2020)  studied the effect  and mechanism  of  stevioside on preventive and 
therapeutic  cardiac  fibrosis  caused by  hyperglycemia in male C57BL/6 mice.  

o  Stevioside supplementation reduced the ex pression of  the cardiac  fibrosis  producing 
lysyl  oxidase family  (LOX)  and weakened the collagen cross-linking lysyl ox idase-like 
2 (LOXL2)  caused by  hyperglycemia.   

o  Stevioside supplementation promoted the elimination of  existing fibrosis  via the 
regulation of  matrix  metalloproteinase (MMP  2/9)  and tissue inhibitors  of  
metalloproteinase (TIMP2/4).   

o  No adverse effects  were reported.  

Part  2.   Preparations That  Are Primarily Rebaudioside A  

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

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

•  Sloter  (2008a)  examined the potential of   rebaudioside  A toxicity in  rats at  up to 2,000 mg  
per  kg bw  per  day.  

o  Low l evels  of  rebaudioside  A  were detected in the peripheral bl ood of  rats  post- 
administration of  2,000 mg  per  kg bw  per  day.  

o  Estimates  of  absorbed dose for  rebaudioside A  of  0.6 µg  per  mL in plasma  
(corresponding to 0.02%)  were based on amounts  measured in urine collected over  
24 hours  in comparison to the daily  administered dietary  dose.  

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

•  Zhou et  al.  (2019)  investigated the interaction of  organic  anion transporter  3  (OAT3)-
mediated update of  the rebaudioside  A  metabolite,  steviol ac yl g lucuronide,  with selected 
prescription drugs.   

o  The inhibitory  potency  of  therapeutic  drugs  (those frequently  prescribed for  treating 
hyperglycemia,  hyperlipidemia,  and hyperuricemia,  including probenecid and  
glimepiride)  was  examined against  human renal ex creter  - organic  anion transporter  
3 (hOAT3)  and rat  organic  anion transporter  3 (rOAT3)  for  uptake of  steviol  acyl  
glucuronide.  
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o  OAT3-mediated update of  steviol ac yl gl ucuronide was  examined in vitro  using 
hOAT3 and rOAT3 transfected human  embryonic  kidney  293 (HEK203)  cells.  Both 
probenecid and glimepiride were potent  inhibitors  of  hOAT3 and rOAT3,  with no 
apparent  species  differences  observed.  

o  Pharmacokinetic  studies  in male Sprague-Dawley  rats  revealed both probenecid and 
glimepiride significantly  elevated plasma steviol ac yl g lucuronide concentrations,  
particularly  between 6 and 8 hours  after  oral adm inistration of  rebaudioside  A.  

o  The inhibition of  OAT3 is  a potential m echanism  for  the interaction between steviol  
acyl gl ucuronide and probenecid or  glimepiride,  which can alter  pharmacokinetic  and 
safety  profiles  of  steviol ac yl gl ucuronide and steviol g lycosides—specifically  
rebaudioside  A.  

o  The authors  conclude that  this  interaction might  be clinically  relevant,  and that  care 
should be given to populations  with concomitant  use of  stevia leaf  extracts  and 
probenecid or  glimepiride.  

B.   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 for  males  and 11,728 mg  per  kg for  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 a dministration 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).  

C.   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).  
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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); and 
o Rumelhard et al. (2016). 

• Mouse lymphoma (L5178Y/TK+/) studies negative for mutagenic response: 
o Clarke (2006); and 
o Williams and Burdock (2009). 

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

o Chinese hamster lung fibroblasts – Nakajima (2000a); and 
o Human lymphocytes – Williams and Burdock (2009). 

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

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

D. Reproductive & Developmental Studies on Rebaudioside A 

• Curry et al. (2008) conducted a two-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). 
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• 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.

• Cho et al. (2018) investigated the impact of stevia and obesity on fertility and reproductive
outcomes in Sprague-Dawley rats. Rats were administered 2-3 mg per kg bw per day
rebaudioside A in drinking water starting two weeks prior to mating and throughout lactation.
The authors reported that obese rats supplemented with rebaudioside A displayed a lower
fertility index than untreated obese rats (53.3% vs. 85.7%, respectively); however, the rate
of successful pregnancies was higher in obese rats supplemented with rebaudioside A than
untreated obese rats (100% vs. 60.7%). No adverse effects or animal deaths were reported.

• Nettleton et al. (2020) investigated the impact of maternal low-dose rebaudioside A
consumption on adiposity, glucose tolerance, gut microbiota, and the mesolimbic pathway in
obese dams and their offspring. Pregnant obese rats and their offspring were fed high
fat/sucrose diet plus 3 mg per kg bw per day rebaudioside A (Sigma-Aldrich) through 18
weeks postpartum. The authors noted that rebaudioside A consumption reduced the fertility
of dams. The study supports findings that low-calorie sweeteners may not be metabolically
inert.

E. Clinical Studies on Rebaudioside A

A summary of the clinical studies conducted on rebaudioside A is presented in Table 8.3. 

Table 8.3. Human Studies with Rebaudioside A Preparations 

 AUTHOR/  SUBSTANCE  TOTAL DAILY POPULATION  STUDY DESIGN AND   NOTED EFFECTS 
YEAR   TESTED  DOSE  CHARACTERISTICS DURATI  ON   SAFETY PARAMETER RESULTS 

Maki   et al. 
 (2008a) 

Rebaudiosi  de 
 A (97%)  

 Reb A: 
 1,000 mg 

Pl  acebo: 0 
 (n=100) 

Age: 18-73 
 years 

 Primarily female patients  
with normal and low-
normal systolic blood 
pressure (SBP)  and 

diastolic blood pressure 
(DBP)  

Randomi  zed, 
 double-blind, 

placebo-controlled 
tri  al for 4 weeks 

 The extract of Stevi  a rebaudiana 
increased glucose tolerance. The 
extract decreased plasma glucose 

levels duri  ng the test and after overnight 
fasting in all   volunteers. 

Reb A: 1,000 No treatment related changes in blood 
 mg (n=60) Randomi  zed, pressure, body weight, and fasting lipids  

Maki   et al. Rebaudiosi  de Placebo: 0 Men and women with  double-blind, were noted. Rebaudioside A was well-
 (2008b)  A (97%)   (n=62)  Type 2 diabetes placebo-controlled tolerated, and records of hypoglycemic 

 Age: 33-75 tri  al for 16 weeks episodes showed no excess versus  
 years  placebo. 

DBP – diastolic blood pressure; mg – milligram; SBP – systolic blood pressure 
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F. Safety of Rebaudioside A 

There have been a number of studies regarding the safety and toxicity of rebaudioside A: 
• GRAS Notices 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 safety 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 naturally occurring steviol glycosides are safe as long as there is 
a combined purity of not less than 95% and determined the ADI of the steviol glycosides 
applied to rebaudioside A because the pharmacokinetics are virtually the same (FAO, 
2017). 

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

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

have not been found to be genotoxic. 
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 minimal 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 in 
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 lower 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 
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the corresponding food uses  meeting the specifications  within the limits  determined by  this  
esteemed international bo dy  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 a berration test  using Chinese hamster  V79 cells;  
o  non-mutagenic  in a mouse lymphoma assay  using L5178Y+/- cells;  
o  non-mutagenic  a bone marrow m icronucleus  test  in mice at  doses  up 750 mg  per  kg 

bw;  and  
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 ev idence that  rebaudioside  A 

is  not  genotoxic  at  the doses  tested and further  support  the GRAS determination of  
rebaudioside  A.  

Part  3.  Studies  on  Other  Steviol  Glycosides  Preparations  

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

•  Koyama et  al.  (2003b)  published an in  vitro  study  where α-glucosylated steviol gl ycosides  
were degraded by  fecal m icroflora to steviol gl ycosides.  These glycosides  are subsequently  
hydrolyzed to the aglycone,  steviol,  demonstrating that  the metabolic  fate of  α-glucosylated 
steviol gl ycosides  follows  that  of  non-modified steviol gl ycosides.  Due to the  similarities  in 
metabolic  fate,  the  safety  of  α-glucosylated steviol gl ycosides  can be established based on 
studies  conducted with non-modified steviol gl ycosides.   

•  Purkayastha et  al.  (2014)  compared  the anaerobic  in  vitro  metabolism  of  rebaudiosides  A,  
B,  D,  and M  with human fecal hom ogenates.   

o  The rebaudiosides  were hydrolyzed to  steviol w ithin 24 hours,  with the majority  of  
metabolism  occurring within the first  8 hours.   

o  Metabolism  of  rebaudiosides  took  longer  at  higher  concentrations  (2.0 mg per  mL vs.  
0.2 mg per  mL).   

o  There were no marked differences  in rate or  extent  of  hydrolysis  observed between 
male and female fecal hom ogenates  or  individual  rebaudiosides.  

•  Purkayastha et  al.  (2016)  investigated  the metabolic  fate of  steviolbioside,  dulcoside A,  and 
rebaudiosides  A,  B,  C,  D,  E,  F,  and M  in an in  vitro  study  using pooled human fecal  
homogenates  over  the course of  24 to  48 hours.   

o  The glycosidic  side chains  ---containing glucose,  rhamnose,  xylose,  fructose,  and 
those with deoxy-glucose including combinations  of  α(1-2),  β-1,  β(1-2),  β(1-3),  and 
β(1-6)  linkages  ---were mostly  degraded to steviol w ithin 24 hours.   

o  The rate of  metabolism  was  slower  at  higher  concentrations  (2.0 mg per  mL vs.  0.2 
mg per  mL).   
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o  No appreciable differences  in metabolism  were observed between fecal  
homogenates  obtained from  males  and females  or  those obtained from  different  
ethnicities.  

  Purkayastha and Kwok  (2020)  investigated the in vitro metabolic  fate of  steviol gl ycosides  in 
fecal hom ogenates  collected from  adults  and children.   

o  Steviol gl ycosides  obtained from  stevia leaf  extract  (composed of  more than  20 
steviol gl ycosides,  with Reb D and  Reb M  as  the principal c omponents),  
bioconversion reaction product  (composed of  Reb D and  Reb M),  minor  steviol  
glycosides  extracted from  a stevia leaf  extract  (composed of  Reb AM,  Reb W2,  Reb 
U2,  Reb V,  Reb N,  and Reb O),  enzyme modified steviol gl ycosides,  and 
rebaudioside A  standard were used as  test  samples.   

o  All s teviol g lycosides  preparations  tested “shared qualitatively  similar  in  vitro  
metabolic  fates.”   

o  The authors  concluded that  “safety  data for  individual s teviol g lycosides  can be used 
to support  safety  of  all s teviol gl ycosides  produced by  extraction and enzymatic  
conversion of  stevia leaf  extract.”  

oxicity  Studies  

  One study  showed a toxic  response  and was  conducted by  Nunes  et  al.  (2007a).  In the 
Nunes  study,  rats were dosed with  4 mg  per  mL steviol  glycosides  in drinking water  
(estimated 80 to 500 mg  per  kg bw  per  day)  for  45 days.  Positive  findings  were reported in 
the liver,  brain,  and spleen,  but  most  notably  the liver.  This  study  is  considered to be an 
outlier  in  critical reviews  conducted  by  Geuns  (2007),  Williams  (2007),  and Brusick (2008).  
The authors  responded to these critiques  (Nunes  et  al.,  2007b;  Nunes  et  al.,  2007c)  and the 
consensus  appears  to be  that  Nunes  et  al.  (2007a)  used flawed methodology  and 
improperly  interpreted  data  as  a positive response.  

  Silva et  al.  (2018)  addressed the genotoxic  activity  of  stevia  (Svetia,  purity  not  reported11).  
o  Human lymphocytes  were treated with  5% and 0.5% Svetia  for  2 hours.   
o  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.   

o  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.   

o  The authors  conclude that  these results  demonstrate the absence of  genotoxicity  at  
concentrations  of  up to 5% Svetia  (Silva et  al.,  2018).  It  should be noted that  these 

•

B. T

•

•

11 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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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.  

 
C.  Other  Studies  
 

•  Sánchez-Delgado et  al.  (2019)  studied the effects  of  steviol gl ycosides  in a seven-week  
study  on healthy  young adults  aged 18-30 years  old.  Thirty-eight  patients  were assigned  to 
one of  three study  groups  and “washed out”  for  one week  prior  to study  initiation.  

o   For  six  weeks,  study  participants  were administered one of  the following dosage 
regimes:  
 Sucrose  (8  X  5 g packets  per  day)  
 Sucralose (8 X  5 g packets  per  day)  
 Steviol gl ycosides  (4 X  1 g packets  per  day)  

o  Results  were as  follows:  
 Subjects  in the sucrose treatment  group showed increased triglycerides  and  

cholesterol.  
 Subjects  in the sucralose treatment  group showed increased body  weight.  
 Subjects  in the steviol g lycosides  treatment  group show d ecreased fat  mass,  

decreased triglycerides,  and decreased tumor  necrosis  factor-α.  
o  The authors  concluded that  steviol gl ycosides  may  have positive effects  on metabolic  

parameters.  
•  Halasa et  al.  (2020)  published a case study  vignette on the investigation of  the presence of  

steviol gl ycosides  metabolites  in plasma,  cerebrospinal f luid,  amniotic  fluid,  and cord blood 
samples  from  as  early  as  2004.  The end date was  not  provided.  

o  Steviol gl ucuronide was  detected primarily  in the plasma.  
o  Seven of  the 38 adults  (18%)  had detectable steviol g lucuronide concentrations,  

while two of  13 (15%)  amniotic  fluid samples  and one of  15 (7%)  cord blood samples  
were observed to contain steviol g lucuronide.  

Part  4.  Studies on  Crude Stevia Extracts  

In several s tudies,  pharmacological a nd biochemical ef fects  of  crude extracts  of  stevia leaves  and 
purified steviol gl ycosides  have been investigated.  

•  In experimental s tudies  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 r ats  and remained reduced 
during the  50- to 60-day  recovery  period.  The study  report  did not  discuss  histological 
examinations,  weights  of  organs,  blood analysis,  urine chemistry,  and necropsy.  
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• 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). 

• 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 
seminal vesicle weight, which fell to 60% compared with control. No treatment-related 
adverse effects were noted. 

• Wang and Wu (2019) studied the angiotensin-converting enzyme (ACE) inhibiting activity of 
an ethanolic extract of stevia leaves and purified steviol glycosides from the ethanol extract. 

o Steviol glycosides were reported to have double the ACE inhibitory activity of the 
ethanolic extract from stevia leaves. 

o Sensory tests in decaffeinated coffee, decaffeinated tea, and peanut protein 
beverages prepared with steviol glycosides demonstrated the preparations were well-
accepted. 

o Steviol glycosides had a significant antihypertensive effect in spontaneously 
hypertensive rats. The authors suggest that the effect was dosage-dependent. 

o No adverse effects were reported. 
• Assi et al. (2020) studied the efficacy of stevia extract alone and in combination with the 

commonly used sulfonylurea, glimepiride, in a trial to introduce a new effective therapeutic 
regimen for type 2 diabetes mellitus. 

o Rats with type 2 diabetes were treated orally with 300 mg per kg per day stevia 
extract for 21 days. 

o Results indicated that treatment with stevia extract showed good control of blood 
glucose levels and that a significant elevation in insulin release to glimepiride was 
observed. 

o The authors reported that stevia extract reduced blood glucose, triglycerides, 
cholesterol, ALT, AST, urea, creatinine, tumor necrosis factor, and malondialdehyde 
levels, while improving insulin and adiponectin levels. 

o No adverse effects were reported. 
• Ray et al. (2020) studied the effects of Stevia rebaudiana on glucose homeostasis, blood 

pressure, and inflammation. 
o No hypersensitivities or allergies were reported since 2008, and that the few prior 

reports were for “improperly filtered stevia extracts.” 
o No significant adverse effects were noted from any study included in the review. 

Part 5. Studies on Principal Metabolite: Steviol 

A. Acute Toxicity Studies 

• Toskulkac et al. (1997) administered single doses of steviol (90%) to rats and hamsters: 
o Rat, oral LD50 >15 g per kg; and 
o Hamster, oral LD50 5.2 g per kg bw in males and 6.1 g per kg bw in females. 
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o  Histopathological ex amination of  the kidneys  of  hamsters  revealed severe 
degeneration of  the proximal t ubular  cells,  and these structural a lterations  were 
correlated with increased serum  blood  urea nitrogen and creatinine.  The authors  
concluded that  the cause of  death was  acute renal f ailure.  

B.   Developmental  Toxicity  Studies  

•  Wasuntarawat  et  al.  (1998)  treated groups  of  pregnant  golden hamsters  with  steviol ( 90%)  
at  doses  of  0  mg (n not  reported),  250  mg (n=20),  500  mg (n=20),  or  1,000 mg ( n=12)  per  
kg bw  per  day  by  gavage in corn oi l 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 highest  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.  

C.   Mutagenicity  &  Genotoxicity  Studies  

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

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

•  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  Matsui et   al.  (1996)  (mouse);  
o  Temcharoen et  al.  (2000)  (rat);  
o  Temcharoen et  al.  (2000)  (mouse);  and  
o  Temcharoen et  al.  (2000)  (hamster).  

The following k ey  mutagenicity  studies  have been conducted on steviol and   are positive or  
equivocal f or  mutagenic  responses:  

•  Bacterial m utagenicity  studies  positive  for  mutagenic  response:  
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o  Pezzuto et  al.  (1985)  –  Mutagenicity  was  dependent  on pretreatment  of  rats  with  
Arochlor  and NADPH ad dition,  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.   

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

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

•  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).  

D.   Endocrine  Disruption Studies  

•  Shannon et  al.  (2016)  investigated the  endocrine disrupting potential of   stevioside,  
rebaudioside  A,  and steviol i n a series  of  in  vitro  bioassays  and found that  steviol:  

o  antagonizes  progesterone nuclear  receptor  transcriptional ac tivity,  
o  increases  progesterone production,  and  
o  induces  an agonistic  response on the progesterone receptor  of  sperm  cells  (Catsper).  
o  The authors  conclude that  steviol m ight  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 c oncentrations  in  vivo  at  the receptor  level  
and no adverse effects  have been noted in any  reproductive studies.  

E.   Other  Studies  

•  Kurek  et  al.  (2020)  reported on the effect  of  steviol on  cytotoxicity,  adipogenesis,  ROS  
concentration,  and gene expression in  the murine 3T3-L1 cell l ine.  
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o There was no observed effect on the proliferation of cells, lipid accumulation, or 
intracellular ROS generation at steviol concentrations up to 100 µM. 

o Furthermore, it was reported that steviol reduced the expression of genes regulating 
the adipogenesis and lipogenesis process. 

[The remainder of this page is blank] 
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Appendix 9  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 m edicine by  the Guarani t ribes  can be traced 
back  for  centuries  (Esen,  2016;  Gerwig et  al.,  2016;  Brusick,  2008;  Brandle et  al.,  1998).  

•  Stevia  is 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 ap proved stevia as  a  food  additive in the 1980s  (Raintree,  2012).  Lester  
(1999)  reported that  40% of  the artificial s weetener  market  in Japan was  stevia based.  

•  Use of  steviol g lycosides  as  a dietary  supplement  is  presently  permitted in the US,  Canada,  
Australia,  and New Z ealand,  and  use  as  a natural hea lth product  is permitted  in Canada.  

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

•  In 2010,  Zenith International es timated  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 were  reported at  4,100 tons  –  representing  a 6.5% 
increase over  2011 figures  with  an overall m arket  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 m arket  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 O utlook  reported that  Mintel dat a indicated a 48% increase in stevia-containing 
products  over  the last  five years  (Decker  and Prince,  2018).  

B.   Summary of  Regulatory History of  Enzyme Modified  Steviol  Glycosides  

1.   U.S.  Regulatory  History  

To date,  FDA  has  issued 64  “no questions”  letters  on GRAS  Notices  on rebaudioside A,  
rebaudioside D,  rebaudioside M,  or  steviol g lycosides,  including those undergoing enzyme 
treatment  (FDA,  2020).  

In addition,  the Flavor  and Extract  Manufacturers  Association (FEMA)  has  included several s teviol  
glycosides  preparations  that  are used to formulate flavors  on their  GRAS  lists  as  shown in  Table 
9.1.  
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Table 9.1. FEMA GRAS Status for Steviol Glycoside Preparations 

   STEVIOL GLYCOSIDES PREPARATION   FEMA NUMBER  REFERENCE 

Rebaudiosi  de A  4601 Smi  th et   al.  (2009) 
Rebaudioside C; dulcosi  de B  4720 Leffingwel  l  (2011) 
Glucosyl stevio  l glycosides; 
enzymatically modi  fied stevia extract  4728 Leffingwell and Leffingwel  l (2014);  

et  al  .  (2013) 
Marnett  

Steviosi  de  4763 Leffingwel  l  and Leffingwell  (2014);  
et  al  .  (2013) 

Marnett  

Steviol glycoside extract, Stevia 
rebaudiana,  Rebaudiosi  de A  60% 

 4771  Marnett  et  al.  (2013) 

Steviol glycoside extract, Stevia 
rebaudiana,  Rebaudiosi  de A  80% 

 4772  Marnett  et  al.  (2013) 

Steviol glycoside extract, Stevia 
rebaudiana,  Rebaudiosi  de C  30% 

 4796  Cohen et  al.   (2015a);  Cohen et   al.  (2015b) 

Steviol glycoside extract, Stevia 
rebaudi  ana, Rebaudiosi  de A  22% 

 4805  Cohen et  al.   (2015a);  Cohen et   al.  (2015b) 

Steviol glycoside extract, Stevia 
rebaudi  ana Rebaudiosi  de C  22% 

 4806  Cohen et  al.   (2015a);  Cohen et   al.  (2015b) 

Glucosylated stevia extract Stevio  l 
glycosi  des  80% 

 4845  Cohen et  al.   (2017) 

Enzyme modi  fied stevia, 
steviosi  de  20% 

 4876  Cohen et  al.   (2017) 

2.   Canadian Regulatory  History  

•  On September  18,  2009,  the Natural  Health Products  Directorate,  Health Canada (Health 
Canada,  2009)  adopted and revised the maximum  limit  for  steviol g lycosides  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 I ngredient:  The maximum  daily  limit  without  cautionary  labelling and 
additional s afety  evidence was  set  at  4 mg  per  kg bw p er  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 I ngredient:  As a  sweetener  or  flavor  enhancer,  the quantity  used 
should be according to conditions  of  CGMP  and  should not  exceed the amount  
required to accomplish the purpose for  which that  non-medicinal ingredient  is  
permitted to be added.  As  a non-medicinal 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 (2017b) 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, 2019c). 

• 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, 2019b). 

• Most recently, on June 27, 2019, Health Canada’s Food Directorate modified the List of 
Permitted Sweeteners to allow for the use of steviol glycosides from various sources in 
“standardized flavoured milks” (Health Canada, 2019a). 

3. European Regulatory History 

•  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 2008,  Switzerland’s  Federal O ffice for  Public  Health approved the use of  stevia as  a 
sweetener  citing the favorable actions  of  JECFA  (Switzerland Federal O ffice of  Public  Health,  
2008).  
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•  In June 2008,  the European Commission requested for  EFSA  to deliver  a scientific  opinion on 
the safety  of  steviol gl ycosides  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)  and the EFSA  Panel  
established an ADI  for  steviol gl ycosides,  expressed as  steviol e quivalents,  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 gl ycosides  
(EFSA,  2011a).  

o  In 2014,  EFSA  evaluated extending the use of  steviol g lycosides  as  ingredients  in food 
categories  to include coffee,  tea,  and herbal an d fruit  infusions  (assessed at  10 mg per  L 
steviol gl ycosides)  (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 t he ADI  of  4 mg  per  kg bw  
per  day  for  all pop ulation groups,  with the exception of  toddlers  (in one country)  at  the 
upper  range of  the high-level ex posure 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).  

•  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  glycosides  (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  glycosides to 
include  rebaudioside D a nd rebaudioside F  as  specifically  named acceptable  glycosides  that  
would be considered as  part  of  the minimum  95% steviol gl ycosides  composition (CCFA,  2009).  
The proposal w as  discussed at  the June,  2010 JECFA  Meeting (FAO/WHO,  2009),  and JECFA 
subsequently  took  final ac tion in approving the modified steviol g lycosides  specifications  to 
include rebaudioside D a nd rebaudioside F  (FAO,  2010).    

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

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

•  On October  13,  2016,  the EU u pdated  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).  
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• 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 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 
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). 

• On September 24, 2019, the EFSA Panel on Food Additives and Flavourings concluded that 
there is no safety concern for Rebaudioside M produced via enzymatic bioconversion and 
recommended that the European Commission consider establishing specifications for the 
preparation (EFSA, 2019). 

• On March 24, 2020, EFSA published a scientific opinion in response to a proposed amendment 
of the specifications for steviol glycosides, stating that all steviol glycosides share the same 
metabolic fate, and therefore the safety of 60 steviol glycosides identified in the leaves of Stevia 
rebaudiana Bertoni can be based on “read-across” from previously evaluated toxicological data. 
EFSA maintained that the ADI of 4 mg per kg bw applies to all 60 steviol glycosides. The EFSA 
Panel noted that the inclusion of more steviol glycosides, “whilst maintaining the assay value of 
not less than 95%, would allow less pure preparations” onto the market. The Panel stated that 
they “cannot conclude on the safety of the proposed amendment to the specifications of steviol 
glycosides (E 960) as [a] food additive if the purity assay value of not less than 95% for the total 
content of steviol glycosides is maintained.” Furthermore, the Panel noted that it is possible to 
manufacture steviol glycosides with a purity higher than 95% total steviol glycosides (EFSA, 
2020). 

4. Asian Regulatory History 

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

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

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

• On September 20, 2012, the Food Safety and Standards Authority of India (FSSAI) 
approved the use of steviol glycosides as a non-nutritive sweetener in a variety of foods 
using specifications and purity established by JECFA (FSSAI, 2012). 
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•  Since December  10,  2012,  over  thirty  registrations  have been granted by  FDA  Philippines  to 
stand-alone steviol g lycosides  sweeteners  or  foods  containing steviol g lycosides  as  
ingredients  (Philippines,  2014).  

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

5.   Australia  and New  Zealand Regulation History  

•  In 2008,  the Food Standards  Australia  New Z ealand (FSANZ)  completed its  evaluation of  an 
application for  use of  steviol g lycosides  in foods  and  recommended that  the Australia and 
New Z ealand Food Regulation Ministerial C ouncil ( Ministerial C ouncil)  amend the Australia 
New Z ealand Food Standards  Code to allow t he use of  steviol gl ycosides  in  food (FSANZ,  
2008).  

•  On May  13,  2011,  FSANZ  approved an increase in the maximum  permitted level ( MPL)  of  
steviol gl ycosides  (expressed as  steviol equ ivalents)  in ice cream,  water  based beverages,  
brewed soft  drinks,  formulated beverages,  and flavored soy  beverages  to 200 mg per  kg,  
and in plain soy  beverages  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 gl ycosides” (FSANZ,  2016a).  

•  In 2016,  FSANZ  called for  submissions  on permitting all m inor  steviol gl ycosides  extracted 
from  stevia leaf  to be included in the definition of  steviol g lycosides  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 s teviol gl ycosides  present  in the Stevia rebaudiana  leaf  (FSANZ,  
2017).  

•  In 2018,  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).  

•  On May  14,  2020,  FSANZ  published an approval r eport  for  a draft  variation to amend the 
specification  for steviol  glycosides from Stevia rebaudiana Bertoni i n section S3—35 of  the 
Australia New Z ealand Food Standards  Code to include rebaudioside E  produced by  
enzymatic  conversion from  stevia leaf  extract.  The approved draft  variation allows  for  the 
use of  high purity  rebaudioside E  (≥85% rebaudioside E;  ≥95% total s teviol  glycosides)  
within the existing permissions  and limits  for  steviol g lycosides (FSANZ,  2020a).  
Subsequently,  on July  28,  2020,  Amendment  No.  193 was  published to include  
rebaudioside E  produced by  enzymatic  conversion from  stevia leaf  extract  (FSANZ,  2020b).  
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6. South Africa 

• 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). 

[The remainder of this page is blank] 
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Appendix 10  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 up on 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 gl ycosides  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  of  up to 11 mg  per  kg bw  
per  day.  FSANZ  agreed with JECFA  in setting an ADI  of  4 mg steviol e quivalents  per  kg bw  
per  day  (FSANZ,  2008).  

•  On May  13,  2011,  FSANZ  approved an increase in the maximum  permitted level ( MPL)  of  
steviol gl ycosides  (expressed as  steviol equ ivalents)  in ice cream,  water  based beverages,  
brewed soft  drinks,  formulated beverages  and flavored soy  beverages  to 200 mg  per  kg and 
in plain soy  beverages  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 s teviol gl ycosides  extracted from 
the stevia leaf.  

C.   Summary of  EFSA R eview  of  Steviol  Glycosides  

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

o  EFSA  established an ADI  for  steviol g lycosides,  expressed as  steviol e quivalents,  of  
4 mg  per  kg bw  per day  primarily  based on the application of  a 100-fold uncertainty  
factor  to the NOAEL in the two-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 e quivalent).    

D.   Other  Published  Reviews  

•  Stevia and steviol g lycosides  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 g lycosides.  
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o  Studies  on biological ac tivity  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 w ith points  that  are applicable –  in general  –  to all t he  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 gl ycosides  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 a llergenicity  of  steviol g lycosides.  The authors  
noted that:  “hypersensitivity  reactions  to stevia in any  form  are rare”  and concluded that  
current  data do not  support  claims  that  steviol gl ycosides  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.  

•  The effects  of  non-nutritive low-calorie  sweeteners  on gut  microbiota were  reviewed by  
Plaza-Diaz  et  al.  (2020).  It  was  noted that  there have been no reports  of  negative 
interactions  between steviol gl ycosides  and colonic  microbiota;  however,  it  is  possible that  
steviol gl ycosides  modify  the gut  microbiota.  The authors  note  that  further  studies  are 
necessary to  “clarify its specific effects.”  

•  A  recent  review  by  Ray  et  al.  (2020)  focused on the effects  of  Stevia rebaudiana  on glucose 
homeostasis,  blood pressure,  and inflammation.  The authors  reported that no 
hypersensitivities  or  allergies  were reported since 2008,  and that  the few pr ior  reports  were 
for  “improperly  filtered stevia extracts.”  Furthermore,  Ray  et  al.  notes  that  additional  
randomized controlled trials  are needed to confirm  the beneficial ef fects  of  stevia.  No 
significant  adverse effects  were noted from  any  study  included in the review.  
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11810 Grand Pa1rk Ave 

ASSOCIATES, LLC Suite 5001 

North Bethesda, MD 208,52 

THE GENERALLY RECOGNIZED AS SAF'E (GRAS) STATU1S OF THE PROPOSED USES OF 
SHANDO'NG, SHENGXIANGYUAN BIOTECHNOLOGY'S PROSTEVtA Hl:GH PURITY 

GLUCOSYLATED STEVIOL GL YCOS,IIDES 

September 11 , 2020 

Foreword 

An independent panel of experts ("Expert Panen was convened by GRAS Associates, LLC on 
behalf of their d ient, Shandong Shengx:iangyuan Biotechnology Co., Ltd. ("Shandong~), to ,evaluate 
the safiety and Gene:ralllly Recognized as Safe {GRAS) status of Shandong's proposed uses of 
Prostevia high purity gl1uoosyl!ated steviol glyoosides (~80% glucosytated st,eviol g1l¥COSides, <15% 
unreacted steviol ,glyoosides, and :S:5% malltodextrin) in conventional foods. The members of this 
!Expert Pane tare qualified to serve in th is capacity by qualification of scientific training and 
experience in the safety of food and food ingredients. 

DiiSc::uss • on 

A significant amount of safety infonnaron related to the consumption of steviol glyoosides is 
generally availab!le, and has been discussed in Part 6, as well as in Appendices 7-10, of 
Shandong's Prost,evia high purity g uoosylated steviol glycos·des (;:a,80% glucosytated suivio 
g1lycosides, <15% unreacted stev·o1 glyoo5ides, and :S:5% maltodextrin) GRAS do5s·er. First, there 
is a history of safe consumption of steviol glyoosides when used as an ingredient in food products 
in the U .s., canada, South America, Europe, Asia, and Australia and New Zealland. Second, a 
number of ,experimental! studies have investigated the safety of steviol glycosides, included those 
derived from enzyrnarc glyco.sytation processes. The oo:rnposite evidence from historical safe 
consumpron and ,experimental studies collectively demonstrate the safety ,of Prostevia high purity 
g1lucosylated steviol ,glyoosides for human food oonsumption. 

The majority of the studies reviewed ,on stevioll glycosides, steviol, and ,enzyme modified stevio,l 
g1lycosides hav•e• been disoussed in detail in p11evio1.1s GRAS Notices (GRNs), including GRIN 337, 
GRN 662, GRN 821, and GIRN 858, as well as GRN 733 previously submitted by Shandong. 

With regard to the safety dooumentation, the key pharmacokinetic data establish that steviol 
g1lycosides. are n:ot absorbed through the gastr-ointestinal (GI) tract, per se; they are converted to 
steviO'I by bacteria normally present in the large intestine, and the steviol is absorbed but rapidly 

t Dr. Emmel, Chair ot lhe Expert Panel, is a citemist ·, ~ ntia1 food safely e~rience in addressing Sitewol glyoo~ides an.d oilier food 
in!Jedienl!:.. Or. Kapp is a O:oc(]iogisl with over 35 years of experience. He is a Fellow of ttle AcadellilY ofToxiallogical Sciences, a Fellow oftli1e 
Rova, Sociely ,af lliology, a11d a Ewo,pean Regis!er.ed Toxicologist. Or. Lewis is a bologiSltwilh more than 10 years ofexpe11ience preparing 
GRAS dossien: . . Al ~ee panelists have exlensi1i!e lechnica1 badl/gr,ownds 1in lhe ev 11aoon ot food ingredent .safety and in palftcipating in 
defberaoons of GRAS Expert Pan.ell:.. 
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metabolized to steviol glucuronide and exCll'eted. It has been well-establ ished experimentally from 
vairious published studies that the steviol gllycoside· molec1.1les are not absorbed from the GI tract 
(Gard!ana et all. , .2003; Koyama et al., 2003b). The action of bacteria in the llar-ge intestine is dir-ectly 
su __ p"'.... -r'V'lrted . _ b . y th e ' p -u _ bl_ i s hed_ ··• s tu:d __ y that . showed _ . _ _ ttiat _ s -teviol _ _ g -1~-"' ,,...,..,... id . es - ' , can _ _ be _ _ conv:erted . _ _ _ _ to _ stev_ _ · ol _ in 
the large intestine by normal anaerobic GI flora as demonstrated by an in vitro studly in fecal 
homogenates (Koyama et al., 2003a; Renwick and Tarka, .2008}. Purkayastha and Kwok (2020} 
concl1.1ded that samp:les of stevia leaf extract, bioconvert:ed steviol glyoosides, a preparation of 
minor steviol gly:cos·des, and enzyme modified steviol glyoosides shafied qualitatively similar in 
vitro meta.bol ic fat,es as reba1.1di0side A in pooled human fecal homogenate samples, leading the 
authors to, oonolude 11hat "safety data for individual! steviol gtycosides can be used to support .safety 
of alll s,tevioll gly:cosides, produced by extraction and enzymatic. conversion of stevia leaf extract." 

The Expert Pan~ reviewed the f\ecent publications on stevcol glycos·des including those by 
Abolhasani ,et al. (2020), Monso ,et al . (2020), Assi et al. (2020), Halasa et al. {2020),, K1.1fi'ek ,et al. 
(.2020}. NettJleton et al. (20.20}, Plaza-Diaz ,et al. {2020), Ray ,et al. (2020), and Zhao et al. (2020), 
and did not Identify any that raise sal\ety concerns with regard to the 1.1se of steviol g1lycosicfes in 
conv,entional foods. 

The . ,;,,.,;,,cce_ -pta. _ .ble_ . d!' _ a ii y int a -ke _ (ADI) . for . st _ e -v·oI _ g -1 y,oos_ _ _ ides _ _ has. . been . _ _ set _ la. r-n...it ;,_J<;'JY based . _ _ on a . . p . 1.1blished. ·• 
chronic study in 1rats (Toy,odla et aL, 1997} and several publliShed studies thats' ow thef\e are o 
pharmaoologicail effeots in humans at doses several fold higher than the ADI (Barriocanal e,t al ., 
2006,; Barriocanal et al. , 2008,; Wheeler ,et al., 2008). Recently, Roberts et all. (2016} noted in a 
persuasive argument using a chemical-specific adjustment fact,or {CSAF) that ttie ADI ooul.d be 
h"gher. The toxicity ofthe meta.bol ite, steviol , has been well r-eviewed in the published literatul'le· 
(Geuns, 2003; WHO, 2006; Urban et al., 2013). In addition, FDA has iss1.1ed "no q1.1estions" le,tte:rs 
in response to 64 1GRN s1.1bmissions tor steviol g1tycosides, preparations. 

The Expert Pan~ notes that Shandong·s manufacnning process. tor Prostevia high purity 
gl1.1cosylated steviol ,glyoosides is. similar to the processes described for other GRAS enzyme 
modified steviol glyoosides materials., as described in GRN 337, GRN 375, GRN ,448, GRN 452, 
GRN 607, GRN 656, GRN 662, GRN ,821 , and GRN 858. 

The GRAS Associates Expert Panel convened on behalf of Shandong has. r-eviewed the proposed 
uses for Prostevia high purity glu:cosylated steviol g1~sides. (~80% glucosylated stevlol 
glycosides,, <15% unf\eacted steviol glyoosides, and ~5% malltodextrin). The hrghest 90 percentile 
consumption by any popu ations subg1ro1.1p of Prostevia high pu1rity g1lucosylated steviol glyoosides 
was calcullat,ed to be approximately 4.95 mg per kg bodly weight (bw} per dlay, which is equiva .ent 
to 1.66 mg per kg bw per day steviol equivalents {calculated by a welghted-s1.1m estimate) for any 
population group, on a worst-case scenario basis. This estimated intake value iS well below the 
JECFA AD1I of 4 mg per kg bw per day expressed as steviol equivalents. Therefo11e, Prostevia high 
purity gluoosylated steviol glycoscdes is ,expected to be safe· within established alfowablle limits. 

A oomipell ing case can be made that scientific consens1.1s e·xists. regar-ding the sa.fety ,o.f steviol 
glycosides, when of S11Jffid ent1y high purity. The central role of conversion to steviol and subsequent 
eliminatton with these naturally ooourfing steviol gly,cosldes extends to the manner in which the 
vairious steviol glycosides, mo ecules ar-e metabo1ized and eliminated from the body. Wti ile the 
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scien ific oondusf.ons a11e not 1.mani'mous 11egar-ding tile safe human food uses of stevi:ol glyoosides, 
the Panel believes. that a wide consensus dices exi:st in he scien ific oommunily to support a 1GIRAS 
conclusion as evid,enced by several in-depth review pubHcatcons (1Ge1.ms, 2007; Williams, 2007; 
IBrusick, 2008; Waddlell , 2011 ; Carakostas, 2012; Uliban et al. 2013,) 1hat r-efute safety concems. 
expr-essed by a minority of scien i:sts. l'n addlti:on, Roberts et al. (2016) suggest that file AD for 
steviol gly-cosides oou1d be as hig1h as 6to 16 mg per kg bw per day, which is nigheirthan has been 
previously acoepted by the :seientific commun[ty, providing the potential for an even more robust 
safety profile. 

l'n summary, sufficient q;ualitati:Ve and qlll!anrtitati:Ve scien ific evidence in the oomposile is a.vailable 
to su,pport the safety .. in .. use of Shan.dong's Prostevia, high purity g1luoosylat&d stevi.ol glyoosides 
(:2:80% glucosylated steviol glymsides, <15% unreacted steviol glycooides, and S:5% maltodextri:n) 
prepar-ati:on given the following conditions: 

,. Shand.ong's Prostevia high purity gluros.ylated steviol glyoosid!es (s:::80% glucosylated 
stevfol glycosides, <15% unreacted steviol gtycostdes, and ~5% maltodextrin) continues to 
me.et the designated specifica ions; 

,. Toe minimum sweetness intensi:ty for Prosteviai hrgh purity glucosylated steviol glycosides 
r-ema ins unchanged; and 

,. Prostev'i'a llliglll purity glucosylaited steviol glycosides is prod11oed in aooor-danoe wlth Culfien 
Good M'anufa,oturing Practices (QGMP,s), 

CO'MCllusion 

11he Expelil Panel Cliiffcally· reviewed the data provided by Shandong for heir Pr-ostevia high pulii:ty· 
g,luoos.ylated stevi:ol glycosid'.es (~80% glu,oosy'lated stevidl gly,oosides, <15% unreacted steviol 
9! ycosides., and S:5% mal odextrin) p eparation, as well as publicly available• pubHshed ililfOJ1mation 
obtained from peeM-eviewed journals and o,ther safety assessments prepared by o,ther Expert 
Panels and well respected intemational fiegulatoiy bodi'es. 

11he ingestion of Shando,ng's Pr-ostevra high puliiity gluoosytaited stevidl glycosi:des. (~80r% 
Q!luoos.ylated stevi:ol glycosides, <15% unreacted steviol glyoosrdes, and s;5% maltodextrin) tr-om 
the inte·llded uiSies results. in intakes that are safe within the limits or estab ished hiiS orical use and 
published safety studie·s and the widely a.ocepted AD or 4 mg per kg bw pe da,y steviol 
equivalents. 

The Expelil: Panel unanimously concluded that the pr-oposed uses of Shand,ong's Prostevia high 
purity glucosylated steviol glyoosides pr-eparatton , manufactur-ed as. described in Part 2:.b. of 
Shan.dong's GRAS dossier, and declared wi:thi'n the subject noti'fication meets the FDA. definiti:on or 
safety in that ihere is 'reasonable certainty ofno harm unded e intended cond itions of use" as 
described herein, and Shandong's Prostevia high p lity glucos.ylated stevio glycosid.es f~80% 
QI uoos.ylated stevi:ol glyoosid'.es <1.5% unreacted steviol glycosides, and s;5% maltodextrin) 
prepar-ati:on is generally recognized as safe (1GRAS). 
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Kara ILewis, Ph.ID. / Katrina V. Emmel, Ph.ID. 
Panel Olha'ir 
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PART I – INTRODUCTORY INFORMATION ABOUT THE SUBMISSION

1. Type of Submission (Check one)

New Amendment to GRN No. Supplement to GRN No.

2. All electronic files included in this submission have been checked and found to be virus free. (Check box to verify)
3a. For New Submissions Only: Most recent presubmission meeting (if any) with 

N/AFDA on the subject substance (yyyy/mm/dd):

3b. For Amendments or Supplements: Is your  (Check one)
amendment or supplement submitted in Yes If yes, enter the date of  
response to a communication from FDA? No communication  (yyyy/mm/dd):

Name of Contact Person

Rose Qiao
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Global Sales Manager

Company (if applicable)
Shandong Shengxiangyuan Biotehnology Co., Ltd.

Mailing Address (number and street)

No. 58 East Haiguan Rd.
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Qufu

State or Province
Shandong

Zip Code/Postal Code
273100
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86 13854704977

Fax Number
8605374400999

E-Mail Address
rosestevia_1@126.com
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William J. Rowe

Position
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Company (if applicable)
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North Bethesda

State or Province
Maryland

Zip Code/Postal Code
20852

Country
United States of America
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Fax Number
888-531-3466

E-Mail Address
wrowe@nutrasource.ca

FORM FDA 3667 (7/12) Page 1 of 4

PART II – INFORMATION ABOUT THE NOTIFIER

1a. Notifier

1b. Agent 
or Attorney 

(if applicable)



1. Name of Substance
High purity glucosylated steviol glycosides; Prostevia; enzyme modified steviol glycosides

2. Submission Format: (Check appropriate box(es))
Electronic Submission Gateway Electronic files on physical media 

with paper signature pagePaper
If applicable give number and type of physical media 

3. For paper submissions only:

Number of volumes

Total number of pages 

4. Does this submission incorporate any information in FDA’s files by reference? (Check one)
Yes (Proceed to Item 5) No (Proceed to Item 6)

5. The submission incorporates by reference information from a previous submission to FDA as indicated below  (Check all that apply)

a) GRAS Notice No. GRN
b) GRAS Affirmation Petition No. GRP
c) Food Additive Petition No. FAP
d) Food Master File No. FMF
e) Other or Additional  (describe or enter information as above)

6. Statutory basis for determination of GRAS status  (Check one)
 Scientific Procedures (21 CFR 170.30(b))  Experience based on common use in food (21 CFR 170.30(c))

7. Does the submission (including information that you are incorporating by reference) contain information that you view as trade secret
or as confidential commercial or financial information?

Yes (Proceed to Item 8)
No (Proceed to Part IV)

8. Have you designated information in your submission that you view as trade secret or as confidential commercial or financial information
(Check all that apply)

 Yes, see attached Designation of Confidential Information
 Yes, information is designated at the place where it occurs in the submission
 No

9. Have you attached a redacted copy of some or all of the submission? (Check one)
 Yes, a redacted copy of the complete submission
 Yes, a redacted copy of part(s) of the submission
 No

1. Describe the intended use of the notified substance including the foods in which the substance will be used, the levels of use in such
foods, the purpose for which the substance will be used, and any special population that will consume the substance (e.g., when a sub-
stance would be an ingredient in infant formula, identify infants as a special population).

Intended to be used as a table top sweetener and as a general purpose non-nutritive sweetener for 
incorporation into foods in general, other than infant formulas and meat and poultry products, at per 
serving levels reflecting good manufacturing practices and principles, in that the quantity added to foods 
should not exceed the amount reasonably required to accomplish its intended technical effect.

2. Does the intended use of the notified substance include any use in meat, meat food product, poultry product, or egg product?
(Check one)

Yes No
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PART V – IDENTITY

1. Information about the Identity of the Substance

Name of Substance1
Registry  

Used 
(CAS, EC) 

Registry No.2 Biological Source 
(if applicable)

Enzyme modified High purity glucosylated steviol glycosides N/A N/A

1 Stevia rebaudiana 
Bertoni leaf extract

Maltodextrin CAS 9050-36-6

2

Substance Category 
 (FOR FDA USE ONLY)

3

1 Include chemical name or common name. Put synonyms (whether chemical name, other scientific name, or common name) for each respective 
item (1 - 3) in Item 3 of Part V (synonyms)

2 Registry used e.g., CAS (Chemical Abstracts Service) and EC (Refers to Enzyme Commission of the International Union of Biochemistry (IUB), now 
carried out by the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology (IUBMB))

2. Description
Provide additional information to identify the notified substance(s), which may include chemical formula(s), empirical formula(s), structural
formula(s), quantitative composition, characteristic properties (such as molecular weight(s)), and general composition of the substance. For
substances from biological sources, you should include scientific information sufficient to identify the source (e.g., genus, species, variety,
strain, part of a plant source (such as roots or leaves), and organ or tissue of an animal source), and include any known toxicants that
could be in the source.

Prostevia high purity glucosylated steviol glycosides is composed of ≥80% glucosylated steviol glycosides, <15% unreacted 
steviol glycosides, and ≤5% maltodextrin. 

Prostevia high purity glucosylated steviol glycosides is prepared from the enzymatic glucosylaton of a purified 
Stevia rebaudiana Bertoni leaf extract using a cyclodextrin glucanotransferase enzyme produced by a 
genetically modified strain of Bacillus licheniformis and maltodextrin as the glucose source. 

There are no known toxicants.

3. Synonyms
Provide as available or relevant:

1 Enzyme modified steviol glycosides; glucosylated steviol glycosides; Prostevia

2

3
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 Any additional information about identity not covered in Part V of this form
 Method of Manufacture
 

 

Specifications for food-grade material
 Information about dietary exposure
Information about any self-limiting levels of use (which may include a statement that the intended use of the notified substance is 
not-self-limiting)
Use in food before 1958 (which may include a statement that there is no information about use of the notified substance in food  
prior to 1958)
Comprehensive discussion of the basis for the determination of GRAS status
 Bibliography

Other Information
Did you include any other information that you want FDA to consider in evaluating your GRAS notice?

Yes No
Did you include this other information in the list of attachments?

Yes No

1. The undersigned is informing FDA that  Shandong Shengxiangyan Biotechnology Co., Ltd.

(name of notifier)

has concluded that the intended use(s) of High purity glucosylated steviol glycosides; Prostevia; enzyme modified steviol glycosides
(name of notified substance) 

described on this form, as discussed in the attached notice, is (are) exempt from the premarket approval requirements of section 409 of the 

Federal Food, Drug, and Cosmetic Act because the intended use(s) is (are) generally recognized as safe.

2.   Shandong Shengxiangyan Biotechnology Co., Ltd.   agrees to make the data and information that are the basis for the 
(name of notifier)     determination of GRAS status available to FDA if FDA asks to see them. 

Shandong Shengxiangyan Biotechnology Co., L  agrees to allow FDA to review and copy these data and information during
 customary business hours at the following location if FDA asks to do so. 

(name of notifier)

No. 58 East Haiguan Rd., Qufu, Jining, Shandong Province, The People's Republic of China
       (address of notifier or other location)

Shandong Shengxiangyan Biotechnology Co., Ltd.   agrees to send these data and information to FDA if FDA asks to do so.
(name of notifier)

OR

 The complete record that supports the determination of GRAS status is available to FDA in the submitted notice and in GRP No. 

   (GRAS Affirmation Petition No.)

3. Signature of Responsible Official,
Agent, or Attorney

Katrina Emmel Digitally signed by Katrina Emmel 
Date: 2020.09.14 10:54:26 -07'00'

Printed Name and Title

Katrina Emmel on behalf of William J. Rowe, President

Date (mm/dd/yyyy)

09/14/2020
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PART VIII – LIST OF ATTACHMENTS 

List your attached files or documents containing your submission, forms, amendments or supplements, and other pertinent information. 
Clearly identify the attachment with appropriate descriptive file names (or titles for paper documents), preferably as suggested in the 
guidance associated with this form. Number your attachments consecutively. When submitting paper documents, enter the inclusive page 
numbers of each portion of the document below.

Attachment Folder Location (select from menu) Attachment NameNumber (Page Number(s) for paper Copy Only)

Appendices 1-11 in the body of the dossier

OMB Statement: Public reporting burden for this collection of information is estimated to average XX hours per response, including 
the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and 
reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, 
including suggestions for reducing this burden to: Department of Health and Human Services,Food and Drug Administration, Office of Chief
Information Officer, 1350 Piccard Drive, Room 400, Rockville, MD 20850. (Please do NOT return the form to this address.). An agency may 
not conduct or  sponsor, and a person is not required to respond to, a collection of information unless it displays a currently valid OMB  
control number.
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